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Preface

Occupational and Environmental Safety and Health III is a compilation of the
most recent work of some selected authors from 13 countries within the domain
of occupational health, safety and ergonomics.

This book represents the state of the art, and it is mainly based on research carried
out at universities and other research institutions, as well as some on-field inter-
ventions and case studies. Due to the broad scope, relevance and originality of the
contributions, it is expected that this book contains useful and up-to-date information,
and it presents fundamental scientific research that is being carried out in the subject,
as well as it contributes to the outreach of practical tools and approaches currently
used by OSH practitioners in a global context. All the included contributions were
selected based on their potential to show the newest research and approaches, giving
visibility to emerging issues and presenting new solutions in the field of occupational
safety, health and ergonomics.

This book is based on selected contributions presented at the 17th edition of the
International Symposium on Occupational Safety and Hygiene (SHO 2021), which
was held on November 17–19, 2021, in Porto, Portugal.

All the contributions included in this book were previously peer-reviewed by,
at least, two of the 112 members from 16 different countries of the International
Scientific Committee of the 2021 edition. The event is organised annually by the
Portuguese Society of Occupational Safety and Hygiene (SPOSHO).

Editors would like to take this opportunity to thank their academic partners,
namely the School of Engineering of the University of Minho, the Faculty of Engi-
neering of the University of Porto, the Faculty of Human Kinetics of the University of
Lisbon, the Polytechnic University of Catalonia and the Technical University of Delft.
The editors also would like to thank the scientific sponsorship of several academic
and professional institutions, the official support of the Portuguese Authority for
Working Conditions (ACT), as well as the valuable support of several companies
and institutions. Finally, the editors wish also to thank all the reviewers, listed below,
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who gave a critical contribution, without which it would not be possible to develop
and publish the current book.
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Cultural and Technical Adaptation
of SafetyCard to the Brazilian Legislative
and Organizational Context

Hernâni Veloso Neto , Pedro M. Arezes , and Béda Barkokébas Junior

Abstract Objective: This study aims at summarising the conclusions of the cul-
tural and technical adaptation process of the SafetyCard—Performance Scorecard
for Occupational Safety and Health Management Systems to the legislative and
organisational context of Brazil. Background: Safety management systems should
be imbued with a philosophy of improvement, enhanced by a capacity for per-
formance evaluation, as prescribed by the good practices in the field and the ISO
45001 standard. Method: The methodological adaptation process consisted of two
phases, the first focused on the cultural and technical adaptation of the parameters
and instruments that integrate the SafetyCard, and the second on its application in
an organizational context that could function as a basis for operational validation.
Results: All the procedures carried out made it possible to successfully complete the
adaptation process. The practical application in a company also demonstrated the
tool’s ability to maintain its configuration and how it integrates the main technical-
scientific and normative-legal requirements and recommendations on occupational
safety and health. Application: The adaptation increases the SafetyCard scope of use,
as well provides Brazilian organisations and safety professionals with an approach
that makes it easier for them to monitor system performance and comply with the
ISO 45001 guidelines.
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Keywords SafetyCard · Performance Scorecard · Occupational safety and health
management systems · Safety culture

1 Introduction

This article stems from a research developed with the aim of making a cultural and
technical adaptation of the SafetyCard—Performance Scorecard for Occupational
Safety and Health Management Systems to the legislative and organisational context
of Brazil. The main objective is to summarise data and conclusions of this adaptation
process, as well the experience of applying the SafetyCard in a waste collection and
public hygiene company in northeastern Brazil.

The performance evaluation and review of a management system are essential
pillars for the subsistence of any system, regardless of its nature (Neto 2012a). The
performance evaluation of occupational safety and health (OSH) organisational sys-
tems based, solely or mainly, on accounting for the frequency and severity of work
accidents, despite the importance of these procedures, is not in line with the current
principles of continued improvement and development of organisations (Neto 2009,
2012a, b; Mohammadfam et al. 2016; Freitas et al. 2018). This is not least because, as
Webb (2009) points out, the organisation’s ability to control this type of performance
indicators tends to be progressively limited. So much that ISO 45001: 2018 itself
recommends that it is essential that the performance of safety management systems
can be characterised by structured matrices of indicators. That matrices must reflect
gains associated with this area and entrepreneurial attitudes in the search for the best
working conditions.

The SafetyCard was developed by Neto (2012a) for application in the Portuguese
context, but considers the main international technical-scientific and normative-legal
OSH claims and recommendations, allowing the verification of an organisation’s per-
formance against a set of key factors of success in OSH (Neto 2009, 2012a). Its use
allows to obtain a global and structured view of what is the reality of an organisa-
tion in terms of OSH, being able to be adapted to the context and legal/normative
requirements in force in any country.

The fact that the original language of the tool is Portuguese facilitates its use
in other Lusophone countries, particularly in a country like Brazil that already has
a good legislative and normative framework on OSH. In this sense, adapting the
SafetyCard culturally and technically to the normative and organisational context
of Brazil is believed to be scientifically relevant, allowing the scope of its use to be
extended, and making it available to Brazilian organisations and safety professionals.
Although it is not a legal requirement, the voluntary use of the tool will facilitate the
control and performance assessment of their safety management systems. Moreover,
it also allows better compliance with the requirements of ISO 45001: 2018, namely
in terms of requirements 9.1 and 9.3, concerning to the obligation to evaluate the
performance of the OSH management system, incorporating proactive indicators and
benchmarking exercises, and requirements 4.1, 4.2 and 5.4, to demonstrate the effort
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that is being made to understand the organization and its context, to understand the
needs and expectations of workers, and to consult and promote workers’ participation,
respectively.

2 Materials and Methods

The SafetyCard is supported by its own analytical structure and a set of instruments
and procedures that enable the collection, processing and interpretation of data for its
application. In this manuscript, it will not be possible to explain all the SafetyCard
features, but some of its main aspects can be summarized. It is organized around
seven analytical domains, which integrate different analytical segments, which, in
turn, integrate a set of indicators (Neto 2012a, b). These indicators are, in essence,
the analytical parameters that favour data collection and a detailed assessment of the
company’s OSH conditions and actions.

The model considers 110 indicators that can be mobilised in their entirety or
partially, in the event that some parameters do not apply to the organisational reality
under study. This it is possible because the SafetyCard has a modular character. It also
considers a system of standardisation of performance results, so that all indicators
can be transformed to the same numerical basis (Neto 2009, 2012a). The entire
standardisation process was created to allow a transformation to a numerical binary
base, where each indicator always assumes results between zero and one, either in a
discrete or continuous manner (Neto 2009, 2012a). In addition, as not all analytical
elements of the matrix have the same relevance for a safety management system,
it also integrates a weighting system that allows the importance of each parameter
to be graded, allowing also the achievement of delimited variation ranges and the
construction of a rating scale for the partial and overall performance of the safety
system under evaluation (see Neto 2012a).

The 110 indicators are divided into 20 different analytical segments, which inte-
grate the seven analytical domains that form the conceptual basis of the analytical
structure (Neto 2012a, b). These domains can be briefly characterised as follows
(Neto 2012a, b): (1) Organizational Design—focuses on the structural and functional
arrangement of the management of OSH activities; (2) Organizational Culture—
focuses on the values, norms and standards of OSH behaviour in the organisation; (3)
Occupational Health Structure—focuses on the strategy and organisational approach
to occupational health; (4) Operational Structure for Hygiene and Safety at Work—
focuses on the organisational capacity to act in the prevention and implementation
of protective measures; (5) Internal Emergency Plan—focuses on the organisational
capacity to respond to emergency situations; (6) Monitoring, Measurement and/or
Verification Structure—focuses on the organisational capacity to assess, monitor and
intervene on the work environment conditions; and (7) Safety of Work Equipment’—
focuses on the organisational capacity to safeguard OSH integration in the acquisi-
tion, maintenance and use of work equipment.
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The methodological adaptation process consisted of two major phases. The first
was more focused on the cultural and technical adaptation of the parameters and
instruments that integrate the SafetyCard, with the following main procedures being
carried out: (i) setting-up and specification of the general legal and normative OSH
requirements applicable to organisations that carry out their activity in Brazil; (ii)
verification of the adequacy of the legal and technical requirements specified in the
SafetyCard and its data collection instruments; and (iii) verification of the adequacy
of the technical terms used in the data collection instruments to the grammatical
lexicon used in Brazil.

After the specification and framing of the legal and regulatory requirements, the
collaboration of two Brazilian OSH specialists was sought, who are also connected
to the Portuguese technical and scientific community in the field, with their presence
and collaboration being frequent in research and scientific events in Portugal. This
situation facilitated the verification of the characteristics of the instruments utilised
in data collection, as well their alignment with the legal and normative requirements
and terminology used in Brazil. As a result of this analysis, small changes were made
to these instruments, but there was no need to replace any indicator in the matrix,
only to adjust the application / compliance criteria of some indicators that had a legal
basis.

In the second phase, the focus was on the selection and application of the Safe-
tyCard in an organisational context that could serve as a basis for the study and
operational validation of the tool. In this stage, the following main procedures were
carried out: (I) selection and establishment of a partnership with a company to have
a practical context for the application of the SafetyCard; (ii) meeting with the OSH
managers of the company to understand their operating logic and specificities, as well
to finalize the work plan and data collection; (iii) visiting the organisation’s facilities,
participation in meetings with OSH technicians and analysing the documents made
available by the company to understand the characteristics of the safety management
system under study; (iv) application of the SafetyCard notation form to the organ-
isation’s OSH services, for carrying out the structural diagnosis of its management
system; (v) applying a questionnaire to a sample of workers to record a pattern of
shared attitudes, values and behaviours regarding OSH in the organisation. It was
used the QTCCS—Questionnaire to Workers about Occupational Safety Culture and
Climate, developed by Neto (2013) and adapted to Brazil by Neto et al. (2021).

As a case study, it was used a waste collection and sanitation company in the
Northeastern of Brazil, which was willing to participate as part of its frequent col-
laborations with members of the research team. It is a large company with national
implantation, but the study focused on the unit located in a city in the northeast of the
country. The data were collected and processed in 2019 and 2020. The SafetyCard
notation form was filled out by the company’s OSH services. The notes collected dur-
ing visits and meetings with technicians were used to understand and characterize the
company’s operation and management approach. The questionnaire responses were
collected randomly over five working days at the company’s facilities, seeking to
cover both work shifts (morning and night) and different types of workers. The data
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from the questionnaires helped to determine the company’s safety climate, being one
of the segments that enters into the assessment of the organizational culture domain.

In total, 200 questionnaires were validated. In sociodemographic terms, the major-
ity of respondents were male (85%), and were married or of a similar status (54.5%).
The youngest worker surveyed was 19 years old and the oldest 63, with an average
of 38.8 years. Most had completed formal schooling (higher incidence of cases in
middle school—2nd grade), and covered workers in both administrative or technical
areas (e.g. personnel management, safety technicians, technical assistants) and oper-
ational areas (e.g. waste collection, street sweeping/washing, weeding and mowing,
drivers, supervisors), with the majority of participants being integrated in the last
work area mentioned. The length of service with the company ranged from a few
months to 18 years. The average seniority was 5.2 years of service.

3 Results

The application of the SafetyCard in the company under study made it possible to
obtain a scoring grid with the results for the 110 indicators. Given the size of that
grid, it was decided to present a summary table in this article. Table 1 has these ele-
ments and allows an overall reading of the management system performance under
evaluation. The global score determined was 0.745, which in the light of the classifi-
cation grid of the SafetyCard global result (Neto 2012a), indicates good performance
(applicable when the score is between 0.700 and 0.850). This reveals a performance
effectiveness of 74.5%, with the remaining 25.5% being the performance improve-
ment differential to be improved in the future. In a more disaggregated reading, it is
possible to perceive which segments or domains in which the performance was bet-
ter or worse. The occupational health domain reveals a perfect performance (100%
effectiveness), with all the indicators being globally achieved. The Operational Struc-
ture for Hygiene and Safety at Work also reveals a positive result (88% efficiency),
namely in terms of organisation and technical operability of the OSH services and
focuses on prevention and protection. However, the work accidents component has
an unfavourable performance, partly due to the increase in the number of accidents
and the working days lost due to them, as well the maintenance of a high volume of
hours not worked due to illness.

The domains where the company showed the lowest performance were related
to safeguarding the safety of work equipment’ (58% of effectiveness) and internal
emergency management (59.3%). In the first case, the main problem was the lack
of integrating OSH aspects in the specifications for the selection and acquisition of
work equipment’ and the provision of instructions and other safety guidelines. As
for emergency planning, the main problem was the reduced assignment of roles and
responsibilities in emergency response situations.

The two domains mentioned were the ones that showed the lowest performance
effectiveness, and should be a priority for intervention. In any case, attention should
also be drawn to the Monitoring, Measurement and/or Verification Structure, which
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Table 2 SafetyCard results with original weightings and company weightings
Analytical domain SafetyCard results with original weightings SafetyCard results with company weightings

Weightings
(%)

Results % Weightings
(%)

Results %

1. Organisational design 5 0.035 70.0 15 0.105 70.0

2. Organisational culture 20 0.147 73.5 15 0.110 73.3

3. Occupational health
structure

10 0.100 100.0 15 0.150 100.0

4. Operational structure
for hygiene and safety at
work

25 0.220 88.0 15 0.132 88.0

5. Internal emergency
plan

15 0.089 59.3 10 0.059 59.0

6. Monitoring, measure-
ment and/or verification
structure

20 0.126 63.0 15 0.095 63.3

7. Safety of work
equipment’s

5 0.029 58.0 15 0.087 58.0

Total 100 0.745 74.5 100 0,738 73.8

only achieved 63% of performance effectiveness. To a large extent, this lower per-
centage was due to insufficient control of environmental working conditions. The
assessment of the risk of exposure to various physical, chemical and biological agents
was already somewhat old (more than 2 years), and there are still some parameters
that have not been assessed (e.g. exposure to vibrations). Another opportunity that
could be considered has to do with the implementation of safety management sys-
tems in accordance with ISO 45001. It could improve the systemic approach, as the
company currently does not have certifications by any ISO standard.

Table 2 compares the results of the SafetyCard with the original weightings and
the weights assigned by the company. The tool allows the company under study to
assign its own weighting importance to each analytical domain under evaluation, in
order to understand if there would be relevant differences in performance compared
to what the original structure of the SafetyCard shows, and also to identify which
areas the company values most in its safety management system.

Although the company weights the domains differently, the overall value of per-
formance and effectiveness does not change significantly (74.5–73.8%). The classifi-
cation remains at the same level (good performance). The company’s OSH managers
chose not to differentiate the relevance of the domains too much. The original Safe-
tyCard structure established that difference, since safety system components are not
all of the same importance. They don’t contribute in the same way to achieve the
success in the accident prevention and healthy workplace promotion (Neto 2012a, b,
2013).
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4 Discussion and Conclusions

In the last two decades there has been a gradual increase in the interest of organisations
in the implementation of management systems (Neto 2009, 2012a, 2013), including
in the area of OSH itself. However, these systems presuppose continuous monitoring,
favouring indicators that provide constant information and enable preventive action
on hazards and risks in the occupational environment (Neto 2012a, 2013; Freitas
et al. 2018; ISO 45001:2018), as well the assessment of workers’ attitudes, values
and safety behaviours (Neto 2012a, 2013).

Safety indicators play an important role in providing information to an organisa-
tion on its safety management system performance (Reiman and Pietikäinen 2012;
Mohammadfam et al. 2016). The recognition and use thereof can be a motivating
factor for the stakeholders (Reiman and Pietikäinen 2012), namely for the workers,
and contribute to the enhancing organisation’s OSH potential.

The SafetyCard meets all of these requirements, having already demonstrated its
relevance in previous studies. Now with the successful completion of the cultural
and technical adaptation to the legislative and organisational reality of Brazil, the
tool’s scope of use can be increased. The practical application in a Brazilian company
demonstrated the tool’s ability to maintain its configuration and be applied in different
organizational contexts, regardless of the country, since it incorporates scientific,
technical, legal and normative requirements essential to the OSH area.

The results of this case study are evidence in themselves of the success of the
adaptation, but also indicate the type of analyses and conclusions that can be drawn
therefrom. Although the data has been explored briefly, some of its potential is clear.
The company under study showed a performance effectiveness of 74.5%, revealing
a good OSH performance. These data are comparable with other studies published
using the SafetyCard (e.g. Neto 2012a, 2013; Pereira and Neto 2020). Even if they
are from different industries, some trends can be signalled. All of these organizations
have a good or very good performance, largely because that they have a consolidated
OSH system and structure. The safety climate proved to be positive, with workers
showing a favourable level of safety internalisation and risk awareness, as well a
strong recognition of the company’s safety strategy and its ability to implement safety
rules. However, in the case of this waste collection company, this positive pattern
portrayed is also accompanied by the workers’ negative assessment of the quality
of safety communications in the organization. The same scenario was obtained by
Moreira and Neto (2019), demonstrating that the communication component is one
of the most challenging for the success of a safety management system (Moreira and
Neto 2019; Pereira and Neto 2020).

With this adaptation process completed, new challenges arise. It is true that this
article has some inherent limitations, in that it was not possible to fully develop the
research results, and also only data from a practical application case were presented.
However, the potential was portrayed and the main objective was duly achieved. The
investigation can now progress to another phase, aiming to further disseminate the
integration of the SafetyCard in the Brazilian organisational reality.
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The use of the SafetyCard in more organisations will help to consolidate the
adaptation/integration process. In addition, this increase in case studies will also open
up the opportunity to work on other aspects, such as, for example, the possibility of
creating a specific module with some exclusive indicators for the Brazilian context,
increasing the tool’s adjustment and the range of evaluation possibilities for OSH
professionals in Brazil. This version can reinforce the ability to monitor performance
and enhance the possibility of carrying out performance benchmarking exercises
between organisations or between production units of the same economic group.
The SafetyCard has great potential to favour performance benchmarking, another
aspect that can be explored in that second phase of the research.
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SWS—A Decision-Making Tool
to Support Occupational Safety
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Abstract Disorders caused by poor lighting, inappropriate thermal environments,
noise and manual handling constitute a daily challenge for workers, since these
factors influence worker productivity and can trigger long-term health problems. It
is essential to ensure that workers carry out their tasks in suitable conditions, without
compromising technicians’ physical and psychological wellbeing, as well as their
hygiene and safety. In order to address these issues, the support provided by equations
such as NIOSH, noise assessment through spectral analysis or exposure time, as
well as assessment of lighting and the thermal environment, enable an evaluation
of workers’ conditions and the application of measures to guarantee worker safety.
The software tool Safe Work Space (SWS) was tested at a furniture manufacturing
company, and was developed to facilitate the daily work undertaken by hygiene
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and safety technicians, reducing the time spent on data treatment. Based on the
parameters of load movement, the results of the NIOSH equation [recommended
weight limit] and the lifting index are obtainable in fractions of a second. The SWS
tool also assesses lighting and thermal environment values which, according to the
references of the workplace location, provide results regarding lighting and room
temperature. Finally, a third feature evaluates noise by assessing the need for the use
of PPE (personal protection equipment) and, if necessary, it provides information
as to which equipment is available on the market. This tool is extremely useful for
professionals as it was specifically developed for the analysis of noise, lighting,
thermal environment and lifting loads, all in one.

Keywords Health safety work · Assessment tool · Noise · Lighting · Hazard
evaluation

1 Introduction

Conditions at work, or the lack of these, cause many physical and/or psychological
illnesses to workers. According to Karin et al. Karin et al. (2008), musculoskeletal
disorders (MSDs) are the most common work-related health problems in Europe,
affecting millions of workers. Furthermore, when workers are exposed to excessive
noise levels, their safety and health are also at risk, due to the fact that high noise
levels cause irreversible hearing loss. Indeed, stress resulting from time spent in a high
noise level environment has been associated to increased workplace accident rates
Roşca et al. (2020). Having appropriate lighting is not only a worker’s right; it is also
advantageous in enabling workers to be more productive and more accurate (able to
perform visual tasks even under complex circumstances, and during longer periods of
time). Moreover, absenteeism decreases when appropriate lighting in the workplace is
guaranteed Dianat et al. (2016); Begemann et al. (1997). On the other hand, incorrect
lighting can lead to several problems such as: lack of alertness, poor performance
and sleep, discomfort, fatigue, pain and burning eyes Knave (1984). This can, in
turn, also affect interpersonal relationships Juslén et al. (2007). Enabling workers to
control light sources can generate a very positive impact on their productivity (which
can increase by 4.5%) Lee et al. (2011). In addition, room temperature has led to
many occupational disorders, which disrupt worker performance and the quality of
work: in extreme cases, this can even lead to death. In the industrial context, thermal
discomfort is cited as being one of the major causes of dissatisfaction in workplaces
where people are exposed to extremely hot or cold thermal environments Mariana
et al. (2017).

The Safe Work Space (SWS) tool was developed to support Health and Safety
Technicians in identifying and analyzing the hazard related to the lifting of loads, as
well as issues such as noise, lighting and room temperature. This practical and intu-
itive tool allows users to obtain quick results after entering the collected data. The tool
verifies whether the working conditions are favorable and recommends alterations
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when necessary. For example, it recommends personal protection equipment (PPE)
models for cases in which the noise values are not within an acceptable range, and
also indicates improvement measures for load lifting tasks. The authors do not know
of any other tool which is as sophisticated as the SWS. For example, Serdyuk et al.
Serdyuk et al. (2020) developed a tool which uses the NIOSH equation (an equation
directly associated to load lifting); it is able to calculate the RWL (the recommended
weight limit), as well as the LI (lifting index). However, its format is neither user-
friendly nor intuitive. It is important to note that, unlike Safe Work Space, it does not
draw any conclusions regarding the LI values; nor does it suggest measures which
could be implemented to improve the lifting process and tasks analyzed. Regarding
noise assessment, the application developed by Piňosová et al. Piňosová et al. (2018)
only assigned a color scale, without indicating any conclusions and/or recommen-
dations. This tool is innovative in the sense that it joins the analysis of the 4 strands
(noise, lighting, load handling and thermal environment) all in one. It also makes
recommendations for the improvement of the load handling tasks, and selects the
most appropriate PPE if the noise levels are higher than recommended. Brito et al.
Brito et al. (2020) developed a tool called ErgoSafeCI, using lean manufacturing
methods and guidelines, together in conjunction with safety and ergonomics fea-
tures, which were assessed with the ultimate objective of finding a way to improve
the workplace by considering workers’ efficiency and well-being. However, this tool
does not calculate the RWL, LI values or make recommendations regarding the use
of PPE. SWS will also serve as support for implementing the ISO 45001:2018 which
will establish and monitor the measurable annual Occupational Health and Safety
(OHS targets, by implementing a risk prevention program and carrying out internal
audits to evaluate OHS concerns Morgado et al. (2019).

2 Methodology

In the context of this study, and since a platform to facilitate the process in question
was identified, one considered it appropriate to develop an MS Excel�tool, using
Visual Basic code, to support decision-making in the process of hazard analysis. The
justification for the selection of this type of program (MS Excel�) ensues from the
fact that it is an extremely intuitive platform, to which any company on the market has
easy access. In order to reinforce the explored theme, one decided to use a company
which had previously been chosen, due to its track record of musculoskeletal injuries
and hearing damage, for the practical application of the tool. During this test, one
was also able to present suggestions to the organization, in accordance with the
characteristics of the workstation studied. The initial phase consisted of a survey
of existing software programs which would be suited to the theme, of which the
following should be highlighted: software for the implementation of the NIOSH
equation; and a software program to obtain and register noise data. In fact, it was
through this process that one expected to gain an understanding of the similarities
and differences between the programs already in use and the SWS tool. In terms of
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implementation, it was decided that the SWS tool would enable evaluating noise,
as well as the manual handling of loads and lighting. Indeed, the study of these
factors involves specific training, which includes a process of interpretation and
some indirect calculations in order to reach a final consideration. Thus, the tool will
allow for a presentation of desired information in a much more direct and intuitive
manner. One should also refer that no other hazards were selected for analysis, since
the examination of other factors is quite straightforward and merely visual. With
regard to the preparation of the tool on MS Excel�, one set up the necessary codes
and buttons to be used in future interaction with the user, which will make it possible
to operate the entire tool. As was previously mentioned, once the tool was completed,
it was tested by using real data from a company in order to assess the risks workers
were exposed to. This practical application generated data, which was extracted from
the software in question. This information was duly analyzed and commented on,
which then led to suggestions for improvements to be implemented in the respective
company.

3 Results

Taking into account the need to improve and facilitate the calculations carried out by
occupational hygiene and safety professionals, a tool was then created using Visual
Basic, where algorithms are available for the three abovementioned topics, namely:
lighting, noise, work environmental and the manual handling of loads. Accordingly,
the initial menu is presented in Fig. 1, where there are four respective buttons.

Fig. 1 Initial menu for the implementation of safety at work
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3.1 Noise

With regard to the assessment of noise, this application provides the user with two
options for the insertion of data: spectral analysis (Fig. 2) and an analysis related to
exposure time. This versatility constitutes a relevant point since it allows the person in
charge of the occupational safety area to be able to evaluate noise by using a process
which is considered to be the most suitable, or by means of available measurement
equipment.

Thus, regardless of the process chosen, the application calculates the continuous
noise level weight equivalent A and, depending on this value, assesses the need (or
not) for personal protective equipment (PPE). If a possible need is detected, the tool
itself presents several options, providing images, suppliers and prices, in order to
facilitate the selection process for the user. It should also be noted that the options
presented consider the NP EN 458 (1998) standard; namely, they ensure that there
is neither excessive nor insufficient insulation. Manual Handling of Loads.

Regarding RWL (Recommended Weight Lifting) estimates, Occupational Health
and Safety professionals currently carry out several types of intermediate calculations
(multipliers related to horizontal and vertical locations, asymmetry and distance, as
well as coupling and frequency). By using the support provided by the Safe Work
Space tool (Fig. 3), and the collection of the required data, an answer can be obtained
in a few seconds. Using the NIOSH equation for RWL, if one aims to increase this
value, approximating the various multipliers to 1, the software will provide suitable
suggestions to address the context. The tool also enables calculating the LI, as well
as reaching a respective conclusion, namely, whether the situation is suitable or

Fig. 2 Noise evaluation by spectrum analysis
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Fig. 3 Manual handling evaluation using the NIOSH lifting equation

requires correction. In this manner, professionals will not have to invest as much
time in resolving calculations and will be able to draw conclusions more simply and
quickly.

3.2 Lighting

After the presentation of the manual handling of loads, the lighting component fol-
lows (Fig. 4). In this context, it should be noted that this risk can be assessed for
various types of jobs, the selection of which is also possible. Accordingly, a study
can be carried out for places where activities classified as Class I, II, III or IV occur.
In the evaluation process, a framework is set up, which takes into account the type
of work and the amount of light required. This functionality thus clearly adds value
to workstation operations since, even if only indirectly, it allows one to adjust the
amount of light required for the conditions in question. The Safe Work Space (SWS)
tool is a preliminary tool for analyzing the occupational environment, so we consider
only the illuminance parameter for lighting as it is the most representative. Finally,
one should add that unlimited tests can be carried out and, additionally, that the
program can be closed when it is no longer useful.
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Fig. 4 Lighting evaluation

Fig. 5 Work environment
evaluation

3.3 Thermal Environment

Finally, there is also the possibility of evaluating the thermal environment (Fig. 5);
namely, whether factors such as temperature, relative humidity and air speed are
suited to the type of task performed. Consequently, it is important to understand
that one can simultaneously perceive which values are appropriate, and which are
outside the limits. These minimum and maximum values must be presented in order
to inform the user of what would be expected for the workstation concerned.

3.4 Practical Validation

In order to test the viability of the tool, one decided to carry out a practical imple-
mentation at a furniture manufacturer, due to its track record of musculoskeletal and
hearing disorders. To this end, one selected a workstation where the operation of the
wooden board sawing takes place. For the evaluation of noise, by spectral analysis,
the Lf values measured on the shop floor were entered, which then allowed to obtain
an LAeq. In view of this value, the mandatory use of PPE was notified. This infor-
mation was supported by the presentation of 3 suggestions for equipment, one of
which is presented in Fig. 6.
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Fig. 6 Noise evaluation at the furniture manufacturer company

The next step consisted of an analysis of the operator’s movements when lifting
a wooden board weighing 15 kg. One should mention that this required the operator
to carry out a complete torso rotation (180◦), and that this movement was repeated
every 100 s. The grip action was considered to be reasonable as the object in question
presented structural rigidity. Once all the data had been introduced, one obtained a
RWL value of 4.48 kg. When the data was considered, it was concluded that the
situation required correction, since the LI exceeded 3, as can be observed in Fig. 7.
In order to rectify this situation, several suggestions were presented to increase the
multipliers, with the ultimate purpose of improving the RWL value, as it is presented
in Fig. 8.

With regard to lighting, the location of analysis was determined as being Class
I (a simple visual task that does not require much effort), with a measured value of
280 lux, which is within the recommended interval (250–500 lux). As such, this led
to a positive evaluation, as can be observed in Fig. 9.

In the case of the thermal environment, the work was classified as being Heavy
Work Tasks; the values measured for temperature, humidity and air velocity were
within the recommended interval, as is observed in Fig. 10. As expected, the company
needs to implement measures regarding noise, as well as the manual handling of loads
and, to this end, the suggestions provided by the tool are crucial.



SWS—A Decision-Making Tool to Support Occupational Safety 21

Fig. 7 Manual handling evaluation at the furniture manufacturer company

Fig. 8 Manual handling evaluation at the furniture manufacturer company
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Fig. 9 Lighting evaluation at the furniture manufacturer company

Fig. 10 Work environment evaluation at the furniture manufacturer company

4 Conclusions

The tool developed provides assistance in the four desired areas of analysis in this
study: noise, manual handling of loads, lighting and thermal environment. Indeed,
the technical staff involved in these tasks had already expressed the need for a plat-
form to facilitate the calculation process, and one which would automatically draw
conclusions from the results obtained. Regarding the authors’ analysis of existing
tools, SWS seems to be more intuitive and pleasant, when compared to the one which
focuses on the application of the NIOSH equation. It also proposes improvements that
would enhance the conditions of the workers’ health and well-being. Other factors
are still being considered with regard to the LI. Furthermore, if one is to estab-
lish a parallel with the alternative found for noise assessment, although the SWS
requires an auxiliary device for data collection, it does all the work of processing
this information. It additionally draws conclusions and proposes recommendations
for PPE. Accordingly, it presents several options of protective equipment, which is
complemented by the characteristics required (supplier price and noise mitigation),
thus assisting in the decision-making process, and differentiating it from other tools.
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In general terms, none of the applications found is multifunctional; namely, they
are capable of assessing only one type of risk, whereas the SWS tool provides an
assessment of three types. In order to validate the viability of the application/tool, a
practical implementation was carried out at a furniture factory, which confirmed what
one intended to test: the tool detected the existence of problems due to noise and the
manual handling of loads. Subsequently, it suggested suitable PPE for the first case;
for the second, it proposed measures which would impact on RWL, thus reducing
values to minimize the existence of muskoskeletal disorders. With a view to future
improvements, it is considered appropriate to improve the risk assessment process
by means of the implementation of methodology of the simplified method. With
regard to the analysis of lighting, it would be suitable to present possible improve-
ment proposals for cases where the values measured are not within the recommended
parameters. The insertion of data also presents a potential for future development.
Indeed, this process would constitute an asset if the tool is automatic; namely, it would
be able to collect data autonomously, without the need for auxiliary equipment.
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Analysis of Occupational Accidents
in Greek Construction Sector—the Use
of Deviation in Accident Reports

Panagiota Katsakiori, Eva A. Sgourou, and Ioanna Konsta

Abstract Objective: This paper presents the Greek Labour Inspectorate statistics rel-
evant to occupational accidents in the construction industry for the years 2000–2017
and aims to explore patterns of all occupational accidents and fatalities among the
construction workers, especially in relation with deviations. Background: The con-
struction sector, due to its nature, is one of the most risky industries, occupying the first
place in terms of fatal accidents. Method: In this study, from the analysis of the data
derived from all published annual reports of Greek Labour Inspectorate, a statistical
analysis of incidence rates (IRs) and mortality rates (MRs) was conducted to reveal
the trend of occupational construction accidents. A further assessment of deviation
as defined by the European Statistics on Accidents at Work (ESAW) methodology
was performed. Results: From the statistical analysis, falls to a lower level, slips and
falls to the same level were related to the higher number of occupational fatalities
for the years 2009–2017. The deviation type has proved to be statistically significant
to the causation of all occupational construction accidents and of fatalities. Conclu-
sion: Findings could help towards comparing data from other countries in Europe
to formulate a European effective prevention strategy, taken into consideration the
probable underreporting of non-fatal occupational accidents in construction, and the
quality of statistical data. Application: Analysing national accident data can help to
assess a country’s performance in construction safety and design effective prevention
policies.
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1 Introduction

The construction industry has a disproportionately high rate of recorded accidents.
According to the International Labour Organization estimates, at least 60,000 people
are fatally injured in construction sites every year, while many hundreds of thousands
more suffer serious injuries and ill health (International Labour Organization 2003).
In Europe, according to data provided by Eurostat, the construction sector showed
in 2018 the highest number of fatalities and the third place in non-fatalities, as
shown in Fig. 1 (Eurostat 2018). The construction sector in Greece follows a similar
pattern. During the period 2000-2017 almost a half of the fatal occupational accidents
occurred in construction (www.sepenet.gr/liferayportal/15).

Statistical analysis of accidents in the construction industry have been performed
in various countries and have revealed the extent of the construction safety problem all
over the world (Kartam and Bouz 1998; Colak et al. 2004; Camino López et al. 2008;
López Arquillos et al. 2012; Dumrak et al. 2013; Yilmaz 2014; Ahmad et al. 2016;
Jo 2017; Ayob et al. 2018). Moreover, various studies have examined risk factors
related to construction accident causation. Shafique and Rafiq (2019) analysed the
factors related to month, day of week, time interval of day, province, accident type
and severity. Shafique and Rafiq (2019) and Choi et al. (2019) examined accident
type of occupational construction accidents. Szóstak (2019) analysed accidents in

Fig. 1 Fatal and non-fatal occupational accidents per National Classification of Economic Activities
(Eurostat 2018)
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the construction industry in relation to selected time parameters. Reis (2018) defined,
in terms of importance in the occurrence of accident risk in construction, variables
referring to the worker, work and means and equipment used. Ayob et al. (2018)
conducted research in the causes and accidental agents of fatal occupational accidents
in the Malaysian construction sector and Yilmaz (2014) investigated causes and
results of occupational accidents in the construction sector in Turkey.

In Greece, data related to occupational construction accidents are available from
2000 until 2017 because of changes in the structure of the Greek Labour Inspectorate.
Before 2000, there was no provision for statistical data collection in the central
offices of the Ministry of Labour and Social Affairs. Since 2000, statistical data have
been collected by the Directorate of Programming and Coordinating, which is the
governmental agency in charge of accident statistics under the Greek Ministry of
Labour and Social Affairs.

In 2009 a new statistical coding, based on European Statistics on Accidents at
Work (ESAW) methodology (Eurostat 2001), was introduced. Greek Labour Inspec-
tors investigate the accidents reported by the Employers and write a formal inves-
tigation report, which serves as the basis for subsequent legal action. Based on the
investigation report, they also fill in certain statistical variables according to ESAW
methodology, which refer to working environment, working process, main type of
work or task being performed by the victim at the time of the accident, specific
physical activity, deviation, contact and mode of injury, material agent. Each year,
an Annual Report of the Greek Labour Inspectorate is compiled and published at a
later date. These reports present, among other activities of the Labour Inspectorate,
a part of the accident statistical analysis for that year. For the accidents occurring
in the construction sector, the only statistical variable made publicly available is the
deviation leading to an accident.

Deviation is described, according to ESAW methodology, as the last link in a
chain of abnormal events. It is the last event differing from the norm and leading
to the accident, and it describes the way in which the circumstances of the accident
differed from normal practice. Defining the deviation with specific codifiers helps
Labour Inspectorate to have a homogeneity in data gathering and in practice deviation
can represent the best possible input for cause-oriented prevention since it describes
the immediate cause of an accident (Jacinto and Guedes Soares 2008). It is foreseen
that there will not be an accident due to the lack of deviation because the deviation is
immediately before the accident (Çalış and Küçükali 2019), so it can constitute one
of the immediate determinants on which to develop specific prevention programs
(Molinero-Ruiz et al. 2015) and it is therefore fundamental for decision making
towards well designed prevention strategies (Jacinto et al. 2016).

This paper analyses the Greek Labour Inspectorate’s official statistical data rele-
vant to occupational accidents in the construction industry for the years 2000–2017,
with an aim to identify patterns and future trends, especially in terms of the main
deviations, which cause occupational accidents and fatalities among the construc-
tion workers. The research subject is of particular importance since it aims to give
an overview of the situation in Greece in terms of the accident statistical analysis
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in the construction sector and examines the statistical variable of deviation from the
ESAW methodology applied throughout Europe at practice level.

2 Materials and Methods

Data for occupational accidents in construction were extracted from the official
website of the Greek Ministry of Labour and Social Affairs, in which the Annual
Reports of Greek Labour Inspectorate are published (www.sepenet.gr/liferayportal/
15). All published reports, for the years 2000–2017, were selected for this study.
Data on employees in the construction industry were collected from annual work-
force research, published by the Hellenic Statistical Authority (www.statistics.gr).

Accident incidence rates and mortality rates were measured using the following
equations (Eurostat 2020; International Labour Organization 2020). The total number
of occupational accidents presented in this study includes the fatal and non-fatal
occupational accidents, reported to the Greek Labour Inspectorate.

I ncident Rate(I Rs) = T otal number of occupational accidents

T otal number of workers × 105

Mortali t y Rate(M Rs) = T otal number of occupational accidents

T otal number of workers × 105

Data analysis was conducted using Statistical Package for Social Sciences (SPSS)
v.19. To analyse data on each accident deviation and their relationship, ANOVA
tests were performed. The pairwise comparisons between individual categories were
performed through the post hoc tests. P-values below 0.001 were acknowledged as
statistically significant.

3 Results

Occupational accidents (OA) and fatal occupational accidents (FOA) in all activity
sectors and in construction in Greece for the years 2000–2017 are presented in Table 1.

Occupational accidents, fatal occupational accidents and their percentage to total
accidents, incidence rates (IR), and mortality rates (MR) in the construction sector
for the years 2000–2017 are presented in Table 2. For the period under study, it is
observed that the incidence rates of accidents in the construction sector range from
170.24 occupational accidents per 100,000 employees in 2012 (lower) to 324.45
occupational accidents per 100,000 employees in 2002 (maximum). In terms of
mortality rates, they range from 6.47 fatalities per 100,000 employees in 2012 to
27.28 fatalities per 100,000 employees in 2001. The proportion of fatal occupational
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Table 1 Number of OA and FOA in all activity sectors and in construction in Greece for the years
2000–2017

Year OA all sectors OA construction FOA all sectors FOA construction

2000 4,032 765 127 66

2001 5,155 916 188 86

2002 6,021 1,058 153 80

2003 6,235 1,076 145 79

2004 6,333 925 127 81

2005 6,044 683 111 66

2006 6,255 797 128 61

2007 6,561 828 115 64

2008 6,657 872 142 61

2009 6,381 912 113 53

2010 5,721 581 94 36

2011 5,203 448 70 22

2012 4,858 342 64 13

2013 5,126 332 67 21

2014 5,497 398 63 18

2015 5,930 442 67 19

2016 6,515 436 73 13

2017 7,357 456 76 16

Mean 5,882 682 107 48

accidents in the total number of occupational accidents in construction ranges from
2.98% in 2016 to 9.66% in 2005. That year almost one in ten construction accidents
reported to the Greek Labour Inspectorate was a fatality.

Figures 1 and 2 present graphically the evolution of incidence rate and mortality
rate respectively, in the construction sector for the years 2000–2017. In Fig. 1, small
fluctuations in the value of incidence rate around the mean IR are depicted, while
in Fig. 2, an almost continuous downward trend in the value of mortality rate from
2001 to 2012 followed by a small increase and stabilization period are observed.

In terms of construction activity numbers and since there is no consolidated data
published for the whole construction activity for the period under study, the data
retrieved from the Hellenic Statistical Authority refer to construction permits for
private new-built properties, their volume and surface during 2000–2017. Table 3
shows that private construction sector was booming before 2010 with a peak in
2005.

Table 4 presents the general deviation codes which were linked with construction
accidents for the years 2009–2017. Each code has a number of subcategories of devia-
tions leading to an accident, as it can be understood by their description. Furthermore,
the deviation code 00 (no information) is attributed to accidents for which not enough
information is available to relate them to a certain deviation, and the deviation code 99
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Table 2 Incidence and mortality rates in Greek construction sector for the years 2000–2017

Year Workforce OA FOA % FOA IR MR

2000 300,096 765 66 8.63 254.92 21.99

2001 315,192 916 86 9.39 290.62 27.28

2002 326,086 1,058 80 7.56 324.45 24.53

2003 352,321 1,076 79 7.34 305.40 22.42

2004 357,069 925 81 8.76 259.05 22.68

2005 367,611 683 66 9.66 185.79 17.95

2006 367,308 797 61 7.65 216.98 16.61

2007 397,890 828 64 7.73 208.10 16.08

2008 397,255 872 61 7.00 219.51 15.36

2009 370,701 912 53 5.81 246.02 14.30

2010 319,623 581 36 6.20 181.78 11.26

2011 245,803 448 22 4.91 182.26 8.95

2012 200,898 342 13 3.80 170.24 6.47

2013 162,334 332 21 6.33 204.52 12.94

2014 151,624 398 18 4.52 262.49 11.87

2015 145,175 442 19 4.30 304.46 13.09

2016 147,090 436 13 2.98 296.42 8.84

2017 149,268 456 16 3.51 305.49 10.72

Mean 281,852 682 48 6.45 245.47 15.74

Fig. 2 Evolution of incidence rate in Greek construction sector for the years 2000–2017
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Table 3 Construction permits for private new-built properties, their volume and surface from 2000
to 2017

Year Number of permits for
new built properties

Volume (m3) Surface (m2)

2000 35200 50389208 13976780

2001 40448 57981269 16269724

2002 45195 64995536 18969174

2003 45253 65694798 18361774

2004 43447 61979467 17294032

2005 56342 88775762 25876755

2006 45406 67153393 18494123

2007 41790 62825628 16910545

2008 34021 51859356 13664965

2009 27447 35823008 9833690

2010 23380 27823083 7987904

2011 15114 16411950 4464072

2012 9066 9577553 2641200

2013 5675 6494208 1688735

2014 4620 6004603 1435481

2015 4618 5372321 1301613

2016 4305 5254169 1286560

2017 4930 7084135 1685326

(other deviations not listed) is attributed to accidents which are related to deviations
not included in the given list (Fig. 3). It is observed that most construction accidents
during the period under study (1,398 accidents) were attributed to the deviation type
with general code 50 (Slipping, stumbling and falling—Fall of persons). Codes 00
and 99, which in the published data are presented as a total, were attributed to 985
accidents. The previous deviation codes are followed by code 30 (breakage, bursting,
splitting, slipping, fall, collapse of material agent) with 728 accidents and code 40
(loss of control of machine, means of transport or handling equipment, hand-held
tool, object, animal) with 618 accidents. In terms of fatal occupational accidents, as
shown in Table 5, the deviation code 50 shows the highest frequency (67 accidents),
followed by codes 00, 99 (56 accidents), and code 30 (42 accidents).

One-way analysis of variance (ANOVA test) was applied in order to compare
accident deviation types and assess their effects on incidence and mortality rates,
as shown in Tables 6 and 7 respectively. The results in Table 6 indicate that there is
significant difference between the means of incidence rates across the deviation types
(F = 59.737, p-value <0.001). The mean incidence rate of deviation type with code
50 (slipping, stumbling and falling—fall of persons) differs significantly compared
with all other deviation types, while the mean incidence rates of deviation types with
codes 30, 40 and 00, 99 also differ significantly in comparison with 6 other types of
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Table 4 Deviation types of occupational accidents in Greek construction sector
Deviation type Occupational accidents Total

ESAW
code

Description 2009 2010 2011 2012 2013 2014 2015 2016 2017

10 Electrical problems, explosion,
fire

24 20 9 8 7 5 10 11 9 103

20 Overflow, overturn, leak, flow,
vaporization, emission

25 14 11 5 6 18 6 10 6 101

30 Breakage, bursting, splitting,
slipping, fall, collapse of material
agent

135 116 80 59 67 67 63 67 74 728

40 Loss of control of machine,
means of transport or handling
equipment, hand-held tool, object,
animal

86 63 62 56 60 65 65 77 84 618

50 Slipping, Stumbling and
falling—Fall of persons

286 176 150 128 104 141 128 139 146 1398

60 Body movement without any
physical stress

102 24 18 14 19 22 21 28 30 278

70 Body movement under or with
physical stress

17 15 12 11 7 7 10 16 9 104

80 Shock, fright, violence,
aggression, threat, presence

6 2 4 1 6 7 1 3 2 32

00, 99 No information—Other
deviations not listed

231 151 102 60 56 66 138 85 96 985

Total 912 581 448 342 332 398 442 436 456 4347

Fig. 3 Evolution of mortality rate in Greek construction sector for the years 2000–2017
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Table 5 Mortality rate per deviation type of occupational accidents in Greek construction sector
Deviation Mortality rate Mean

ESAW
code

Description 2009 2010 2011 2012 2013 2014 2015 2016 2017

10 Electrical problems, explosion,
fire

1.62 0.31 1.22 1.49 1.85 1.32 0.69 1.36 0.67 1.17

20 Overflow, overturn, leak, flow,
vaporization, emission

0.27 0.00 0.00 0.50 0.00 0.66 0.00 0.00 0.00 0.16

30 Breakage, bursting, splitting,
slipping, fall, collapse of material
agent

2.97 2.19 2.03 1.00 3.08 0.66 4.13 1.36 2.01 2.16

40 Loss of control of machine,
means of transport or handling
equipment, hand-held tool, object,
animal

0.27 0.94 2.03 0.50 1.23 0.00 0.69 0.68 0.67 0.78

50 Slipping—Stumbling and
falling—Fall of persons

3.51 4.07 1.63 1.99 3.08 5.94 6.20 3.40 3.35 3.68

60 Body movement without any
physical stress

0.27 0.31 0.00 0.00 0.00 0.00 0.69 1.36 0.00 0.29

70 Body movement under or with
physical stress

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

80 Shock, fright, violence,
aggression, threat, presence

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.07

00, 99 No information—Other
deviations not listed

5.40 3.44 2.03 1.00 3.70 3.30 0.69 0.68 3.35 2.62

Table 6 Post-Hoc tests performed after one-way ANOVA, based on incidence rates
Deviation type

Deviation
type

Mean IR
(S.D.)

10 20 30 40 50 60 70 80 0–99

10 5.38 (1.56) *** *** *** ***

20 5.40 (2.79) *** *** *** ***

30 39.85 (6.60) *** *** *** *** *** ***

40 36.58
(13.28)

*** *** *** *** *** ***

50 77.17
(16.58)

*** *** *** *** *** *** *** ***

60 14.35 (6.95) *** *** *** ***

70 5.82 (2.07) *** *** *** ***

80 1.86 (1.42) *** *** *** ***

00, 99 52.90
(19.81)

*** *** *** *** *** ***

*** indicates significant difference result at 0.001 level

deviation. The mean incidence rates of the rest of deviation types differ significantly
in only four out of eight comparisons among deviation types.

Similarly, in Table 7 it is observed that there is significant difference between the
means of mortality rates of all deviation types (F = 19.616, p-value <0.001). The
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Table 7 Post-Hoc tests performed after one-way ANOVA, based on mortality rates
Deviation type

Deviation
type

Mean MR
(S.D.)

10 20 30 40 50 60 70 80 0–99

10 1.170
(0.505)

***

20 0.159
(0.257)

*** *** ***

30 2.159
(1.100)

*** *** ***

40 0.779
(0.590)

***

50 3.684
(1.550)

*** *** *** *** *** ***

60 0.292
(0.464)

*** ***

70 0 (0) *** *** ***

80 0.074
(0.223)

*** *** ***

00, 99 2.620
(1.620)

*** *** *** ***

mean mortality rate of deviation type with code 50 differs significantly compared
with six other deviation types, deviation type with codes 00, 99 differs significantly
with four deviation types, while the rest of the deviation types differ significantly
with three or less deviation types.

4 Discussion

This paper presents the analysis of a large set of occupational accident data from the
Greek construction sector. These data were derived from the Greek Labour Inspec-
torate’s Annual Reports for the years 2000 to 2017, which are made publicly available
by the Greek Ministry of Labour and Social Affairs.

The evolution of incidence and mortality rates in the construction sector during the
period under study was initially examined. In general, the high accident rates in the
construction industry represent a major concern all over the world and are a subject
of analysis in numerous studies and statistics (Gürcanli and Müngen 2013; Jo 2017;
Japan Industrial Safety and Health Association 2018; Reis 2018; Health and Safety
Executive 2019; Eurostat 2020; Shafique and Rafiq 2019). Our analysis revealed a
relatively low incidence rate, when compared to Europe’s countries (Eurostat 2020),
ranging from 170.24 occupational accidents per 100,000 construction employees in
2012 (lower) to 324.45 occupational accidents per 100,000 construction employees



Analysis of Occupational Accidents in Greek Construction … 35

in 2002 (maximum). These findings can be related with the economic conditions in
Greece, at that time.

The major construction activity undertaken in Greece prior to the Athens Olympic
Games of 2004, has resulted in a significant increase in reported occupational acci-
dents (both fatal and non-fatal) (Tatsaki et al. 2019). The global financial crisis and
the resulting recession in Greek economy, since 2010, affected all types of business
activities, including construction (Anyfantis et al. 2018). However, this finding may
also be attributed to a high degree of under-reporting, especially of non-fatal occu-
pational accidents. This assumption coincides with the findings of Ivascu and Cioca
(2019) who supported that the current reporting systems in Europe do not encourage
victims in reporting occupational accidents.

When examining the pattern of mortality rate of occupational accidents in the
Greek construction sector, high rates are again observed in the years 2000–2004,
followed by a sharp downward trend until 2012. Moreover, it was observed that
during the period under study, a high percentage of reported accidents are fatalities
(mean 6.45%, max 9.66% in year 2005), a finding, which further supports the previous
assumption of under-reporting of non-fatal construction accidents.

Following the alterations in the statistical coding in 2009 based on ESAW method-
ology, and the introduction of the deviation codes in the official accident statistics
published by the Greek Ministry of Labour and Social Affairs, this study focused on
the deviations, which were linked with construction accidents for the years 2009–
2017.

A high incidence and mortality rate (second in place) was related with deviation
code 00 (accidents with no information) and code 99 (deviations not listed). A further
investigation regarding the training of Labour Inspectors in the implementation of
the ESAW methodology is required in order to ensure that the use of the above codes
is correct. This is an issue related to the quality of data analysis, which depends on
its inputs, as it was also indicated by Wilke et al. (2014). Another interesting subject
for further analysis could be the comparison with other countries implementing the
same methodology, because significant differences in statistics’ data collection is
often observed between countries, as it is also highlighted in the research of Choi
et al. (2019).

From the descriptive analysis of the sample, the majority of occupational acci-
dents and of fatalities in the construction sector during the period 2009–2017 were
attributed to falls to a lower level, slips and falls to the same level (general deviation
code 50). This finding is in agreement with other studies that identified falls as a
major cause of fatalities in the construction sector (Janicak 1998; Wong et al. 2009;
Yung 2009; Wong et al. 2016; Shao et al. 2019). The majority of the studies support
the need of wide use of fall protection, of suitable and well-maintained equipment
and of organizational preventive measures against falls and collapses in construction.

From the ANOVA tests performed, two more general deviation codes were iden-
tified as statistically significant in terms of incidence rates, the code 30 (breakage,
bursting, splitting, slipping, fall, collapse of material agent) and the code 40 (loss
of control of machine, means of transport or handling equipment, hand-held tool,
object, animal). Both codes cover a wide range of sub-categories, which due to lack
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of available data were not able to be further assessed. However, a direct linkage
of construction accidents with the use machinery and other equipment can be con-
cluded from the above deviation codes, which is also in accordance with other studies
(Chinniah 2015; Marsh and Fosbroke 2015; Kazan and Usmen 2018).

4.1 Limitations

The basic restriction of this study relates to the limited information available through
the Annual Reports of Greek Labour Inspectorate published in the official website
of the Greek Ministry of Labour and Social Affairs. Data on other variables related
to occupational accidents per sector, which are already coded in the accident inves-
tigation reports by the Labour Inspectors, would enable a more enhanced statistical
analysis in the future.

5 Conclusions

This study sought to investigate the trends of occupational accidents and fatalities
in the Greek construction sector, during the years 2000–2017. Moreover, a statis-
tical analysis of accident deviations since 2009 (the year that ESAW methodology
was introduced in Greece) was performed in order to examine the immediate causes
related to construction accidents, as identified during the accident investigation per-
formed by the Labour Inspectors.

The results show that construction incidence rate was relatively low during the
period under study, while the respective mortality rate was increased during the period
prior to Athens Olympic Games, and decreased sharply immediately after, possibly as
a result of a shrinkage in construction activities following Greek economic recession.
Another finding of this study is a significant percentage of fatalities in the reported
construction accidents, which can be related to a high degree of under-reporting
of non-fatal accidents in construction, which coincides with the results of previous
research.

Regarding the results of the analysis of deviations attributed to occupational acci-
dents in construction, the major immediate causes identified are slips, trips (falls at
the same level) and falls to a lower level, a finding in total accordance with several
other studies. An additional finding is the frequent use of two deviation codes describ-
ing accidents with no information and accidents attributed to deviations not listed
in the ESAW methodology. A further investigation regarding the implementation of
the methodology by the Labour Inspectors is recommended.

In conclusion, accident statistical analysis can provide a valuable reference for pol-
icy makers and other stakeholders in order to design and coordinate safety improve-
ments in the construction industry. The results found in this study could be used
for the development of strategic actions both internally in Labour Inspectorates to
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enhance quality of statistical data and externally to encourage Employers to establish
effective accident reporting systems and thorough investigation of deviations related
to falls. A further assessment of other statistical variables would add to this purpose.

Acknowledgements The authors wish to thank all Occupational Health and Safety Inspectors
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Programming and Coordinating, in charge of the accident statistics.
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Towards the Application of a Simplified
Approach for OSH Risk Assessment
Through a User-Friendly and Expedite
Computational Tool

Pedro D. Gaspar , Joel Alves, and Tânia M. Lima

Abstract Objective: This study describes a simplified computational tool to pro-
vide a simple initial diagnostic of occupational hazards and risks and help compa-
nies to implement innovative management practices in terms of Occupational Safety
and Health (OSH) to prevent work accidents. Background: The enterprises of the
non-financial business sector in the EU-28 are mostly micro, small and medium-
sized enterprises (MSMEs). Portugal follows this trend, where the largest industry
sector is the agri-food. Generally, the companies of this sector have reduced finan-
cial, technical and human resources, thus jeopardizing the quality and accuracy of
risks evaluation and the implementation of protective measures. Method: This study
explains a simplified approach for occupational safety and health risk assessment
through a user-friendly and expedite computational tool and its in-field application.
Data from sixty OSH audits executed in dairy, meat processing, bakery and horticul-
tural food processing companies in Portugal was analysed. Results: The spreadsheet
software, Excel, usually used by the managers of this sector was used to implement
the computational tool. It is divided into three “Sheets”: Risk assessment, Results
summary and Report with solutions. Conclusion: Thus, it is important to develop
OSH simplified risk assessment tools that helps Agri-food MSME to improve their
OSH management and ultimately contribute to the productivity and competitiveness
of this sector.
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1 Introduction

Small and medium-sized enterprises (SMEs) account 99.8% of enterprises in the EU-
28 (EU-OSHA 2018), In Portugal, this figure is even higher, where 96% are micro,
small and medium enterprises (MSME) (Pordata 2021). The European MSMEs
employ 66.4% of the labor market. In Portugal, this figure increases to 77.4% (Pordata
2021). Specifically, the agri-food industry accounts for 20% of the national industry,
ensuring employment for more than 110 thousand workers (FIPA 2017). Moreover,
the Portuguese exportation market depends in more than 11% in the agri-food indus-
try (AICEP 2019). Thus, the implementation of effective Occupational Safety and
Health (OSH) management systems in MSMEs is relevant. Due to financial, tech-
nical and human constrains, MSME usually assign the minimum resources only to
comply with the legal obligations. This management practice was a direct influence
on the quality and accuracy of risks evaluation. The approach was a direct influenced
on the preventive measures that can and are implemented. Although the relevance
and extent of the agri-food industry to the Portuguese economy, no specific OSH risk
assessment tools are developed or proposed. Several computational tools have been
developed to assess OSH risk in different sectors. A critical review of the state-of-
the-art in OSH risk assessment studies using multi-criteria decision-making-based
approaches was performed by Gul (2018). The OSH risk assessment in manufactur-
ing, construction, energy, transportation, and maritime industry is essential. Fuzzy
analytic hierarchy process-based approaches prevail among all other. Most of risk
assessment studies are related to manufacturing sector. Some computational tools to
perform risk assessments in different sectors are listed taking into account the cita-
tions number in the scientific databases: professional drivers (Useche et al. 2019),
textile industry (Amador-Rodezno 2005; Mutlu and Altuntas 2019), steel industry
(Mehrifar et al. 2019), construction (Bojar et al. 2019), paints industry (Paun et al.
2019), nanoparticles industry (van Duuren-Stuurman et al. 2016), power generation
plants (Saedi et al. 2014), health care (Franchi et al. 2000), hazardous substances
(Koppisch and Gabriel 2012) automotive industry (Karlheinz et al. 2012), chemical
industry (Tjoe-Nij et al. 2018). Despite its worldwide importance, there is no risk
assessment tools developed for the agri-food sector.

This chapter presents online free computational tools for simple OSH risks assess-
ment in agri-food MSMEs. These tools are directed to dairy, meat, bread/pastry and
horticultural product industries. A simple and expedite diagnostic of occupational
hazards and risks is provided by the tools, identifying successful practices and easy-
to-implement solutions for the prevention of occupational risks that can be carried
out.



Towards the Application of a Simplified Approach … 43

2 Materials and Methods

OSH audits were conducted in sixty agri-food MSMEs to support the development
of the risk assessment tools (Gaspar et al. 2018, 2019; Lourenço et al. 2019). The
main risks were identified through a survey of the OSH conditions in the workplace.
The main improvement actions were defined based on the inquiry results. Noise,
illumination and thermal environment measurements were conducted to strengthen
the analysis. The development of the online risk assessment computational tool was
conducted in close cooperation with the Portuguese Authority for Work Conditions
(ACT), as national Focal Point of the European Agency for Safety and Health at
Work (EU-OSHA), with the social partners Portuguese Enterprises Confederation
(CIP), Federation of Portuguese Agro-Food Industries (FIPA), Food Industry Work-
ers Union and the General Union of Workers (UGT). The computational tool was
prepared in the web platform OiRA (Online interactive Risk Assessment) developed
and supported by the EU-OSHA (https://oiraproject.eu). OiRA intends to simplify
and promote conducting risk assessments in MSMEs due to their potential resources
unavailability or technical know-how to in last instance decrease the number of
occupational accidents and diseases. Thus, working conditions may be improved as
well as competitiveness due to less monetary burden with occupational accidents
and illness. This objective is European driven although these specific OiRA tools
were developed to support the Portuguese meat, dairy, horticultural and bread/pastry
products sectors (Gaspar and Lima 2020).

3 Results

Simplified Workplace Safety Assessment Tool, FaST, is a simplified risk assessment
tool, easy to use, that aims improving working conditions through the assisting in
conducting an occupational risk assessment and presenting risk control solutions.
FaST is structured in the three sections (see Fig. 1). It starts with the Risk assessment
section composed by checklist. Filling out this checklist leads to the Results section
composed by a graphical overview of the risk control level. User is able to identify
visually the control level of the main risks. The third section is composed by a report
that contains corrective and preventive OSH measures for each one of the identified
risk.

The tool was developed for meat, horticultural, bread/pastry and dairy products
sectors. In addition, the horticultural products are split in 3 segments: canned, doughs
and sauces, and, sweets and jams. All of these main groups of agro-industry are
classified and structured by the analysis dimensions making part of the checklist
shown in the first section (see Table 1).

As described in Table 1, Meat Agro-industry present 18 dimensions of analysis, as
well the Bread/Pastry industry. All of the product segments of horticultural industry
have 17 dimensions of study. Finally, the industry of Dairy products current 15
dimensions for analyze.
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Fig. 1 Structure of the risk assessment tool

FaST does not requires internet connection or any software installation. It is also
important to highlight that the FaST Tool should be used as a “screening” tool and
then the complete “diagnosis” using the OiRA Tool designed specifically for Dairy
companies. This tool can also be used for workers’ training, since it is increasingly
important to integrate and involve workers in work systems in order to improve their
health, well-being and safety.

3.1 Tool Application

The tool is implemented in the spreadsheet software, Excel, usually used by the
managers of this sector. As already described above, it is divided into three “Sheets”:
Risk assessment, Results summary and Report with solutions.

In the “Risk Assessment” Sheet, the FaST Tool objectives and the questions related
to hazard identification are firstly defined. As shown in Fig. 2a, each question from
the different dimensions of analysis should be answer with “Yes”, “No” or “N/A”
(Not Applicable). However, in order to obtain correct results and to promote the easy
use of the available risk assessment tool, exists important alerts that must be taken
in account. In the first place, before starting to fill the checklist, all the options are
“salmon” or “roasted yellow”, depending on the monitor, and only change to another
color when the desired option is set. Thus, this function allows to check that have not
left any statements to evaluate. When placing a cross (X) in the pretended option, all
the options in this line change color, passing to a white background, as shown in the
Fig. 2b. Sometimes may can appear an error that happens when two or three options
for the same question were putted. In this case, the cells will change color, as will the
crosses, passing the background to pink and the crosses to the red color, as shown in
Fig. 2c, so that the user can easily perceive that he should analyze the question again
and leave only one option.
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Table 1 Dimensions of analysis from FaST checklist

Dimensions Meat Horticultural Bread/
pastry

Dairy

Canned Doughs
and
Sauces

Sweets
and
Jams

Management of OSH at Work X X X X X X

Workplaces Installations X X X X X X

Thermal Environment, Lighting,
Noise and Chemicals

X X X X X X

Psycho-social Risks and Stress X X X X X X

Ergonomic Risks X X X X X X

Electrical Risks X X X X X X

Safety Machinery and Work
Equipment

X X X X X X

Personal Protective
Equipment (PPE)

X X X X X X

Containers Under Pressure X X X X X X

Reception/Storage of Primary
Materials

X

Reception/Storage of Primary
Materials - Stands and Shelves

X X X X X

Reception/Storage of Primary
Materials - Conservation
Chambers

X X X X X

Reception/Storage of Primary
Materials - Silos

X

Preparation of Ingredients X X X

Canned Confection X

Preparation of Doughs and Sauces X

Cooking of Sweets and Jams X

Preparation X

Use of Gas and Ventilation X

Oven X

Manufacturing Area X

Manufacturing Area - Surfaces
and Work Plans

X

Manufacturing Area - Thermal
Burns

X

Manufacturing Area - Hand Tools X

Packaging Area X X

Primary Packaging X X X

Secondary Packaging X X X

(continued)
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Table 1 (continued)

Dimensions Meat Horticultural Bread/
pastry

Dairy

Canned Doughs
and
Sauces

Sweets
and
Jams

Final Product Storage X X X

Final Product Storage
Stands/Shelves

X

Final Product Storage-Cold
Chambers

X

Finishing and Packaging X

Storage and Shipping X

Conservation Chambers X

Expedition X

Emergencies X X X X X X

At the end of the checklist, there is also, beyond the date, a space for the signature
of the person responsible for the evaluation (Fig. 2d), but this document can only be
signed after it has been printed. Another important detail is when by filling in the
checklist, the user can save the work done so that he can interrupt and resume this
activity whenever necessary. At the end of the checklist, there is a cell that updates
the fill date whenever a recording is performed, so the user can always know when
the file was last updated.

The synthesis of the results comes after completing the checklist and is presented
by means of a 2D bar graph that allows us to quickly verify the companies’ situation
related to the dimensions of analysis proposed. This represent the FaST tool second
section and it is exemplified in Fig. 3.

In order to know the percentage obtained in each dimension of analysis, the user
must place the cursor on the respective column and, thus, obtain the indication of the
exact value. Reading this graph should allow the user to make several observations:
in what dimensions of analysis the enterprise is at an adequate risk control level
and, in what dimensions of analysis will the enterprise have to make interventions
because the risk control is deficient or does not exist. In the case of the dimensions
of analysis that fall under an adequate risk control situation, the enterprise should be
vigilant to ensure that there are no changes that could interfere with current levels
of risk control and to continue adopting an attitude of continued improvement. For
dimensions with values below 100%, it is considered that risk control is not being
adequate or efficient, and there is, therefore, a need to promote initiatives to change.
After completing the checklist and careful reading of the graphical summary of the
results, the user should consult the “Report with Solutions” Sheet. In this section, a
set of options, proposals and alternatives are proposed that may allow to control the
risk inherent in each statement whose answer fell to the option “No” (See Fig. 4).
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Fig. 2 Structure and Alerts of the “Risk assessment” Sheet: a Checklist; b Desired option set;
c Error Alert; d Signature of responsible and Date of analysis

Thus, the report made available is not an end in itself but a window of opportunities
for improving working conditions in the company, by implementing measures that
translate into adequate control of risks.
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Fig. 3 Graphical summary of the results - Levels of Risk Control (%)

4 Conclusions

An online simple and expedite risk assessment tool was developed to help MSMEs
to managed OSH risks. It aims in the long run to allow MSMEs agri-food industries
to structure a well-implemented OSH service, with the main objective of reducing
accidents, occupational diseases and absenteeism. This result improves the quality of
work, and promotes productivity and competitiveness. Nevertheless, it is important
to highlight that the willingness, participation and commitment of employers and
workers is fundamental to turn these computational tools efficient and effective.

These tools can be further improved. A large sample of companies in each subsec-
tor will provide more detailed risk assessment. The measurements on noise, illumina-
tion and thermal environment in all workplaces will strength the results. Conducting
ergonomics and psychosocial risk evaluations will increase the spectrum of the tool
applicability.

The improvements concerning the management and prevention of work accidents
will be increasingly required due to the increasing importance of OSH related topics,
to the increasingly importance of the agri-food industry based on MSMEs.
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Fig. 4 Graphical summary of the results - Levels of Risk Control (%)
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Analysis of Safety Culture Maturity
in Two Finnish Companies

Julius Pirhonena, Sari Tappura , and Aki Jääskeläinen

Abstract Objective: The aim of this study was to analyze perceptions of safety
culture in two Finnish industrial companies. Background: The link between safety
culture and safety performance has been investigated in many studies. However,
understanding of the status of safety culture and the specific needs for development
is still limited. Method: A recently developed safety culture maturity model was used
to analyze the level of safety culture through a survey of two Finnish companies.
A questionnaire was sent to 1109 respondents, 289 of whom completed it (26%
response rate). Results: The state of safety culture was rather advanced in both
case companies, and the personnel in both companies were overall satisfied with it.
However, the analysis indicated considerable differences in safety culture perceptions
within the companies. Particularly, top management and safety experts perceived the
state of safety culture as more advanced than employees did. Conclusion: There are
differences in perceptions of safety culture, especially between top management and
employees, which might hinder the development of safety culture in organizations.
By understanding such differences within an organization, it is possible to identify
appropriate managerial actions for different levels.
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1 Introduction

Many studies have shown that safety culture (or safety climate) is linked to safety
performance (e.g., Carde and Ragan 2003; Lee 1998; Stemn et al. 2019; Vinodkumar
and Bhasi 2009). Safety climate scores have been suggested as the most important
safety performance indicators (e.g., Hoffmeister et al. 2014). However, safety culture
can be difficult to measure, as it concerns individual and group attitudes, beliefs, val-
ues, and behaviors related to health and safety in an organization (Hale 2000), which
are difficult to quantify. To measure the level of safety culture in an organization,
maturity models are often used (Goncalves Filho and Waterson 2018).

Maturity models represent an anticipated, desired, or typical evolution path shaped
in discrete stages (Becker et al. 2009). They are valuable measurement instruments
because they allow the assessment of the current situation of a company, as well as the
identification of obvious development needs (Becker et al. 2009). Maturity of safety
can be defined as a certain level of effectiveness and performance in the management
of safety and occupational health and safety (Kaassis and Badri 2018). Recently,
Jääskeläinen et al. (2020) analyzed the maturity and performance implications of
safety performance measurement practices in industrial companies.

Several maturity models have been developed for safety culture evaluation.
Goncalves Filho and Waterson (2018) identified 41 different models. Typically, matu-
rity models provide one overall maturity score for an entire organization and do not
assess differences between organizational levels (e.g., Goncalves Filho et al. 2010;
Jespersen et al. 2016; Tappin et al. 2015). This is probably the result of earlier safety
literature, which suggested that a company should have a uniform safety culture
across all levels (Hale 2000). However, it is highly questionable whether attitudes
are the same at all levels (Guldenmund 2000). Several studies have identified dif-
ferences in safety culture between organizational levels (e.g., Clarke 1999; Findley
et al. 2007; Prussia et al. 2003; Tear et al. 2020). Accordingly, some maturity models
attempt to measure the state of safety culture between groups within an organization
(e.g., Parker et al. 2006). However, relevant studies are still limited.

To contribute to this research, this study aimed to analyze the state of safety culture
in two Finnish industrial companies and to identify differences between organiza-
tional levels. To that end, the study employed a recently designed maturity model
for safety culture and related survey tool (Tappura et al. in press), which is a synthe-
sis of previous maturity models with verified validity and/or reliability. The model
encompasses five main themes:

(1) communication;
(2) training;
(3) organizational learning;
(4) management and supervisor commitment;
(5) employee commitment and involvement.
Unlike previous maturity models, this model evaluates maturity by combining

written descriptions of best practices and the perceived satisfaction of employees in
the evaluated aspects.
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Table 1 Example of the maturity levels of a questionnaire item

Level Item: “working under pressure”

Level 1 It is common for employees to take shortcuts at
the expense of safety when under pressure

Level 2 Employees rarely take shortcuts at the expense
of safety when under pressure

Level 3 Employees do not take shortcuts at the expense
of safety when under pressure but rarely
intervene when someone else does

Level 4 Employees do not tolerate any unsafe behavior
even when under pressure

2 Materials and Methods

A self-evaluation survey was conducted in two participating Finnish companies.
Company 1 is an infrastructure builder (approximately 1400 staff). Company 2 oper-
ates in the chemical industry (approximately 200 staff). The survey tool was assessed
by fellow safety researchers and safety experts at the participating companies. Based
on their feedback, minor changes were made to the questionnaire to improve clarity
and ease of responding. The survey tool was based on a recently designed maturity
model for safety culture (Tappura et al. in press).

Invitations to complete an online questionnaire were sent to 1109 respondents,
and 289 completed responses were received (26% response rate). Of those, 252 (87)
were from Company 1, and 37 (13%) were from Company 2. The respondents were
from all organizational levels of the participating companies, from the operative
employee level to top management. The responses by respondent group were as
follows: top management: 10 (3%); middle management: 41 (14%); supervisors:
60 (21%); safety experts: 9 (3%); administrative employees: 28 (10%); and other
employees: 141 (49%).

The questionnaire consisted of 29 items organized in five main themes: (1) com-
munication, (2) training, (3) organizational learning, (4) management and supervisor
commitment, and (5) employee commitment and involvement. Each item was mea-
sured on a four-level maturity scale with written evaluation criteria of company
practices in the questionnaire. The answers were scaled from 1 to 4, where 1 rep-
resented the lowest and 4 represented the highest level of maturity (see example in
Table 1). Also, in each theme, satisfaction was rated on a 5-point Likert scale, where
1 represented very dissatisfied and 5 represented very satisfied (satisfaction scores).

Based on the safety culture levels and satisfaction scores, the final responses were
visualized in a maturity matrix (Jääskeläinen and Roitto 2015). In this matrix, the
closer an organization is to the top right corner, the higher its safety culture level
is, and the more satisfied with it the organization’s members are. The results were
discussed with the company representatives, but the further development actions
were out of the scope of this study.
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Fig. 1 Overall safety culture maturity levels and satisfaction scores of the two case companies
(maturity matrix adapted from Jääskeläinen and Roitto 2015)

3 Results

The positions of the two companies in the maturity matrix according to the survey
results are shown in Fig. 1. The averages of the two companies were very similar.
Both companies had fairly advanced safety practices and were overall satisfied with
their respective safety cultures. However, the results showed that there was still room
for development regarding the overall safety culture maturity in both organizations.
The observed overall safety culture level was slightly below Level 3–that is, below
the levels that typically represented a more proactive attitude toward safety (i.e.,
Levels 3 and 4). The overall satisfaction scores were between 3 and 4, which repre-
sented neither satisfied nor dissatisfied and satisfied, respectively. Taken together, the
results indicated not only that there was room for improvement but also that the staff
perceived a need for development, as suggested by the moderate level of satisfaction.

When the safety culture levels were calculated separately for each theme, the
results showed that most themes were at a similar level (Fig. 2). The training theme
scored the lowest. Within this theme, the items “training of supervisors” and “training
systematization” had the lowest scores. However, satisfaction with training was not
lower than the levels of satisfaction in other themes. The employee commitment
and involvement theme had the second lowest safety culture level and the lowest
satisfaction score. The lowest-scoring items were “employees’ actions for safety”
and “working under pressure.” These results indicated that employees participated
in safety development mostly through incident reporting and rarely intervened when
others took shortcuts at the expense of safety.
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Fig. 2 Average safety culture levels and satisfaction scores for each theme. The error bars represent
standard errors

Fig. 3 Overall safety culture maturity levels and satisfaction scores by respondent group. The error
bars represent standard errors

When the maturity levels were analyzed according to the respondent groups
(Fig. 3), a clear trend emerged. Safety experts and top management were closest
to the top right corner of the matrix, supervisors and middle management were in the
middle, and employees were separated from the rest and located more on the left.
Safety experts and top management clearly had more positive perceptions of safety
culture than the other respondent groups did, whereas employees perceived safety
culture as less advanced than the other groups did and were less satisfied with it.
Thus, perceptions of safety culture seemed to follow the organizational hierarchy.
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Fig. 4 Average safety culture maturity levels by respondent group in the communication theme.
The error bars represent standard errors

These differences were also visible in the responses to the individual items. For
example, in the communication theme (Fig. 4), the trend was seen especially in the
‘supervisors’ interest in communicating safety issues to the workforce” and “orga-
nization’s way of sharing safety-related information” items. Top management and
safety experts perceived a greater interest on the part of supervisors in communi-
cating safety issues than the other groups did. Likewise, top management perceived
the way in which safety-related information was shared to be more advanced than
the other groups did. These results suggest that the approach to information sharing
might be quite advanced at higher organizational levels, but the information does not
reach the lower levels. The same trend was observed in most other themes, except for
the employee commitment and involvement theme, where the differences between
respondent groups were not as large.

The results of each company were also analyzed separately. As seen in Fig. 1,
the overall results and the results of each theme were similar. In both companies,
top management clearly had a more positive perception of safety culture than the
other respondent groups did, and the overall score corresponded to the respondents’
position in the hierarchy.

4 Discussion

This study investigated the level of safety culture in two Finnish industrial companies.
A recently developed safety culture maturity model (Tappura et al. in press) was used
for the analysis. The results showed that the level of safety culture was relatively
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high, and the participating companies were overall satisfied with it. Nevertheless, the
findings suggest that both companies could further develop their respective safety
cultures. Particularly safety training practices were not very advanced, even though
respondents were quite satisfied with them. Employee commitment and involvement,
which is often considered the most safety-critical theme (e.g., Hamid et al. 2008),
had the lowest satisfaction score and the second lowest safety culture level.

The results also shed light on the differences in safety culture between organiza-
tional levels. The analysis by respondent group revealed significant differences in the
perception of safety culture aspects, especially between top management and safety
experts on the one hand and employees on the other. The perception of and satisfaction
with safety culture seemed to reflect the respondents’ hierarchical level. Top man-
agement tended to overestimate the state of current practices, especially practices for
which top management is responsible (e.g., communication and employee training),
whereas employees were the most critical and least satisfied with the safety culture.
These results are in line with Clarke (1999), Findley et al. (2007), and Tear et al.
(2020), who also reported significant differences in safety culture between organi-
zations’ hierarchical levels. A maturity analysis of safety performance measurement
practices by Jääskeläinen et al. (2020) indicated the same phenomenon.

Our findings suggest that all organizational levels should be included in safety cul-
ture evaluations, and the results should be analyzed separately. When it is not possible
to cover an entire organization, the results of one organizational level should not be
generalized to the overall state of safety culture in the organization. By understanding
the differences within an organization, it is possible to identify more specific ways
of improving the safety culture for different organizational levels. For example, by
identifying differences in safety communication perceptions between top manage-
ment and employees, this issue could be addressed with a specific plan to improve
the flow of information between levels. Treating safety cultures as uniform across
organizational levels may conceal important issues. Although Taras et al. (2009)
highlighted this aspect when describing the best practices for culture measurements,
this issue remains underexplored in the safety culture literature.

The similar results of the two case companies suggest that the state of safety culture
is not industry-dependent. Previous research (e.g., Hale et al. 2010; Killimett 2006;
Veltri et al. 2013; Yorio and Wachter 2013) has also indicated that contextual factors
(such as the industry or the competitive environment) do not predict safety culture.
Other factors, such as leadership, seem to influence safety culture and distinguish
successful from unsuccessful organizations.

This study has certain limitations. First, although the results are based on two
companies, most responses (87%) were from Company 1. Therefore, the findings
may be more representative of that company than of Company 2. Second, both
companies were from Finland, which may limit the generalizability of the results.
Further qualitative studies using the same maturity model in different regions and
with more case companies could enhance the reliability of the results. Finally, the
results were concurred with the company representatives, but no further interpre-
tations were made. In further studies, the results could be statistically analyzed to
better understand the division of the scores in the different groups, as well as the
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relationships between different dimensions and overall satisfaction related to safety
culture in an organization.
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Prevention of Occupational Risks
in a Construction Site Using BIM

Manuel Tender and João Pedro Couto

Abstract Changing the document commonly used to manage occupational risks in
construction in Portugal, the Safety and Health Plan, to the Building Information
Modelling (BIM) format will be inevitable, as is already happening with other spe-
cialty projects. The management of the construction site is a part of that plan and it
is important to obtain good logistic and financial results. However, it is also impor-
tant due to the risks it creates for workers and third parties. This paper shares the
first approach, in Portugal, to using 3D, 4D and 5D BIM to the construction health
and safety site management, using a case study, and validates the approach with a
comprehensive survey. The conclusions are that this approach allows for a better
perception of risks and preventive measures; the improvement of the training level
implemented; a better logistic and financial management of the construction site;
and, finally, a better integration of prevention in the work planning.

Keywords Site management · Health and safety · BIM

1 Introduction

1.1 Overview

The new Information and Communication Technologies (ICT) have brought about
several technical and scientific advancements to the Architecture, Engineering and
Construction (AEC) field. Using this new technology, namely Building Information
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Modelling (BIM), for the Occupational Health and Safety (OHS) theme is justified
by four key-factors as follows described:

1. Despite several positive evolutions in the construction processes, a large number
of accidents at work and occupational diseases continue to occur;

2. Prevention is not always a priority, increasing the risk of accidents at work and
occupational diseases. As safety should always be of prime importance, regardless
of deadlines and economic interests, a change of mind-set is needed (Tender et al.
2015);

3. The AEC sector is experiencing changes influenced by the need to improve the
methods employed in undertaking ever more complex projects with increasingly
strict budgets, faster pace of construction and higher quality. BIM tools have
become increasingly important as an integrated management tool in the develop-
ment of Architecture, Structures, and Mechanical, Electrical, Plumbing (MEP)
project designs, given their proven advantages (Tender et al. 2018b). The authors
of this paper developed and validated BIMSafety concept and shared results
through a real case study, one of the first in Portugal (Tender et al. 2018a). In
this paper, it is claimed that “in the future, studies should be conducted to verify
the applicability of “BIMSafety” to other components of the Health and Safety
Plan and the Technical File”. This will be one of the objectives of this chapter;

4. For legal and regulatory reasons: Considering the general principles of prevention
set forth in the current legislation, attention must be given to the state of the art,
namely at the level of ICT.

From all the above reasons, it is clear to see that mechanisms and tools must be
created to overcome the identified gaps. To solve the mentioned gaps, this research
has as main purposes analysing the implementation of BIM 3D, 4D and 5D for
construction site planning and management using in a real case with a verification
by survey. Research question were so established: in terms of planning OHS in a
construction site, is it BIM 3D, 4D and 5D better than the traditional method?

This section has provided an outline of the context of the study and the technical-
scientific gaps. The following sections provide an overview of the relevant literature
(Sect. 1.2), the presentation of methodology which includes the details of case study,
mainly in terms creation of the BIM model and the survey procedure that was imple-
mented for validating the approach (Sect. 2), the results and its discussion (including
its limitations), demonstrating its feasibility and effectiveness (Sect. 3) and the con-
clusions of the research and future trends (Sect. 4).

1.2 BIM and OHS Risks Prevention

Nowadays, from the analysis of the studies already conducted, it can be concluded
that BIM appears to be a valid instrument for the planning of OHS risks prevention
(Tender et al. 2017). Below you can find a brief historical review of the main studies
already carried out in this field.
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Akinci studied the applicability of BIM 4D to safety on site by studying the
spaces and accessibility to different workplaces (Akinci et al. 2002a, b, c). Winch
used BIM to analyse the concept of “critical areas” trying to optimize the spaces
intended for workers (Winch and North 2006). Kim used BIM for temporary equip-
ment planning (Kim and Ahn 2011). Azhar and Behringer performed walk through
workplace simulations and risk rendering at the design phase (Azhar and Behringer
2013). Ganah focused on safety planning in a BIM environment (Ganah and Goud-
fard 2015). Kumar has focused on construction sites with limited available space
and on the management of materials therein, and developed a software to optimize
material distribution, thus optimizing construction site space management (Kumar
and Cheng 2015). Kim added the automation of cost estimates for materials, safety
equipment, and scaffolding (Kim et al. 2016). Trani implemented BIM 4D to study
the different levels of detail for the various construction site elements (Trani et al.
2015). Biagini applied BIM in a church restoration work, analysing the impact of
the tower crane on the neighbourhood as well as the scaffolding used (Biagini et al.
2016). Ji focused on automating the assessment of tower crane collision risk (Ji and
Leite 2018).

It should be noted that Publicly Available Specifications (PAS) 1192-6 stresses
the improvement of the skills of the designers, a direct opportunity to improve risk
mitigation, as well as the need to equate the use of 3D and 4D to support the devel-
opment of safe methods, including implications for work at height, temporary work
(The British Standards Institution 2018).

Construction site management, an element to be included in the HSP, is very
important for the correct logistics management of the work, due to its financial
impact and dynamic nature, and to the risks it creates for workers and third parties.
However, the management of time and space in the construction site is not always
very systematic (Choe and Leite 2017), often because of the limitations that two
dimensional drawings present.

2 Materials and Methods

2.1 Research Framework

The goal of this research is to analyse the feasibility of using BIM (in its dimen-
sions 3D, 4D and 5D) for planning the construction site using a real case study.
A comprehensive research methodology, although simple but criteriously chosen in
order to assure an adequate and fruitful research, was established (based in literature
review) and consists in four major phases: applying 3D modelling for tridimensional
visualization, applying 4D for simulating evolution of construction site planning,
testing 5D for cost estimation and implementing a survey (to construction experts)
for validating the approach. The use of a combined and user friendly methodology
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with analysis of real case and an expert’s survey should ensure that this approach is
based on correct assumptions.

2.2 Case Study

The case study chosen concerns a construction project of a multifamily building in
the urban centre of Porto, in an area with a high density of construction and movement
of people. OHS analysis will be applied to this case study utilizing BIM tools, with
the objective to highlight the advantages of a new method of managing safety in
the Portuguese construction industry. Subsequentially, the advantages of this new
application will be validated by a survey, with a panel of 31 experts. It was fairly
hard to find a work to serve as a case study, because BIM is not yet commonly used
in Portugal in this type of works. This research was developed during the design and
construction phases and BIM approach was only applied to OHS issues.

2.3 Collaborative Environment and 3D Approach

The collaborative environment used during this study was the “VIEWPOINT FOR
PROJECTS” platform. The software chosen for building modelling was Autodesk
Revit. The model was loaded and superimposed on a point cloud survey (a tool
increasingly used as a facilitator of the planning of the work (Azhar and Behringer
2013)), obtained from photogrammetry using an UAV (unmanned aerial vehicle), so
that the survey would provide not only information on the terrain topography but
also on the buildings that make up the block, for a correct analysis of the building’s
impact on its immediate surroundings (New York County Buildings 2013). The final
result of the general modelling of the construction site is shown in Fig. 1.

For planning simulation (4D), Autodesk Navisworks. For this purpose, a video
was made with a simulation of the evolution of the construction site assembly: as the
dates would advance, the tasks being carried out were mentioned and the percentage
of the work done could be seen every day. This type of visualization complements
the 3D model.

Quantification (5D) and cost allocation for each task/equipment was also per-
formed with Autodesk Navisworks. Figure 2 shows the Map of Works and Quantities
(MWQ) obtained for the construction site in question.

2.4 Validation Survey

In order to assess the relevance of this approach in the practical case, a survey
was conducted on a panel of construction industry experts previously chosen from
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Fig. 1 Final result of site modelling

Fig. 2 Map of works and quantities obtained
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Table 1 Survey questions

The way this construction site plan is
presented (compared to the traditional
way and regarding risk prevention), with
regard to...

Equal Better Much better

Q1 - the (3D) visualization of construction
site facilities, is...

Q2 - planning (4D), is...

Q3 - quantities/cost control (5D), is...

Q4 - commonly used in the traditional
method, is...

the author’s network. The sampling technique used had the objective of creating a
random sample, with the inclusion of the only restriction that all selected members
of the panel had a minimum previously defined experience in order to ensure the
collection of a sufficiently sustained and credible vision and at the same time being
representative of the general population. The panel was selected after a first approach
with a broader set in order to assess the availability to respond and above all the
affinity and interest in the subject under study. From the 31 positive answers in first
approach, the survey was sent to all these 31 specialists. There was a concern to
choose a sample of professionals to answer the survey and a case study regarding
the multifamily construction building that were as representative as possible, not
forgetting that this is the first phase of a study that will be followed up. The survey
aimed to assess the usefulness of using the 3D, 4D and 5D dimensions of BIM in
construction site management. The survey and description of case study was sent
via email to a panel of experts with at least 5 years of experience in the field of
construction (in the fields of prevention, production, design and academy). All the
elements and clarifications requested by the specialists were provided in order to
have the best possible knowledge about the project. It was obtained 31 valid answers.
35.5% of the respondents in the panel work in prevention, 25.8% in work management
(production), 29.0% in design, and 9.7% in academic field, with an average of 16.5
years of professional experience (far exceeding the minimum stipulated experience).
The following data were presented and explained to the respondents: various 3D
print-screens, the 4D /simulation video of the construction site assembly, and the
MWQ. The survey consisted of four questions (Table 1): one about each of the BIM
dimensions studied (3D, 4D and 5D), and a final question of overall appreciation.
Possible answers to each question were “Equal”, “Better” and “Much better”.

In a scenario of a very low implementation phase of BIM in this area, this type
of approach also intended, beyond obtaining the general perception of respondents
about use of BIM for Health and Safety, to show and raise awareness among stake-
holders about this theme. Thus, it was understood that the approach that was adopted
for this phase would be appropriate, and the treatment of data and analysis of results
would adequately respond to the established assumptions and objectives.
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3 Results and Discussion

The results were analysed in an aggregate way not differentiating the work fields
of respondents. The results obtained in the case study and survey are analysed and
discussed below.

Regarding each of the dimensions analysed, the advantages found by the authors
in the implementation of the case study are mentioned first; then, the survey results
are presented in addition:

• 3D Dimension - The results obtained in the case study show that this approach
allows a visualization of both the facilities (and their areas) and the tasks which
is wider and closer to reality, done sooner, in a more understandable way (namely
regarding temporary works), and is less ambiguous than by using two dimen-
sional drawings. It is also possible to identify the areas with the highest level of
risk. It is also found that this type of visualization, simple to read, provides a bet-
ter perception and identification of the various elements of the construction site.
This approach also improves planning capacity (notably in tasks related to the
movement of equipment in the site and tower crane movements) and facilitates
the geometric changes to be made, and any change made for reasons related to
the production area of the work implies a change in preventive terms, which is
quite simple to make automatically. It takes less time to identify hazards and risks,
and preventive measures to be implemented, in each working place. The approach
also enables a better identification of areas or times when there is a higher level
of risk, namely of runovers (especially in the pathways to the construction site),
fall of objects from a higher level (within the crane’s radius of influence), and fall
of people to a lower level. Another of the advantages identified in the case study
was the fact that it also becomes easier to identify potential constraints, both in the
workspace and in the surroundings. In terms of communication on the construction
site, this instrument is validated as being useful both for training and awareness
raising activities for workers, and for communicating with those responsible for
the installation and operation of the construction site, minimizing or eliminating
the typical “communication conflicts”. In terms of site inspection, it made it easier
to compare was expected to what was done.
Regarding the survey results, the vast majority of respondents (88%) considered
this approach to be “Much better” than the traditional one, validating the opinion
of researchers.

• 4D Dimension - This approach allows for a better planning, stemming from an ear-
lier, more structured, and less abstract approach to tasks, making the process closer
to the reality, objectifying the steps of each task in a virtual environment, improv-
ing and optimizing the movements of machinery as well as the use of spaces and
volumes (and their execution times), and clearly showing the assembly sequence
from a safety point of view, reducing the need for improvisation or last-minute
solutions. The simulation of the task sequence allowed to identify several scenar-
ios in advance, especially in situations stemming from changes in the construction
site organization, or at critical times when, due to overlapping activities, there is a
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highlight or increase of the level of risks, for example of runovers, or where there
is a spatial mismatch of tasks, allowing for a fast reassessment of the situation. It
also allows to assess the movements in the surroundings of the construction site,
and which interfere with the surroundings.
With regard to the survey results, the 4D dimension is less valued than the 3D visu-
alization dimension. Still, most respondents (60%) consider it to be “Much better”
than the traditional approach, thus also validating the researchers’ perception of
this dimension.

• 5D Dimension - The automated quantity extraction (which is impossible to do with
the traditional process) gives a fast listing at any given time (especially when faced
with changes to the construction site structure or site planning) of the installed
preventive elements such as guardrails, barriers, signs. With this automation in
linking the protection equipment to its respective costs, it becomes possible to
separate, in the tender dossier, the different protection equipment to be used, instead
of applying the usual “price per global value”, thus solving the “old” problem of
the lack of quantification of prevention items, and creating an instrument with great
potential to minimize unfair competition in Portugal. It was also shown in the case
study that it is possible to simulate several cost solutions, thus allowing to optimize
the most favourable financial scenario. During the survey, a less favourable point
was made, something that will improve in the future: the phases of maintenance
and disassembly were not addressed.
With regard to the survey results, it is found that this dimension was considered
“Much better” by 44% of the respondents. This, combined with the 31% of respon-
dents who considered it “Better” is still quite acceptable as a figure (75%), thus
also validating the researchers’ perception of this dimension.

• Global Opinion - This question summarizes the whole research, as well as the
whole purpose of the survey. In the survey responses, it is possible to see that
the totality of the respondents (100%) consider that this approach is “Better”, or
“Much better”, than the traditional one, based on two dimensional drawings, thus
showing the suitability of the proposal.

Figure 3 shows the results obtained through the survey of the aforementioned
panel of experts.

4 Conclusions

There has been a broad increase in understanding and interest in applying BIM to the
area of prevention of occupational risks. However, using BIM in this area is not yet a
reality harnessed by companies (despite some legislative and normative initiatives in
some countries), namely in Portugal. The results obtained show that the methodology
was implemented appropriately based on the established objectives. Observing the
results obtained, it can be seen that they have been well received by the technical
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Fig. 3 Results obtained

community, which reinforces and validates the results of previous studies. It can then
be concluded that:

• In terms of planning and managing OHS in a construction site, BIM 3D, 4D and
5D appear to be more appreciated than the traditional method;

• The survey shows that, regarding the four questions, an absolute majority of the
panel of respondents consider that the approaches adopted are actually better than
the traditional methodologies, with the 3D dimension of BIM proving to be the
most appealing for the respondents;

• The results obtained in this case study show that this approach can revolutionize the
creation of construction site plans (an essential part of the Safety and Health Plans),
leading to a paradigm shift with great potential to prevent occupational accidents
(due to its influence on risk identification and preventive measures implementation,
with regard to communicative, training, implementation, and inspection aspects).
It is also noted that this approach has the potential to bring OHS and production
closer together and to streamline the analysis procedure, the technical validation
by the Safety and Health Coordinator at the construction stage, and the approval
by the Work Owner, in accordance with current legislation;

• Tests should be carried out to determine the best mode of parameterization, of a
preventive nature, clarifying the various perspectives still existing internationally,
namely in PAS1192:6;

• Institutions should join efforts to create an international normative document for
the transmission and use of preventive information using BIM.

Limitations were found during this research, such as following described:

• Lack of experience in the modelling skills as this is a recent way of designing and
building;

• Lack of total ability of two or more systems to exchange information and interpret
them, then use the information (interoperability);

• Lack of information sharing or knowledge on how to share information effectively;
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• Sample size of the survey and the impossibility of addressing other complementary
aspects;

• Multifamily construction project: a construction project with more significant
safety issues would have been better to show the effectiveness of BIM tools;
future research can pursue this objective.
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Abstract The main objective of this paper is to address the technical-scientific gap
identified in the literature by presenting an overview of the existing coverage of the
use of BIM (Building Information Modelling) for Occupational Health and Safety
(OHS) management. The Scopus and Web of Science research literature databases
were selected as the most suitable for the literature review. Appropriate keywords
were identified and a search in each of the databases was performed, resulting in a
satisfactory number of papers. Priority was given to papers from sources with peer
review and a high impact factor. The main findings reveal the areas where BIM related
digital technologies are being applied to improve H&S management outcomes. This
work fills a gap in the existing literature and provides a platform for the development
of improved safety management systems resulting in more efficient H&S processes
and increased productivity which will provide a stronger link between production and
safety. The number of research studies will increase as people realize the importance
of OHS in the digital data environment and recognize the advantages of using BIM
and related technologies. Future research should explore in more detail some of the
areas identified and establish the benefits of using digital technologies to improve
OHS outcomes. New emerging technologies such as Virtual Reality, Augmented
Reality, Internet of Things, Big Data, Artificial Intelligence and their integration
with BIM will certainly become essential areas of research in the future.

Keywords BIM · Health · Safety · Risks · Review

M. Tender (B)
ISLA, Vila Nova de Gaia, Portugal

ISEP, Porto, Portugal

M. Tender · J. P. Couto
School of Engineering, University of Minho, Guimarães, Portugal
e-mail: jpc@civil.uminho.pt

P. Fuller
University of Loughborough, Loughborough, UK
e-mail: P.A.Fuller@lboro.ac.uk

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. M. Arezes et al. (eds.), Occupational and Environmental Safety and Health III,
Studies in Systems, Decision and Control 406,
https://doi.org/10.1007/978-3-030-89617-1_7

75



76 M. Tender et al.

1 Introduction

BIM has now evolved into and mature methodology, and is the most visible face of
the 4th Industrial Revolution in AECO (Architecture, Engineering, Construction and
Operations). In fact, BIM is a collaborative methodology encompassing the whole
life cycle of the project covering design and construction through to operation and
maintenance (O&M) It enables the digital representation of physical and functional
features of a building which can then be accessed remotely and collaboratively. BIM
is currently considered to be a shared model made up of a set of 3D objects and
parameterized information that is updated throughout the project’s life cycle and is
accessible directly by the project owner, the designer, the contractors, the suppliers,
the consultants, etc. Using BIM all the stakeholders can communicate and exchange
information in real-time through a virtual environment. This means that information
can be shared without the need to use written documents as all of the actors have
direct access to a centralized model which ensures that all stakeholders have imme-
diate access to the latest version of any document. The use of BIM in construction is
now widespread mostly in architecture, structures, or mechanical/electrical/plumbing
(MEP). It is not, however, very widely used for OHS purposes. Existing literature
shows that the lack of OHS information in digital form is one of the many fac-
tors contributing to the poor performance of OHS management in the construction
industry.

Due to the rapid development and adoption of BIM the use of digital technologies
for risk management has become a growing research trend. This has led to demands
for a complete review of the state of the art of these technological developments
focused on BIM in general and also on usages of BIM for OHS. Some authors have
already explored and reviewed the potential areas where BIM can be applied in OHS
settings (Table 1).

The main objective of this paper is to address the technical-scientific gap identified
in the literature by presenting an overview of the existing literature covering the use of
BIM for OHS management. The review will identify the main areas where BIM can
be applied to improve OHS outcomes. The following section outlines the methods
that were used for literature review. The next section covers the results and the final
section outlines the conclusions, explores limitations, and identifies future trends.

1.1 Review Methodology

A number of research databases were examined and the Scopus and Web of Science
databases were selected as the most suitable. Appropriate keywords were identified
and a search in each of the databases was performed, resulting in a satisfactory
number of papers After identifying the keywords, a simple search was performed in
each of the databases, obtaining adequate results. In order to ensure that the articles
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Table 1 Published literature reviews

Year Author Paper title

2020 Fargnoli and
Lombardi

Building Information Modelling (BIM) to enhance
occupational safety in construction activities: research trends
emerging from one decade of studies

2019 Mihić et al. Review of previous applications of innovative information
technologies in construction health and safety

2019 Akram et al. Exploring the role of building information modeling in
construction safety through science mapping

2019 Jin et al. A science mapping approach based review of construction
safety research

2018 Martínez-Aires et al. Building information modeling and safety management: A
systematic review

2017 Aguilera Review of the state of knowledge of the BIM methodology
applied to health and safety in construction

2017 Zou et al. A review of risk management through BIM and BIM-related
technologies

2016 Hallowell et al. Information technology and safety: Integrating empirical
safety risk data with building information modeling, sensing,
and visualization technologies

2015 Ganah and Goudfard Integrating Building Information Modeling and Health and
Safety for Onsite Construction

2012 Zhou et al. Construction safety and digital design: A review

2011 Azhar Building Information Modeling (BIM): Trends, benefits,
risks and challenges for the AEC Industry

studied were credible priority was given to primary sources, particularly those with
peer review.

The key words used were: “BIM” or “Building Information Modelling”; “Safety”
and “Risks”. The following types of sources were used in the search:
(1) articles published in international publications (preference given to reputed
magazines such as Automation in Construction, Safety Science, Journal of Safety
Research, International Journal of Project Management, Journal of Computing in
Civil Engineering, Construction; Construction Management and Economics; Engi-
neering, Construction and Architectural Management; Information Technology in
Construction; Journal of Architectural Engineering; Journal of Construction Engi-
neering and Management; Reliability Engineering & System Safety);
(2) books by renowned publishers;
(3) proceedings of conferences on the theme;
(4) legal and normative documents;
(5) academic theses and dissertations;
(6) Institutional reports.

To optimize the bibliographic review the following document screening crite-
ria were established: written in Portuguese or English; works published after 2007
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(within these, priority was given work published less than 5 years ago); evaluated
by peers; and of recognized prestige. It should be noted, however, that some older
publications were also included due to their high relevance to the topic. Papers with
a focus on structural safety and fire safety were excluded.

The abstracts of all those documents identified were reviewed to assess whether
the content of the paper fell within the scope of the research being undertaken.
Papers that were in scope were then reviewed and analysed. The bibliographies and
references in the articles initially read were also reviewed and additional relevant
articles were identified. Finally, all the documents used were added into Endnote and
any duplications were eliminated. After all these stages a total of 78 papers were
identified as being suitable for further analysis.

In this chapter, the authors chose to categorize areas where BIM can be applied
to OHS into the following ones using as a starting point the main areas described in
Council Directive 92/57/EEC (on the implementation of minimum safety and health
requirements in temporary construction sites). To cover all the requirements of the
Directive, six groups were used (1) risk identification and assessment; (2) training; (3)
site planning; (4) tasks planning; (5) emergency planning and accident investigation;
6) rule checking.

2 Results and Discussion

2.1 Risk Identification and Assessment

A number of authors have carried out research on this theme. Kamardeen focused
on the design phase and on understanding the safety risks and consequences using
automated risk detection (Kamardeen 2010). Zhang developed an automated risk
identification process covering the design and construction planning stages (Zhang
et al. 2012). Malekitabar studied the analysis of accident drivers linked with safety
rules based on BIM (Malekitabar et al. 2016). Mihic studied the requirements for
using risk and hazard databases based on BIM (Mihić et al. 2018). Deng explored
the use of risk assessment databases and safety management modules based on the
development of the Revit platform for identifying relevant risk sources (Deng et al.
2019). Perez focused on the integration of the OHS risk assessment in building
projects using BIM by considering a specific OHS subdiscipline in the model (Pérez
et al. 2017).

2.2 Training

Godfaurd proposed a framework for integrating BIM technology and planning soft-
ware for OHS site inductions (Godfaurd and Abdulkadir 2011). Ganah focused
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on BIM usage for project communication purposes (Ganah and Goudfard 2015).
Kiviniemi addressed the use of multi -wall virtual reality room (CAVE) for analysing
interactively the 3D and 4D models from a site safety viewpoint (Kiviniemi et al.
2011).

2.3 Site Planning

Several Authors Have Studied the Use of BIM for Site OHS Planning:
Chau created a 4D model for planning daily activities more efficiently (Chau et al.
2004). Sulankivi worked on 3D and 4D models in order to manage site layout risk
zones during crane operations (Sulankivi et al. 2009). Sulankivi investigated how to
implement site planning and fall protection using BIM (Tekla Structures) by link-
ing construction schedules to building components, temporary structures, and site
production equipment (Sulankivi et al. 2010). Kiviniemi used 4D BIM models for
managing and communicating construction safety plans, namely site layout and anti-
crane collapse plans, visualization of wall demolition, modelling of safety railing,
formwork planning with integrated fall protection, and a design for checking safety
model (Kiviniemi et al. 2011). The New York City Department of Building (NYC-
DOB) process for submission of site plans can still be considered the best example
for managing site planning permissions (New York County Buildings 2013). Vimon-
satit showed how BIM tools can be used for construction site layout planning and
simulation using 3D models (Vimonsatit and Lim 2014). Yi proposed including site
safety planning in project schedule based on temporal and spatial inputs, maximizing
analysis of periods and zones in terms of safety (Yi et al. 2015). Cassano developed
criteria for a level of development (LOD) scale for construction site temporary ele-
ments (Cassano and Trani 2017). Trani developed a database for integration of con-
struction site design during the design stage with several detail levels for BIM site
objects (Trani et al. 2015). Choe proposed a proactive site safety planning framework
based on temporal and spatial inputs, integrating activity safety data with a project
schedule and a 3D model (Choe and Leite 2017).

2.4 Task Planning

Several authors have been carrying out research covering the integration of OHS
works planning using BIM: Akinci created various types of space occupation in 4D
BIM for automated workspace conflict identification (Akinci et al. 2002). Chantawit
used 4D to perform risk identification (Chantawit et al. 2005). Winch used BIM to
explore and optimize critical zones in construction sites (Winch and North 2006).
Kiviniemi developed a detailed framework for fall protection modelling and 4D visu-
alisation, including the modelling of the temporary and permanent safety structures
and equipment needed to carry out safe construction and O&M works (Sulankivi
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et al. 2009). Sulankivi focused on the implementation of safety measures such as
guardrails in the model (Sulankivi et al. 2010). Kiviniemi studied specific activi-
ties i.e. site layout, crane collapse risk, wall demolition, activities with fall form
heights risk (Kiviniemi et al. 2011). Eastman showed two practical examples of
safety planning through BIM related to safety perimeters (Eastman et al. 2011).
Chi developed specific BIM objects for temporary construction activities covering
modularised scaffolding and formwork objects (Chi et al. 2012). Azhar studied the
use of BIM technology to perform safety planning and management in a case study
that focused on crane management, excavation risk management, fall protection
for leading edges, fall protection for roofers and emergency response plans (Azhar
et al. 2012). Zhang focused on automatically detecting falling hazards and setting
up preventive measures (Zhang et al. 2012). Zhang focused on detecting workspace
conflicts by analysing the geometric conditions of different phases of the workspace
to identify workspace congestion and safety hazards (Zhang et al. 2015). Bargstad
focused on identifying challenges to site planning (Bargstädt 2015). Choe formalized
a case study 4D construction safety planning process using a case study that focused
on temporal and spatial safety information integration (Choe and Leite 2017). Feng
carried out research into risks in scaffold management using Dynamo to automate risk
identification (Feng and Lu 2017). Wang implemented scaffold safety (guard-rails
and toe-boards) checking using 3D point cloud data (Wang 2019).

2.5 Emergency Planning and Accident Investigation

Emergency planning, one of the least studied areas on BIM for OHS, using BIM has
been studied by some authors. Marzouk studied a framework for planning evacuation
of workers using BIM to estimate evacuation times (Marzouk and Daour 2018). Some
authors have carried out research on accident investigation. Marks studied collection
of near misses using a specific BIM report database (Marks and Shen 2016).

2.6 Rule Checking

Several authors have already conducted research on using rule-checkers for OHS
purposes: Based on a 4D model case study, Benjaoran used a rule-based system
to identify hazardous situations in working at height, establish preventive measures
and included them in 4D planning (Benjaoran and Bhokha 2010). Qi designed a
prototype for safety checking that automatically identify fall hazards in a BIM model
and provide design alternatives (Qi et al. 2011). Shih explored a BIM-enabled rule-
checking system to help identify and mitigate OHS risks (Shih et al. 2012). Sulanikivi
researched risk identification during early planning phases and developed a rule
checker which was tested on a residential building project in Finland (Sulankivi et al.
2013). Wang created a rule checking tool for identifying fall and cave-in hazards in
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excavation activities (Wang et al. 2015). Hongling performed the integration of design
safety codes and OSHA regulations with BIM in order to automatically identify
safety issues (Gyorgy and Fogarasi 2015; Hongling et al. 2016). Getuli proposed a
validation workflow using a parametric ruleset, to establish minimum requirements
for construction site layout submissions (Getuli et al. 2017). Schwabe studied rules
for verifying site planning (Schwabe et al. 2019). Hossain implemented an automated
fall safety checking system in the planning phase (Hossain and Ahmed 2019).

3 Conclusions

This paper reveals the areas where BIM related digital technologies are being applied
to improve OHS management. It fills a gap in the existing literature and provides
a platform for the development of improved safety management systems. These
will lead to quicker and better prevention planning resulting in more efficient OHS
processes and increased productivity which will provide a stronger link between
production and safety. Future studies will include references to some of the outputs
described in the papers that were reviewed. The number of research studies will
increase as people realize the importance of OHS in the digital data environment
and recognize the advantages of using BIM and related technologies. The main
limitation of this study is the vast number of topic areas covered, each of which
would justify a whole chapter. In terms of future research, further work should be
considered which explores in more detail some of the areas identified and establishes
the benefits of using digital technologies to improve OHS outcomes. New emerging
technologies such as Virtual Reality, Augmented Reality, Internet of Things, Big
Data and Artificial Intelligence and their integration with BIM will certainly become
essential areas of research in the future.
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Abstract Utilization of BIM (Building Information Modelling) for Occupational
Health and Safety (OHS) purposes is a current trend but, as yet, there is not a com-
plete list of its uses and potential. The main objective of this paper is to gather infor-
mation about the main uses of BIM for improving OHS management. A methodlogy
was adopted based on requirements defined in a European Directive covering the
implementation of minimum safety and health requirements at temporary construc-
tion sites. As a result of the analysis carried out the following main findings were
drawn. Integrating OHS data digitally using BIM is a task that requires the efforts
of all stakeholders. The results of the study conducted show that this approach can
revolutionize the integration of OHS information through the use of BIM for man-
aging data in the areas identified. Revealing ways in which BIM can be used for
improving OHS management will provide construction stakeholders with a better
understanding of BIM in terms of the benefits, limitations, and barriers. This has the
potential to result in a paradigm shift in the prevention of work accidents.

Keywords BIM · Health · Safety · Uses

M. Tender (B)
ISLA, Vila Nova de Gaia, Portugal / ISEP, Porto, Portugal
e-mail: p5616@islagaia.pt

J. P. Couto
School of Engineering, University of Minho, Guimarães, Portugal
e-mail: jpc@civil.uminho.pt

P. Fuller
University of Loughborough, Loughborough, UK
e-mail: P.A.Fuller@lboro.ac.uk

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. M. Arezes et al. (eds.), Occupational and Environmental Safety and Health III,
Studies in Systems, Decision and Control 406,
https://doi.org/10.1007/978-3-030-89617-1_8

85



86 M. Tender et al.

1 Introduction

1.1 Overview

This chapter covers the influence of Industry 4.0 on Occupational Health and Safety
(OHS) i.e. the trend towards processes of automation and data exchange utilizing new
technologies to support the process and the impact on OHS outcomes in construction.
The authors’ combined experience in the sector as researchers and/or practitioners
spans more than three decades. They have observed at first-hand how OHS processes
have developed over time to accommodate the adoption of modern technological
practices.

The main objective of this paper, based on the technical-scientific gaps identified
in the literature, is to analyze and systemize the main uses of BIM for improving OHS
management. The identification of the ways in which BIM can be used for improving
OHS management will provide construction stakeholders with a better understanding
of BIM and related technologies including knowledge of the benefits, limitations,
and barriers. This will help to encourage these stakeholders to increasingly adopt
new solutions based on BIM which is especially relevant for smaller contractors
(known to be more resistant to change). In this way, safety performance throughout
the construction industry will be improved.

2 Materials and Methods

In order to establish the OHS management areas where BIM can provide support the
starting point used was the Council Directive 92/57/EEC on the implementation of
minimum safety and health requirements in temporary construction sites. After an
analysis of these documents, the requirements were grouped and then analyzed in
respect of the potential of BIM to improve outcomes. To cover all the requirements
of the legislation a total of six groups were identified: documentation/contractual
management; risk identification and assessment; training; site planning; task planning
and monitoring; emergency planning; and, work accident investigation.

3 Results and Discussion

3.1 Documentation/contractual Management

The information related to the whole lifecycle of a project is usually taken from
various disconnected, uncategorized hard copy and digital sources. This often leads
to information inefficiencies e.g. duplication, over processing, reworking, lost time.
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This lack of communication among project stakeholders can lead to a poor collab-
orative working environment which in turn results in poor project performance and
an increase in accidents and occupational diseases.

Cloud-based solutions that are used to create collaborative environments, also
known as a Common Data Environment (CDE), consist of platforms for auto-
mated, structured, centralized, and open document management. These provide a
standards compliant environment to speci-fy, collect, safe-keep, store, present, and
manage BIM information in a spirit of collaboration during the projects’ lifecycle
(UK Government BIM Working Group - CDE Sub Group 2018). A CDE allows
users to identify, mitigate, manage, and communicate risks throughout the project
which improves the processing/transmission flows of information (Health and Safety
Executive 2018). A CDE is useful for documenting risk management and subsequent
archiving of documentation e.g. the health and safety plan in the project phase; health
and safety plan development for the construction phase; approval of subcontractors,
workers, and equipment; and, the health and safety file.

The first phase where BIM is relevant for establishing how OHS information
can be inputted in digital model data is during the setting up of the contractual
arrangements. The following types of OHS information are usually covered in this
phase:

• The Employer’s Information Requirements (EIR) is a new document stemming
from the use of a BIM based approach which expresses the client’s ambitions in
terms of how BIM will be used during the contracting process. The BIM elements
typically covered include: software platforms; exchange format data; type and
level of information; training; roles and responsibilities, security; clash-detection
process; collaboration processes; health and safety management; systems perfor-
mance; compliance plan; strategy deliverables; and, skills assessment;

• The BIM Execution Plan (BEP) is the subcontractor’s response to the EIR defined
in the tender phase.

Another important element of contractual management (in terms of OHS) is cost
control. BIM enables quantification of costs and budgeting through the use of simu-
lation models and the advantages include:

• The ability to analyse costs during the whole project lifecycle resulting in revised
budget estimates, improved financial control and more accurate costs;

• A reduction in the time spent in quantity take-off and estimation from weeks to
minutes (Kamardeen 2010);

• The identification and measurement of OHS equipment e.g. construction fences,
signage, guardrails, etc. early and automatically. This results in quicker production
of cost estimates for each activity (Martínez-Aires et al. 2018). It also reduces the
time spent on budgeting and the number of future financial disputes;

• Easier correction of costs and budgets whenever a change is made in the project in
terms of construction solutions, materials, equipment, and labour. This also allows
the comparison, in terms of costs, different scenarios and solutions (Eastman et al.
2011);
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• The automated extraction of quantities provides a fast listing of preventive elements
installed or assembled at any given moment. This is not possible in the traditional
approach and is particularly important when there are changes in the construction
site structure, equipment, or work planning. If unit costs are then linked to that
list, a complete budget can be swiftly assembled (Tender et al. 2018);

• The ability to know what material is needed at any time and at any stage of the
work. Also the estimated final cost can be forecast related to each activity which
improves financial management particularly in relation to suppliers (Tender et al.
2018);

• The automation of the costing of protective equipment to be used makes it possible
to separate the different types of protective equipment to be used rather than use
the usual “bulk price” of an article. This addresses the problem of not being able to
quantify the items related to prevention which can reduce the potential for unfair
competition (Tender et al. 2018);

• The various OHS solutions and scenarios from an can be tested virtually leading
to better projection of financial costs which will assist in the optimization and
control costs;

• the provision of a mechanism to understand where significant costs occur and their
timing;

• The accuracy of estimates are improved (Kamardeen 2010);
• The reduction in the construction life cycle cost (Matarneh et al. 2019) especially

considering that the O&M phase lasts much longer than the design and construction
phases (Pishdad-Bozorgi et al. 2018).

3.2 Risk Identification and Assessment

The usual OHS approach to risk identification, based on personal experience, is
generally verbal using two-dimensional drawings and the results obtained are often
prone to error due to subjective assessments (Tender et al. 2018). In addition, OHS
is generally viewed as separate from planning and this perspective makes it difficult
to identify the preventive measures which are needed when and where they will need
to be implemented.

BIM has several advantages when it is used for the identification of hazards and
risks including:

• The optimization of risk management with a better identification of hazards and
risks (Cheng and Teizer 2013). Also the identification of zones or time periods
where there is a higher level of risk;

• Improved risk perception and communication between stakeholders making it
possible to model and analyse alternative scenarios and solutions. This results
in immediate problem solving (Buildings 2013) which can save time and reduce
costs;
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• Improved visualization (Hayne et al. 2014) and early simulation (Tender et al.
2018) of actual working conditions (Azhar and Behringer 2013) to identify, antic-
ipate, and minimize risks before problems appear on the ground;

• Faster notification of the risks that could not be avoided in the design phase as
well as the corresponding preventive measures and conditions on the site and
surrounding area;

• The need for more work in the design phase as a result of using a BIM based
approach. This increases the likelihood that risks will be detected in this phase
(Mordue and Finch 2019);

• The use of BIM from the early stages of the project onwards has been linked to
an improvement in safety conditions through a more effective connection to the
production process (Azhar and Behringer 2013). It has also led to a decrease in
the accident rate in recent years and to general savings of time and effort on the
part of the stakeholders (Martínez-Aires et al. 2018);

• Giving designers suggestions on how to alter their designs to make them safer to
build (Mihić et al. 2019);

• Automation and optimization of the assessment process and decision flow using
specific plugins such as Dynamo (Cortés et al. 2017);

• The integration of safety planning and project planning which enables safety man-
agers to recognize when, where, and why safety measures on the safety plans must
be used (Irizarry et al. 2014);

• The identification of preventive measures being more automated (Martínez-Aires
et al. 2018);

• Compatibility between specialities and elements is increased in the construction
and O&M phases e.g. the installation of collective protections such as guardrails
or others;

• The establishment of safety perimeters for operations with mechanical cargo han-
dling equipment;

• The use of rule-checkers which enables identification of unsafe factors and safety
hazards that would not be noticed by OHS actors using a conventional approach.

3.3 Training

“Traditional” training methods often fail to achieve the desired objectives due to their
significant pedagogical limitations. Training has been the focus of some researchers
who have identified where BIM for training and information provision is beneficial
due to the following:

– Visual communication is considered to be one of the oldest and very high impact
ways to communicate. The first versions of writing were, after all, pictures
(Merivirta et al. 2011);
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– Visualization can help in the perception of how each task is carried out as well as
in the development of new ways of understanding the dangers(Mordue and Finch
2019);

– Better information increases safety by making the people on site more aware of
what is going on there (Merivirta et al. 2011);

– The ability to easily overcome the language barrier (Azhar and Behringer 2013),
improving communication between participants (Choe and Leite 2017) and the
outputs obtained are easily used for training purposes (Martínez-Aires et al. 2018);

– Improved use and transmission of preventive information from the design phase
to the construction phase which maximizes the optimization and interconnection
between information (Mordue and Finch 2019);

– The simplification of the training process should improve the workers’ attitude
towards consulting safety information and positively change the paradigm (Wetzel
and Thabet 2015).

3.4 Site Planning

Site facilities management usually presents several OHS related issues:

– Sites are often designed only once before construction starts without due consider-
ation of the dynamic nature of supply issues (Yu et al. 2016); - Designers typically
overlook safety considerations in temporary facilities design (Kim and Ahn 2011);

– Although some construction plans include important temporary facilities late in the
construction planning process they are often installed at construction sites when
needed but without sufficient planning effort (Kim and Teizer 2014).
BIM has the following potential to improve site planning:

– Visualization of site arrangements is possible at different points in time (Sulankivi
et al. 2009);

– More illustrative site plans for communication (Sulankivi et al. 2009);
– More robust schedules, site layout and logistic plans can be generated to improve

productivity (Kamardeen 2010);
– Risk zones used as safety perimeters can be visualized through e.g. cylinders in 3D

model creating a better notion of what crane jib could hit (Sulankivi et al. 2009)
and reducing hidden dangers such as lifting injury accident, objects hitting, and
collapses during the construction process (Yi et al. 2015);

– It facilitates the site material supply scheme (Yu et al. 2016);
– It shows great potential for facilitating validation/approval by the Project Owner

or City Halls (Tender et al. 2018);
– Animations can provide a quick general understanding of the site and can be

used for virtual sightseeing when introducing the project to site staff or to clients
(Sulankivi et al. 2009);
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– The visual link between the schedule and construction site conditions is capable of
facilitating decision making during both the planning and the construction stages
(Chau et al. 2004);

– Use of reality capture technologies such as 3D laser scanning or aerial drone
photo-grammetry allows the site to be explored in more detail.

3.5 Task Planning

The planning of work from an OHS viewpoint presents several difficulties which can
include:

– Safety planning is usually done separately from the construction planning process,
which leads to weaknesses in the connection between safety and work execution
and planning (Azhar and Behringer 2013);

– Traditional safety planning is carried out by manual means which is labour-
intensive, tends to be error-prone and is often highly inefficient (Getuli et al.
2017);

– The 2D approach to safety planning leads to a lack of accuracy in drawings (Getuli
et al. 2017);

– Monitoring depends on several factors, namely the size/complexity of the construc-
tion site, the means assigned to monitoring (e.g., the number of safety technicians)
and the type of documents that used. Additionally, site monitoring is traditionally
based on text-based standalone checklists which are neither sufficiently timely
nor adequate and accurate enough to successfully manage construction safety by
identifying and recording breaches. In the absence of technological support, it is
not possible to monitor the whole site simultaneously, due to its large size.

BIM has the following advantages, in terms of work planning:

– 3D tools are more effective for safety planning than static 2D drawings since
they adequately simulate real working conditions, allowing their visual assess-
ment (Azhar and Behringer 2013), identification of hazards and optimizing the
communicationof safety measures to workers;

– Design solutions can be conceived and assessed without exposing workers to risk
(Health and Safety Executive 2018);

– It can enable a better safety distance and people related flow management needed
due to the Coronavirus in order to reduce infection risks;

– The upfront simulation of the sequence of tasks leads to the early identification
of various scenarios, with their opportunities, problems, constraints, and dangers,
allowing to evaluate the advantages and disadvantages of each scenario (Mordue
and Finch 2019). This is especially important in situations resulting from changes
in the site organization that affect the work or the environment (Tender et al. 2018)
or at critical times when there is an increase of the level of risks due to overlapping
activities. Also in cases where there is a time or space incompatibility of tasks
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(Choe and Leite 2017) since anticipating several scenarios has great potential for
decreasing improvisation in site options (Martínez-Aires et al. 2018);

– Algorithms can automatically generate detailed schedules for temporary struc-
tures installation i.e. scaffolding which are not shown in the original contractor’s
schedule program e.g. scaffolding (Kim et al. 2016);

– It allows comparison between what is planned and what is done, within the scope
of OHS e.g., setting up of collective protection;

– It allows to swiftly translate planning changes into safety related changes (Tender
et al. 2018).
BIM has the following potential advantages for monitoring and inspection:

– Visualization of what is foreseen in safety procedures, for each work front (Mordue
and Finch 2019);

– The comparison of future work and work performed optimizes the collection of
data resulting from monitoring and inspections (Mordue and Finch 2019);

– It allows real time management of non conformities;
– Point cloud data has the potential to help comparing work planned and work done,

namely in scaffolds (Wang et al. 2004).

3.6 Emergency Planning and Work Accident Investigation

The first step for minimizing damage due to emergencies is to establish a contingency
plan for each possible scenario (Tender et al. 2017). One of the main focuses of this
contingency plan is preparing emergency evacuation paths according to changing
construction site configurations and construction progress. Predicting the evacua-
tion time required for the workers to get out is the major goal when preparing the
evacuation plan for construction sites (Marzouk and Daour 2018). However, creating
evacuation paths for all the crews for each day can be an extremely labour-intensive
task if done manually.

BIM has potential advantages for the purpose of improving emergency planning
including:

– Using simulations the workers can experience emergency scenarios and evacuation
operations;

– Automated visualization of escape routes and shelters;
– Better location of firefighting equipment.

Faced with the risk of occurrence of an unfavourable event such as a work accident
or a near miss, BIM can be used to investigate work accidents in several ways
including:

– Assisting in the investigation of unfavourable events (Martínez-Aires et al. 2018)
by providing a better understanding of the tasks that were taking place, the tasks
that were being carried out, and the tasks which preceded the event (Azhar and
Behringer 2013);
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– The recreation of the sequence of events that gave rise to the unfavourable event
(Azhar and Behringer 2013) and to easily illustrate the flaws found (Azhar 2011);

– The detection of incompatibilities between activities leading to a reduction in near
misses and potential accidents (Mordue and Finch 2019);—Helping OHS actors to
identify high-frequency and high severity events within a construction site which
can then be mitigated or hazards removal techniques applied (Marks and Shen
2016);

– Giving OHS actors a simple way to identify locations where most near misses are
occurring and being reported (Marks and Shen 2016).

4 Conclusions

This paper examined the use of BIM to improve OHS management. As a result of
the analysis and findings a number of conclusions can be drawn:

– Integrating OHS in digital data through BIM proves to be a task that requires the
efforts of all stakeholders especially in scenarios characterized by the multidisci-
plinary nature of the work teams and a multi-organizational structure;

– In recent years there has been an increase in the understanding and application
of BIM to real cases of construction with companies, mainly large companies
and multinationals, already making substantial efforts to implement BIM for OHS
purposes in real scenarios;

– The adoption of these digital technologies is increasing and opens the way for a
better safety management system and a greater speed and perception of prevention
planning. It also provides a stronger link between production and safety;

– The results obtained show that this approach can revolutionize the integration of
OHS information through the use of digital technologies for managing data and the
corresponding changes to the process of delivery, validation, and approval of key
documentation (EIR, BEP, Health and Safety Plans and Technical Compilation).
This has the potential to result in a paradigm shift in the prevention of work
accidents.

The study had some limitations as the topic areas covered a wide field which
limited the opportunity to discuss certain sub-themes. It did, however, cover the
essential topics and describe the importance of each of these in the context of the
main area of study.

Further research is needed to explore the advantages that were identified in order
to establish their validity using suitable case studies. The possibilities of using BIM
with other emerging technologies for OHS purposes also needs to be explored.
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Achieving a Safer Construction
Environment with BIM for Safety
Framework

Adeeb Sidani , João Poças Martins , and Alfredo Soeiro

Abstract The current research aims to provide a general framework of a BIM-based
safety system. The safety verification system intends to improve the safety status
in the construction field. This study provides the main components of the current
approach. Background: Among the high-risk industries, the construction industry
bears many fatalities and injuries each year. Thus, to have a practical site inspection,
monitoring, and training, the AECO (Architecture, Engineering, Construction, and
operation) is gradually integrating new digital technologies such as building infor-
mation modelling (BIM), automatic rule checking, Augmented and Virtual Reality
(AR/VR). Method: The Framework is divided into two main approaches, a fully auto-
mated and a fully manual method, adopting Automated rule checking and AR/VR,
respectively. Following international standards and regulations. Results: Digital tech-
nologies can help with safety prevention, inspection, monitoring, and training from
the design phase to the operation and management. The integration of the digital
tools in a standardised manner could ease the adoption of the framework. The owner
will gain more control over the safety aspects of the project, identify specific tasks
for each stakeholder, and involve safety measures from the beginning of the project.
Conclusion: limitations are found in implementing new tools since every tool rep-
resents a standalone solution. The digital tools are not involved in the standards and
regulations. Workers and safety professionals lack the experience of using such tools,
low demand from the owners, incompatibility of software and data format exchange,
especially between different appointed parties, and the time spent preparing the BIM
model.
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1 Introduction

The Architecture, Engineering, Construction, and Operation (AECO) industry is
distinguished for its expanding complexity and competitiveness due to rigorous
schedules, complex activities, and strict budgets (Sidani et al. 2019). Consequently,
construction accidents are becoming a significant concern worldwide (Zhang et al.
2013).

In 2019 the Occupational Safety and Health Administration (OSHA) recorded
199,200 injuries and illnesses in the construction industry. 58.6% of the worker’s
death is due to the fatal four construction accidents including falls, struck-by-objects,
electrocution, and stuck-in (U.S. Department of Labor; Bureau of Labor Statistics
2019).

There is no clear cause that leads to construction accidents, and various preven-
tive approaches to mitigate accidents are being evaluated. According to Chim, the
managers and the workers’ negligence for health and safety is the leading cause of
accidents on the construction site (Chim et al. 2018). Abdelhamid identified three
factors: not recognising a dangerous condition related to a particular job, overlooking
an unsafe situation, continuing with the action, or behaving unsafely in any task and
environment (Abdelhamid and Everett 2000). Concerning accident prevention meth-
ods, Chim stated that construction members must carefully supervise the construction
site, facilitating accident reduction. However, manual monitoring and supervisions
are prone to error due to the complex and dynamic environment (Sidani et al. 2018).
Thus, the construction site requires consistent and innovative monitoring and super-
vision. In addition, new workers must be trained carefully before starting to work
at a construction site to avoid unsafe actions. Subsequently, to assist the site mon-
itoring, supervisors, visual inspection and training, automated safety management
technologies such as Building Information Modelling (BIM) is adopted by the AECO
sector (Eleftheriadis et al. 2017). Implementing BIM appears promising and can be
effectively improved several aspects of the construction processes, such as reducing
health and safety challenges, improving the project’s quality, and enhancing col-
laboration. Recently, in the AECO sector, technologies are being linked with BIM
models to improve decision making, visual evaluations, on-site and off-site train-
ing, risk monitoring and prevention automated safety rule checking, among Others,
the lifecycle of the construction project (Sidani et al. 2017, 2019, 2018a, b, 2020,
2021b, c; Soeiro et al. 2020; Wang and Chong 2015) (Enshassi et al. 2016). There
is significant interest in improving safety through design also know as prevention
through Design (PtD) using BIM by implementing safety planning throughout the
project (Enshassi et al. 2016). BIM enables workers, safety specialists and engineers
to digitally visualise and monitor construction sites and identify hazards (Azhar et al.
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2012; Enshassi et al. 2016). Consequently, in conjunction with the progress of BIM
and the project lifecycle in one holistic environment, most of the Health and Safety
information can be generated in a particular environment (Kim et al. 2015; Schwe-
gler 2010). 4D-BIM means improved chances to make alternative preliminary plans
of different construction stages and tasks, linking them more to safety (Ganah and
John 2015).

The AECO sector is acknowledged for driving the search for automated and tech-
nological solutions (Chan et al. 2004; Pham et al. 2017). Digitalisation has presented
this sector the requirements to pursue higher performance and accuracy, thus reducing
costs and improving operations. Implementing BIM methodology has benefited the
AECO sector in collaboration, scheduling, 3D drawings, management, quantity, and
material sorting. Consequently, various countries are adopting BIM. For European
countries, BIM adoption is reinforced by Directive 2014/E.U., Article 22 (European
Comission 2014), which refer to BIM application for civic procurement and by the
contemporary international standard for BIM EN ISO 19650 1 (BS EN ISO 19650-1,
2018). The AECO sector is currently implementing several tools and methodologies
to assist BIM, such as Automated Rule checking, Augmented Reality (AR), Virtual
Reality (VR) (Sidani et al. 2021a, d).

2 Materials and Methods

The proposed BIM for Safety framework Fig. 1 merges the mentioned digital tech-
nologies producing a BIM for Safety Verification System Fig. 2. This system can be
divided into Fully manual or Fully Automated approaches Fig. 2. According to Zhai,
three aspects need to be improved to elevate the levels of health and safety and reduce
risks: identifying dangerous areas at a specific time, monitoring and inspection, and
training (Zhai et al. 2009).

The system is made of a well-identified and structured BIM model. The model then
could be introduced to automated rule checking for fully automated risk checking.

Automated Rule checking aims to cover most of the risks. However, many hazards
are too complex and interrelated to be automated such as handling equipment and
heavy machinery, installations, material control, among others. The manual approach
is divided into off-site risk checking by using VR and on-site by using AR.

VR will help in identifying risks starting from the design phase up until operation
and management. VR can also assist in Health and Safety training. In comparison,
AR will be mainly used for on-site inspection, monitoring, and training. To achieve
this framework, the BIM model should be prepared with the essential requirements.
The data will be transferred to an intermediate converter (e.g., Tridify) to transfer
the BIM elements to a readable game engine (e.g., Unity) format. Finally, the BIM
data could be transferred and viewed in a Virtual Environment.
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Fig. 1 BIM for safety framework

Fig. 2 BIM for safety verification system

2.1 Expected Results

The proposed BIM for Safety verification system aims to improve the previously
mentioned aspects, identifying dangerous areas, inspection, monitoring, and training.
One of the main problems of construction health and safety is that it is impossible
to eliminate all risks due to the dynamic and complex aspects of the construction
site. Consequently, several risks scenarios will be identified and analysed at an earlier
stage, categorising them based on their Probability, severity, and exposure. Moreover,
the rules for each risk will be illustrated. Hence, developing the BIM model with
adequate requirements and Level of Development (LOD) facilitates automated rule
checking Fig. 3.
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Fig. 3 Fully automated rule checking components

2.2 Fully Automated Verification Systems (Rule Checking)

Rule-based checking systems have been designed for BIM models as an element of
the new BIM technology 3D and 4D simulations to improve construction operation.
These are some of the features embedded in BIM, allowing effective health and safety
planning throughout the project’s lifecycle (Eastman et al. 2009). Such technologies
can improve health and safety through automated risk identification at an earlier
stage and offer economical and straightforward alternatives for unsafe situations.
According to Zhang, analysing construction data such as work breakdown, schedules,
structure, resource allocation can be linked to a BIM model allowing to generate a
rule-based health and safety framework that facilitates safer design, and planning
and execution of work tasks (Zhang et al. 2013b). At the same time, data fusion of
safety rules by OSHA, and geometric project data can create information that once
applied, will create knowledge that can enhance safety education and training at the
design and construction stage (Zhang et al. 2013b).

Safety standards and codes are the basis of construction risk detection. It is essen-
tial to link BIM elements or behaviors with relevant safety regulations and codes
to carry out automatic risk identification. According to Guo Hongling (Hongling
et al. 2016), a safety rule procedure is thus built by: Categorising construction safety
data, building a safety rule system, and finally, translating a safety rule system to
machine-readable language.

Various standards may classify unsafe design aspects from distinct perceptions
and describe the similar rule in a changed structure. The reorganisation of the rules
with a specific format and methods facilitates rule checking (Hongling et al. 2016).
However, all these standards can be categorized into design computation, safety
protection, and design checking. As the rules are used to prevent accidents, the model
safety-related information is updated corresponding to accident-related attributes. An
organised and well-structured safety rule system can be established (Hongling et al.
2016).
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2.3 Fully Manual Verification Systems

2.3.1 Augmented Reality

BIM-based AR advancements within the AECO sector, providing an array of appli-
cations. Azuma describes AR as a variation of VR, which provides a natural envi-
ronment incorporating virtual objects (Azuma 1997).

Recently, AR is a context-aware system capable to incorporate the surrounding
environment (Sidani et al. 2019). However, recent advances in context-aware tools
such as Wikitude, Google’s Project Tango, ARCore and ARKit, may advance the
technology used on mobile devices, given the improving processing capabilities of
portable devices (Sidani et al. 2021a). Moreover, Data Cloud computing environ-
ments have been accepted in server-based applications and a wide variety of applied
localisation technologies, dependent on the specifics of the system and the applica-
tion or assignment itself. Concurrently, the potential of gesture-based interfaces and
Head Mounted Displays (HMDs) were also registered (e.g., applications based on
Microsoft HoloLens). BIM tools such as ArchiCAD, Revit and game engines (e.g.,
Unity) are used to assist data transfer and the creation of virtual environments (Sidani
et al. 2021a).

AR is primarily applied in construction to visualise and extract live information
from the construction site. BIM-based AR in construction can support activities
completion and lower cognitive workload, reduce construction errors, gain more
access to project information, improve collaboration, manage construction schedules
and costs, safety training, job orientation, and improve productivity (Bae et al. 2013;
Jiao et al. 2013; Park et al. 2013; Pour Rahimian et al. 2019). Explicitly, for Civil
Engineering and Architecture, AR can reduce the time of project design review as
well reduce construction errors, improved communication, time-savings (working
hours) and cost reduction (Charef et al. 2018).

Moreover, the importance of conducting field tests should not be disregarded from
AR implementation, as such an approach may ascertain improved user-friendliness
and may also contribute to fostering acceptance and long-term use (Berkemeier et al.
2019). A compromise must be made between the development team’s know-how,
state-of-the-art technology to the extent that possible difficulties in developing the
solution can be reduced, and cost and economic aspects.

Finally, Fig. 4 represents a summary of a systematic review of articles related to
BIM-based AR carried out by Sidani et al., including the targeted groups, the primary
BIM dimensions, stakeholders, the applied technologies, and the fields selected for
implementation (Sidani et al. 2021a).

2.3.2 Virtual Reality

VR has shown promising advancements as the prices become lower and compu-
tational power increases (Martín-Gutiérrez et al. 2017). Recently, VR research has
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focused on the AECO sectors, showing possible benefits in many applications, par-
ticularly taking advantage of accuracy and information comprised in BIM models.
Consequently, BIM-based VR applications have shown many advantages to enhance
design review, decision making, team collaboration, among others. The core idea
behind VR application is to enable collaboration and communication, allowing peo-
ple with different expertise to access BIM information (Sidani et al. 2021a).

The majority of BIM-based VR tools utilise a three-layer system architecture
comprising a BIM authoring tool, a visual enhancement module, and a game engine.
Moreover, some studies expand to a fourth layer, a database, to exchange non-
geometric information (Sidani et al. 2021a). The Construction Safety—improved the
construction safety through increased awareness and design simulation and inspec-
tion (Sidani et al. 2021a).

3 Discussion

The proposed BIM for Safety framework combines automated rule checking, VR
and AR with a BIM model. The proposed Safety framework is in line with interna-
tional standards and regulations such as EN ISO 19650 1, PAS 1192-6:2018, and
Directive 92/57/EEC on implementing minimum safety and health requirements at
temporary or mobile construction sites. Combining the standards and regulations
will facilitate and standardise the adoption of the framework and ensure effective
implementation and utilisation. This system is divided into Fully manual or Fully
Automated approaches. The system aims to improve health and safety levels and
reduce risks by detecting dangerous areas, monitoring and inspection, and training.

3.1 Limitations

The framework is composed of several digital systems. Each of these systems repre-
sents some limitation. The framework’s significant limitations are the workers’ lack
of expertise using digital tools, lack of collaboration between appointed parties, low
demand from the owners, incompatibility of data transfer between appointed parties.

The common stereotype of BIM usage and the sluggish mindset of professionals
toward validating the facts are delaying the AECO sector from fully integrating BIM
technology. Additionally, the AECO sector is too comfortable and is not willing to
change the current procedures. Concerning BIM-based AR, limitations were primar-
ily present in the data transfer due to the construction site’s low connectivity levels
involving internet and GPS connections. Nevertheless, there are still drawbacks con-
cerning non-geometric information being implemented in AR systems. Concerning
BIM-based VR, software compatibility, the need to create an algorithm to allows the
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scan of building objects and parameters, the level of realism of the models, and the
application of an IFC interface to build a universal data elements adopt different BIM
packages. The lack of exportation features for the collaboration solutions. Moreover,
the time spent preparing the BIM model is still a relevant limitation.

4 Conclusions

The integration of BIM models with Automated Rule checking, AR, and VR can
specify the model’s requirement and the level of development (LOD), which is a
set of specifications that aims for permitting professionals in the AECO sector to
register, manipulate and specify the content of BIM effectively. Serving as an indus-
try guideline, LOD defines the development stages of different systems in BIM.
Afterwards, the suggested BIM for Safety general framework Fig. 4 will be based
on the established construction principles, such as EN ISO 19650-1 standard, an
international benchmark for operating data over the project’s life cycle using BIM.
It includes principles and high-level requirements as UK governments BIM level 2
and is aligned with UK 1192 standards (Panteli et al. 2020).

Furthermore, the integration PAS 1192-6:2018 “Specification for collaborative
sharing and use of structured Health and Safety information using BIM”. PAS 1192-
6:2018 specifies requirements for the cooperative sharing of structured health and
safety information throughout the project’s life cycles. It supports the development of
structured health and safety data for construction projects gradually from the start. It
offers guidance on how Health and safety information is generated, flows, and can be
used throughout the project’s lifecycle. While all Health and safety risk information
can be incorporated within an information model, PAS requires the contextualisation
and categorising hazards and risks to highlight the elevated risks that are critical.
It also establishes a risk information cycle framework to apply health and safety
information through BIM processes and applications. The requirements of PAS can
be applied equally to non-BIM projects. PAS identifies how to use Health and safety
data to:

• Offer a safer and healthier environment for end-users;
• Mitigate hazards and risks across the project’s lifecycle;
• Improve construction Health and safety performance;
• Provide relevant health and safety information to the right people at the right time;
• Reduce construction and operational costs.

Finally, Directive 92/57/EEC on implementing minimum safety and health
requirements at temporary or mobile construction sites will be associated with the
framework. The Directive lists the minimum Health and safety requirements for
construction sites.
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New Approaches of Near-Miss
Management in Industry: A Systematic
Review
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Abstract Background: Considering that more than half of the world’s population
is economically active, safe working environments are vital to improving their over-
all quality of life. Workplace incidents can and should be investigated, those with
consequences (work accidents) and those with no effects but with intrinsic potential
(near-misses). New approaches to Near-miss Management in the Industry will help to
prevent occupational accidents in the future. Objective: This research aims to obtain
innovative characteristics relative to procedures within the near-miss management
in the Industry. Method: This review followed the guidelines of the PRISMA State-
ment. Seven databases, namely: Scopus, Web of Science, ScienceDirect, Academic
Search Ultimate, SpringerLink, Wiley Online Library, and IEEE Xplore, were used
to develop a data search based on the defined keywords. Results: A total of 15 publi-
cations were included in the systematic review. Topics such as type of Industry, study
sample, type of study research, and main innovative findings regarding the original
near-miss management were analysed. Conclusion: New approaches of Near-miss
Management systems in the Industry were explored with results that can be very use-
ful in a future design of a Near-miss Management system in a more specific sector
such as the traditional manufacturing sector.
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1 Introduction

In the past, lagging indicators related to work accidents and illnesses drove safety
performance. Nowadays, leading indicators, such as the reporting of near-misses,
must be followed (Awolusi and Marks 2015).

Near-miss (NM) is “an opportunity to improve environmental, health and safety
practice based on a condition or an incident with potential for a more serious conse-
quence” (Phimister et al. 2003). Near-misses could provide the opportunity to learn
from free lessons proactively (Zhou et al. 2019).

Near-miss Management Systems (NMSs) are mandatory on the Major Accident
Hazard (MAH) legislations (Gnoni et al. 2013; van der Schaaf 1995). However,
in other sectors, such as the manufacturing industry, it is not currently required
employers to report near-miss (Awolusi and Marks 2015; Occupational Safety and
Health Administration n.d.). Nevertheless, it is essential to manage efficiently near-
misses to improve risk prevention in a company (Gnoni et al. 2013). If near-misses
are reported, and people learn from them, they will eventually get to the point where
near-miss occurrence reduces and, later, accidents (Jones et al. 1999). The common
cause hypothesis relies on the assumption regarding some causal relations between
near-misses and accidents (Raviv et al. 2020). The normalisation of deviance happens
when risky behaviour becomes commonplace because there seem to be no apparent
negative consequences (Madsen et al. 2016; Vaughan and Diane 1996). A near-miss
shows the system’s vulnerability, but on the other hand, its resilience in overcoming
the problem. Thus, to maintain a robust process safety culture, near-misses should
be regarded as opportunities to reinforce a sense of vulnerability for all employees
(Dee et al. 2013).

The goal of NMS should be to stimulate near-miss reporting and learn lessons,
reduce accidents, and improve safety performance (Phimister et al. 2003), proving
that NMS is a key leading indicator of process safety performance (Konstandinidou
et al. 2011).

Three aspects are essential for implementing an NMS: top-level commitment;
employees reporting unbiased; support for middle-management who are responsible
for the analysis of reported event (van der Schaaf 1995).

A seven-stage framework for the management of near-misses was first presented
(van der Schaaf and Tjerk 1992; van der Schaaf 1995). This procedure will be con-
sidered as the original framework (Gnoni and Lettera 2012; Phimister et al. 2003).
Afterwards, some innovation is introduced to this initial procedure other than just a
pure historical evolution.

Therefore, the main objective of this systematic review is the search for evidence
of innovation in NMS approaches in Industry.
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2 Materials and Methods

This systematic review was conducted following the guidelines of The Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) Statement
(Moher et al. 2009), and it aims to focus on literature that addresses the most relevant
information of NMS approaches in the Industry.

The search was developed through seven databases and based on two groups of
keywords: (“near-miss reporting” OR “near miss procedure” OR “near-miss man-
agement” OR “near-miss programme”) AND “industry”.

The search was initially conducted by inserting the combination and selecting,
when possible, “Article title, Abstract, Keywords”. Three phases of exclusion were
applied. The first phase was spread through the search filters of the databases to
obtain relevant results. The date was not a criterion. It was essential to search for
an original consensual procedure, from which others innovated somehow. The fol-
lowing criterion was “Document type”: only Articles and Reviews were filtered.
However, reviews were only considered as a source of complementary information.
When applying the “Source Type” filter, only Journals were chosen. Finally, all arti-
cles but those written in English were excluded. The paper, not retrieved full-text,
would be excluded. Afterwards, duplicates were removed. Lastly, the third phase in
the screening process (on-topic) followed these guidelines: Title and abstract were
analysed. Studies were excluded if one of these conditions was met: (1) Studies that
do not apply Industry; (2) Studies that only consider qualitative data; (3) Studies that
do not refer to innovative findings regarding the considered as the original procedure
of NMS.

Selected studies were full-text analysed whenever the title and abstract did not
provide enough information to determine if the selection criteria were met. If the
following conditions were not met, articles would be deleted: Quantitative studies
that include innovative features to manage near misses in Industry.

3 Results and Discussion

After a database search, 534 items were identified, from which 320 were removed
after search filters and ten excluded due to not full text retrieved, leaving a total of
204 items.

Forty-one duplicates were removed, leading to a total of 163 publications being
screened. From this phase, a total of 20 articles was selected to be assessed for
eligibility. Five articles were excluded after full-text assessment, leaving 15 articles
to be included in the quantitative synthesis. Figure 1 shows the flowchart of the
systematic review stages.

The main innovative findings of the selected 15 studies are presented in Tables 1,
2 and 3.
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Fig. 1 Systematic review Stages (Moher et al. 2009)

The expected outcomes of this research show innovative characteristics in differ-
ent NMS approach to Industry relating to a considered “original” procedure. Van
der Schaaf van der Schaaf 1995 procedure was considered the former procedure
mentioned by researchers when presenting a historical revision of NMS (Gnoni and
Lettera 2012; Phimister et al. 2003; Thoroman et al. 2018). Thus, this procedure
itself can be considered innovative.

In Phimister et al. (2003), a seven-step procedure is used as in the original pro-
cedure. Still, a broader concept of near-miss as an opportunity can be considered
innovative for the time, as only with the new ISO45001: (2018), an incident is viewed
as an opportunity to improve OH&S performance (requirement 6.1.1).

Goraya et al. (2004) refer to an NM methodology with a design quite different
from the rest of the presented studies. It groups the various steps into four stages
according to the Plan-Do-Check-Act (PDCA) concept. The OH&S management
system in ISO45001: (2018) relies on the PDCA. This concept is an iterative process
used by organisations to achieve continual improvement (ISO45001: 2018). For
identifying causes, a checklist based on four safety guidewords (minimise, substitute,
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Table 1 Main innovative findings within the selected 15 studies regarding Near-Miss System
(NMS) Design

Author Year Near-Miss System (NMS) Design

Van Der
Schaaf T.W.

1995 “Original” NMS applied within the dutch chemical industry: 1-
Detection (usually based on voluntary reporting by employees);
2- Selection of the reports with the highest informative value;
3- Description of the selected event, using qualitative fault tree
technique. 4- Classification of each of the many primary causes;
5- Computation with the statistical analysis of an extensive
database of incidents. 6- Interpretation of the statistical results
to achieve suggestions for management actions; 7- Evaluation
of the effectiveness of the suggested actions

Phimister J.R.
et al.

2003 A seven-stage NMS, but slightly different from the “original”
NMS procedure presented above, was applied within the
American chemical process industry: 1-Identification of near
misses; 2-Reporting; 3-Prioritisation of near-misses and
Distribution of information; 4-Causal analysis; 5-Solutions
Identification; 6-Dissemination to relevant parties;
7-Resolution implementing and evaluating corrective actions

Goraya A. et
al.

2004 The four stages procedure follows the essential management
functions of: “plan, do, check, act” was applied within the
American chemical industry

Kleindorfer P.
et al.

2012 Eight-step NMS based on Phimister et al. 2003: 1-
Identification; 2- reporting, 3- prioritisation; 4- distribution; 5-
Causal analysis; 6- Solution Identification; 7- Dissemination; 8-
Resolution

Gnoni M.G. et
al.

2013 Based on the original procedure of NMS as part of the lean
management, a three stages NMS was applied in an Italian
Automotive manufacturing supplier firm, which is still rare: 1-
Identification and Reporting; 2- Event Analysis and Resolution;
3- Dissemination

Awolusi I.,
Marks E.

2015 Proposed within the American manufacturing steel industry
with five stages: Data collection (1- Identification and 2-
Reporting). Data analysis (3- Root-cause analysis and 4-
Solution Determination). Knowledge and information
management (5-Dissemination and Information Management)

Whiteoak,
J.W., et al.

2019 In an Australian construction company, a six stages NMS: 1-
NM recognition based on established conditions; 2. Worker
reporting; 3- Reports enter database with daily reports for
high-risk events; 4- Analysis of events; 5- Corrective actions, 6-
Learning incorporated into training procedures

Zhou Z. et al. 2019 A well defined NMS is designed with eight stages: discovery,
reporting, identification (these three to make NM explicit),
prioritisation, causal analysis, solution, dissemination, and
evaluation (these five to manage NM information in a database)
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Table 2 Main innovative findings within the selected 15 studies regarding Near-miss: definition
and/or examples

Author Year Near-miss: definition and/or
examples

Phimister J.R. et al. 2003 An opportunity to improve

Dee S.J. et al. 2013 NM being perceived either as
vulnerability or of the
resiliency of the system

Wincek J. C. 2016 NM original examples are
presented in this article

Champion J. et al. 2017 In an American chemical
company: the highest potential
PSNM event (HP PSNM) was
introduced

Whiteoak J.W. et al. 2019 NM is defined as “bloody
close”

Zhou Z. et al. 2019 Within the Chinese
construction industry, NM was
seen as incidents with the
potential to engender accidents

moderate and simplify) is used, reminding ISO45001: (2018) hierarchy of control.
Recommendations are also referred to as “layers”. The third layer corresponds to
suggestions to improve the management system (leadership) as Kletz et al.(2001. As
Champion et al. (2017), leadership plays an essential role in the NMS. A critical goal
must be to foster a culture that encourages workers to report continually.

Mcquiston et al. 2012 refer to a “TOP” program created under the union and
management leadership. The union seeks solutions that comprehend a higher level in
the hierarchy controls than the usual behaviour-based safety approaches, as reflected
on ISO45001: (2018). In this innovative study, the union proved the true essence of
its existence: to be the guardian of workers’ rights and working conditions.

Kleindorfer et al. (2012) associate the “five neglects” identified by Berger et al.
(2010) for rational decision-making and considers that NMS helps correct such
biases, improves institutional memory, and focus on emerging hazardous conditions.
Kletz (1993) refers to it for accidents that cannot be forgotten with time. They have
to be identified and passed to all interested parties as organisations have no memory;
only people have it, and they move on, taking information with them. Knowledge
and its spread must be an opportunity so that accidents do not happen again. Similar
accidents often occur repeatedly (Dodshon and Hassall 2017; Kletz 2009).

Dee et al. (2013) introduce a methodology based on the game theory and infer
that the NM investigation must be faced as learning opportunities to prevent biases.
ISO45001:2018 and Phimister et al. (2003) also consider NM as opportunities to
improve and generate knowledge, institutional memory (Dodshon and Hassall 2017;
Kletz 2009, 1993).
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Table 3 Main innovative findings within the selected 15 studies regarding Near-miss: characteris-
tics

Author Year Near-Miss System characteristics

Goraya A. et al. 2004 Use of four safety guidewords for causes identification

McQuiston T.H. et
al.

2012 The Triangle of Prevention (TOP) program was created under the union and
management leadership to prevent accidents within the American chemical
atomic oil industry and avoid considering all incidents as “human error”.
After employees reporting the NM to the TOP representative (paid by the
company but accountable to the local union), a team of union and
management will investigate it

Kleindorfer P. et al. 2012 A new concept: “potential safety profit loss”, is introduced to calculate the
potential monetary losses due to unexpected shutdowns and accidents. The
“five neglects” must be considered for rational decision making. An NMS
improves institutional memory

Dee S.J. et al. 2013 Within the American chemical industry, a game theory perspective,
developed previously by Meel et al. (2008) with hypothetical data, is used to
understand the factors that drive NM identification, reporting, and
implementation of their corrective actions

Gnoni M.G. et al. 2013 This NMS uses Learning from Experience (LFE) concepts. It eliminates the
absolute need for H&S department involvement in the assessment phase.
That department would only support the supervisor in this activity if
required, optimising the information flow

Kadri S. et al. 2013 Within the American chemical industry, a company used a harmonised
Process Safety Events program with other companies of the same Industry.
Still, the company adapted the list, customised it to its reality to improve
safety performance

Andriulo S. et al. 2014 Andriulo et al. measures, for the first time, the global effectiveness of a
previously applied NMS in Gnoni et al. 2013

Awolusi I., Marks
E.

2015 In the Dissemination: NM information should also be shared with other
companies of the same sector to bring synergy among all companies

Madsen P. et al. 2016 In an American airline company, even a trivial NM must be reported, so
resources must be spent in investigating how to lower data collection costs
and not in determining the cost/benefit of reporting all NM. Normalisation
of deviance must be recognised by workers through training, as all events
must be reported. An apparently “overcollection” of NM today may turn out
valuable data in the future

Wincek J. C. 2016 NM identified mainly through employees’ reporting; if not, the process
control system can automatically identify some of the NM, reviewed firstly
by supervisors and secondly by engineers. NM communication through a
Safety Alert distributed to other facilities. When analysing NM, root causes,
and measures, new questions must be posed, leading to a safer system

Champion J. et al. 2017 A Learning Experience Report is developed for global distribution with
challenging questions to motivate readers internalising event learnings.
“Influencers” are chosen to lead others towards good practices. A PS
corporate memory in training can assist in preventing significant events and
create a continuum of crucial knowledge. Positive recognition for the team
identifying and reporting an HP PSNM

Whiteoak J.W. et al. 2019 The program was tied to managers’ key performance indicators (KPI) to
reinforce management commitment. An automated telephone number was
created to collect the data. Employees can leave a confidential recorded
message regarding the NM
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Gnoni et al. (2013) applied a lean version of the original NMS in a manufactur-
ing firm using Learning from Experience (LFE) and demanding workers’ and direct
supervisors’ autonomy. Saurin et al. (2008) also refer to the importance of learning,
flexibility, and awareness. Singh and Verma (2019) mention that if the safety training
is excellent, the Safety Climate will reduce accidents. This LFE requires the man-
agement’s effort, as near-misses are many more than accidents, so they need a high
level of resource effort(Gnoni and Lettera 2012).

Kadri et al. (2014) used a harmonised Process Safety Events program with other
similar companies. Such benchmarking is essential for similar companies learning
from each other and not remaining closed. Nevertheless, the company adapted the
list to its reality. Awolusi and Marks (2015) refer to using existing approved lists for
categorising root causes adapted to the environment or the organisation.

Andriulo and Gnoni (2014) verify the global effectiveness of an existing NMS.
Fabiano and Currò (2012) and Konstandinidou et al. (2011) have proposed a cross-
analysis between injuries and near-misses in a high-risk sector based on large
databases, not a structured approach for analysing data derived directly from the
field like Andriulo’s.

Awolusi and Marks (2015) propose an NMS with fewer stages where the NM
information should also be shared with other companies to bring synergy and inte-
grate lessons learned into existing training. Champion et al. (2017) refer that corpo-
rate memory in training can assist in avoiding significant events and create crucial
knowledge.

Madsen et al. (2016) refer that all near-misses must be reported. It also refers to
the normalisation of deviance (Vaughan and Diane 1996) when unacceptable events
become “acceptable” repeatedly. A near-miss may provide evidence for hazard threat
and proof for system resilience, underestimating the danger (March et al. 2003).
Workers may not report their errors if they believe they can recover (Der Schaaf and
Tjerk, and Lisette Kanse. 2004).

Wincek and John (2020) presents some different examples of NM as: “Regarding
Management of Change”, failure to complete a change safely and timely is considered
a Near-miss. ” ISO45001:2018 in requirement 8.1.3 says: “The organisation shall
establish a process(es) for the implementation and control of planned temporary and
permanent changes that impact OH&S performance.” Therefore, the organisation
should review the consequences of unintended changes and mitigate any adverse
effects, as changes can result in risks (or opportunities).

Champion et al. (2017) refer to sharing process safety collaboration networks, cre-
ating corporate memory in training, choosing “influencers “, recognition for reporting
an HP PSNM, among others. Gnoni et al. (2013) value the involvement of all: employ-
ees and managers together in safety improvement. An effective NMS is everyone’s
responsibility (Kleindorfer et al. 2012). Workers‘ autonomy is based on learning,
flexibility, and awareness (Saurin et al. 2008). Depending on how fast the worker can
react, avoid the hazard, or interrupt the flow of events, the incident may be a near-miss
(Mitropoulos et al. 2005). It is essential identifying key people among workers for
implementing more effective behaviour-based safety practices (Xiong et al. 2018).
Rewarding employees for good safety practices is not new, as in Phimister et al.
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(2003) or Whiteoak and John (2019). However, in this study, the positive recognition
goes to the team identifying and reporting an HP PSNM.

Whiteoak and John (2019) refers to some recommendations: senior management
commitment, data-driven reidentification process, official recognition procedures.
Anonymity, no punitive action, transparent communication, and processes devel-
oped to manage and act on NM reports are fundamental principles in the NMS. The
program was tied to managers’ key performance indicators (KPIs), reinforcing man-
agement commitment. Management Commitment has a positive effect on the Safety
Climate (Singh and Verma 2019). If employees trust the efficacy of safety proce-
dures, the organisation’s safety improves. Usually, rewards to promote reporting are
assigned to workers, but Champion et al. (2017) refer to a positive recognition for
the team when identifying specific NM. ISO45001: (2018) refers in requirement 5.4
c) that the organisation shall remove obstacles to participation and minimise those
that cannot be removed”. Obstacles can include, among others, reprisals and prac-
tices that discourage or penalise worker participation. This study suggests leaving a
confidential recorded message of near-misses.

Zhou et al. (2019) use an eight-stage NMS slightly different from the previously
presented in Gnoni et al. (2013). Kleindorfer et al. (2012) also found it helpful to
use an eight-stage NMS, referring that all eight steps should be performed fully and
completely to get the full benefit from an NMS.

4 Conclusions

Since the development of the original procedure, authors adapted it introducing
changes to its design and innovative characteristics. Although in some of the pre-
sented cases, those may be considered relatively minor, incremental, they represent
an added value in terms of NM management and a vital know-how resource in a
future adaptation of a similar procedure to different work situations and studied
sectors. Different definitions and examples of near-misses were also introduced.

NMS can be crucial to prevent future accidents and consolidating a transversal
culture of prevention. Safety culture is fundamental in any organisation willing to
improve safety performance and start with the leadership and spread across the organ-
isation. Therefore, knowledge is crucial to anticipate risk and to improve worker’s
autonomy. Workers will understand the importance of correct near-miss reporting
and adhere voluntarily to it if they believe that it will also be taken seriously by
management and lead to an effective improvement of safety at work. A culture that
encourages workers to increasingly reporting near misses must be considered as a
critical leadership goal.

A suggestion for future works would be the application of an NMS to the tradi-
tional manufacturing industry.
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Abstract Red ceramics manufacturing is a field that is strongly driven by the growth
of construction that has great importance within the Brazilian economy. However,
the companies involved in the production are usually small and work with outdated
technologies, besides the lack of qualification of its workforce. Thus, workers get
exposed to precarious working conditions, causing countless accidents. The objective
of this study was to identify and evaluate the risks in the red ceramic manufacturing
process. The survey embraced eight ceramic companies in northeastern Brazil, with
131 employees. Also, it was applied a checklist with safety items of Brazilian regula-
tions to identify the degree of compliance of these companies. The checklist’s results
showed that all companies had safety items in disagreement with Brazilian law. It
was possible to confirm that the workplace exposed workers to a high incidence of
heat, noise, and dust, besides unprotected machinery, high physical effort, accidents
risks, presenting a high degree of risk for workers.
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1 Introduction

The Brazilian red ceramic industry is the main supplier of materials for masonry,
roofing, and sanitation, whose main products are bricks, tiles, structural and sealing
blocks, tubes, among other materials (Brazilian Support for Micro and Small Com-
panies – SEBRAE 2015). According to the latest data from the Brazilian Association
of Ceramic Industry—ANICER, the red ceramic industry represents 4,8% of civil
construction in Brazil, and it is estimated that there are more than 9.000 companies
of this segment in the Brazilian market. Also, it is responsible for about 300 thou-
sand direct jobs and 1,5 million indirect jobs, with annual sales of around 18 billion
Reais. Additionally, this segment is also characterized by the intense use of the labor
force, since most companies are small and use processes without technology. Thus,
these companies are providing a workplace with aspects that can directly influence
workers’ health and safety (Silva et al. 2017).

While other production processes became modernized, the red ceramics sector
did not have significant progress in this area. Therefore, workers continue to face
intense working hours and are being exposed to several risks with the potential to
cause occupational diseases and work-related accidents (Morais 2015). According to
Figueiredo (2015), the red ceramic workers can be exposed to several environmental
factors that affect their health, such as dust, noise, inadequate lighting, excessive
heat, difficulty in communication due to noise, musculoskeletal injuries; the latest is
the red ceramic industry’s main reason for absence from work. Additionally, Rocha
(2013) reported that the lack of machine protection, fast production to attend the
market, excessive heat and dust caused by geographical conditions, in addition to
the lack of personal and collective protection equipment, worker’s improper posture
are the major issues that affect workers in red ceramic’s industry.

Nevertheless, the safety issue has a bigger representation in companies budget
due to technological development and processes modernization to avoid damage to
workers health and labor charges, since it is known that work-related accidents can
cause adverse impacts: to the worker, that become partially or totally disable; to
organizations, that lose physical and human capital; to society, with people depend-
ing on social assistance (Ivascu & Cioca 2019). In addition, accident prevention is
considered the result of processes that aim to eliminate or minimize occupational
risks and injuries caused by them. In other words, it aims to protect employees from
harmful conditions that might be caused by various reasons during the execution of
work in the workplace (ILBAHAR 2018).

Further, to avoid work-related accidents and their negative impacts it’s necessary
to investigate all the possibilities to determine their causes and effects then set the
instrument’s capability to prevent and control them (Vasconcelos & Barkokébas
Junior 2015). Kester (2015) says that the first thing to do to avoid accidents is to know
which factors can cause them; if threats are known and the risks are considered, it is
possible to plan the actions. Therefore, to know the threats, it is necessary to analyze
all parts of the production process, including machinery and roles involved. Also, it
is important to listen to the workers and their complaints as a part of the process to
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truly understand how the activity is impacting the lives of all involved. In addition,
organizational members may have knowledge gaps that can be filled in with frontline
workers’ information (Oswald & Lingard 2019).

The Occupational Health and Safety (OHS) can decrease the number of work-
related accidents and diseases), when applied in some productive sectors. Also, it
has the potential to positively affect companies’ performance, because workers in
healthy environments tend to be more productive. Thus, contributing to a profit raise
and increasing the company’s competitiveness in the market (Gopang et al. 2017).
In addition, the high number of events of work-related accidents in the ceramic
industries and the lack of practices to avoid it highlights the necessity to study the
safety and health conditions of the laborers.

2 Materials and Methods

The research methods comprehended the analysis of the risks of activities part of red
ceramics productive process, through local inspections, checklist application with
safety items provided by Brazilian law about this sector, and workers interviews. It
is important to highlight that Brazilian law is very similar to Portuguese law, and this
similarity is since both arise from international regulations, like North American and
European (Katuki 2016).

The checklist was applied in eight ceramic sector companies, about 73% of com-
panies in Assú’s Valley micro-region (Fig. 1). This micro-region has 9 cities, among
them Assú e Itajá, located in Rio Grande do Norte State—RN, northeast region of
Brazil. The cities of Assú e Itajá were chosen for the fact they’re the biggest red
ceramic producers in Assú’s Valley, also considered a big ceramics producer in the
northeast of Brazil (SEBRAE, 2015).

It was interviewed 43,2% of these 8 companies employees, with a total of 131
people, with age between 18 and 35 years old, in the roles of production assistant,
panel controller, loader, burner, oven filler, oven dryer, truck loader, mechanic and
production manager. Furthermore, the steps of the ceramics production process have
been identified (Fig. 2): extraction of raw material (clay); clay preparation; materials
homogenization and mixing; materials extrusion; cutting the pieces; drying (dryer,
shed, and patio); burning (ovens); storage and shipping (final product).

After collecting the companies information, data analysis and interpretation were
carried out to identify the degree of compliance with Brazilian standards and occupa-
tional risks involved in the red ceramic manufacturing process, as reported incidents
and complaints from employees.
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Fig. 1 Assú’s Valley
micro-region (Cunha Neto
2013)

3 Results and Discussion

Regarding the companies visited, it was seen that the number of employees per
company varied from 26 to 90 people and their performance period varied from 8 to
44 years of activity. The companies also produced bricks, tiles, and structural blocks,
with the tile the most produced material among them. However, tiles production is
the activity that demands more physical wear for workers in the frontline because it
requires a lot of repetitive movements and in an accelerated way. The types of ovens
used by companies in the burning stage were also identified, which were the types
Câmara, Hoffman, and Paulistinha, whose wood and firewood residues were used as
fuel. The use of semi-continuous ovens (Câmara and Hoffman) is a positive factor
in workers’ exposure to risk, as it reduces exposure to high temperatures and the
inhalation of burning smoke particles, in addition, to reduce environmental damage
due to the use of sawdust instead of the firewood extraction.

It was found that all companies performed quantitative analyzes of lighting, tem-
perature, and noise in the workplace, however, in 6 of the 8 companies there wasn’t
adequate lighting, and in 2 of these 6, there were very dark workplaces, a factor that
causes discomfort and work accidents. Regarding the temperature, half of the com-
panies were above the tolerable limits provided by Brazilian law, and the other half,
which showed values below these limits, used to work with Câmara ovens, consid-
ered safer ovens. As for noise analysis, it was found that 5 companies exceeded the
tolerable limits provided by Brazilian law. In this sector, it is common to have contact
and inhalation of clay dust, in addition to inhalation and direct exposure to burning
smoke, which leads to respiratory problems in workers, besides eye and skin irrita-
tion (Gottardo 2013). However, it wasn’t identified quantitative analysis of dust in
all companies visited. Although in all stages of red ceramic manufacturing, there are
inadequate body movements, such as inclined body, repetitive movements, weight
lifting, pull and push, and sudden movements (Silva et al. 2017), it was seen that in
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6 of 8 visited companies did not promote activities related to workers ergonomics
posture.

During the visits, it was also possible to observe the precariousness of the facil-
ities where the ceramic activities are developed, including the living areas. In 6 of
the 8 places visited, the buildings’ structure was old and didn’t have maintenance,
which can lead to accident risks. This shows that the companies structures, the safety
conditions in the workplace, and the production process are not appropriate to the
activities carried out by workers.

The interview with 131 employees of the 8 companies was able to prove how
the lack of OHS actions in the workplace can negatively impact workers’ safety and
health. Many workers already had an allergic reaction caused by dust and/or smoke
in the workplace, which can be detected by skin irritation, and eye irritation, sinusitis,
asthma, and sneezing crisis. It was also asked if the workers felt pain due to physical
effort and repetitive movements on the roles performed, and many answers obtained
were related to pain in the arms and shoulders, pain in the legs and feet, and pain in
the back and lower back. The vast majority of employees who did not feel pain were
younger workers and participants from companies that perform labor gymnastics at
least once every 15 days.

Regarding work-related accidents, it was found that 40.5% of the 131 employees
have suffered accidents, such as lower and upper limbs cuts, lower and upper limbs
fractures, fingers crushed in machinery, electric shock, and other types of accidents,
such as burial, accidents in the way to work and herniated discs (Fig. 3). Demirkesen
(2019) stated that the high number of work-related accidents indicates that current
safety measures are not good enough to improve safety performance, so it brings up
the need for different approaches and applications in construction safety.

Incorrect installation can cause electric shock and short circuits, resulting in severe
damage to the employee, and can also be a big factor in fire within the workplace. It
was possible to notice in the visits the precariousness of the electrical installations
in most of the companies, a proven problem due to the workers’ complaints about
electric shock in the machines. Also, half of the companies did not have signs for the
circulation areas where the machines and equipment are located. This absence can
cause serious accidents due to unauthorized persons stepping into the production site
for machinery and equipment.

Risks of falls on equipment, moving parts, loose objects along the floor, and falls
of the same and different levels were the main risks found in the visited companies,
which are risks mainly related to technical and organizational issues. The protection
in the machinery was the requirement that presented the worst result; historically
are the ones that have the highest accident rate within a company if the appropriate
measures are not taken. Most companies did not attend to what is established in
the Brazilian law about machinery and equipment, regarding the protection such
the moving parts of the equipment as its ways of access, which can cause minimal
injuries, loss of limbs, and loss of life. More than half of the visited companies that
use top’s supply ovens did not attend the items of stairs and protection against falling
from a height, admitted in Brazilian standards, whereas the other types of ovens used
showed an old structure and with the need for maintenance.
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Fig. 3 Accidents reported by workers (Author 2019)

The question of ergonomics must also be reevaluated and corrected, as it was
evident that workers perform activities with a huge physical effort and overweight,
especially in the roles of oven filler, oven dryer, and truck loader. These efforts can
cause fatigue, stress, and spinal problems such as low back pain (Morais 2015),
a reality confirmed in the companies evaluated due to workers’ complaints about
physical effort and lower back pain.

4 Conclusions

The survey was applied in 8 ceramic companies of Assús’s Valley, with a total of 131
people, about 43,2% of these companies employees, with age between 18 and 35
years old, in the roles of production assistant, panel controller, loader, burner, oven
filler, oven dryer, truck loader, mechanic and production manager. The 8 companies
studied have been in operation for more than 8 years and the material most produced
for them were tiles. The evaluations carried out indicated several differences between
the correct way of operating a production process in the ceramic sector and the
way that companies and workers are behaving in the face of this process. In most
of the companies evaluated, the working conditions were considered precarious.
Additionally, it was observed failures in attending Brazilian law in all companies
and low involvement of workers in activities related to OSH.

The main workers’ complaints were lower back pain caused by physical effort
and repetitive movements, in addition to the excessive heat caused by the oven’s high
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temperatures and the region’s hot climate, factors presented in the entire production
process of red ceramics. The activities related to the manufacture of red ceramics
expose the workers to a high incidence of heat, noise, and dust, unprotected machin-
ery, high physical effort with repetitive movements, risk of accidents, disorganization
in the workplace, inadequate facilities, intense dirt, lack of safety signs, etc., which
presents a high degree of risk for workers.

Fundamentally, companies should improve the working conditions of their work-
places to prevent and minimize potential risks during labor activities and seek to
perform risk management plans through organizational and technical actions and
employee training.
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Risk Assessment at the Connection
from Mondim de Basto to EN210

F. S. Meretti, C. M. Reis, J. J. F. Baptista, L. F. S. Fernandes, and C. Oliveira

Abstract The main objective of this paper is to analyze the occupational hazards
and risks associated with intervention works and the construction. The connection
from Mondim de Basto to EN210 is a building project that will provide new accesses
from the municipality of Celorico de Basto to the municipality of Mondim de Basto,
bringing together two important districts of Portugal through a new road with two
new bridges. The risk analysis focuses on building one of them, which is the bridge
that will pass over the Tâmega River. Based on Legislation no. 273/2003 of October
29, which is the primary law regarding the safety and health of construction projects,
along with the risk assessment which applied to three of the existent tasks located
on the Map of Work Quantities. After the risk analysis, preventive measures were
proposed through applying protection methods, including supervision. Overall, the
methodology showed positive results regarding the risk assessment for each task
and the proper measures to avoid any possible accident, ensuring the safety of the
worksite.
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1 Introduction

The execution of such interventions like the connection from Mondim de Basto to
EN210 supported statistical analysis, developed by the National Institute of Statistics
(INE) in 2018, which reported a 4,0% increase in the national light vehicle fleet and
a 5,8% in heavy-duty vehicles. This data indicates an aggravated vehicle flow, which
directly impacts the logistics sector by delaying economic activities that depend on
road transport. Thus, the establishment of the bridge represents a considerable advan-
tage for citizens who use the highway as their main transport system, significantly
reducing the travel time between Celorico de Basto and the A4 highway.

First and foremost, Cohen & Palmer (2004) defines risk as “[...] simply the poten-
tial for complications and problems with respect to the completion of a task and
the achievement of a project goal.”, which impacts directly on the management of a
project (Schieg 2006), causing disparity at the financial, duration and quality areas
(Akintoye & MacLeod 1997). This project alone is not different and has multiple
difficult assignments to perform. Given its complexity, these activities may also have
many possible risks of accidents associated with them, as described by Nieto-Morote
& Ruz-Vila (2011) about construction projects.

According to Cardoso (2009) and Lima (2004), the construction sector is one of
the most dangerous activities due to its high probability of the occurrence of any
type of accident. Therefore, based on Legislation no. 273/2003 of October 29, this
article aims to evaluate the intervention, focusing on hazards implicated on three of
the construction’s tasks of the bridge over the Tâmega river because these tasks were
considered the most critical ones.

To do that, the content of this paperwork was divided into an overview of the whole
project and its information; the specific attributes and characteristics of the studied
bridge; all the required works and processes of the building; its related risks; the
assessment of these risks through the applied methodology; the preventive measures,
based on the review of dangers and the analysis of the contingency plan, including
the information of the infection agent, the symptoms, the contamination, and the
prevention methods.

1.1 Overview of the Intervention

The execution project, known as “Ligação de Mondim de Basto à EN210”, is an
intervention located in the county of Celorico de Basto (Braga District) in which there
is a development of a new junction between the national road EN210 and the county
of Mondim de Basto (Vila Real District). The project includes an alternative path with
the primary purpose of reducing the distance between these two municipalities. The
building has the company CENOR—Consulting Engineers as the designer, RRC—
Ramalho Rosa Cobetar, SA as the contractor, and IP—Infraestruturas de Portugal,
SA as the surveillance organ and the project owner.
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Fig. 1 Bridge over Veade River (personal source, 2020)

The connection consists of a road that starts at the EN210, passes through EN304,
and finishes in Mondim de Basto, with a length of ’3600 meters long. It contains
three roundabouts and three crossroads to the main road system together with two
bridges. The first bridge is established over the north hillside of the Veade River,
and it connects to EN304, as seen in Fig. 1. Nonetheless, the second bridge (Fig. 2),
which is what this article is centered on, starts at the EN304, passes over the Tâmega
River, and finishes in Mondim de Basto, at the same EN304.

Bridge over Tâmega River: The bridge over Tâmega River (Fig. 2) is considered the
final zone of the intervention’s layout, based on the execution project. As mentioned
before, this article adopts this bridge as the main study object. It connects EN304
at km 3+475 to the consolidated urban zone in Mondim de Basto at km 3+646.
Concerning the main width, the traffic lane is 6.0m wide, 0.25m for the roadside,
the sidewalk on the right side is 1.60m and the bicycle path on the left side is 2.45m
wide, with a road barricade 0,40m wide between the bicycle path and the traffic lane.

As for the structural solution, the pillars are an average of 44.50m high in rein-
forced concrete with an empty stem; as for the bridge deck, it’s made in a “π” shape
in prestressed reinforced concrete at the longitudinal direction and reinforced con-
crete at the transversal direction, with a beamed slab with two longitudinal beams of
2.60m high. The bridge’s deck is 11.00m wide through all its extension.
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Fig. 2 Bridge over Tâmega River (Source Infraestruturas de Portugal, 2020)

1.2 Intervention Works

After acknowledging the project, the proposed intervention was classified and sep-
arated into specific areas that are the primary duties that interdepend on each other,
respecting the order that every task requires to move to the next one. This is
represented by the following list, provided by Infraestruturas de Portugal, which
is denominated as the Map of Work Quantities (MQT), based on the project of
the bridge. A detailed description of every task was considered unnecessary and
would make the paper too lengthy, justifying a summary submission. 1. Assem-
bly/Exploration/Disassembly of the Worksite; 2. Deforestation; 3. Demolitions; 4.
Earthworks, Excavation and Embankment; 5. Gabion walls; 6. Reinforced Concrete
Structures; 7. Pre-stress application; 8. Assembly, usage and disassembly of the cen-
tering and special scaffolding; 9. Assembly, usage and disassembly of the movable
scaffolding system; 10. Assembly, use and disassembly of current scaffolding; 11.
Transport and assembly of prefabricated elements; 12. Drainage; 13. Paving; 14.
Landscape Integration; 15. Technical Road Channel (CTR); 16. Public lighting; 17.
Slope stabilization; 18. Signage and Safety Equipment; 19. Seals; 20. Transport
and lifting of materials; 21. Assembly of metallic structure, guardrails and finishes
(works of art); 22. Temporary traffic detour; 23. Affected services, Public Services
Networks.

2 Methodology

It is essential to have a preventive plan and a proper usage of the most successful
protection methods against accidents to guarantee and obtain security for the con-
struction workers and personnel involved (Dziadosz, 2015). Legislation no. 273/2003
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Table 1 Characterization of task and risks in the bridge

Task Risks

Reinforced concrete structures Burial (M)
Soil Slippage (M)
Falling (H)
Equipment drops (H)
Falling materials (H)
Crushing due to falling materials (H)
Instability/collapse (H)
Noise (M)
Vibrations (M)
Dermatoses (H)
Projection of particles or materials (M)
Electrocution/electrification (M)
Perforation/cuts (H)
Flood/drowning (M)
Musculoskeletal injuries (M)

Assembly, usage and disassembly
of the centering and
special scaffolding
Assembly, usage and
disassembly of the
movable scaffolding system*

Falling (H)
Falling materials (H)
Fall at the same level (M)
Instability/collapse (H)
Flood/entrainment (M)
Perforation/cuts (H)

of October 29 is the legislation in Portugal that both recommends and ensures all the
safety and health procedures that are effective when a potential casualty happens in
the work environment.

Risk Identification and Analysis: identifying and analyzing the potential risks is
the initial process to “[...] determine the actions to avert the threats on any project”
(Mhetre et al. 2016). Map of Work Quantities (MQT) deals with risk management
in this project, which has all the project definitions related to the intervention in
Table 1. This map displays multiple types of positions and materials necessary to
build all the different parts of the bridge. Therefore, the first step is to evaluate and
rank the risks associated with every work (El-Sayegh 2008; Williams 1995) through
the Non-Exhaustive List of Works with Special Risks. This list labels the risks of
each assignment according to the potential danger. The labels are Low (L), Mid (M),
and High (H) danger.

It is important to emphasize that all the construction works of the bridge were
carefully analyzed through this methodology, according to its risks and potential
danger, as mentioned before. However, only three of all the positions described
by “Intervention works” were exhibited in this article due to the results’ extension
produced by this methodology. Works are selected based on the highest complexity,
danger level, and the number of risks to evaluate all tasks.

Assembly, usage and disassembly of the centering and special scaffolding and
Assembly, usage and disassembly of the movable scaffolding system are similar
tasks and have the same risks. As this paper had the objective of focusing more on
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Table 2 Characterization of degrees of probability and severity

Level Probability Severity

1 Rarely happens Almost no damage

2 Happens sporadically The damage is light

3 Happens many times The damage is significant

4 Happens almost every time The damage is very significant

Table 3 Quantification of degrees of probability and severity

Probability

1 2 3 4

1 1 2 3 4

2 2 4 6 8

3 3 6 9 12

Severity 4 4 8 12 16

risks than on tasks and to show the assessment and application of the methodology,
it wasn’t described the works within each activity, nor the preventive actions, nor the
IPEs, to facilitate reading and understanding of the risk assessment.

Prevention measures: After acknowledging the risks involved in each construction
task of the bridge, the next step is to define adequate preventive measures to maintain
the safest environment at the worksite (Barroso 2005). Procedures are all planned
and tested to prevent accidents or injuries at the worksite, even though it is difficult
to find all the potential risks and correct them with a suitable method.

Therefore, to do that, the methodology that was used during this study is simple
but an efficient procedure, approved and implemented by the Security Coordina-
tor of Infraestruturas de Portugal. This method has a similar format used by Eliana
Capinteiro (2018), Rui Pinto (2013), He Zhi (1995), Williams (1993), and Felipe
Meretti (2020), by applying, according to the Specific Plan of Monitorization and
Prevention (SPMP), the characterization and quantification of the danger to its Prob-
ability (P) and Severity (S) (Pinto 2002; McGeorge and Zou 2012; Windapo 2013)
presented in Tables 2 and 3. In Table 2, specifically, the temporal scale would have
“rarely happens” (1) representing an infrequent occurrence, “happens sporadically”
(2) representing an event likely to occur occasionally in a week, “happens many
times” (3) representing an event of a daily occurrence and “happens almost every
time” (4) representing an event that occurs continuously or several times a day.

As RL = P × S, RL being RISK LEVEL.
Then, at the Table 4, the previously quantified risks are classified according to

the risk level, the correct meaning of the risk and the right intervention. Finally, the
Table 5 shows the division of the many works which will occur, its potential risks of
each work, the probability of happening, the severity and its correction urgency, as
classified by the previous tables.
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Table 4 Risk level assessment criteria

Risk Level Meaning Intervention

12–16 Unacceptable Urgent correction

6–9 Important Fix and add control actions

3–4 Moderate Stablish control actions

1–2 Acceptable No need of a short-term
intervention

Through the methodology, it is clear to notice in Table 5 which of the potential
dangers are most likely to happen by observing the Risk Level (RL). Therefore, based
on this information, these items provide the right direction of the most efficient
preventive actions to correct and certify the safety of each work. The list below
displays only the main proposed method for each associated risk following the order
of Tables 1 and 5, even though there are more procedures that are not presented in
this paper, as it would make it too lengthy.

• Appropriate clothing—The utilization of the Personal Protection Equipment
(PPE) are mandatory, like helmets, steel-toe boots and reflective jacket;

• Allocate the loads in a stable and properly tied way;
• Always apply the usage of the fall protection equipment and keep a safe distance

from high edges;
• Respect the load limits and respect the safe perimeter of the utilization of the

equipment;
• Create a safe perimeter and never overfly the materials above any person and

allocate the loads in a stable and properly tied way;
• Allocate the loads in a stable and properly tied way and appropriate clothing

(PPE’s);
• Utilization of the appropriate clothing and accomplish of the right execution

phases of each element of the reinforced concrete;
• Utilization of the appropriate hearing protection;
• Utilization of the appropriate clothing (PPE’s) and take regular breaks during

the work;
• Utilization of the appropriate clothing (PPE’s) and be extra cautious at the

manipulation of chemical substances;
• All the pipeline, specially the high-pressure ones, must resist all the external

and internal loads and firmly attached and protected;
• Keep all the electrical cables out of the path of workers and equipment. Also,

implement electrical grounding to all metallic structures, equipment and electricity
grid;

• Utilization of the appropriate clothing (PPE’s), protection of any sharp edges
and organization of the worksite;

• There must be a safety float or any quick rescue equipment;
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Table 5 Risk level

Assemblage of the worksite

Works Potential risks P S RL

Reinforced
concrete
structures

Burial 1 2 2

Soil Slippage 1 3 3

Falling 2 3 6

Equipment drops 2 2 4

Falling materials 1 3 3

Crushing due to falling
materials

1 3 3

Instability/collapse 2 2 4

Noise 3 2 6

Vibrations 2 2 4

Dermatoses 2 2 4

Projection of particles or
materials

1 3 3

Electrocution/
electrification

2 3 6

Perforation/cuts 2 2 4

Flood/drowning 2 4 8

Musculoskeletal injuries 3 2 6

Assembly,
usage and
disassembly of
the centering
and special
scaffolding and
movable
scaffolding
system

Falling 2 3 6

Falling materials 1 3 3

Fall at the same level 2 2 4

Instability/ collapse 2 2 4

Flood/entrainment 2 4 8

Perforation/cuts 2 2 4

• Right utilization of the work tools and adoption of ergonomically correct work-
ing postures;

• Always apply the usage of the fall protection equipment and keep a safe distance
from high edges;

• Create a safe perimeter and never overfly the materials above any person and
allocate the loads in a stable and properly tied way;
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• Do not obstruct the circulation path with material and keep the worksite orga-
nized;

• The structure must fully respect the project and accomplish the assemblage plan;
also fulfill the installation cycle;

• There must be a safety float or any quick rescue equipment;
• Utilization of the appropriate clothing (PPE’s), protection of any sharp edges,

and the worksites organization.

3 Results

Succeeding the analysis of the risks based on the visits at this intervention follow-
ing the methodology of the risk assessment and proper safety precautions. It was
acknowledged that all the risks were avoided through the listed measures and in the
Specific Plan of Monitorization and Prevention (SPMP). It was not found any risks
there were not covered by this plan. All of the protection measures (foreseen in the
plan) were implemented and followed by the workers. It is important to highlight
that the protective measures for each investigated task of this article are according
to Legislation no. 273/2003 of October 29. According to the Security Coordinator,
the project owner (Infraestruturas de Portugal) used this methodology because it
presented total efficiency, as proven by the results of no accidents, neither fatal nor
non-fatal, nor irregularities throughout this entire project.

4 Conclusion

After analyzing the existent information from this intervention, the fundamental
construction processes at the Map of Work Quantities done for the bridge over the
Tâmega river and the potential risks of each work needed. However, this made it
indispensable to search and figure out all the protective measures, challenging risks,
and best preventive method to avoid accidents and keep these workers safe. Legis-
lation no. 273/2003 of October 29, besides being a decree-law, is reasonable due to
the instructions and requirements that indicate the guideline to have safe construc-
tion work. Its accuracy and responsible instructions are very detailed. Hence, all the
entities involved in this construction followed the requisitions for a safe worksite.

Although the methodology was straightforward, it showed positive results regard-
ing the risk evaluation, the probability of happening, the severity in case of accidental
occurrence, and the precise moment for intervention to avoid danger for the workers.
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Analysis of Whole-Body Vibration
Transmitted in Ready Mix Concrete
Delivery Operations

María L. de la Hoz-Torres , Antonio J. Aguilar , Diego P. Ruiz ,
and M. D. Martínez-Aires

Abstract Objective: The aim of this study was to identify and analyse whole-body
vibration (WBV) exposure in the ready mix concrete (RMC) industry. Several assess-
ment methods have been compared to determine whether the criteria predict similar
health risks of WBV exposure. Background: Professional drivers are exposed to
high levels of vibrations during different activities. Continued exposure to WBV
may cause musculoskeletal disorders and degenerative changes in the lumbar spine.
Method: WBV exposure was measured and assessed in accordance with EU Direc-
tive 2002/44/CE and ISO2631-5:2018. Results: Drivers who perform RMC delivery
with trucks are exposed to a high level of WBV. The average velocity and the type of
surfaces are factors that influence the magnitude of the WBV exposure. Conclusion:
Ensuring the health and safety of workers exposed to WBV on a daily basis requires
analysis of the exposure patterns. A database containing the lifetime WBV exposure
history of drivers is key information to estimate more accurately the probability of
adverse health effects associated with long-term WBV exposure. Application: This
study is a step forward in current efforts to encourage companies to improve the
management of WBV exposure to prevent musculoskeletal disorders.

Keywords Whole-body vibration exposure · Physical agent · Directive
2002/44/ec · ISO2631-5 · 2018

M. L. de la Hoz-Torres · A. J. Aguilar · D. P. Ruiz · M. D. Martínez-Aires (B)
Department of Applied Physics, University of Granada, Granada, Spain
e-mail: aires@ugr.es

M. L. de la Hoz-Torres
e-mail: mlhoz@ugr.es

A. J. Aguilar
e-mail: antojes@ugr.es

D. P. Ruiz
e-mail: druiz@ugr.es

M. D. Martínez-Aires
Department of Building Construction, University of Granada, Granada, Spain

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. M. Arezes et al. (eds.), Occupational and Environmental Safety and Health III,
Studies in Systems, Decision and Control 406,
https://doi.org/10.1007/978-3-030-89617-1_13

145



146 M. L. de la Hoz-Torres et al.

1 Introduction

Musculoskeletal disorders (MSDs) are a global health problem that affects more
than half of the European workforce (EU-OSHA 2019) and a third of the worldwide
population (Briggs et al. 2018). Indeed, MSDs are the leading causes of years lived
with disability (16% of all years lived with disability) according to the 2017 Global
Burden Disease study (James et al. 2018). Low back pain, which is a type of MSD,
has also been the main single cause of disability since 1990 (James et al. 2018; Vos
et al. 2012). Consequently, MSDs are also the most expensive form of work disability
and, hence, exert important socioeconomic consequences (Russo et al. 2020).

Several epidemiological studies have provided evidence of a causal relationship
between the development of work-related musculoskeletal disorders and whole-body
vibration (WBV) exposure (Eurofound 2015; EU-OSHA 2019). MSDs include dis-
eases such as low back pain (Raffler et al. 2017), degenerative changes in the lumbar
spine (Singh et al. 2019; Wahlström et al. 2018), sciatica (Burström et al. 2015) and
disorders such as motor performance (Costa et al. 2014). These health problems have
severe consequences on the workers’ health, and these effects substantially deterio-
rate their physical and emotional health, work productivity (Nelson & Hughes 2009;
Punnett & Wegman 2004; Wahlström 2005) and even cause chronic disability and
sick leave absence (Briggs et al. 2018).

Previous research has shown that not all occupational sectors are equally affected
by MSDs (Hagberg et al. 2012). Indeed, the construction industry is one occupational
sector in which workers present a higher prevalence of work-related MSDs (Nielsen
et al. 2018; EU-OSHA 2020). Physical hazards, such as exposure to WBV due to
the operation of construction machinery, are one of the main factors attributed to
the high prevalence of MSDs in the construction sector (EU-OSHA 2020). This
situation is aggravated by economic crises that have affected the sector. The inability
to purchase new equipment (construction machinery and vehicles) means that the
average age of vehicles in use has increased and, consequently, the risks related to
obsolescence such as exposure to higher WBV have increased (EU-OSHA (2020)).
These vehicles may be used on a daily basis by operators, resulting in workers being
exposed to WBV while performing the tasks of driving heavy equipment or vehicles
(De la Hoz-Torres et al. 2020; Krajnak 2018). The use of these types of vehicles
is not limited to construction sites. In fact, 30% of tonnage carried within cities is
generated by urban freight transport activities by specific market segments of the
construction sector (Guerlain et al. 2019). In various sub-sectors of the construction
industry—ready mixed concrete (RMC), cement, building materials, etc.—workers
are exposed to WBV throughout the working day by driving delivery vehicles.

Among all the sub-sectors, RMC is one of the most important in the construction
industry because this material is one of the most required for modern buildings. In
2018, the total average RMC production in the European Union (EU) was 250.43
million m3. Despite the high level of activity generated by the sub-sector, there
have been few academic studies about how RMC operations affect the safety and
health of workers (Akboğa & Baradan 2016). Because the activities performed by
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drivers can involve biomechanical risk, they must be analysed to obtain a proper
risk assessment and to guarantee drivers’ safety (EU-OSHA 2020). In this context,
the aim of this study was to evaluate the level of WBV exposure during delivering
RMC to construction sites. For this purpose, in situ measurements were taken from
real RMC delivery operations. The methods defined in EU Directive 2002/44/EC for
daily vibration exposure assessment (defined in ISO2631-1:1997) and the method
defined in ISO 2631-5:2018 for long-term WBV exposure assessment were applied.
The results were then used to determine whether drivers are exposed to WBV levels
that exceed those set in the standard during a normal working day.

2 Materials and Methods

2.1 Instrument and Experimental Procedure

To characterize the health risks associated with RMC truck driving, an interview was
conducted with truck drivers of an RMC company. Among the workers interviewed,
the driver with the most years of experience and without current pain and history
of MSDs was selected for the field study. He had more than 20 years of operation
time (experience as a truck driver), was 1.85 m tall and weighed 118 kg. The selected
vehicle was a MAN TGS 35.420 8 × 4 BB Concrete Mixer Truck. The worker uses
this vehicle on a regular basis.
WBV exposure was measured during normal RMC delivery operations. For this
purpose, acceleration was measured at the driver/seat interface. The instruments
used for this purpose were the Human Vibration Meter and Analyzer SVAN 106
and the triaxial seat pad accelerometer SV 38V manufactured by SVANTEK. These
instruments meet the requirements of ISO 5349-1&2 and ISO 2631-1&5. At the
same time that the acceleration was recorded, the time and position of the vehicle
were recorded using a Global Positioning System (GPS).

2.2 Methodology

From the data obtained in the in situ measurement, the WBV assessment methods
defined in EU Directive 2002/44/EC and ISO 2631-5:2018 were applied. EU Direc-
tive 2002/44/EC was published by the European Parliament to ensure the health and
safety of each worker and to create a minimum basis of protection for all community
workers by timely detection of adverse health effects arising or likely to arise from
exposure to mechanical vibration, especially MSDs. For this purpose, the Directive
states that the method defined in ISO2631-1 (the daily exposure [A(8)] and vibration
dose value [VDV]) must be used to evaluate the risk associated with WBV exposure.
In this study, both methods were used to assess WBV exposure in the workplace.
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A(8) is calculated based on the root mean square ( rmsw ) of the weighted averaged
acceleration measured in the seat surface (Eq. 1). The daily exposure value A(8) in
each axis is calculated using Eq. 2.

rmsw = 1

T

[∫ T

0
a2

iw(t) dt

] 1
2

(1)

A(8)i = ki · rmsiw ·
√

Texp

T0
(2)

In the above equations, i denotes the x-axis, y-axis or z-axis; aw is the frequency-
weighted instantaneous acceleration (Wd on the x-axis and y-axis, Wk on the z-axis);
T is the time duration of the measurement; k denotes the multiplication factor defined
for each axis ( kx,y = 1.4 and kz = 1 ); Tmeas is the measurement period; and T0 is
the reference duration of 8 h.

V DV is calculated based on the vibration dose value ( V DVw ) the acceleration
measured in the seat surface. vdvw is calculated as the fourth power of the acceleration
time history (Eq. 3). V DV for each axis is then calculated as follows.

vdvw =
[∫ T

0
a4

w(t) dt

] 1
4

(3)

V DVi = ki · vdviw · 4

√
Texp

Tmeas
(4)

In Eq. 4, Texp is the daily duration of exposure to the vibrations and Tmeas is the
measurement period. Subsequently, the highest of the three single axis values can
be compared with the daily exposure action value (EAV) (A(8) = 0.50 m/s2 and
V DV = 9.10 m/s1.75 ) and the daily exposure limit value (ELV) ( A(8) = 1.50 m/s2

and V DV = 21.00 m/s1.75 ) defined in EU Directive 2002/44/EC.
In addition, the method defined by ISO 2631-5:2018 as ’less severe conditions’

was implemented. This method is applied to WBV exposures without free-fall events
and where the subject does not lose contact with the seat surface due to the shock.
This method is based on the raw acceleration values measured from the seat surface
and the backrest surface (if the data from the backrest is not available, the acceler-
ation measured in the seat surface can be used as input). The method also requires
identification of the posture of the drivers (classified based on the posture group in
ISO2631-5:2018), the anthropometric characteristics of the driver (body mass and
height) and the exposure time periods (hours per day and per year). From these data,
the intervertebral compressive forces and the maximum daily compressive dose for
the six disc levels of the lumbar spine (T12/L1, L1/L2, L2/L3, L3/L4, L4/L5 and
L5/S1) are calculated using Eq. 5. The equivalent daily compressive dose (sd A )
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(MPa) is calculated using Eq. 6 considering the total duration of the exposure during
a day.

S A =
(∑

i

(
dd yn, i

B

)6
) 1

6

(5)

S A
d =

⎛
⎝ n∑

j

S A6
j

td j

tmj

⎞
⎠ (6)

In the above equations, cdyn,i (N ) stands for the sum of peak compressive forces
acting on the vertebral endplate, B(mm2) is the area of the vertebral endplate, S A

j
is the dynamic compressive stress of the lumbar spine due to vibration exposure to
condition j , td j is the time period of the daily vibration exposure to condition j ,
tmj is the time period over which S A

j has been measured, j is the j-th operation that
exposes the worker to WBV and n is the total number of operation which expose
worker to WBV.

Subsequently, the risk factor R A for every disc level is estimated based on S A
d .

This parameter is define for the assessment of an adverse health effect related to the
daily compressive dose S A

d .

R A =
⎛
⎝ n∑

i=1

⎛
⎝ s A

d N
1
6

i

S A
u,i − S A

stat,i

⎞
⎠

6⎞
⎠

1
6

(7)

S A
u,i = 6.765024 M Pa − 0.067184 M Pa · (b + i) (8)

Equations (7) and (8), i is the year counter; Ni is the number of exposure days
per year i ; n is the number of exposure years; and S A

u,i is the ultimate strength of
the lumbar spine for a person of age (b + i) years, with b being the age at which the
exposure started. S A

stat,i is the mean value of the compressive-decompressive force
divided by the area of a vertebral endplate B (mm2) for year i . S A

d varies with the
bone density of the vertebrae, which normally is reduced with age. ISO 2631-5:2018
defines intervals for R A and S A

d to indicate the probability of an adverse health effect
from WBV exposure. Table 1 shows the limit values.

Table 1 Intervals of probability of an adverse health effect defined in Annex E of ISO 2631-5:2018

Probability of anadverse health effect Daily compressive dose Risk factor

Low S A
d < 0.5 M Pa RA < 0.8

Moderate S A
d > 0.5 M Pa

and S A
d < 0.8 M Pa

RA > 0.8 and RA < 1.2

High S A
d > 0.8 M Pa RA > 1.2
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3 Results and Discussion

A total of 20 measured data sets were obtained from this experimental field study. The
nature of the surface (asphalt or unpaved road) was taken into account in the analysis.
It should be noted that because unpaved road has an uneven surface, the average travel
velocity on it was lower (10.16 km/h) than on asphalt road (63.48 km/h).

Based on these data, it is then possible to apply the methods described in the
Materials and Methods. The time of exposure was normalized to a typical daily
exposure of 4 h with the aim to compare different exposures. Figure 1 and Fig. 2
show the results obtained for A8 and VDV, respectively, according to ISO 2631-1.

The results indicate that RMC truck drivers are exposed to a high level of WBV. A
comparison of the values obtained with the limit values established in EU Directive
2002/44/EC shows that WBV exposure is higher for operations on asphalt roads than

Fig. 1 A(8) method results

Fig. 2 VDV method results
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Fig. 3 Equivalent daily
compressive dose for each
vertebral level

on unpaved roads. The VDV results obtained for the asphalt road are above the VLA
as well as more than a half of the A(8) results obtained. However, none of the values
obtained exceeded the ELV in the operations on either type of surfaces. Regarding
the data obtained on unpaved roads, none of the A(8) values exceeded the VLA
limit. However, this is not the case when comparing the VDVs obtained with the
VLA. Because the VDV is calculated from the fourth power of the acceleration time
history, it is more sensitive to peaks than the A(8) method, which is calculated from
the root mean square of acceleration. Furthermore, unpaved road is an uneven surface
and it may result in greater shocks and peaks contained in the exposure; therefore,
the VDV method is more restrictive than the A(8) method. The evaluation carried
out according to ISO 2631-5:2018 also shows higher values for travel operations on
asphalt than on unpaved surfaces. Figure 3 shows the equivalent daily compressive
dose for the six disc levels of the lumbar spine, according to the less severe method
defined in ISO 2631-5:2018. The most unfavourable value obtained in operations on
asphalt roads is the vertebral level T12/L1. While there are values that exceed the
limit of low probability of an adverse health effect, none of them presents a high
probability. Regarding unpaved roads, all the values obtained show a low probability
of an adverse health effect.

Because the driver’s lifetime exposure history to WBV was not available, the most
unfavourable exposure conditions were considered: the exposure lasts from the age
of 20 to 65 years for 240 days per year. The average S A

d for each vertebral level
was used to estimate the risk factor R A, which was calculated sequentially taking
into account increased age. As a result, the highest R A values were 0.71 and 0.32 for
asphalt and unpaved roads, respectively. As both values are lower than 0.8, according
to the intervals provided by ISO2631-5:2018 (Table 1), the probability of an adverse
health effect is low.

In addition, if we compare the exposure results associated with both surfaces, the
average results obtained in all the assessment methods is lower for unpaved roads.
Although this surface is more uneven than asphalt roads, travelling operations on
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unpaved roads are performed at a lower travel velocity (approximately six times
lower compared with the average travel velocity on asphalt road). Consequently, the
driver is exposed to lower WBV in operations on unpaved roads than on asphalt
roads.

It should be noted that the exposure time (4 h) for the standardization and com-
parison of the data set obtained was selected because the driver claims that it was
the average time of driving during a typical working day. However, the number of
total driving hours per day depends on the total volume of RMC ordered by clients,
the distance to the construction site (from the RMC production plant) and logistics
management. These factors condition the exposure time, which can often exceed 4 h.
Furthermore, a more accurate assessment of long-term WBV exposure could have
been conducted if the company had provided the driver’s lifetime exposure history.
For this reason, companies are encouraged to develop a database with the WBV
exposure patterns (duration of the several exposures/exposure pattern per day and
number of days of all exposures/exposure pattern per year).

4 Conclusions

MSDs are a prevalent problem in the construction sector. WBV exposure, one of
the factors that leads to MSDs, is a physical exposure present in multiple operations
carried out by workers in the construction sector. In this context, workers who are
continuously exposed on a daily basis to WBV from driving vehicles and machinery
are particularly vulnerable. Such exposure is very common in sub-sectors such as the
RMC industry. This field study was conducted to analyse the level of WBV exposure
associated with the use of RMC trucks to deliver RMC from the production plant
to the construction site. The WBV assessment was carried out according to EU
Directive 2002/44/CE and ISO2631-5:2018. The results showed that drivers who
perform RMC delivery with trucks are exposed to a high level of WBV. It should
be noted that factors such as the type of surface and travel velocity influence the
magnitude of vibrations transmitted to the worker. Although a more irregular surface
contributes to an increase in the number of shocks and the magnitude of vibrations
to which the worker is exposed, because travel velocity is also an important variable,
operations on more uneven surfaces will not always result in greater exposure. More
measurements are necessary to obtain a more detailed assessment of these factors.

This study is a step forward in current efforts to encourage companies to improve
the management of WBV exposure to prevent MSDs. The creation of a database of a
driver’s lifetime history of exposure to VBM will enable a more accurate assessment
of long-term WBV exposure.
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in the Extractive Industry
and Earthworks—Short Review
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Abstract Background: Occupational noise is still a significant issue having severe
impacts on the worker’s health. This problem is relevant in the extractive industry
since it endangers the worker and the surrounding communities. Objective: This
short review aimed to identify the occupational exposure to noise setting within the
extractive sector and earthworks. Methodology: The Preferred reporting items for
systematic reviews and meta-analyses were used to conduct the search. “Noise” was
combined with “extractive industry” (and similar terms) and “earthworks” in mul-
tidisciplinary databases and journals. A set of exclusion criteria was determined to
filter the information of this first phase, and the results were fully appraised on a
narrative basis. Results and discussion: From the 1148 papers primarily identified,
only 15 met all the criteria and were included in this work. The data were categorised
and divided into activity, equipment, job category and working area. Despite being
able to provide some insight into each category, no detail related to experimental
methodology was reported, being the main limitation in analysing the results. Con-
clusions: Although this research met the proposed topic, further work needs to be
carried out, namely the inclusion of more relevant articles and statistical analysis.
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1 Introduction

Noise is a physical phenomenon with complex behaviour. It depends not only on
its physical characteristics—sound pressure level and frequency—but also on the
individuals’ (physical and physiological) features. For example, a study from Asady
et al. (2021) refers that there are significant differences between how men and women
perceive sound and how the masculine earing canal exponentiates the sound pressure
level. Noise-induced hearing loss occurs after prolonged exposure to high noise levels
(Golmohammadi & Darvishi 2020) and can be divided into two types: a permanent
threshold shift or, in the best-case scenario, a temporary threshold shift (Alfaro Degan
et al. 2019).

Regarding the industrial environment, this matter becomes worse as noise is
present almost everywhere. The consequences are related to disease burden and
financial aspects for the worker and overall society (Chen et al. 2020). Despite all
technological advancements, occupational noise-induced hearing loss (ONIHL) is
still considered a significant health hazard worldwide (Zhou et al. 2020). General
health effects related to this issue include sleep disturbance (Ntlhakana et al. 2020),
speech interference (Dzhambov & Dimitrova 2017; Golmohammadi & Darvishi
2020), distraction (Hon et al. 2020), hypertension (Bolm-Audorff et al. 2020), car-
diovascular effects (Asady et al. 2021; Hon et al. 2020), type 2 diabetes (Asady et al.
2021), among several others. In the literature, noise exposure has been associated
with accident occurrence, relation to fatigue, and the annoyance effect that can cloud
judgment and endanger action (Hon et al. 2020; Li et al. 2019). A 2021 occupa-
tional health study, analysing 11,800 subjects exposed to noise in China, concluded
that workers whose occupation is related to the mining industry have a higher risk of
developing hearing abnormalities than workers in any other sector (Zhao et al. 2021).
This tendency is accompanied in the United States, where mining and wood products
industries are associated with a high risk of hearing damage (Sliwinska-Kowalska
2020). But what makes this industry different? The operations, especially in surface
exploitation, impact the worker and the surrounding populations (Lokhande et al.
2017): heavy machinery movement, drilling, blasting are high-level noise sources
(Wichers et al. 2018). Additionally, the used equipment such as excavators, trucks,
bulldozers, crushers, mills, screens, just to name a few, are intrinsically noisy (Lilic
et al. 2018). Earthworks are included in this category due to the similarity of opera-
tions and equipment (Lee et al. 2019; Xiao et al. 2016).

Bringing all the prior facts together, this short review aimed to identify the context
of occupational exposure to noise within the extractive industry and earthworks in
literature.
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2 Methodology

This research was completed according to the guidelines proposed by the Preferred
reporting items for systematic reviews and meta-analyses (PRISMA) (Page et al.
2021) and the methodology built by Duarte et al. (2020).

The first step to conduct the search for information is to define the keywords. In
this case, the combinations were between “noise” and “quarry”, “open pit”, “open
cast”, “surface mining”, “open-cut mining”, “extractive industry”, and “earthworks”.
These were used in the most adequate multidisciplinary journals and databases—
Dimensions, Directory of Open Access Journals, Science Direct, Emerald, IEEE
Xplore, INSPEC, SAGE journals, Scopus, Taylor and Francis, Current Contents
and Web of Science, in the fields Title/Abstract/Keywords. In order to filter the
information in the first stage, general exclusion criteria were defined as follows:

1. Publication year—papers published before 2010;
2. Document type—reviews, conference papers, white and grey literature;
3. Source type—every source other than journals and trade publications;
4. Language—non-English written documents.

The result was sought for possible inclusion, which means that only papers in
occupational context and providing field data underwent the following stage. The
eligible articles were classified according to the measurement setting. The informa-
tion analysis was carried out in a narrative way. This research was carried out in
February 2021.

3 Results

In the identification phase, 1148 results were found. Applying the previously referred
exclusion criteria, 547 papers were removed due to publication year, 146 because
of the document type, 12 concerning source type and 25 were excluded considering
publication language. From the analysis title and abstract, 360 more papers were
disregarded as they did not comply with the inclusion criteria. Of the remaining
58 records, 25 were duplicates and removed, and 7 were not available. Aftermath,
26 articles were full-text screened for assessment and discussion, leading to the
exclusion of 11 more records. At the end of this process, 15 papers were included in
this short review.

Table 1 summarises the studies’ general information, including origin country,
main activity, type of exploitation, and exploited commodity. Except for one study
that takes place in the construction field (Lee et al. 2019), every other paper set
is related to the mining industry, where the exploited commodities varied between
ornamental rock (marble) to aggregates and andesite, limestone, coal and lignite),
chromite, copper and iron. Regarding countries, only three studies take part in Euro-
pean Union (EU) setting (Kosała & Stȩpień 2016; Mihut 2019; Simion et al. 2017),
therefore are regulated by Directive 2003/10/EC (Directive 2003/10/EC, 2003).
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Table 1 Studies’ general information

Author, year Activity Type of
exploitation

Exploited
commodity

Country

Srivastava et al.
(2010)

Mining Open cast Lignite India

Gupta et al.
(2012)

Mining Quarry (7) Granite India

Kerketta et al.
(2012)

Mining Open cast Chromite India

Melo Neto et al.
(2012)

Mining Quarry Marble Brazil

Onder et al.
(2012)

Mining Quarry Aggregates Turkey

Cinar, I., &
Sensogut (2013)

Mining Quarry, mine Lignite, feldspar Turkey

Gyamfi et al.
(2016)

Mining Quarry (5) Not mentioned Ghana

Kosała & Stȩpień
(2016)

Mining Quarry Andesite Poland

Lokhande et al.
(2017)

Mining Mine Iron India

Simion et al.
(2017)

Mining Surface Coal Romania

Lilic et al. (2018) Mining Open-pit Copper Serbia

Wichers et al.
(2018)

Mining Quarry Not mentioned Brazil

Çınar & Şensöğüt
(2019)

Mining Quarry Limestone Turkey

Lee et al. (2019) Construction Not applicable Not applicable Korea

Mihut (2019) Mining Open-cast Not mentioned Romania

Each of the 15 articles was analysed regarding their experimental protocol and was
classified according to the measurement setting. According to the taxonomy, Table 2
displays the result of that classification: activity, equipment, job category and working
area. It is included the specifications inside each category. From the selected studies,
two presented their data in graphic form (Gupta et al. 2012; Wichers et al. 2018).
Despite having different measurement parameters, every other grouped tables, for
instance, weighted sound exposure level, equivalent weighted sound pressure, and
peak sound pressure level.

Additionally, each study has its particular experimental protocol, which will be
detailed whenever pertinent. This conjugation of factors made it almost impossible
to compare the results across studies.

The only studied activity was blasting (Kosała & Stȩpień 2016; Srivastava et al.
2010). Both studies analysed this operation at different distances and. They concluded
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Table 2 Studies’ classification according to measurement set
Author, year Activity Equipment Job category Working area

Srivastava
et al. (2010)

Blasting No No No

Gupta et al.
(2012)

No Jackhammer drill No No

Kerketta et al.
(2012)

No No No Industrial
area, com-
mercial area,
work zone

Melo Neto
et al. (2012)

No No Polisher, cutter, office assistant, director No

Onder et al.
(2012)

No No Cook, crusher
worker,
drilling
operator,
driver, min-
ing machine
operator,
weighter,
worksite
chief

No

Cinar, I., &
Sensogut
(2013)

No Bulldozer, cone crusher,
excavator, grader, hydraulic
hammer, jaw crusher, mill,
siever, truck

No No

Gyamfi et al.
(2016)

No Drilling machine, tyre
wrench, lathe machine,
block making machine,
generator set, crusher
machine, primary process-
ing machine, secondary pro-
cessing machine, excavator
machine, air compressor

No No

Kosała &
Stȩpień
(2016)

Blasting Crusher, siever, vibrating
feeder, wheel conveyor,
conveyor, dispenser aggre-
gate for the loading silo

No No

Lokhande
et al. (2017)

No No No Industrial
zone, com-
mercial
zone, mines,
haulage road

Simion et al.
(2017)

No Bucket-wheel excavator No No

Lilic et al.
(2018)

No Truck, shovel, bulldozer,
drilling rig, grader, crusher,
belt conveyor

No No

Wichers et al.
(2018)

No Asphalt mixer, drilling rig,
crushing plant

No No

Çınar &
Şensöğüt
(2019)

No No No No

Lee et al.
(2019)

No Air compressor, breaker,
bulldozer, compactor,
crusher, drill, excavator,
grader, jackhammer, loader,
roller

No No

Mihut (2019) No Truck, tractor, motor hack-
saw, charger, bulldozer,
excavator

No No
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that increasing distance led to lower noise levels, despite the setting. Nonetheless,
the peak sound pressure level at 200 metres was 132 dB and 56 dB at 6000 metres
(Srivastava et al. 2010). During the explosion, the pressure peak was 132.9 dB, 109.2
dB and 106.3 at 86, 155, 186 metres, correspondently (Kosała & Stȩpień 2016) and
the equivalent A-weighted sound pressure level calculated for an 8-hour period,
considering the same distances was 53.3 dB, 37.2 dB and 31.0 dB. According to
the Directive 2003/10/EC (Directive 2003/10/EC, 2003), these values fall below the
daily exposure noise levels, even when considering the lower exposure action values
(80 dB (A)).

Figure 1 shows the different measurements of noise levels considering the stud-
ied equipment. Every measurement is presented in dB(A); however, the results have
different meanings: two correspond to equivalent noise level (Cinar, I., & Sensogut
2013; Lee et al. 2019), and two mentioned “noise level” without any other clarifica-
tion (Gyamfi et al. 2016; Lilic et al. 2018). It is important to state that, in the picture,
whenever a result is not depicted (for a specific author), that particular study did
not analyse that equipment. Despite the various studied equipment, no data regard-
ing operating condition, age, performed tasks, among other essential factors, were
included in the different studies, positing a severe limitation of the interpretation of
results.

Fig. 1 Measured noise levels for different equipment



Occupational Exposure to Noise in the Extractive Industry … 161

Çınar & Şensöŏğt (2013) collected noise measurements at four different contexts:
Ilgin lignite plant, Eyak Mining and quarrying operation, Polat mining feldspar ore
preparation plant and Uyar mining coal preparation plant. An interesting point regard-
ing this last location is that machines with noise levels above 100 dB(A) suffered a
repair action, and the noise level was measured afterwards. The difference in results
varied between 4.9 and 12.9 dB (lowered). In the study of Lee et al. (2019), mea-
surements were carried out with relation to 24 pieces of equipment and at 15 metres
from the source, but. Still, only machinery similar to the ones used in the extractive
industry were included in this analysis. The results of the measurements of the study
of Gyamfi et al. (2016) ranged between 85.5 dB(A) and 102.7 dB(A). Lilic et al.
(2018) results ranged between 65 dB(A) (belt conveyor) and 114 dB(A) (trucks).

Only two studies analysed the workers’ exposure to dust (Melo Neto et al. 2012;
Onder et al. 2012). Melo Neto et al. (2012) assessed two marble finishing plants,
considering both operators and administrative workers. On site 1, polisher workers
were exposed to an equivalent continuous sound level of 105.3 dB(A) and 99.0
dB(A) for sections A (five workers) and C (four workers), correspondently, and
cutter workers to 101.1 dB(A) for section B (ten workers). The office assistant group
(two workers) were exposed to 84.9 dB(A). As for site 2, divided into production

Fig. 2 Noise level related to job category (Onder et al. 2012)
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and administration, polish workers (two) were exposed to 100.0 dB(A) and cutter
workers to 106.7 dB(A). Three administration workers were exposed to 87.9 dB(A).
No further information regarding equipment or other setting was provided. In the
study of Onder et al. (2012), it was measured the personal exposure to noise of 23
workers: one cook, six crusher workers, two drilling operators, seven drivers, five
mining machine operators, one weighter, and one work site chief. Their working
experience was recorded and varied between 1 and 35 years. Figure 2 shows the
noise level for each of the workers. No further information regarding equipment or
operating condition was provided; therefore, no explanation regarding differences in
measurements can be placed, and it cannot be inferred if these measurements were
representative. However, it can be pointed out that the weighter was the job category
where the noise level was lower, 52 dB(A), followed by the work site chief, 54 dB(A),
and cook, 58 dB(A). For the drivers, all the measurements were 70 dB(A), for crusher
worker 92 dB(A), the mining machine operator varied between 79–108 dB(A), and
the drilling operator had two measurements (83 and 95 dB(A)).

Two studies analysed the working area with respect to noise level (Kerketta et al.
2012; Lokhande et al. 2017). Kerketta et al. (2012) divided their study into five areas:
industrial, commercial, working zone, residential area and silence zone. The work
zone comprised small (drilling machines), medium (dozers, dumpers, and trucks)
and large (payloaders, JCB, shovel with rock breaker, poclain, and giant excavators)
heavy earth moving machinery (HEMM), haul road, processing plant and blasting
area. The average equivalent continuous sound level, Fig. 3, is presented by area.

The results showed that the HEMM present at the exploitation were major noise
sources compared to the other zones. However, further detail is not specified regarding
combined utilisation of machines, performed task, and equipment age, among other
factors.

Lokhande et al. (2017) divided their study into industrial (nine points), commercial
(seven points) and mining zones (15 points) and took measurements during the day
(6 am–10 pm) and at night time (10 pm–6 am), period when the measurement results
were lower (and the mines had no activity), and then, compare it with the Indian
Central Pollution Control Board (CPCB) from 2010. The authors concluded that the
noise levels both in residential and sensitive zones exceeded the limits set by CPCB
to which contributed the forecast models built from the field data. Moreover, the
noise level during the day at different locations varied as such: 64.2–73.4 dB(A) in
the industrial zone, 62.2–72.7 dB(A) for commercial zone and 91.1–117.0 dB(A) for
mining areas.
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Fig. 3 Equivalent continuous sound level (average) in each zone (Kerketta et al. 2012)

4 Conclusions

Noise cannot be undissociated from industrial practice. Therefore, it is important to
analyse it, understand its context, and mitigate it to control its nefarious effects in
the long term but especially in the short time. The extractive industry and earthworks
receive special attention in this work due to their particular characteristics, associ-
ated with the fact that, when not controlled, mining processes and tasks endanger
the exposed workers and the surrounding populations. This short review aimed to
identify, in the literature, the context of occupational exposure to noise within the
extractive industry and earthworks. Of the fifteen selected papers, fourteen are in rela-
tion to the mining industry and one to the construction field. The results were divided
into four categories: activity, equipment, job category and working area. Despite the
plethora of mining tasks that potentially perform as noise sources (Wichers et al.
2018), the only one analysed in literature was blasting (Kosała & Stȩpień 2016; Sri-
vastava et al. 2010). Furthermore, although diverse equipment was identified with
relation to noise, important details were left out of the studies, making it impossible
to assess their results properly.

Nonetheless, most of the machinery presented high noise levels (of 80 dB(A) and
above). Interestingly, one of the studies first selected the equipment with noise levels
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above 100 dB(A) and intervened (repair actions). Overall, the results showed that
the noise levels lowered between 4.9 and 12.9 dB, thus showing the importance of
these types of possessing and this kind of knowledge (Cinar, I., & Sensogut 2013).
Job category was studied in two papers (Melo Neto et al. 2012; Onder et al. 2012).
Again, no particular focus was paid to operating conditions and other determinants
that might help planning and better design the operations in the extractive indus-
try. Polisher worker, cutter worker, administrative worker, crusher worker, drilling
operator, driver, mining machine operator, worksite chief and weighter were the jobs
brought by these authors. The last category, working area, only remarked commercial
and industrial zones, mines, and haulage road (Kerketta et al. 2012; Lokhande et al.
2017), which corresponded to general noise measurements that, once again, did not
investigate the particular settings. Regardless of the results, this preliminary study
was essential to analyse occupational exposure to noise regarding extractive industry
processes design.
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Simion, S., Kovacs, M., Toth, L., Ilie, C., Gireadă, A.: Workers exposure to noise in surface extractive
industry. Environ. Eng. Manag. J. 16, (6).017 (2017)

Sliwinska-Kowalska, M.: New trends in the prevention of occupational noise-induced hearing loss.
Int. J. Occup. Med. Environ. Health 33(6), 841–848 (2020). https://doi.org/10.13075/ijomeh.
1896.01600

Srivastava, R.K., Gupta, N.C., Srivastava, R., Kaur, A.: Noise levels in lignite mining area of Kutch
(Gujrat) and mitigation measures. J. Ind. Pollut. Control 26(1), 79–81 (2010)

Wichers, M., Iramina, W. S., de Eston, S. M., Ayres da Silva, A.L.M.: Using a noise monitoring
station in a small quarry located in an urban area. Environ. Monit. Assess. 190(1) (2018). https://
doi.org/10.1007/s10661-017-6404-6

Xiao, J., Li, X., Zhang, Z.: DALY-Based health risk assessment of construction noise in Beijing,
China. Int. J. Environ. Res. Pub. Health 13(11) (2016). https://doi.org/10.3390/ijerph13111045



166 J. Duarte et al.

Zhao, S., He, D., Zhang, H., Hou, T., Yang, C., Ding, W., He, P.: Health study of 11,800 workers
under occupational noise in Xinjiang. BMC Pub. Health 21(1), 1–7 (2021). https://doi.org/10.
1186/s12889-021-10496-3

Zhou, J., Shi, Z., Zhou, L., Hu, Y., Zhang, M.: Occupational noise-induced hearing loss in China: A
systematic review and meta-analysis. BMJ Open 10(9) (2020). https://doi.org/10.1136/bmjopen-
2020-039576

J. Duarte Associated Laboratory for Energy, Transports and Aeronautics—LAETA (PROA), Fac-
ulty of Engineering, University of Porto, Portugal, Master (2016), Faculty of Engineering, Univer-
sity of Porto.

J. Castelo Branco Associated Laboratory for Energy, Transports and Aeronautics—LAETA
(PROA), Faculty of Engineering, University of Porto, Portugal, Ph.D. (2018), Faculty of Engi-
neering, University of Porto.

Fernanda Rodrigues RISCO, ANQIP, University of Aveiro, Portugal, Ph.D. (2008).

J. Santos Baptista Associated Laboratory for Energy, Transports and Aeronautics—LAETA
(PROA), Faculty of Engineering, University of Porto, Portugal, Ph.D. (1998).



Occupational Exposure to Bioburden
in Portuguese Ambulances

Marta Dias, Pedro Sousa, and Carla Viegas

Abstract Objective: The aim of this study is to characterize the occupational expo-
sure to bioburden of ambulance workers and to suggest control procedures to prevent
microbial contamination. Background: Ambulances are of critical importance for
health services. Thus effective cleaning protocols are essential. Method: This study
was held during winter months (November and December) of 2019 in two Firefighters
Headquarters (FF). A total of 12 ambulances were sampled (4 from FF1 and 8 from
FF2). The sample consisted of twelve settled dust samples from driver’s and medical
cabins of the 12 ambulances, 5 mop samples (2 from FF1 and 3 from FF2) used
for the cleaning procedures of all the headquarters’ ambulances, and also 2 clean-
ing cloths samples from 2 individual ambulances from FF2. Results: Gram negative
bacteria presented the highest prevalence in both matrixes from FF1 (54.7% settled
Dust; 56.41% mop and cleaning cloths); in FF2, Total Bacteria (TSA) presented the
highest prevalence in settled dust (54.96%). Regarding the fungal contamination,
in FF1 the highest prevalence was in MEA in both matrixes (61.2% settled dust;
60.7% mop and cleaning cloths); in FF2, DG18 presented the highest prevalence in
settled dust samples (53.3%). Conclusion: The results reinforce the importance to
use passive sampling methods combined with active methods and that a wider pool
of culture media allow more complete results. Application: This study will support
the paramedic sector’s mission while ensuring ther working conditions.
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1 Introduction

Bioburden is commonly defined as an airborne mixture of viable and non-viable
microorganisms their metabolites and solid particles of vegetable and animal origin
(Oppliger 2014). Exposure to certain fungi is known to produce a wide number of
human illnesses due to generation of a harmful immune response, direct infection
by the fungal organism or toxic-irritant effects due to mycotoxins exposure (Bush
et al. 2006; Viegas et al. 2021). Moreover, it is important to consider the frequent
co-occurrence of mycotoxins (Alassane-Kpembi et al. 2013) as the most common
situation in several scenarios, including in health care facilities, as already reported
in Portugal (Viegas et al. 2019a, 2019b). The consequence of exposure to combined
mycotoxins can be different, quantitatively or qualitatively, than would be expected
when only one isolated mycotoxin is considered (Klarić et al. 2013). These risk
factors may be augmented by the presence of Gram-negative bacteria, as they produce
endotoxins that have been associated with asthma exacerbations (Douwes et al. 2003)
and other respiratory health effects (Miaśkiewicz-Peska 2011).

Ambulance vehicles are of critical importance for the emergency health services
and their goal is to help critically ill patients and to prevent the development of life-
threatening complications in seriously wounded cases (Wepler et al. 2015; Viegas
et al. 2021). These vehicles can respond to several cases per day and after each
mission, each one must be cleaned and desinfected to be ready to use in the next
mission (Viegas et al. 2021). Effective cleaning protocols are of upmost importance
in order to avoid the exposure to pathogenic microorganisms (Viegas et al. 2021).
The recent outbreak of the COVID-19 highlight the importance of all ambulance
headquarters to control and manage rapidly during public health threats, in order to
prevent transmission and save lives (WHO 2015; Viegas et al. 2021). Additionally,
there is a gap of information on best practices regarding to cleaning procedures
between missions that guarantee the safety of patients and health staff (Wepler et al.
2015). An increased exposure should be expected for ambulance drivers, with regular
work shifts of 8 h a day 5 days a week, at least, considering for considerably more
time spent insid e the ambulances than the patients and families (Nowakowicz-Dȩbek
et al. 2017; Viegas et al. 2021). Aiming the exposure assessment of this occupational
environment, it is important to acquire accurate information on exposure sources
inside the ambulances, and also about the variables that can influence exposure
(Wouters et al. 2006; Viegas et al. 2021).

So far, there are no studies regarding the exposure of ambulance drivers to micro-
biologic agents. The aim of an enlarged study was to characterize the exposure of
ambulance drivers in Portugal to bioburden and to suggest control procedures to pre-
vent microbial contamination on Portuguese ambulances (Viegas et al. 2021). In this
paper we present the results from a screening performed through passive sampling
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methods (settled dust and mops and cloths applied on the ambulances’ cleaning pro-
cedures) to allow the selection of the most suitable sampling and analyses protocol
in this specific health care environment.

2 Materials and Methods

This study was held during winter months (November and December) of 2019 in two
Firefighters Headquarters (FF). A total of 12 ambulances were sampled (4 from FF1
and 8 from FF2). The sample consisted of twelve settled dust samples from driver’s
and medical cabins of the 12 ambulances, 5 mop samples (2 from FF1 and 3 from
FF2) used for the cleaning procedures of all the headquarters’ ambulances, and also
2 cleaning cloths samples from 2 individual ambulances from FF2. All samples were
collected before the cleaning procedures in all ambulances. Settled dust (1 g) was
collected in all the ambulances’ floor and extracted with procedures already reported
(Viegas et al. 2021). The obtained extracts were seeded in four different culture
media in order to enhance the selectivity for bacterial and fungal growth following
procedures of incubation and quantification publish elsewhere (Viegas et al. 2019a, b;
Viegas et al. 2021). Mop and cleaning cloths results were consider as a composite
sample in this screening study.

3 Results

The prevalence of bacterial contamination was higher in Gram negative bacteria
(VRBA) in both matrixes from FF 1 (54.7% settled dust; 56.41% mop and cleaning
cloths). In FF2, Total Bacteria (TSA) presented the highest prevalence in settled dust
samples (54.96%) and in mop and cleaning cloths the prevalence was 50% in both
media (Fig. 1).

Regarding the fungal contamination, in FF1 the highest prevalence was in MEA
media in both matrixes (61.2% settled dust; 60.7% mop and cleaning cloths). In FF2,
DG18 presented the highest prevalence in settled dust samples (53.3%) and MEA
presented the highest prevalence in mop and cleaning cloth samples with a total
percentage of 100% (Fig. 2).

4 Discussion

Most of the studies performe in this occupational environment relied only on surface
swabs as a standalone method (Nigam and Cutter 2003; El-Mokhtar and Hetta 2018;
O’Hara et al. 2017), with some studies using air sampling (Bielawska-Drózd et al.
2017) and some appling, in parallel, air and swabs (Luksamijarulkul and Pipitsangjan
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Fig. 1 Bacteria distribution in both environmental samples

Fig. 2 Fungi distribution in both environmental samples

2015; Bielawska-Drózd et al. 2017). However, results obtained in two studies held in
health care facilities suggest a multi-approach sampling protocol to obtain the expo-
sure assessment to microbiologic agents (Viegas et al. 2019a, b). In fact, althought the
trend in indoor environments is to use only active sampling (air sampling) in exposure
assessment studies, passive methods allow to obtain information from a wider period
of time, since air sampling have shorter collection time (minutes), while the passive
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methods collected in this study (settled dust, mops and cleaning cloths) can retrive
information from the last cleaning procedures applied until the sampling moment
(Viegas et al. 2019a, b).

Our results permitted corroborating the importance to use passive sampling meth-
ods, besides swabs, in sampling protocols that intend to assess occupational exposure
to bioburden (Viegas et al. 2019a, b; Viegas et al. 2020a, b). Indeed, bioburden pres-
ence was observed in all the sampling methods used and in the different culture
media applied. Thus, passive sampling should be used in parallel with active sam-
pling methods (air sampling) to obtained a more detailed risk characterization (Viegas
et al. 2019a, b; Viegas et al. 2020a, b).

The culture media allowed to increase bioburden characterization (Total bacteria
vs Gram negative bacteria) and to unveil a wider mycobiota characterization since
culture media applied (MEA and DG18) presented different species (data not shown),
besides different counting. Higher counts in MEA and higher diversity in DG18 has
been the trend in different occupational environments where both media were used
(Viegas et al. 2019a, b; Viegas et al. 2020a, b).

4.1 Limitations

Further studies will be needed to analyse together the results from active and passive
sampling methods obtained from this specific clinical environment and to charac-
terize the potential risk of cross contamination between ambulances (Viegas et al.
2021).

5 Conclusions

Passive methods (settled dust, mops and cleaning cloths) should be used combined
with active methods to assess occupational exposure to bioburden in ambulances,
since they provide information from a longer period of time (since the last cleaning
procedures instead of minutes from air sampling collection). A wider pool of different
culture media allows obtaining a more detailed bioburden characterization.
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Viegas, C., Almeida, B., Monteiro, A., Paciĉncia, I., Rufo, J., Aguiar, L., Lage, B., Gonçalves,
L., Caetano, L., Carolino, E., Quintal Gomes, A., Twaruz.ek, M., Kosicki, R., Grajewski, J.,
Teixeira, J.P., Viegas, S., Pereira, C.: Exposure assessment in one central Hospital: a multi-
approach protocol to achieve an accurate risk characterization. Environ. Res. (2019b). https://
doi.org/10.1016/j.envres.2019.108947

Viegas, C., Caetano, L.A., Cox, J., Korkalainen, M., Haines, S., Dannemiller, K., Viegas, S., Repo-
nen, T.: The effects of waste sorting in environmental microbiome, THP-1 cell viability and
inflammatory responses. Environ. Res. (2020a)

Viegas, C., Sousa, P., Dias, M., Aranha Caetano, L., Ribeiro, E., Carolino, E., Twaruz.ek, M., Kosicki,
R., Viegas, S.: Bioburden contamination and Staphylococcus aureus colonization associated with
firefighter’s ambulances. Environ. Res. (2021)

Viegas, C., Twaruz.ek, M., Lourenço, R., Dias, M., Almeida, B., Caetano, L.A., Carolino, E., Gomes,
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Long-Term Driving Causes Gait Plantar
Pressure Alterations in Subjects Groups

Marko M. Cvetkovic , J. Santos Baptista , and Denise Soares

Abstract Background: The development of driving discomfort caused by prolonged
driving is a multifunctional problem. It has been the subject of interest of several
articles. After prolonged exposure to driving discomfort, performing gait on different
ground levels contributes to a high prevalence of occupational injuries. Objective:
This study investigates whether the developed discomfort during prolonged driv-
ing might trigger changes in gait plantar pressure. Method: The study includes data
based on forty-four subjects aged between 20 and 40 years old. The plantar pressure
variable was collected into two periods, before and after steering the driving simu-
lator. Subjects’ groups were defined using the Hierarchical clustering method based
on walking speed difference performed at post- and pre-steering gait. Results: The
results uncover significant changes in the forefoot (central and lateral) area among
faster walking participants. The exception was for the hallux. Participants with the
fastest walking speed shifted plantar pressure from the hallux to the central forefoot
area with a post-steering gait. Conclusions: The time spent driving influenced the
plantar pressure distribution among subgroups, suggesting that discomfort occurred
at the end of the driving process. Adopting faster walking speed with uneven plantar
pressure might explain physiological and psychophysical responses to the driving
process.

Keywords Hierarchical clustering · Gait speed · Driving simulator · Pressure
distribution
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1 Introduction

Work-related musculoskeletal disorders (WMSD) among professional drivers are
developed in the complex interaction between human perception, individual char-
acteristics (both physical and psychological), and exposure time to the harmfulness
in the working environment (Messing et al. 2008; Sekkay et al. 2018; Tamrin et al.
2014).

Prolonged driving/sitting increases muscle tension, which could potentially
develop the reduction of blood flow with a consequence of the higher perception
of discomfort at the loaded area (Tamrin et al. 2014). Moreover, continuous pro-
longed static driving strategies may trigger various musculoskeletal disorders, such
as lower limbs oedema (Belczak et al. 2015; Wrona et al. 2015), local or total body
discomfort (Messing et al. 2009), muscles cramps (Wrona et al. 2015), cardiovascular
diseases (Thosar et al. 2015), venous disorders (D’Souza et al. 2005; Łastowiecka-
Moras 2017), swelling and deformation of the joints (De Looze et al. 2003), among
others.

For instance, daily activities of truck drivers can involve additional working effort
outside the vehicle (entering/opening/closing the truck trailer, and similar) (Sekkay
et al. 2018; Spielholz et al. 2008). These actions require gait performances on the dif-
ferent ground levels, which directly demand additional muscles activities, especially
after prolonged driving (Messing et al. 2009; Smith and Williams 2014; Spielholz
et al. 2008).

WMSD have the highest rate of injury prevalence among professional truck drivers
(Smith and Williams 2014). It was pointed out that work-related injuries and illnesses
among professional truck drivers have one of the highest rates in the United States
of America (Smith and Williams 2014). This conclusion could bring a discussion
regarding the amount of the consequences that can lead to this health problem and
generate a high level of medical costs. Injuries caused by slips, trips, and falls occur
immediately after the WMSD—represented by the same study (Smith and Williams
2014).

Falls from high places and WMSD represent the highest medical cost compared
to the remaining types of injuries. They were identified as the main reason for work
absenteeism (Smith and Williams 2014). Spielholz et al. (2008) referred to the prob-
lem of slips, trips, and falls as one of the top two most severe issues in the truck
industries and, along with WMSD, represent 54% of the overall damages during an
individual’s driving career.

Oullier et al. (2009) research pointed out that postural stability was disturbed by
prolonged exposure to whole-body vibration among professional drivers. Fatigue
caused by prolonged driving discomfort combined with demanding walking ground
levels will involve different muscle activities and directly indicate plantar pressure
modification (Nagel et al. 2008). Disturbing, complex systems of human postural
stability (Chiu and Wang 2007) with the risk factors mentioned above may be one of
the reasons for injuries reported among researchers (Sekkay et al. 2018; Spielholz
et al. 2008).
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Reports regarding the relationship between long-time driving and alterations in
plantar pressure among drivers are limited. Thus, this study investigates where the
two hours of steering a driving simulator might trigger the changes in the applied
plantar pressure.

2 Methodology

2.1 Participants

The present study was approved by the Ethical Committee of the University of
Porto, Portugal (PARECER No84/CEUP/2019). A sample of forty-four subjects,
22 of which were male and 22 females, voluntarily agreed to participate in this
study. The inclusion criteria were healthy subjects without previous lower limbs
injuries, neurological or skeletal disorders, as well as a valid driving license for at
least two years. Participants with an inability to perform regular barefoot or shod
walk, with inappropriate behaviour while driving, or affected during the driving test
by the demanding virtual environment, were excluded from the research. A printed
informed consent describing the aim of the study, protocol specifications and possible
collateral effects was provided to each participant before the data collection.

2.2 Measurement Procedure

A portable mechanical scale (SECA; Germany) with a maximum capacity of 220 kg
(with the graduation of 0.005 kg) and vertical measurements of the stature (maximum
200 cm) was used to assess the participant’s weight and body height. The remain-
ing attributes were measured using a meter equipped with plastic needles, allowing
precise measures (range up to 217 cm) (Sánchez-García et al. 2007).

The barefoot plantar pressure was recorded using a Walkway Pressure Assess-
ment System (Tekscan®, USA). The pressure mat filled the space between the start
line and endpoint and enabled at least two steps before and after contacting the
sensing area (Sole et al. 2017). The system comprises a 174.4 × 36.9 cm sensing
area containing 9152 pressure-sensing points and a pressure range of 1–850 kPa. The
calibration was performed before the experimental process with each participant’s
weight. Participants walking pattern was recorded at the sampling rate 100 Hz. The
gait was documented before and after the steering driving simulator. Participants were
instructed to walk at a self-selected comfortable speed. In case of unusual behaviour,
sudden changes of the gait pattern, or step out of the pressure mat, participants were
asked to repeat the gait until three valid trials (per walking period) were obtained.
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2.3 Driving Simulator

A real vehicle (a 1994 Volvo v440) was modified into the driving simulator for that
purpose (Cvetkovic et al. 2020). Specially designed elements such as the clutch,
brake and gas pedals, the steering wheel, gearshift, display with driving speed, and
kilometres were implemented with sensors in the simulator. Drivers were steering
the driving simulator for a total duration of 120 minutes.

2.4 Data Processing

Applied barefoot plantar data were acquired using the Walkway software as well. The
obtained raw plantar data were further exported to ASCII file and afterwards imported
to custom made MATLAB® R2016b (Mathworks Inc., Natick, MA) analysis routine.
The routine enabled the two-dimensional footprint to be divided into the ten regions
(hallux (H), other fingers (OF), medial forefoot (MF), central forefoot (CF), lateral
forefoot (LF), medial mid-foot (MF), lateral mid-foot (LF), medial rearfoot (MR),
central rearfoot (CF), lateral rearfoot (LR)) illustrated in Fig. 1. The data treatment
was done considering two footprints of the dominant foot per walking trial, assessing
the individual plantar size and shape separately. An average value obtained from the
three-gait trials was calculated for the pre-and post-steering gait cycles and then was
transferred to a spreadsheet for additional statistical analysis.

Data based on performed walking speed was acquired using the Walkway Pressure
Assessment System (Tekscan®, USA). Collected raw data were further exported
using Walkway 7.02 (Tekscan®, USA) to Excel 2016 (Microsoft Corporation, USA)
spreadsheet for further analysis.

2.5 Statistical Analysis

The acquired data were statistically investigated using the SPSS® statistical soft-
ware (version 23.0; IBM, USA). The hierarchical clustering method was carried
out to divide the study population into subgroups. As the first step, differences
between post- and pre-steering gait speed were calculated. The single variable was
further implemented into the clustering method to define study groups based on
increased/decreased gait speed. Ward’s method was implemented to characterize the
subgroups. Euclidian’s distance was applied to examine the dendrogram visually
and to define the subgroups. The Shapiro-Wilk’s test was performed to resolve if
the collected data has (not) normal distribution. Finally, the between-subjects mean
variations were established using the Kruskal-Wallis H test.

Additionally, to demonstrate between which subgroups the difference existed,
the Mann-Whitney U test with the Bonferroni adjustment was considered. Finally, to
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Table 1 Participant characteristics (data is the mean ± standard deviation)

Personal
characteristics

C1 (N = 26) C2 (N = 10) C3 (N = 8)

Age (years) 27.0 ± 4.8 27.0 ± 3.6 29.4 ± 5.6

Body height (cm) 171.1 ± 8.1 168.1 ± 8.6 171.1 ± 9.2

Weight (kg) 70.9 ± 15.4 66.1 ± 14.0 62.9 ± 11.0

determine if the two hours of the steering driving simulator had a significant influence
on the mean peak plantar pressure, the Wilcoxon’s Single Ranked Test was used. The
statistical difference was considered at p < 0.05.

3 Results

3.1 Sample Characteristics

Hierarchical clustering generated three subgroups based on the alterations in gait
speed after steering for two hours. Ward’s method recognized two clusters with an
increase and one with a reduction in walking speed. The first cluster (C1) included
twenty-six participants with a faster average speed of 2.85 cm.s−1) comparing to
pre-steering gait speed. The second cluster (C2) consisted of ten participants with
the highest speed (on average 14.47 cm.s−1) after the prolonged driving period. The
third cluster (C3) had eight participants with a slower average walking speed (8.51
cm.s−1) with a post-steering gait. Even though the subgroups differ in the sample
size, the personal attributes did not significantly variate (Table 1).

4 Discussion

The results indicated the variation of applied barefoot plantar pressure between two
walking periods. We suspected that steering the driving simulator in a demanded
virtual environment will develop local or total body discomfort (Sammonds et al.
2017; Smith et al. 2015; Varela et al. 2019) affects self-selected comfortable gait
pattern. For instance, Smith et al. (2015) explored discomfort in a body part during
steering a driving simulator in the total exposure of one hour. A six-level scale has
shown that the higher prevalence of discomfort occurred at the right ankle at the end
of the driving process. Reported foot or lower limb pain/discomfort might change
the comfortable walking rhythm and cause variation in gait (Mickle et al. 2010).

Increasing the walking speed will result in an increase in plantar pressure under
a specific surface of the foot (Burnfield et al. 2004; Segal et al. 2004. Burnfield et al.
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b) C1a) Ten regions of the plantar area

d) C3c) C2

Fig. 1 Mean peak barefoot plantar pressure of the total sample represented in ten-foot regions.
The data is illustrated as a mean and standard deviation. Plantar areas: H—Hallux; OF—Other
Fingers; FM—Forefoot Medial; FC—Forefoot Central; FL—Forefoot Lateral; MM—Mid-foot
Medial; ML—Mid-foot Lateral; RM—Rearfoot Medial; RC—Rearfoot Central; RL—Rearfoot
Lateral. a C1 = Cluster 1—Increased speed; b C2 = Cluster 2—Increased speed; c C3 = Clus-
ter 3—Reduced speed. A statistically significant difference between the two walking periods is
indicated as * (p<0.05) and ** (p<0.001)

(2004) observed walking performance in healthy adult participants at three different
speeds (95 cm.s−1, 133.3 cm.s−1 and 116.7 cm.s−1). The analysis of the records has
displayed that the mean peak pressure under the rearfoot, FC, FM, H, and OF area
increased with faster walking speed. In the current research, participants classified
as C1 subgroup experienced higher mean peak pressure under the FC, while the
outcome revealed lesser pressure under the H area. Higher speed accounted for the
C2 subgroup affected only the FC and FL area, leaving the rest of the foot regions
without noticeable change. Furthermore, as a consequence of steering the driving
simulator for two hours, the mean peak pressure of the C1 subgroup has shifted from
the hallux to the central forefoot area (Fig. 1). Therewith, hallux and other fingers
usually are in contact for three-quarters of the stance phase (Liu et al. 2005), while
the findings of this study demonstrate that the participants excluded the toes during
the push-off phase in the post-driving gait.
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It appears that the participants adopted a more cautious initial foot contact and
push-off phase and consequently reduced the pressure of the medial heel and hallux
area. Dropping of the pressure under the abovementioned foot regions can be asso-
ciated with the decrease of lesser soleus muscle activity during the gait (Eils et al.
2002). Moreover, higher mean peak pressure under the central forefoot area might
be caused by limited joint mobility (Höhne et al. 2009; Van Deursen 2004), causing
an imbalance in dorsiflexion of the ankle (Höhne et al. 2009) and the hallux (Nagel
et al. 2008; Van Deursen 2004) due to fatigue triggered by the driving process. Nagel
et al. (2008) investigated a sample of 200 marathon runners (39.5 ± 8.8 years old,
33 female and 167 male) long-distance runners and changes in peak plantar pressure
before and after a marathon race. They observed that post-race peak pressure was
higher on the central forefoot and reduced in the hallux area due to local muscle
fatigue.

The application of the current result is quite limited since the study population was
composed of nonprofessional and young drivers who were steering driving simulator
in a controlled condition. Therefore, future investigation needs to consider profes-
sional drivers with a wider range of body mass index and age, knowing beforehand
that preferred driving postures, applied seat interface pressure, gait pattern, among
others, differ between younger and older people and as well as between normal and
overweight subjects (Maktouf et al. 2018).

5 Conclusions

The prolonged driving influenced walking speed as a consequence of physiological
and psychophysical responses. It is suspected that local fatigue, among C1 and C2
subgroups, immobilized dorsiflexor muscles to perform a basic routine at higher
speed and subsequently moved pressure from the hallux to forefoot region. If the
process continues in the future, it may overload the metatarsals heads and lead to
blisters and other skin problems.
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Solutions Aiming a More Reliable Fungal
Burden Risk Characterization

Carla Viegas

Abstract The aim of this chapter is to present the challenges regarding occupa-
tional fungal burden assessment and the solutions to overcome them to allow expo-
sure assessors/occupational hygienists to decide about sampling methods and assays
aiming a reliable fungal risk characterization. Fungi occupational exposure can be
estimated using a diversity of different sampling methods and assays and each situa-
tion is unique and requires very specific and critical decisions. Use passive sampling
methods in parallel with active methods and as laboratory routine apply culture
based-methods using at least two culture media (MEA and DG18) and target harm-
ful fungal species through molecular tools (qPCR) should be the protocol to follow to
assess occupational exposure to fungal burden. To avoid exposure assessments that
go beyond the possible conclusions, exposure assessors should be informed about
the limitations of sampling methods and assays. Further, if these professionals are
also aware of the ways to overcome each limitation the exposure assessment and,
consequently, the risk characterization will more reliable.

Keywords Sampling methods · Laboratory assays · Exposure assessment ·
Fungal · Contamination characterization

1 Introduction

Fungal burden present in occupational environments can cause allergies, infections
and intoxications, being the most frequent health effects on workers the respiratory
diseases (Dutkiewicz 1997; Schlünssen 2004). Several studies have indicated that
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workers exposure to high fungal load have increased prevalence rates of respiratory
diseases and airway inflammation (Heederik et al. 2007; Cox-Ganser et al. 2009).
Thus, exposure to fungi can be a serious occupational problem that requires close
attention and, because of that, the exposure assessment an utmost important task for
every exposure assessor (Viegas 2018).

There are occupational environments more critical regarding fungal burden. Cer-
tainly, the presence of high levels of fungal content, is frequently the result of the
natural colonization of an organic substrate present in the workstations, but may also
be intentionally added as is the case of food industry (Viegas 2018). Workers from
some occupational environments, such as health care facilities, animal production,
agriculture, waste management, fishery, construction, forestry, mining, and day care
are exposed to higher fungal burden due to work characteristics (Viegas et al. 2015,
2017a, b).

Fungi occupational exposure can be estimated using a diversity of different sam-
pling methods and assays and each situation is unique and requires very specific
and critical decisions (Viegas 2018; Viegas et al. 2015, 2019) to allow a reliable
risk characterization and the identification of the most suitable risk management
measures. Additionally, to decide among the different sampling methods and assays
to be performed as lab routine, occupational hygienists should be aware about the
advantages and limitations of each (Viegas 2018; Viegas et al. 2019).

The aim of this chapter was to present the challenges regarding occupational fun-
gal burden assessment and the solutions to overcome them to allow exposure asses-
sors/occupational hygienists to decide about sampling methods and assays aiming a
reliable fungal risk characterization.

2 Sampling Approach

The most recognized guidance for exposure assessors focusing on bio-aerosols occu-
pational exposure assessment rely in air sampling by impaction as a stand-alone
method (Health Canada Indoor air quality in office buildings: a technical guide 1993;
Mishra et al. 1992; Ministério da Economia e do Emprego, Decreto-Lei n.o 118/2013
2013; Rao et al. 1996; Verhoeff et al. 1992). The method easiness to handle, the cheap
cost and possibility to obtain a direct quantitative estimate of the number of culturable
are major advantages that motivate exposure assessors for using this method (Viegas
et al. 2015). However, this method provides information of a short period of time
(load), doesn’t allow the employment of other laboratory assays besides the culture-
based methods (Viegas 2018) and is more used for environmental and stationary
sampling instead of personal fungal exposure assessment, being a relevant drawback
when the intention is to perform exposure assessment of workers with high mobil-
ity. Therefore, besides using this active method for a screening assessment purpose,
we should also use other active methods that allow to perform personal exposure
assessments and to use molecular tools (impinger and filtration methods) for a more
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detailed exposure assessment and to allow to identify intervention priorities (Viegas
2018).

Still, although active (personal or stationary) sampling of fungal burden can be
performed to quantify exposure by inhalation, may be widely influenced by envi-
ronmental variables, such as seasonal variation and ventilation (Flannigan 1997). To
overcome this disadvantage passive-collection methods should be used, in parallel,
and as a routine in field work to assess occupational exposure to fungi, since allow
the collection of contamination over a longer period (days, weeks or several months)
(Viegas et al. 2018). Undoubtedly, increasing the number of different sampling meth-
ods will allow to collect more data, enabling industrial hygienists to perform a more
reliable risk characterization (Viegas 2018).

As a screening passive method and driven by previous experience in three different
occupational environments, such as bakeries (Viegas et al. 2018), swine (Viegas
et al. 2018) and primary health care centers (Viegas et al. 2019), electrostatic dust
collectors (EDC) can be used to prioritize intervention regarding exposure assessment
needs, and then other passive methods can be used, depending on the occupational
environment under study. Previous studies already reported that EDC can be applied
as a screening method for particle-exposure assessment and as a complementary
sampling method for assessing bioburden (fungi and bacteria) (Viegas et al. 2018,
2019).

Indeed, passive methods were already described as giving a very important con-
tribution with different fungal species, from the ones obtained by air sampling, being
identified. Some of those are: surface swabs (Brenier-Pinchart et al. 2009; Microor-
ganisms and particles in AHU system 2009; Pinheiro et al. 2012; Sabino et al. 2012;
Cabo Verde et al. 2015; Ramos et al. 2015; Viegas et al. 2016, 2017), settled dust
(Leppänen et al. 2018; Park et al. 2018; Viegas et al. 2019), EDC (Viegas et al. 2018,
2019; Cozen et al. 2008; Normand et al. 2009; Kilburg-Basnyat et al. 2016) and heat-
ing, ventilation and air conditioning (HVAC) filters (Viegas et al. 2019; Marchand
et al. 2017). Thus, combining both active and sampling methods will cover a more
wide number of different fungal species, since in the case of fungal contamination on
surfaces, there is the possibility of re-aerosolization during the dispersion of fungal
spores, varying with fungal characteristics and environmental variables (Viegas et al.
2017; Roussel et al. 2008; Jürgensen and Madsen 2016). This is of most relevance
since the fungal health effects are very much related with the species and not only
with the quantity.

3 Laboratory Assays

Previous research work already stated that the number of microorganisms that can be
cultured only accounts for < 5% of the total microbial air load (Eduard and Heederik
1998; Radosevich et al. 2002; Toivola et al. 2002).

Additionally, culture based-methods can overestimate the most tolerant and fast-
growing fungal species inhibiting others, with clinical relevance to grow (Pasanen
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2001). To overcome this limitation using more than one culture media as a trend on
the laboratory routine to assess fungal burden can be the solution. As such, besides
the most widely recommended 2% malt extract agar (MEA) with 0.05 g/L chloram-
phenicol media, dichloran glycerol (DG18) agar-based media should be always used,
since restricts the colony size of fast-growing (Bergwall and Stehn 2002), allowing a
more diversified species profile from the fungal burden (Viegas et al. 2019). Further,
the increasingly emergence of antifungal resistant Aspergillus sp., should be consid-
ered, also in occupational environments, justifying the use of azoles-supplemented
culture media in occupational exposure assessment to fungal burden (Viegas et al.
2019; Aranha Caetano et al. 2017). This approach will allow the determination of
the susceptibility pattern of Aspergillus section Fumigati present in the settings to
azoles (Simões et al. 2019) increasing the reliability of the risk characterization.

Additionally, relying exclusively on culture based-methods may not provide an
accurate fungal exposure assessment of the occupational environment under study
(Viegas et al. 2019; Eduard and Heederik 1998; Radosevich et al. 2002; Toivola
et al. 2002). Fungi identification depends on culture and microscopic examination.
Although these procedures can be accurate and reliable, they are time-consuming
and require well-trained mycologists to interpret the results (Croxatto et al. 2012).

Moreover, culture based-methods results depend exclusively from the various
growth conditions of fungi and some are not culturable, whereas the real-time PCR
method can replicate the content of all including cultivable and non-cultivable fungi.
However, the lack of qPCR detection in complex occupational environments where
the target species were identified by culture (Viegas et al. 2018) could be due either
to ineffective release of microbial DNA content from cells, or poor DNA recovery
after extraction and purification steps (Yang and Rothman 2004), or to the presence
of inhibitors, such as particles as formerly reported (McDevitt et al. 2007). The
same weaknesses can exist even with more advanced analytical tools, based on next-
generation sequencing (NGS) technologies (Degois et al. 2017). Therefore, although
the molecular tools relevance as laboratory resource still present drawbacks that need
to be surpass for a better reliability in the results. Consequently, probably will never
be used as a stand-alone resource and only together with culture based- methods
guarantees a suitable assessment.

Overall, fungi culture should be combined with real-time PCR for better evalu-
ation of the occupational environment. This assays approach will permit: by using
culture-based methods to acquire information about the infection potential of the
fungal burden present (Hung et al. 2005) and comparing quantitative (CFU.m−3)
information with available guidelines; by applying molecular tools to target specific
fungal species indicators of harmful fungal burden and to overcome some culture-
based methods drawbacks (Degois et al. 2017) (Table 1 and Fig. 1).
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Table 1 Challenges and best options to accomplish occupational fungal burden exposure assess-
ment

Challenges Best options (sampling and analysis)

Perform a screening to prioritize workstations
needed to be assessed

Apply air sampling by impaction (active
methods) and EDC (passive methods)

Obtain data concerning fungal load in the air
for guidelines comparison

Apply air sampling by impaction and filtration
(personnel exposure)

Characterize the fungal contamination Use passive sampling methods in parallel with
active methods

Obtain the infection potential from the fungal
burden

Apply culture based-methods

Avoid results underestimation (quantitatively
and qualitatively)

Use at least two culture media (MEA and
DG18) and target harmful fungal species
through molecular tools (qPCR)

Characterize the susceptibility profile from the
fungal burden

Use azoles supplemented media

Fig. 1 Protocol for a reliable occupational fungal burden exposure

4 Exposure Assessment Challenges and Solutions

Challenges/limitations of the sampling methods and laboratory assays should be
known to be able to tackle them and, at least, to be aware of the results interpretation
(Table 1).

The suggested protocol (Fig. 1) covers all the solutions mentioned on the Table 1
and will help the occupational hygienists to define the most suitable sampling strategy,
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but also the adequate analyses to be performed to allow a reliable risk characterization
regarding fungal burden.

5 Conclusions

To avoid exposure assessments that go beyond the possible conclusions, exposure
assessors should be informed about the limitations of sampling methods and assays.
Further, if these professionals are also aware of the ways to overcome each limitation
the exposure assessment and, consequently, the risk characterization will be more
reliable. More than one sampling method and a rigorous selection of culture media
and fungal targets for molecular detection should be the approach to be considered
in protocols from the field to the lab work.
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Abstract Objective: To analyse the differences in sleep quantity and quality, and
sleepiness among workers from the water, sanitation and waste sector between the
years 2017 and 2019. Background: Different shift arrangements, in particular those
that include night shifts, have consequences related to health negative effects, insuffi-
cient sleep and sleepiness during working times. Insufficient or poor quality of sleep
is a determinant of performance modifications and occupational injuries or health
disturbances. Method: The study design was longitudinal with two data collection
moments, based on questionnaires, intending to characterize the duration and quality
of sleep, and the presence of sleepiness during work time. Results: The mean age was
50, 3 years in 2017 and 52, 3 years in 2019. Two main types of shifts were present:
fixed and rotating. No differences in age were found between the different types of
shifts. Lower duration of sleep after night and early morning fixed shifts, what might
be explained by conflicting social and family demands, that turns difficult for these
workers to go to bed earlier. Early morning (6–13h) and morning fixed shifts (8–16h)
showed a higher percentage of frequent sleepiness when compared with night shift.
Further studies are needed in order to analyse the influence of work determinants in
sleep patterns.
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1 Introduction

Different shift schedules are related to various sleep patterns, and, consequently, with
the sleepiness perception during work time (Marquié et al. 2012; Parkes 2016). The
nature of work of municipal workers belonging to the water, sanitation and waste
sector determines different work schedules that include shift work and permanent
night shifts. On the other hand, municipal workers are an ageing working population
in Portugal (Cotrim et al. 2019). Considering the goals of longer working lives, the
impact of work schedules, namely shift work and night shifts, must be assessed
in these working populations, mainly because there are also age-related changes
in sleep patterns (Bonnefond et al. 2006; Cotrim et al. 2017; Harma et al. 2006).
Additionally, this occupational group is characterized for high physical workload and
environmental exposure (such as noise, temperature, and dust, for instance), what
can be related to an increase of sleep problems as an effect of recovery processes,
when concerning the physical workload, as mentioned in the study of Akerstedt et
al. (2002), or as a consequence of environmental exposure mainly to noise and heat
stress (Mokarami et al. 2020).

It is well-known that different shifts arrangements are diversely associated with
negative outcomes, with particular relevance for those that include night shifts (Aker-
stedt et al. 2014). These consequences may be related to health negative effects but
also insufficient sleep and sleepiness during working times (Akerstedt et al. 2014;
Parkes 2016). Furthermore, insufficient or poor quality of sleep is a determinant
of performance modifications, but also occupational injuries or health disturbances
(Marquié et al. 2012).

The present study is longitudinal, included two moments, and focused on a sample
of male workers from the water, sanitation and waste sector. The main aim of the
study was to characterize the differences in sleep characteristics in sleep quantity and
quality and sleepiness between 2017 and 2019, in order to support further studies.

2 Materials and Methods

The study had a longitudinal design and the same workers answered a questionnaire
in 2017 and 2019. Data collection was based on a questionnaire applied in the work-
places and preceded by an informed consent form. The study population was made
up of male operational workers, from the water, sanitation and waste sector (SMAS),
in a total of 484 workers, corresponding to 55, 1% of the total population of workers
from SMAS. The inclusion criteria were being a worker at the SMAS for at least
six months; participate in a voluntary, informed and responsible manner; belong to
the water, sanitation and water sector. The number of respondents consisted of 300
workers in 2017 and the same group of workers was followed in 2019. Six workers
that changed shifts from 2017 to 2019 were excluded from the analysis based on the
schedules.
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The first part of the questionnaire aimed at characterizing the socio-demographic
variables, such as, age, sector and occupational group. The second part included
variables concerning the type of schedules. And the third part intended to characterize
the duration and quality of sleep, and the presence of sleepiness during work time
based on the questionnaires of Barton et al. (1995) and Folkard et al. (1995). The
questionnaires were administered by means of an interview during the working time.

3 Results and Discussion

The sample of workers had a mean age of 50, 3 years (sd = 9, 9) in 2017 that rose to 52,
3 years (sd = 9, 9) in 2019 (Table 1). The most represented age groups in both periods
were the 56–65 years old (36, 3% in 2017 and 39, 3% in 2019), followed by 46–55
years (33, 3% in 2017 and 29% in 2019) (Table 2), what showed an ageing working
group, in line with other studies with municipal workers (Cotrim et al. 2019).

The characterization of the schedules was done by work sector. Sector A comprises
two fixed shifts, night and early morning, and sector B comprises one fixed day shift
and rotating shifts including nights (8 h each shift, with a forward and fast rotation
plan). There were no differences in age between the four types of schedules for both
years (Table 3).

Regarding the duration of sleep in fixed shifts, in 2017 and 2019, after the day shift
(8–16 h) the duration of sleep was higher and the differences between fixed shifts
were statistically significant (Table 4). It was found in other studies that the duration

Table 1 Characterization of age in 2017 and 2019

Year Age

Min Max Mean DP

2017 24 68 50, 3 9, 9

2019 26 70 52, 3 9, 9

Table 2 Characterization of age group in 2017 and 2019

2017 2019

N % N %

Age group <25 years 2 0, 7 2 0, 7

26–35 years 20 6, 7 21 7, 0

36–45 years 69 23, 0 69 23, 0

46–55 years 100 33, 3 87 29, 0

56–65 years 109 36, 3 118 39, 3

>65 years 0 0 3 1, 0

Total 300 100 300 100
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Table 3 Characterization of the schedules and age in 2017 and 2019, by work sector

Sector A (n = 82) Sector B (n = 212)

Fixed
23–06 h
(n = 33)

Fixed
06–13 h
(n = 51)

Fixed
08–16 h
(n = 127)

Rotating
(n = 89)

Total
(n = 294)

Stat. p-value

2017 Age
(years)

47, 91
(10, 53)

48, 43
(10, 20)

51, 38
(9, 93)

50, 62
(9, 57)

50, 28
(9, 98)

1, 740a 0, 159

2019 Age
(years)

49, 47
(11, 85)

51, 07
(9, 49)

52, 79
(9, 31)

53, 57
(10, 21)

52, 45
(9, 96)

1, 487a 0, 218

Mean (SD); a ANOVA

Table 4 Perceived sleep duration after each shift

Fixed 23–
06 h
(n = 33)

Fixed 06–
13 h
(n = 49)

Fixed 08–
16 h
(n = 126)

Total
(n = 208)

Statistics p-value

Perceived
sleep
duration
after each
shift

2017 5 (1) 5 (1) 7 (1) 6 (2) 59, 050a,
b

< 0, 001*

2019 5 (1) 5 (1) 7 (1) 6 (2) 45, 651a,
b

< 0, 001*

Median (inter-quartile amplitude); a Kruskal-Wallis test; b The non-parametric test of multiple
comparisons Dunn- Bonferroni showed statistically significant differences between the schedules
Fixed 23–06 h and Fixed 08–16 h (p < 0, 001), and Fixed 06–13 h and Fixed 08–16 h (p < 0, 001);
* p < 0, 05

of sleep before early morning shifts might be lower. One of the explanations for
these may be the conflicting social and family demands that turns difficult for these
workers to go to bed earlier (Folkard and Barton 1993). On the other side, night shift
is expected to be associated with disturbed sleep, including sleep loss (Akerstedt et
al. 2002; Bonnefond et al. 2006), what may be due to a second job during daytime.
This variable was not controlled in our study, what is recognized as a limitation of
the study.

Concerning the rotating shifts, in 2017, the perception of sleepiness was higher
in the morning shift, and the differences were statistically significant between the
morning shift and the afternoon and night shifts. In 2019, sleepiness was more fre-
quent during the night shift and differences were significant between the three pairs
of shifts (Table 9). These results showed that the percentage of sleepiness in rotating
shifts is higher than in fixed shifts, and it appears to have increased in the night shift
in the two years period.

Concerning the rotating shifts, the pattern of sleep duration was different when
comparing 2017 and 2019. In 2017, the duration of sleep after the night shift was
higher and the differences were statistically significant. In 2019, the duration of
sleep for all shifts was higher then in 2017. There were also differences between the
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Table 5 Characterization of the duration of sleep (hours) after the shift in 2017 and 2019, for
rotating shifts

Morning (n
= 86)

Afternoon
(n = 86)

Night (n =
86)

Statistics p-value

Perceived
sleep
duration
after each
shift

2017 5 (1) 5 (1) 7 (1) 75, 228a, b < 0, 001*

2019 6 (1) 7 (1) 6 (1) 90, 778a, c < 0, 001*

Median (inter-quartile amplitude); a Friedman test; b The non-parametric test of multiple compar-
isons Dunn-Bonferroni showed statistically significant differences between the schedules Morning
and Night (p < 0, 001), and Afternoon and Night (p < 0, 001); c The non-parametric test of multiple
comparisons Dunn-Bonferroni showed statistically significant differences between the schedules
Morning and Afternoon (p < 0, 001), and Afternoon and Night (p < 0, 001); p < 0, 05

shifts with higher duration of sleep after the afternoon shift (Table 5). Likewise other
studies, the duration of sleep after night shifts may be longer than between morning
shifts or before early morning shifts. One of the explanations for these may be the
conflicting social and family demands that turns difficult for these workers to go to
bed earlier (Folkard and Barton 1993). But other studies showed opposite results,
with night shifts related with shorter sleep (Bonnefond et al. 2006).

The perceived quality of sleep showed similar patterns in 2017 and 2019, but
varied depending on the type of schedule in both data collection moments. For fixed
shifts, the differences between shifts were statistically significant, with the shift of
8–16 h showing a better perception of sleep quality in both years (Table 6).

Table 6 Characterization of the quality of sleep for workers with fixed shifts in 2017 and 2019

Fixed 23–
06 h
(n = 33)

Fixed 06–
13 h
(n = 49)

Fixed 08–
16 h
(n = 126)

Total
(n = 208)

Statistics p-value

Quality of
sleep

2017 Very
good/Good

2 (6, 1%) 16 (32,
7%)

46 (36,
5%)

64 (30,
8%)

22, 762a < 0, 001*

Moderate 18 (54,
5%)

27 (55,
1%)

67 (53,
2%)

112 (53,
8%)

Very
Bad/Bad

13 (39,
4%)

6 (12, 2%) 13 (10,
3%)

32 (15,
4%)

2019 Very
good/Good

2 (5, 6%) 14 (24,
1%)

44 (37,
6%)

60 (28,
4%)

27, 353a < 0, 001*

Moderate 18 (50,
0%)

35 (60,
3%)

59 (50,
4%)

112 (53,
1%)

Very
Bad/Bad

16 (44,
4%)

9 (15, 5%) 14 (12,
0%)

39 (18, 5)

N (%); a Chi-Squared test; p < 0,05
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Table 7 Characterization of the quality of sleep for workers with rotating shifts in 2017 and 2019
Morning (n
= 33)

Afternoon (n
= 49)

Night (n =
126)

Statistics p-value

Quality of
sleep

2017 Very
good/Good

30 (34, 9%) 51 (59, 3%) 11 (12, 8%) 19, 640M, A
23, 533M, N
42, 500A, N

< 0, 001M,
A*
< 0, 001M,
N*
< 0,
001A,N*

Moderate 50 (58, 1%) 31 (36, 0%) 61 (70, 9%)

Very Bad /
Bad

6 (7, 0%) 4 (4, 7%) 14 (16, 3%)

2019 Very
good/Good

28 (35.4%) 31 (39.2%) 11 (13.9%) 5, 667M,A
38, 250M, N
10, 333A, N

0, 387M, A*
< 0, 001M,
N*
< 0,
001A,N*

Moderate 47 (59.5%) 41 (51.9%) 38 (48.1%)

Very
Bad/Bad

4 (5.1%) 7 (8.9%) 30 (38.0%)

N (%); a Chi-Squared test; b The McNemar-Bowker test was applied for the comparisons between
pairs of variables (M-Morning; A-Afternoon; N-Night) with the correction of Bonferroni; * p<0,
05

About the rotating shifts, the quality of sleep was perceived more positively after
the afternoon shift for both years (2017 and 2019). The differences between the
three pairs of shifts were statistically significant in 2017. In 2019, the perception
of the quality of sleep was clearly worse after the night shift. The differences were
statistically significant between the shifts of morning and afternoon when compared
with the night shift (Table 7).

For workers with fixed shifts, the perception of sleepiness appears to be mostly
moderate in both years and for all types of schedules, despite some differences

Table 8 Characterization of sleepiness for workers with fixed shifts in 2017 and 2019
Fixed 23–
06 h
(n = 33)

Fixed 06–
13 h
(n = 49)

Fixed 08–
16 h
(n = 126)

Total
(n = 208)

Statistics p-value

Sleepiness 2017 Very frequent /
Frequent

2 (6, 1%) 20 (40,
8%)

36 (28,
6%)

58 (27,
9%)

15, 480a 0, 004*

Sometimes 30 (90,
9%)

24 (49,
0%)

82 (65,
1%)

136 (65,
4%)

Seldom/Never 1 (3, 0%) 5 (10, 2%) 8 (6, 3%) 14 (6, 7%)

2019 Very fre-
quent/Frequent

9 (25, 0%) 21 (36,
2%)

30 (25,
6%)

60 (28,
4%)

4, 609a 0, 332

Sometimes 26 (72,
2%)

32 (55,
2%)

81 (69,
2%)

139 (65,
9%)

Seldom/ Never 1 (2, 8%) 5 (8, 6%) 6 (5, 1%) 12 (5, 7)

N (%); a Chi-Squared test; * p < 0, 05
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Table 9 Characterization of sleepiness for workers with rotating shifts in 2017 and 2019
Morning
(n = 33)

Afternoon
(n = 49)

Night
(n = 126)

Statistics p-value

Sleepiness 2017 Very fre-
quent/Frequent

21 (24.4%) 5 (5.8%) 6 (7.0%) 20, 133M,
A
12, 471M,
N
2, 867A, N

< 0, 001M,
A*
0, 018M,
N*
0, 716A, N*

Sometimes 59 (68.6%) 63 (73.3%) 66 (76.7%)

Seldom/Never 6 (7.0%) 18 (20.9%) 14 (16.3%)

2019 Very fre-
quent/Frequent

15 (19.0%) 18 (22.8%) 28 (35.4%) 15, 000M,
A
24, 267M,
N
10, 333A, N

0, 002M,
A*
0, 018M,
N*
0, 017A, N*

Sometimes 50 (63.3%) 59 (74.7%) 50 (63.3%)

Seldom/Never 14 (17.7%) 2 (2.5%) 1 (1.3%)

N (%); a Chi-Squared test; b The McNemar-Bowker test was applied for the comparisons between
pairs of variables para (M-Morning; A-Afternoon; N-Night) with the correction of Bonferroni;
* p < 0, 05

between shifts. Some studies showed that age is more clearly related to performance
decline during night shifts than with the perception of sleepiness (Bonnefond et al.
2006).

Regarding fixed shifts, in 2017 were found differences in the distribution of the
perception of sleepiness between shifts. Early morning shifts (6–13 h) and morning
shifts (8–16h) showed a higher percentage of frequent sleepiness when compared
with night shift (Table 8). This inconsistence was also found in other studies (Bonne-
fond et al. 2006) that explained this phenomena with the behaviour of older workers
more used to work tiredness and sub-estimating their subjective sleepiness. These
results may be explained, also, by the selection processes that may occur in shift
work (Blok and de Loose 2011).

Concerning the rotating shifts, in 2017, the perception of sleepiness was higher
in the morning shift, and the differences were statistically significant between the
morning shift and the afternoon and night shifts. In 2019, sleepiness was more fre-
quent during the night shift and differences were significant between the three pairs
of shifts (Table 9). These results showed that the percentage of sleepiness in rotating
shifts is higher than in fixed shifts, and it appears to have increased in the night shift
in the two years period.
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4 Conclusions

The relevance of characterizing the schedules of workers with high physical demands
and the sleep patterns, particularly if it includes night work or early morning shifts, is
based on the fact that shift work is expected to determine some disturbance in sleep
(Akerstedt 2002) and is related to an increase in fatigue, decreased performance, and
higher risk of accidents (Bonnefond et al. 2006) and disturbance of social and family
life and health negative effects (Block and de Looze 2011; Demerouti et al. 2004).
Additionally, in this study the sample of workers showed a high average age, and it
is expected that elderly workers face more difficulties of adjustment to night work
(Bonnefond et al. 2006; Cotrim et al. 2017) with impact in their health. Further-
more, these workers have high physically and environmental demanding tasks, what
may influence the onset of sleeping disturbances (Mokarami et al. 2020). Greater
work overload may be associated with sleep-related problems (Knudsen et al. 2007).
Further studies must analyse the influence of socio-demographic and occupational
variables.
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Abstract Objective: To investigate the 12-month prevalence of musculoskeletal
symptoms among Portuguese call center operators and their associations with gen-
der, body mass index (BMI) and hours of work. Background: According to previous
studies, the prevalence of musculoskeletal symptoms among call center operators is
high. However, although this is a developing occupation in Portugal, there is a lack
of studies assessing this issue as well as its associations with different risk factors.
Method: The study was conducted in a call center company in Portugal. One-hundred
and forty-eight workers agreed to participate, and filled out questionnaires to eval-
uate sociodemographic, anthropometric and occupational variables, as well as the
Nordic Musculoskeletal Questionnaire (NMQ) to assess musculoskeletal symptoms
in the last 12 months of nine body regions. Results: NMQ revealed that the 3 most
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affected body regions were the neck (56.1%), the low back (54.7%) and the shoulders
(43.9%). Significant associations were found between gender and reporting symp-
toms in the wrist/hands (p = 0.033) and the knees (p = 0.031), with females reporting
significantly more symptoms than males; and between BMI and reporting symptoms
in the thighs/hips, with overweight operators reporting more symptoms (p = 0.010).
No significant associations were found for the hours of work factor. Conclusion:
The prevalence of symptoms in call center workers is high, especially in the neck,
low back and shoulders, which evidence the need of workplace interventions, such
as physical activity programs, among other approaches to decrease musculoskeletal
complaints in these workers.

Keywords Musculoskeletal symptoms · Call center · Gender · BMI · Workers

1 Introduction

Call centers are one of the fastest growing sectors of the labor market and are respon-
sible for the employment of a large number of workers (Odebiyi et al. 2016).

Call centers consist of a type of occupation whose main activity is carried out
by the simultaneous use of the computer and telephone, with its activity growing
substantially (Bagnara and Marti 2001; d’Errico et al. 2010; Odebiyi et al. 2016).
The work performed by call center operators presents a limited variety of tasks,
since they have to follow scripts that limit their autonomy (d’Errico et al. 2010;
Norman et al. 2004). This occupation also presents characteristics that are both
occupational and psychosocial risk factors for the development of musculoskeletal
disorders, namely: repetitive movements and prolonged static postures (Lacaze et al.,
2010); limited/insufficient breaks (Rocha et al. 2005); and the need to solve complex
situations, where communication skills and efficiency are expected from them, who
are often under time pressure and monitoring of their performance, and are therefore
exposed to high levels of stress and anxiety (Bhuyar et al. 2008; d’Errico et al. 2010;
Rocha et al. 2005).

In a previous investigation with 374 call center operators, it was reported that
65.2% of them experienced musculoskeletal symptoms during the previous year,
with the four most prevalent body regions in the male operators being the neck, the
lumbar region, the upper back and the shoulders. The same order of complaints was
found for the female participants, however, higher prevalences were reported when
compared to the male operators (Odebiyi et al. 2016).

The prevalence of musculoskeletal symptoms in call center operators has been
widely studied in different countries, namely in Sweden (Norman et al. 2004), in
Brazil (Rocha et al. 2005), Italy (d’Errico et al. 2010) and Nigeria (Odebiyi et al.
2016). However, although this is a developing occupation in Portugal, there is a lack
of studies investigating this topic, as well as its association with different sociode-
mographic, anthropometric and occupational risk factors.
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Therefore, the aim of this study is to investigate the prevalence of musculoskeletal
symptoms among call center operators and their associations with gender, BMI and
the hours of work.

2 Materials and Methods

2.1 Study Design and Sample

The study was approved by the ethical committee of Fernando Pessoa University.
The study was conducted in a Portuguese call center company. Both male and female
workers were selected to the study, aged between 18 and 65 years old, and that have
been working for at least 6 months as part-time or full-time operators. Excluded were
workers with health problems prior to their employment in the company that could
cause musculoskeletal symptoms, as well as those who started their activity at the
company less than 6 months ago. 148 call center operators (68 male and 80 female)
gave their written consent to participate.

2.2 Instruments and Procedures

In order to assess sociodemographic (age, gender), anthropometric (weight, height
and BMI) and occupational variables (number of hours of work per day, work posi-
tion), a sample characterization questionnaire was used.

The Standardized Nordic Musculoskeletal Questionnaire (NMQ) (Kuorinka et
al. 1987), validated to the Portuguese population (Mesquita et al. 2010), was also
filled out in order to assess musculoskeletal symptoms in the last 12 months of nine
body regions (neck, shoulders, elbows, wrists/hands, dorsal region, low back region,
hips/thighs, knees and ankles/feet).

2.3 Statistical Procedures

Data analysis was performed using the Statistical Package for the Social Sciences
(SPSS v.26.0) software for Windows. Descriptive characteristics of the participants
(age and BMI) is presented as mean ± standard deviation. The 12-month preva-
lence of musculoskeletal disorders in each body region was described in percentage
(%). The Chi-Square test was used to assess the association between the prevalence
of musculoskeletal symptoms and gender (male or female), BMI (normal or over-
weight) and number of work hours (full-time or part-time). A p value under 0.05
was considered as significant. In Tables 1, 2 and 3, the presented values represent the
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Table 1 Association between musculoskeletal symptoms and gender

Body regions Female (n = 80) Male (n = 68) Chi-square test

Neck (n = 83) 46 (57.5) 37 (54.4) χ2(1) = 0.142; p =
0.706

Shoulders (n = 65) 40 (50.0) 25 (36.8) χ2(1) = 2.614; p =
0.106

Elbows (n = 16) 9 (11.3) 7 (10.3) χ2(1)) = 0.035; p =
0.852

Wrists/Hands (n = 48) 32 (40.0) 16 (23.5) χ2(1) = 4.550; p =
0.033*

Thighs/Hips (n = 33) 22 (27.5) 11 (16.2) χ2(1) = 2.720; p =
0.099

Knees (n = 41) 28 (35.0) 13 (19.1) χ2(1) = 4.629; p =
0.031*

Ankles/Feet (n = 29) 17 (21.3) 12 (17.6) χ2(1) = 0.303; p =
0.582

Dorsal Region (n = 21) 15 (18.8) 6 (8.8) χ2(1) = 2.975; p =
0.085

Low Back (n = 81) 48 (60.0) 33 (48.5) χ2(1) = 1.952; p =
0.162

Table 2 Association between musculoskeletal symptoms and BMI

Body regions Normal (n = 87) Overweight (n = 61) Chi-square test

Neck (n = 83) 50 (57.5) 33 (54.1) χ2(1) = 0.166; p =
0.684

Shoulders (n = 65) 35 (40.2) 30 (49.2) χ2(1) = 1.166; p =
0.280

Elbows (n = 16) 7 (8.0) 9 (14.8) χ2(1) = 1.673; p =
0.196

Wrists/Hands (n = 48) 24 (27.6) 24 (39.3) χ2(1) = 2.262; p =
0.133

Thighs/Hips (n = 33) 13 (14.9) 20 (32.8) χ2(1) = 6.590; p =
0.010*

Knees (n = 41) 19 (21.8) 22 (36.1) χ2(1) = 3.624; p =
0.057

Ankles/Feet (n = 29) 13 (14.9) 16 (26.2) χ2(1) = 2.899; p =
0.089

Dorsal Region (n = 21) 14 (16.1) 7 (11.5) χ2(1) = 0.628; p =
0.428

Low Back (n = 81) 47 (54.0) 34 (55.7) χ2(1) = 0.043; p =
0.837
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Table 3 Association between musculoskeletal symptoms and work hours

Body regions Full-time (n = 81) Part-time (n = 67) Chi-square test

Neck (n = 83) 48 (59.3) 35 (52.2) χ2(1) = 0.734; p =
0.392

Shoulders (n = 65) 35 (43.2) 30 (44.8) χ2(1) = 0.037; p =
0.848

Elbows (n = 16) 9 (11.1) 7 (10.4) χ2(1) = 0.017; p =
0.897

Wrists/Hands (n = 48) 29 (35.8) 19 (28.4) χ2(1) = 0.927; p =
0.336

Thighs/Hips (n = 33) 21 (25.9) 12 (17.9) χ2(1) = 1.360; p =
0.244

Knees (n = 41) 23 (28.4) 18 (26.9) χ2(1) = 0.043; p =
0.836

Ankles/Feet (n = 29) 15 (18.5) 14 (20.9) χ2(1) = 0.132; p =
0.717

Dorsal Region (n = 21) 10 (12.3) 11 (16.4) χ2(1) = 0.499; p =
0.480

Low Back (n = 81) 46 (56.8) 35 (52.2) χ2(1) = 0.307; p =
0.580

proportion of participants reporting pain in each body region and the corresponding
percentage between parenthesis, divided by category (columns).

3 Results

The sample presented a mean ± standard deviation of 34.3 ± 8.6 years and a BMI
of 24.9 ± 4.9 kg/m2.

Regarding the 12-month prevalence of musculoskeletal symptoms by body region,
the most affected one was the neck (56.1%), followed by the low back (54.7%),
the shoulders (43.9%), the wrist/hands (32.4%), the knees (27.7%), the thighs/hip
(22.7%), the ankles/feet (19.6%), the dorsal region (14.2%) and finally, the elbows
(10.8%).

The association analysis between the presence of musculoskeletal symptoms and
gender, BMI and work hours is presented in Tables 1, 2 and 3, respectively.

Regarding gender, although in all body regions the number of women reporting
pain is higher than men, only for the regions of the wrists/hands (p = 0.033) and
knees (p = 0.031) there is a significant association.

Regarding BMI, only the thighs/hips region revealed a significant association (p
= 0.010), with overweight participants reporting significantly more musculoskeletal
symptoms in this body region than those with normal BMI.
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Regarding the hours of work, no significant associations were found between the
prevalence of musculoskeletal symptoms and working full-time or part-time, even
though in general, the number of call center operators working full-time and that
report symptoms is higher than those who work in part-time.

4 Discussion

This study aimed to investigate the 12-month prevalence of musculoskeletal symp-
toms among call center operators and their associations with gender, BMI and the
hours of work. The nature of a call center worker has been shown to increase repet-
itive strain, thus predisposing them to a higher risk of musculoskeletal disorders
(Toomingas et al. 2003). Nonetheless, the simultaneous use of a computer and tele-
phone, while under pressure to have an effective communication with their clients,
may also contribute to the higher recurrence of these disorders in this group (Sub-
barayalu 2013).

Results of the present study revealed that the three most affected body regions
were the neck (56.1%), followed by the low back (54.7%) and the shoulders (43.9%).
These findings are in line with previous investigations, where it seems to have a
consensus regarding at least the 2 most affected body regions (d’Errico et al. 2010;
Odebiyi et al. 2016). In the study of Odebiyi et al. (2016) conducted in call center
workers in Nigeria, it was also reported that the most affected body regions in the
previous year were the neck, shoulders, upper back and lower back (Odebiyi et al.,
2016). Also, in the study of d’Errico et al. (2010) in Italy, it was demonstrated that
the higher complaints came from the neck (39%), shoulders (22%) and wrist/hands
(10%). However, it should be noted that in the present investigation, the percentages
of reported complaints are in general higher than those reported by the two previous
authors.

Regarding the association between musculoskeletal symptoms and gender, our
findings revealed that in general, women complained more than men, however, sig-
nificant associations were only denoted in the wrists/hands and knees. These results
are also in accordance with previous investigations who also conclude that a higher
prevalence of musculoskeletal disorders is reported by women (d’Errico et al. 2010;
Odebiyi et al. 2016; Rocha et al. 2005).

The association between musculoskeletal symptoms and BMI revealed that over-
weight participants reported significantly more musculoskeletal symptoms than those
with normal BMI only in the thighs/hips region. To our knowledge, there are no pre-
vious investigations studying the influence of BMI in the musculoskeletal symptoms
of these particular workers. However, in a study conducted on a large working pop-
ulation sample, it was demonstrated that having a higher BMI (overweight or obese)
was associated with an increased prevalence of musculo-skeletal symptoms (Viester
et al. 2013). The results of this investigation also found no significant associations
between musculoskeletal symptoms and working full-time or part-time, even though
in general the number of call center operators working full-time reported higher
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prevalences than those who worked in part-time, which can be explained by the fact
that full-time workers (8 h daily) are exposed more hours to the repetitive nature of
tasks, prolonged static postures and also to more hours of stress and anxiety levels
naturally involved in the call center occupation (Bhuyar et al. 2008; d’Errico et al.
2010; Lacaze et al. 2010; Rocha et al. 2005). Likewise, a previous investigation in
computer-using office workers reported that musculoskeletal disorders increase with
daily working hours (Ardahan and Simsek 2016).

Some limitations should be recognized. First, the sample size could be more
representative. Second, it was not collected data related to the assessment of occu-
pational injury risk, so it is not possible to be sure that the reported symptoms were
work-related, or if there were some other underlying health conditions outside of the
workplace.

5 Conclusions

The prevalence of musculoskeletal symptoms among call center workers is high,
with the 3 most affected body regions being the neck, the low back and the shoul-
ders. Significant associations were found between gender and reporting symptoms in
the wrist/hands and the knees, with females reporting significantly more symptoms
than males; and between BMI and reporting symptoms in the thighs/hips, with over-
weight operators reporting more symptoms. No significant associations were found
regarding the hours of work. Workplace interventions are therefore needed, such as
improving workers’ daily physical activity through physical activity programs at the
workplace and weight loss programs in the sense of decreasing the prevalence of
musculoskeletal complaints among call center workers.
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Abstract Objective: To study the prevalence of injuries in Ju Jitsu and its association
with athletes’ experience and state of progression in the modality. Background: Data
specifically on the prevalence of injuries in Ju Jitsu is scarce, and absent at national
level. Methods: Seventy athletes with more than 6 months of practice and competi-
tive experience answered a sociodemographic and injury characterization question-
naire and the Nordic Musculoskeletal Questionnaire. Results: The total prevalence
of injuries in the previous year was 44.3%. It was higher in men, representing 83.9%
of the injured subjects. The results suggest a higher prevalence in more experienced
athletes. Sprains were the most frequent injuries (29%), followed by tendinopathy
(22.6%) and lower back/neck pain (16.1%). The most affected regions were the knee
and lumbar spine, both with 19.35%, followed by the ankle/foot (16.13%) and the
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shoulder (12.9%). The injuries occurred mainly during training (87.1%) due to blows
delivered by the opponents (80.6%). Conclusion: The study suggests a high preva-
lence of injuries caused, mostly, by contact and training, higher in more experienced
athletes. Application: There is a clear demand for adequate prevention, treatment,
and recovery programs in Ju Jitsu athletes.

Keywords Musculoskeletal injuries · Musculoskeletal pain · Ju Jitsu · Injury
prevalence

1 Introduction

Ju Jitsu (Ju Jutsu or Jiu Jitsu) is a Japanese martial art, currently practiced worldwide,
particularly in Brazil (Guimarães 2005). It’s a combat sport, whose objective is to
dominate the opponent allowing contacts between athletes that include six main
techniques: projections, keys, twists, clamps, strangulations and immobilizations,
(Borges 2011; Padilha and Ide 2005). With the exception of immobilizations, which
aim to hold/submit the opponent by preventing him in his offensive actions, the
other techniques can cause severe trauma when applied with high levels of intensity
(Padilha and Ide 2005). This results in high impact forces, which are responsible for
the injuries in practitioners of Ju Jitsu.

In modalities such as Ju Jitsu, although injuries are frequent, the literature body
on the prevalence of injuries in Ju Jitsu is scarce (Kreiswirth et al. 2014; Reis et al.
2015; Souza et al. 2011). The prevention of these injuries by implementing specific
programs for the most affected anatomical structures is vital. To implement an ade-
quate musculoskeletal injury prevention program, it is required to identify the injury
epidemiology of the sport. Though, we have failed to identify national data on the
prevalence of musculoskeletal injuries in athletes of this modality.

Consequently, the present study aimed to analyse the prevalence of injuries in Ju
Jitsu athletes and to verify its association with the practice and progression in this
sport.

2 Materials and Methods

2.1 Study Design and Sample

A cross-sectional and descriptive study was carried out on athletes from two Ju Jitsu
schools in the northern region of Portugal. The choice of schools was made from
convenience, considering the proximity to the author’s residence.
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The sample consisted of 70 Ju Jitsu competition athletes aged between 18 and
55 years. Inclusion criteria were defined as being Ju Jitsu practitioners for more than
6 months and having participated in certified competitions.

2.2 Instruments and Procedures

A sociodemographic and musculoskeletal injuries characterization questionnaire
and the Portuguese version of the Nordic Musculoskeletal Questionnaire (NMQ)
were used. The sociodemographic and injury characterization questionnaire included
quick-response questions, such as age, gender, workplace, implications of pain at
work, nature, cause, and sport specific activities that trigger the injury. The NMQ,
originally by Kuorinka et al. (1987) was adapted for the Portuguese language by
Mesquita et al. (2010). The NMQ assesses the presence of pain in the last 12 months
in 9 anatomical areas and, if so, whether it occurred in the last 7 days. It also assesses
whether in the previous year the respondent has been prevented from carrying out his
activity. All anatomical areas are associated with a pain intensity scale, which must
be filled in if the pain was present in the last 7 days. The data collection was preceded
by an informal contact with the person in charge of the Ju Jitsu schools, intending to
make the study known and to obtain consent for its implementation. After approval,
the athletes were given the two questionnaires described above. Their delivery was
preceded by informed consent using the model provided by the Ethical Committee
of the local University.

2.3 Data Analysis

The software Statistical Package for the Social Sciences (SPSS version 25) was
used to analyse the data. Descriptive and inferential statistics were used to analyse
the responses to the questionnaires. Additionally, we used the Kolmogorov-Smirnov
test to assess the distribution of variables and, considering its result, a non-parametric
approach was used. The Mann-Whitney test was used to compare the variables, age,
weight, height, years of practice, days of training per week and hours of training
per day between groups of more experienced and less experienced athletes. The chi-
square test was used to test the association between the occurrence of injuries and the
athletes’ experience. When the expected frequencies were below 5, Fisher’s exact
test was used to test this association. A significance level of 0.05 was adopted.
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3 Results

3.1 Sociodemographic and Injury Characterization
Questionnaire

The sample consisted of 70 Portuguese Ju Jitsu athletes, of whom, 90% (n = 63)
were male and 10% (n = 7) were female.

In Ju Jitsu, as in many other martial arts, the progression in the sport, merit and
experience of the athletes is defined by the colour of their belt.

Based on the colour progression of the belt in Ju Jitsu and to express the sport
expertise, the athletes were divided into two independent groups. The athletes with
orange, green and blue belts constituted the group classified as “less experienced”
(70%). The rest (30%), with colour belts corresponding to the most advanced level,
formed the “most experienced” group.

Table 1 shows the results of the sociodemographic questionnaire and the charac-
terization of injuries according to the groups previously formed.

It should also be noted that the age of the youngest and oldest athlete was 18 and
55 years old, respectively. As for the years of practice, the minimum value registered
was 1 year, occurring in 10% of the sample and the maximum was 26 years, registered
for one athlete.

The results of the inferential analysis suggest the existence of statistically signif-
icant differences between the two groups in age (p <0.001) and years of practice (p
<0.001), with more experienced athletes being older and with more years of practice.

Table 1 Results of the sociodemographic questionnaire

Less experience
(n = 49)

More experience
(n = 21)

Total n = 70

Age (years) Median 25.0 29.0* 25

IQR 2,0 7.0 3

Weight (kg) Median 70.0 71.0 70.0

IQR 7.5 10.0 8.0

Stature (cm) Median 177.0 179.0 177.5

IQR 7.0 7.0 6

Years of practice Median 2.0 10.0* 3.0

IQR 2.0 7.0 6.0

Weekly training
days

Median 2.0 2.0 2.0

IQR 0 0 0

Daily training
hours

Median 2.0 2.0 2.0

IQR 0 0 0

Legend: *p<0.05; IQR: Interquartile Range
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Table 2 Absolute and relative frequency (%) for the part of the body affected by the injury

Frequency Relative frequency for
the total sample (n =
70)

Relative frequency for
the total injured (n =
31)

Head 2 2.9 6.45

Neck 2 2.9 6.45

Shoulder 4 5.7 12.90

Elbow 2 2.9 6.45

Wrist/Hand 2 2.9 6.45

Lower back 6 8.6 19.35

Hip/Thigh 2 2.9 6.45

Knee 6 8.6 19.35

Ankle/Foot 5 7.1 16.13

Total 31 ∼= 44.3 ∼= 100

Asked about the occurrence of injuries related to the practice of Ju Jitsu, 44.3%
of the athletes (n = 31) stated that they had suffered injuries in the last year. Of these,
83.9% (n = 26; 41.3% of total number of male participants) are male and 16.1% were
female (n = 5; 71.4% of total number of female participants).

The chi-square test allowed to confirm an association (p = 0.019) between the
occurrence of injuries and the athletes’ experience. The results suggest, in relative
terms, that experienced athletes have more injuries (66.7% = 14/21 * 100) than
less experienced athletes (34.7% = 17/49 * 100). However, considering only the
total number of injured, the percentage of injuries is higher in the group of athletes
with less experience (54.8% = 17/31 * 100). Sprains were the most prevalent injury
type (12.9% total sample [n = 70]; 29% of total injured [n = 31]), followed by
tendinopathies (10% total sample; 22.6% of total injured), neck/low back pain (7.1%
total sample; 16.1% of total injured), dislocations and contractures/distensions (5.7%
total sample; 12.9% of total injured for each type) and tears (2.9% total sample; 6.5%
of total injured).

Table 2 shows results for the part of the body affected by the injury. The injuries
occurred mostly in training (87.1%). In addition, 80.6% of these injuries occurred
due to a blow delivered by the opponent.

Regarding the treatment adopted, 80.6% of the injured claim to have resorted to
physiotherapy and/or medication treatment, while 19.4% have not resorted to any
treatment. Nevertheless, the presence of pain in training and/or competition was
confirmed by all injured athletes.
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3.2 Results of the Nordic Musculoskeletal Questionnaire

Pain in the last 12 months was most prevalent in the lower back and knee (8.6%) and
ankle/foot (7.1%), followed by the shoulder (5.7%), and the neck, elbow wrist/hand,
hip/thigh (2.9%). The area where pain in the last 12 months was least prevalent was
the thoracic spine, with no athletes reporting pain in this region. In the previous
7 days, only 1 athlete reported pain in the lower back.

Another aim of the present study was to assess whether there was an association
between the occurrence of musculoskeletal injuries by region in the last 12 months
and the athletes’ sport expertise. The results suggest a significant association (p =
0.026) only between the occurrence of musculoskeletal injuries in the ankles/feet
and the athletes’ experience as only 1 athlete (2% of the group) in the less experience
group had ankle injuries and 4 (19% of the group) in the more experience group
reported ankle injuries.

4 Discussion

The analysed sample consisted of 70 Portuguese Ju Jitsu athletes. The number of ath-
letes analysed in other studies ranged from 41 (Souza et al. 2011) to 951 (Kreiswirth
et al. 2014).

Dividing the sample into two groups according to experience (belt colour) allowed
us to confirm that, as expected, more experienced athletes are significantly older
(+6 years) and have more years of practice (+9 years) than the less experienced.
However, all participants reported to train 2 days a week and 2 h a day, explained
by the fact that both schools have the same master coordinator and, consequently,
similar training schedules and practices.

The prevalence of musculoskeletal injuries recorded in the previous year was
44.3% for this sample. The results obtained are inferior to those found in other
studies, whose relative frequency varied between 52.0% in a group of athletes in
which 54% had practiced the modality for less than a year (Júnior and Silva 2014),
and 97.5% in a group of athletes with an average of 3.7 years of practice (Souza et
al. 2011). The lower prevalence observed in the present study when compared to the
study of Souza et al. (2011) may be associated with the established time limit, given
that the questionnaire in the present study referred to the previous year of practice
and in the study of Souza et a. (2011) the period of analysis is not reported and
may possible have been the whole period of sports practice. Nonetheless, in an equal
period of 12 months, Machado et al. (2012) reported an injury prevalence of 75.09%,
although in athletes with more than twice the training per week.

To the best of our knowledge, none of the previously published studies compared
the prevalence of injuries according to gender. In the present case, the prevalence of
injuries was higher in females (71.4% of all female participants). Although 83.9% of
the total injured participants—41.3% of the total number of male participants—were
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males the proportion of injured female participants was higher. However, given the
small number of female participants, these findings must be considered with caution
and future studies should analyse the effect of gender on the prevalence of injuries
in Ju Jitsu. The higher prevalence in females may be explained by physical and
biomechanical factors related to muscular and ligamentar characteristics. However,
this association requires further study.

Regarding the type of injury, the results suggest that sprains were the most frequent
injuries (29%), followed by tendinopathy (22.6%) and low back/neck pain (16.1%).
In the study by Barreto (2017), sprains were also the most frequent, although with
higher relative frequencies (61.5%) compared to the present study. In this study, the
blue belt athletes had the highest prevalence of injuries (30.8%). The same trend was
observed in the present study representing 35.5% of injured athletes. It should be
noted, however, that black belt athletes and, consequently, those with more years of
practice and higher category were the second group with the most injuries (16.1%).
These results confirm, to a certain extent, the association found between the occur-
rence of injuries and the athletes’ experience.

An injury reported as common in Ju Jitsu and other combat sports is ear
trauma/hematoma (Roy and Smith 2010). It is estimated that it can affect about 40%
of combat sports practitioners (Padilha & Ide 2005; Safran et al. 2002). This injury
was not reported in the present study. Two athletes reported an injury in the head
region, however both described as “dislocation” and not as ear trauma/hematoma.

Considering the other injured regions, this study reveals that the most affected were
the knee and lower back, both with 19.35%, followed by the ankle/foot (16.13%)
and shoulder (12.9%). The knee region was also the most affected in the studies by
Júnior and Silva (2014) (24%), Souza et al. (2011) (16.3%) and Machado et al. (2012)
(28.4%). The shoulder joint is also one of the most affected. In the study by Barreto
(2017), the shoulder injury prevailed (21.7%) when comparing to the knee (20.5%).
In the studies by Souza et al. (2011) and Machado et al. (2012) the prevalence of
shoulder injuries was 14.4% and 15.6%, respectively.

In the present study, injuries occurred mostly in training (87.1%), a value higher
than that observed by Barreto (2017) (67.40%). In addition, 80.6% of these injuries
occurred due to a blow delivered by the opponent, a value lower than that reported
by Machado et al. (2012) (42.8%).

The severity of the injury can be partially assessed by the treatment adopted. In the
present study, 19.4% of the athletes did not resort to any type of treatment, suggesting
that they were mild injuries, and 80.6% resorted to physiotherapy and/or medication.
Contrary to previous data, the study by Machado et al. (2012) reveals that 72% of the
injured people interrupted the practice of the sport. The authors add that in 34% of the
cases the injury was severe, corresponding to a 2-to-4-week break from practice. In
the study by Barreto (2017), an average of 21.32 ± 14.5 physiotherapy sessions were
reported, although the study is unclear as to its temporal delimitation. The amount
of time away from practice was not assessed in the present study.

With regard to the results of the NMQ, it is important to note that its applica-
tion must be questioned in the context of combat sports, given that one of the most
affected areas in these sports is the head (Roy and Smith 2010) and, as already men-
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tioned, this anatomical region is not included in the NMQ. The NMQ also does not
specifically refer to the problem of the injury, asking only about problems associ-
ated with pain, discomfort, or numbness. In fact, this questionnaire applies mainly to
workers and in the context of the ergonomic assessment of a job. Furthermore, in this
study, the results obtained in the NMQ confirmed the results already obtained in the
injury characterization questionnaire, strengthening its findings. When comparing
pain reported in the last 12 months and in the last 7 days, it is important to note that
only 1.4% of the respondents reported pain in the last 7 days. The most likely reason
for this occurrence is related to the moment when the questionnaire was applied,
after a vacation period.

It is important to note that, as reported, research suggests a high prevalence of pain
and injuries in combat sports, where contact between opponents is, generally, violent.
Contact injuries are very difficult to avoid, when compared to other types of injuries,
such as those caused by fatigue or overtraining. Therefore, the use of protective
equipment in the most affected areas by the blows can be a strong contribution to
reducing the prevalence of injuries and pain in combat sports.

4.1 Limitations

This study presents some limitations. The sample, although larger than in previous
studies is not large enough to allow generalizations. Moreover, the fact that the
sample was a convenience sample from schools with the same master coordinator,
strengthen this limitation.

In the present study, athletes were asked to report the prevalence of injuries in
the previous 12 months but the amount of time away from sports practice was not
assessed, which limits the analysis of the injury severity. Another limitation is that
injuries were reported by athletes, without confirmation from medical records, which
demands caution when interpreting the present results.

5 Conclusions

The main objective of the present study was to study the prevalence of injuries and
pain in Portuguese Ju Jitsu athletes and to verify whether an association between the
experience/progression in sport and injury prevalence exists. The obtained results
suggest a high prevalence, affecting 44% of study participants, although lower than
the prevalence reported in previous studies. The most frequent injuries include sprains
(29%), tendinopathy (23%) and low back / neck pain (16%) with higher prevalence
in the knee and lumbar area (19%), ankle/foot (16%) and shoulder (13%). An asso-
ciation between the occurrence of injuries in general and the experience of athletes
was confirmed.
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The results of this study highlight the importance of adequate prevention, treat-
ment, and recovery programs in these modalities, even in less severe injuries.
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An Overview of the Development and
Implementation of the Radon Action
Plans in European Countries

Ana Sofia Silva and Maria de Lurdes Dinis

Abstract The European Directive 2013/59/Euratom sets the basic safety standards
for protection against hazards resulting from exposure to ionising radiation. The
document intends to provide recommendations and tools for better protection of
people in workplaces and dwellings. Exposure to radon gas is introduced for the
first time into the radiological protection system. It establishes not only references
levels but also the need to develop and implement national radon plans. Radon is the
largest natural source of exposure to ionising radiation by the population in general
and the second leading cause of lung cancer in smokers. Radon policies have been
very heterogeneous throughout Europe: while some countries have already a national
radon action plan implemented, other countries are just starting the process or it is
currently ongoing. With the transposition of the Euratom directive into national law,
in December 2018, Portugal initiated the process to implement the radon action
plan, which is currently under development. This work intends to give an overview
of the development and implementation of the radon action plans in EU countries
and verify compliance with the European Directive 2013/59/Euratom. A survey was
undertaken for selected key basic safety standards requirements from the Directive,
emphasising the radon action plan. The survey findings indicate that approximately
65% of the Member States have already implemented the national radon plan, and
89% has produced a radon map, which is one of the requirements of the national
radon action plans. In Portugal, it is expected to have the process concluded and
implemented by 2022.
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1 Introduction

Exposure to indoor radon represents an important part of the overall exposure to ion-
ising radiation by members of the public and workers, in particular, in specific geo-
graphical areas and workplaces (Silva et al. 2016; IAEA 2015; USEPA 2005, 2007,
2021; WHO 1993). Several scientific studies have demonstrated that there is a sta-
tistically significant increase in the risk of lung cancer associated with radon activity
concentrations above 100 Bq/m3 (ICRP 2010; WHO 2007, 2008, 2009; UNSCEAR
2008; Darby et al. 2005; USEPA 2003; Faísca et al. 1992; IARC 1988). The relative
risk of lung cancer increases by approximately 16% per 100 Bq/m3 (Ferlay et al.
2007; WHO 2006). Radon is the second leading cause of lung cancer in smokers and
the leading cause of lung cancer in non-smokers (WHO 2006).

The European Directive 2013/59/Euratom—the Basic Safety Standards Directive
(BSSD)—has introduced binding legal requirements to ensure appropriate protection
of individuals from the dangers arising from exposure to radon across the European
Union (Silva et al. 2020). The importance of occupational radiation protection, and
the protection of the health of workers against dangers arising from ionising radiation,
is explicitly recognised in Articles 2 and 30 of the Euratom Treaty.

Previous Euratom directives already provided a very high level of occupational
radiation protection, mainly focussing on workers involved in planned exposure sit-
uations (previously called practices—e.g., nuclear, medical or industrial sector, as
well as in research and education), and included general requirements on the iden-
tification of work activities where workers could be exposed to thoron or radon,
explicitly mentioning spas, caves, mines, underground workplaces and aboveground
workplaces in identified areas. The European Directive 2013/59/Euratom extends
the scope to cover the protection of workers in workplaces with enhanced natural
radiation, e.g., workers exposed to radon in workplaces, workers in industries pro-
cessing naturally-occurring radioactive materials (NORM), as well as aircrew and
space crew. In what concerns in particular the radon exposure, Member States are
required to develop and implement national radon action plans addressing long-term
risks from radon exposure in dwellings, buildings with public access and workplaces
from any source of indoor radon. The national plan should be revised periodically. In
addition, Member States are required to establish national reference levels for indoor
radon concentration, which should not exceed 300 Bq/m3. The European Directive
2013/59/Euratom was transposed into national law (Portuguese) by the publication
of the Decree-Law N. o

¯ 108/2018.
The national radon action plan should present the general, and specific objec-

tives outlined in the Euratom Directive, including scientific knowledge about radon
and its health effects and address long-term goals (reducing the risk of lung cancer
attributable to exposure to radon).

For the preparation of the national radon action plan, several aspects must be
delineated in detail:
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(i) a basic strategy to protect the public and workers from radon exposure, includ-
ing measures to be implemented, details of the planned implementation schedule and
actors involved;

(ii) methods for communicating basic information on radon to the public;
(iii) approach for identifying areas for which there is an increased probability that

the reference level may be exceeded;
(iv) analysis and assessment of the effectiveness of measures after implementation.
The implementation of the radon action plan represents a challenge at several

levels, starting with collecting data or harmonising data from the different existent
studies or measurement equipment; the application of a radiation protection system,
in case indoor radon concentrations remain above the reference level, the application
of remedial actions, or the financial implications of these issues are some of the
pertinent concerns.

This work intends to give an overview of the development and implementation
of the radon action plans in EU countries and verify compliance with the European
Directive 2013/59/Euratom.

2 Materials and Methods

A survey was undertaken through the World Health Organization (WHO) and the
Portuguese Environment Agency (APA) databases and published documents, cov-
ering selected key aspects of radiation protection as defined within the BSSD: (i)
national radon map, (ii) national radon action plan; (iii) reference level for dwellings;
(iv) reference level for buildings with high public occupancy; (v) reference level for
workplaces; (vi) existence of national radon risk communication strategy; (vii) inclu-
sion of radon measurements in property transactions; (viii) cancer control strategy;
(ix) lung cancer reporting/screening strategy; (x) tobacco control strategy; (xi) indoor
air quality strategy, and (xii) energy conservation strategy.

A systematic review was also carried out in several databases with the Metalib
tool. The search was done using a combination of a pair of keywords: “radon plan”
and “occupational exposure” refined with “risk” or “lung cancer” in the search field in
question, between 2016 and 2021. The research was carried out in official documents
from International organizations (WHO, APA, IARC, IAEA, EPA, USEPA) scientific
articles and book chapters, in Portuguese and English, related to European Union
countries.

Eight articles were selected for review in the following databases: Science Direct
(3), Scopus (2) and Web of Science (3) and fifteen consulted: APA (1); EPA (1),
IAEA (1), IARC (1), USEPA (4) and WHO (7).
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3 Results

3.1 National Radon Action Plan in the European Union
Countries

The national radon action plan has been implemented by 65% (17/26) of the EU
countries (Table 1, Fig. 1 1). Nevertheless, although there is no national radon plan
in several European countries, most of them (89%) produced a radon map.

The selected key aspects of radiation protection, as defined within the BSSD, are
summarized in Table 2.

In what concerns the reference value for the concentration of radon in buildings
and dwellings, the value varies between 100 Bq/m3 and 300 Bq/m3 among the differ-

Table 1 Radon action plan (WHO 2021)

Country National radon map National radon
action plan

National radon action
plan (years covered)

Austria (AT) Yes No Not applicable

Belgium (BE) Yes Yes 2019–2020

Bulgaria (BG) No Yes 2018–2022

Cyprus (CY) Yes Yes 2019–2025

Czech Republic (CZ) Yes Yes 2019–2025

Denmark (DK) Yes Yes 2016–2019

Estonia (EE) Yes Yes 2018–2027

Finland (FI) Yes Yes 2020–2025

France (FR) Yes Yes 2016–2019

Germany (DE) Yes Yes 2019–2028

Greece (EL) Yes No Not applicable

Hungary (HU) Yes Yes 2018–2023

Ireland (IE) Yes Yes 2019–2024

Italy (IT) Yes Yes 2002–2020

Latvia (LV) Yes No Not applicable

Lithuania (LT) Yes Yes 2017–2023

Luxembourg (LU) Yes Yes 2017–2020

Malta (MT) Yes No Not applicable

Netherlands (NL) Yes No Not applied

Poland (PL) Yes No Not applicable

Portugal (PT) Yes No Not applicable

Slovenia (SI) Yes Yes 2018–2022

Spain (ES) Yes Yes 2019

Sweden (SE) Yes Yes 2018–2022
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Fig. 1 Existence of National Radon Action Plan (WHO 2021)

ent Member States. In terms of occupational exposure, all Member States decided
to set the reference level at 300 Bq/m3, with the exception of Denmark, which fixed
this value in 100 Bq/m3.

Regarding the risk communication strategy, only 46% (11/24) of the Member
States have a defined strategy, and 38% (9/24) have a lung cancer control strategy
(WHO 2007, 2008). The implementation of a lung cancer control strategy is not a
single and easy task, rather it implies multiphased research. The identification of lung
cancer risks and causes and the reduction of the exposure, are the first two phases
of the strategy. In what concerns the reduction of exposure, well-tested, durable
and cost-efficient methods exist for preventing radon entering in new buildings and
reducing radon levels in existing dwellings.

According to the BSSD, each country must have a national risk communication
strategy, including clear and attainable objectives, communicating the risk assess-
ment, risk perception, and risk management developed for each target audience
(WHO 2021). The elaboration of a radon risk communication program should be
a cooperative effort involving both technical specialists (e.g., radiation scientists,
epidemiologists) and specialists in the field of communication (e.g., social scien-
tists, psychologists, journalists) (WHO 2002) since the risk to an individual requires
a description of the probability, or probability of damage, and the severity of the
damage.
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Table 2 Key aspects for radiation protection concerning radon exposure (WHO 2021)

Country Inclusion of radon in different national strategies

1 2 3 4 5 6 7 8 9 10

AT 300 300 300 Yes No No No No Yes No

BE 300 300 300 Yes No Yes No No Yes No

BG 300 300 300 Yes No No No No No No

CY 300 300 300 No No Yes Yes No No No

CZ 300 300 300 – No No No No No No

DK 100 100 100 Yes No Yes No No No Yes

EE 300 300 300 Yes No No No No No No

FI 300 300 300 No No No No No No No

FR 300 300 300 Yes No Yes Yes No Yes No

DE 300 No 300 No No No No No Yes No

EL 300 300 300 Yes No No No No No No

HU 300 300 300 No No No No No No No

IE 200 No 300 Yes No Yes No No No No

IT 200 300 300 No No Yes No No Yes No

LV 200 No 400 No No No No No No No

LT 300 300 300 Yes No No No No No No

LU 300 300 300 Yes No No No No Yes No

MT 300 No 300 No No Yes No No No No

NL 100 100 100 No No No No No No No

PL 300 300 300 No No Yes No No No No

PT 300 300 300 No No No No No No No

SI 300 300 300 No No No No No Yes No

ES 300 300 300 Yes No Yes Yes Yes Yes No

SE 200 No 200 No No No No No No No

(1) Reference level for dwellings (Bq/m3). (2) Reference level for buildings with high public occu-
pancy (Bq/m3). (3) Reference level for workplaces (Bq/m3). (4) Existence of national radon risk
communication strategy. (5) Inclusion of radon measurements in property transactions. (6) Can-
cer control strategy. (7) Lung cancer reporting/screening strategy. (8) Tobacco control strategy. (9)
Indoor air quality strategy. (10) Energy conservation strategy

3.2 National Radon Action Plan in Portugal

The Portuguese Environment Agency (APA) is the competent authority for the reg-
ulation of radiological protection, with the responsibility of: (i) exercising, indepen-
dently, the regulatory functions provided in European rules; (ii) ensuring that there is
a high level of radiation protection and nuclear safety; and, (iii) granting registration
and licensing of practices (APA 2021). Therefore, the APA is the competent authority
responsible for developing and implementing the national radon action plan.
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Fig. 2 Municipalities selected for indoor radon survey. (1) Alijó, (2) Aljezur, (3) Aljustrel, (4)
Almodovar, (5) Alter do Chão, (6) Arronches, (7) Barcelos, (8) Beja, (9) Braga, (10) Bragança, (11)
Campo Maior, (12) Castelo Branco, (13) Castro Verde, (14) Coimbra, (15) Coruche, (16) Cuba,
(17) Elvas, (18) Estremoz, (19) Évora, (20) Ferreira do Alentejo, (21) Ferreira do Zêzerre, (22)
Fronteira, (23) Guimarães, (22) Lagos, (23) Lisboa, (24) Loulé, (25) Macedo de Cavaleiros, (26)
Mértola, (27) Mogadouro, (28) Monchique, (29) Monforte, (30) Moura, (31) Mourão, (32) Nisa,
(33) Ourique, (34) Penacova, (35) Peso da Régua, (36) Portalegre, (37) Porto, (38) Reguengos de
Monsaraz, (39) Sabrosa, (40) Serpa, (41) Sertã, (42) Sintra, (43) Terras Vedras, (41) Torres Vedras,
(42) Viana do Alentejo, (43) Vila Nova de Ourém
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The General Inspection of Agriculture, Sea, Environment and Spatial Planning
(IGAMAOT) becomes the authority that inspects the compliance with this legal
regime of radiological protection, with the competence of (i) inspecting the practices
covered by the D.L. No

¯ 118/2018; (ii) institute and instruct the administrative offence
processes; (iii) apply infractions in case of non-compliance; (iv) verify that corrective
actions are taken.

The APA is currently developing an indoor radon survey focussing on dwellings
from 47 municipalities (Fig. 2). The goals of this survey are primarily to provide
inputs to the national radon action plan, allowing to (i) prepare an indoor radon
exposure risk map and, therefore, to determine the geographical distribution of indoor
radon levels and identify radon priority areas; (ii) to assess the effective dose, and
(iv) to determine national average concentration.

The selection of the locations to be sampled was made based on zones with geo-
logical formations without or with poor characterization regarding data on radon
concentration. The ultimate goal was to identify potential dwellings with radon con-
centrations exceeding the reference level. Measurement procedures, such as detector
deployment and retrieval, were undertaken on a volunteer basis in dwellings from the
selected municipalities. Passive detectors CR-39 were used for an average exposure
period of three months.

Quality standards for radon detectors and analytical procedures are being fol-
lowed according to previous protocols developed under the collaboration between
the APA and Coimbra University through the Natural Radioactivity Laboratory, an
accredited laboratory for radon measurements in the indoor air (ISO 11665-4:2012).
The elaboration of the national radon action plan should be concluded by 2022.

4 Discussion

The implementation of the European Directive 2013/59/Euratom is expected to have
a relevant and positive impact on European radiological protection. Each European
Member States needs to accomplish the Directive requirements through their national
legislation. The process should give recommendations and tools for a harmonised
implementation and performance of national radon action plans of EU Member States
according to the EU-BSS requirements.

As previously mentioned, developing and implementing a national radon action
plan is mandated within the BSSD as a long-term strategy to reduce lung cancer
risk associated with radon exposure. The national radon action plan addresses the
long-term risks of exposure to radon in homes, buildings with public access and
workplaces for any source of radon penetration.

This survey throughout the European countries, in what concerns the development
and implementation of the radon action plan, has revealed a lack of compliance
with some of the BSSD radiation protection requirements. Only 65% of the covered
countries have effectively prepared and implemented the national radon action plan.
These will now undergo through a review and evaluation focusing on the compliance
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of the practical implementation of radon action plans with the requirements of the
BSSD. For those countries without a national radon action plan, this task should be
accomplished within the three years after the transposition of the BSSD. Portugal
should complete the national radon action plan by the end of 2022. The results also
show that 89% of the EU countries have already prepared the radon map, including
Portugal, which means that at least 24% of these countries produced a map out of the
scope of the national action plan. As a consequence, a large diversity within sampling
strategies may be subjacent in the existing radon surveys.

Regarding the reference levels for the concentration of radon in buildings, pub-
lic buildings and workplaces, the values are different depending on the country:
100 Bq/m3 in Denmark and Netherlands; 200 Bq/m3 in Sweden; between 200 and
300 Bq/m3 in Italy; between 200 and 400 Bq/m3 in Latvia, and 300 Bq/m3 in the
remaining countries. There are specific guidelines for each country since the type of
soil varies both per country and within each region. Other particular reasons, such as
blue concrete used as construction material in Sweden (material containing various
levels of uranium-rich alum shale), may have influenced the set value according to
the assessed health risk.

Regarding the cancer control strategy, only nine countries (BE, CY, DK, FR, EL,
IE, LT, LU and ES) have a defined plan, and only three (CY, FR and ES) are linked
to lung cancer strategy. Only Spain has a strategic plan linked to tobacco control.
Based on solid evidence, indoor exposure to radon increases lung cancer incidence
and mortality, particularly among smokers (Darby 2005; Al Zoughool et al. 2009;
EPA 2013; Erdogan et al. 2013; Silva and Dinis 2016; Silva et al. 2016). In homes
with high radon concentrations, taking steps to prevent radon from entering homes
by the available means would be expected to result in a corresponding decrease in
the risk of lung cancer.

As for the indoor air quality strategy, only nine countries have this strategy (AT,
BE, FR, DE, IT, LU, SI, ES). In this case, radon is the main cause of indoor air
quality problems in homes, and inadequate ventilation can increase levels of radon
concentration in indoor air.

As far as the energy conservation strategy is concerned, only Denmark defined a
strategy for energy renovation within buildings in May 2014, including an initiative
to strengthen energy renovation and energy efficiency in the construction sector. The
initiative draws attention to the connection between energy renovation and solutions
to improve indoor climate and health, including the radon risk factor.

After three years of the deadline for the transposition of Directive 2013/59/
Euratom, it appears that the safety rules regarding the protection of the dangers result-
ing from exposure to ionising radiation are still not being met by all Member States.
The BSSD places a responsibility on the governments to: “provide information on
levels of radon indoors and the associated health risks and, if appropriate, establish
and implement an action plan for controlling public exposure due to radon indoors”.
International organizations such as the International Atomic Energy Agency (IAEA)
have been providing support to its Member States in implementing all aspects of the
Safety Standards through the organization of national and regional workshops and
other training events under the technical cooperation program.
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5 Conclusions

Radon is a public health issue and therefore it is upmost importance to protect people
in workplaces and dwellings from the dangers resulting from the exposure to ionizing
radiation. The European Directive 2013/59/Euratom requires the establishment of a
national radon action plan as a set of measures to address the long-term risks from
radon in buildings and workplaces for any source of radon ingress, whether from
soil, building materials or water. The long-term goal of the radon action plan is to
sustainably reduce the number of lung cancer cases caused by exposure to radon and
its short-lived decay products.

At this stage, the progress in the implementation of the radon action plan among
EU Member States is quite variable depending on actions mainly related with national
health protection strategies, stakeholder’s engagement and building partners, in an
attempt to align priorities with national and international obligations. For the chal-
lenges on the implementation of the radon action plan, a wide collaboration is needed
from different sectors and authorities at national, regional and local levels. More-
over, partnerships (public, private, and academia) may be a way of accelerating the
progress in achieving the common goal of reducing radon exposure.
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Cortisol as a Biomarker of Work-Related
Stress in Firefighters: A Systematic
Review
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Abstract Introduction: Work-related stress results from exposure to factors such as
high workloads and lack of control over one’s work. This exposure stimulates the
hypothalamic-pituitary-adrenal axis to increase the secretion of stress-related glu-
cocorticoid hormones, including cortisol. The main objective of this study was to
investigate the production of cortisol (or cortisol levels) of firefighters in response
to work-related stress. Methodology: For the systematic literature review, the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement was used. The research was developed in the databases SCOPUS, Web Of
Science, and Pubmed. Results: Eleven articles were included in the present study,
with hormonal and physiological assessments verifying the psychophysiological
response to stress. Discussion: The nervous system and the endocrine system trigger
the production of hormones called corticosteroids in response to stress. The primary
corticosteroid is cortisol, produced in the adrenal gland. Exposure to extreme envi-
ronments and involvement in intense physical activities impact hormone production
and all stress biomarkers. Conclusion: Further studies are needed to confirm cortisol
as a biomarker of occupational stress, particularly in occupations with high physical
and mental demands such as firefighters.
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1 Introduction

Stress is defined by an internal or external environment that threatens the individual’s
psychophysiological integrity (Shahsavarani et al. 2015). Fatigue is one of the stress-
inducing factors due to its association with tensions caused by work and depression
(Rose et al. 2017). Work can be the most significant stressor in humans due to
high-pressure work environments, lack of appreciation by hierarchical superiors,
teamwork with a psychosocial impact and increased human-machine interaction (The
National Institute for Occupational Safety and Health (NIOSH) 2013). On the other
hand, work environments with exposure to extreme environments are also stress
inducers. In addition, harsh environments are the cause of occupational illnesses
and injuries (CDC 2018). Mentally demanding tasks are affected when they are
performed under extreme temperatures, particularly in hot environments (Wyon et
al. 1981). Thus, it is possible to indicate that harsh environments can induce fatigue in
the individual, affecting cognitive performance and physiological response to stress
caused by a specific task (Nunneley et al. 1978).

Alterations are seen in the different systems of the human body in response to
stress, namely the nervous, cardiovascular, endocrine and immune systems. Acute
or chronic exposure to stressful events, depending on their intensity, severity, and
feeling of control of the individual under the stressful event, determine physiolog-
ical responses. These changes can cause serious diseases such as hypertension and
vascular hypertrophy (Schneiderman et al. 2005). Stress can be identified through
post-traumatic stress disorder (PTSD) and prolonged grieving disorder (Maercker et
al. 2013).

The stress response triggers psychophysiological responses during the activation
of the autonomic nervous system through the hypothalamic-pituitary-adrenal axis to
significantly increase the levels of adrenaline in the metabolism for the reaction to
real or perceived stress (Ahrens et al. 2008; Iob and Steptoe 2019) (Ahrens et al.
2008; Iob and Steptoe 2019; Smith and Vale 2006). The end product of the response
to stressful events is cortisol.

Cortisol is a hormone produced to participate in the metabolism of the most
varied energetic nutrients and its anti-inflammatory function. Cortisol, for being a
hormone associated with stress and significant physiological impacts on individuals,
particularly cardiovascular diseases, has been a focus of study through measurements
of body fluids such as blood, saliva and urine (Harrewijn et al. 2020; Iob and Steptoe
2019).

Acute exposure to stress causes some adverse effects on metabolism, such as
metabolic syndrome, obesity, cancer, mental health disorders, cardiovascular dis-
eases and increased susceptibility to infections (Iob and Steptoe 2019; Russell and
Lightman 2019; Thau et al. 2021). According to a study by Pineles et al. (2013), the
sample under analysis shows cortisol levels upon waking concerning anxiety symp-
toms. Actually, the physiological alterations have associated with post-traumatic
stress disorder (PTSD) and anxiety symptoms presented in individuals.
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Firefighters’ activity is characterized by a demanding work path physically and
mentally. They operate during emergencies and have a high number of working hours,
combined with exposure to heat, dust, carbon monoxide (CO), and many others
(Fabrizio Perroni et al. 2014). Among all the tasks performed by them, wildland
firefighting is still the most worrying. When fighting forest fires, firefighters are put
into strenuous physical activity for long periods. Consequently, work performance
depends on the firefighter’s ability to perform physically demanding tasks in extreme
environments. As a result, the main objective of this study was to investigate the
production of cortisol (or cortisol levels) of firefighters in response to work-related
stress.

2 Materials and Methods

For the systematic literature review, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement was used (Moher et al. 2009).
The research results from a scoping review, about to assess psychophysiological
variables during regular firefighters’ occupational activities. In this scoping review
talk about Assessment of cognitive function, Assessment of psychological status and
Physiological and hormonal Assessment. In Physiological and hormonal assessment
where the authors detected the importance of studying cortisol and its impact on the
health of firefighters during the execution of their activities. With this, the present
article presentation the short results about relation in between firefighters’ activities
and cortisol production.

The research was developed in the databases SCOPUS, Web Of Science, and
Pubmed. The keywords used were: Firefighters, anxiety, hormonal responses, mental
demand, cortisol, cognitive performance, memory, cognitive function, psychological
responses, psychophysiological responses, selective attention, cognitive responses,
mindfulness and burnout.

Date restrictions on the selection of the articles were not applied and research
published articles and articles in press were included. Theoretical articles were not
considered, such as literature reviews and conference articles. All the articles con-
sidered field and laboratory investigations to study cortisol levels of firefighters in
various activities. The research was focused on samples of firefighters and there were
no gender and age restrictions. Field and laboratory investigations were included with
a focus on psychophysiological response in the various tasks performed during the
activity of firefighters. The review consists of articles written in English only.

3 Results

Seventy-five articles were selected from the databases. However, only eleven were
used in the present review because they are related to the physiological response to
stress. The reports included mentioned variables such as stress hormones (cortisol
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and catecholamines), heart rate (HR) and fatigue. In Table 1, it is possible to check
the articles included.

There is an excellent association between the measurement of fatigue and the
response to stress on individuals since when they are in a state of exhaustion, they
tend to stress more significantly. Other physiological parameters mentioned in the
different studies are indicators of stress, as is the example of HR.

4 Discussion

In the articles included, it was observed that the areas with the most significant focus
of study on stress and the psychophysiological response were public health and
ergonomics, with three and two studies, respectively. The remaining areas included
occupational and environmental hygiene, clinical practice and epidemiology in men-
tal health, neuroendocrinology, among many other areas.

The relationship between the different stressors and the individuals psychological
and physiological response in the occupational context proves to be a critical point
in assessing occupational risk. In firefighters’ cases, the tasks performed have high
physical and psychological demands, increasing the workers’ risk exposure. Thus,
it is considered extremely important to understand the psychophysiological changes
and the possible causes of these changes so that it is possible to assess the different
work situations that influence these responses.

4.1 Hormonal Production in Response to Stress

Hormone production is the responsibility of the hypothalamus and the pituitary gland.
The hypothalamus, among other functions such as regulating body temperature, thirst
and appetite, produces hormones that stimulate or suppress the release of hormones
by the pituitary gland. In turn, the pituitary gland produces hormones to control the
segregation of other endocrine glands, such as the adrenal glands. The cephalorachid-
ian fluid surrounds the brain and spinal cord, circulating between two meningeal
layers (pia matter and arachnoid) and have a protection function (Fox 2011; Powers
and Howley 2004; Raff and Levitzky 2011).

The adrenal glands are located in the upper part of the kidneys. It is in the adrenal
gland cortex, a layer of tissue formed by epithelial cells, that steroids or, also known
as, corticosteroids are produced. These hormones are made from cholesterol when
the hypothalamus releases corticotropin up to the pituitary gland, where there is the
release of adrenocorticotropin into the bloodstream, allowing glucocorticoids. This
cycle is daily due to the well-known spinal cycle. However, the highest production is
observed in the periods of wakefulness and sleep, and in the morning there are noto-
rious higher concentrations (Drake 2005; Fox 2011; Jonathan et al. 2009; Kemeny
2003; Powers and Howley 2004; Raff and Levitzky 2011). According to a study by
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Lim et al. (2020), in a group of firefighters, the serum cortisol level increased signifi-
cantly after night or 24-h shifts compared to the level measured after day shifts. This
study contradicts another one carried out by Wolkow et al. (2016b), where cortisol
levels are highest in the afternoon.

This cycle of cortisol production is characterized by being self-limited; that is,
even if there is an increase in production, the concentration values will always remain
within certain levels (Drake 2005; Fox 2011; Jonathan et al. 2009; Kemeny 2003;
Powers and Howley 2004; Raff and Levitzky 2011; Rosalky et al. 2017). Perroni et al.
(2009) found that 30 min after fighting structural fires, the HR showed significantly
higher values than the baseline values, although the cortisol values did not show
significant changes. Despite this, firefighters considered the task difficult, according
to the Borg scale. This study is in line with another carried out by Susoliakova et al.
(2014), in a sample of firefighters and teachers, in which cortisol values decreased
from morning to night. Thus, it is possible to indicate an increase in the cardiovascular
tension of firefighters when they are in hot environments such as in front of a fire
(Smith et al. 1997).

Among many of the groups of hormones produced, glucocorticoids are the main
ones that regulate lipids, carbohydrates, and proteins. Of this group of hormones,
the most important is cortisol. The adrenal medulla, belonging to the autonomic
nervous system, specializes in producing catecholamines, such as adrenaline and
norepinephrine, to prepare the physiological responses for stressful situations. With
the production of these hormones, we verify some physiological changes caused by
the induction of stress in the individual. Some of these changes include increased
HR, increased blood pressure and increased blood flow in the muscles (Khan et al.
2019; Rodrigues et al. 2018). According to Smith et al. (2005), there is an activation
of the hypothalamic-pituitary-adrenal axis characterized by elevations in cortisol in
response to firefighting stress.

4.2 Physical Activity, Exposure to Hot Environments and
Cortisol Production

The execution of intense physical activities and exposure to extreme environments,
as is the case of firefighters, can influence the physiological response to individuals’
stress (Huang et al. 2010). Kim et al. (2018) indicate that during a simulation exercise
to combat structural fires, one minute after its beginning, an increase in cortisol and
lactic acid levels was observed, as well as HR and body temperature.

Lactic acid and cortisol seem to be related since cortisol trigger an increase in
glucose for energy supply, and lactic acid is a by-product of bioenergy production
through the glucose molecule (Christison et al. 2021; Kemeny 2003). Thus, it is
considered lactic acid measurement of extreme importance, becoming a biomarker
of performance and resistance (Fabrizio Perroni et al. 2014).
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On the other hand, in a study by Wolkow et al. (2017), it is verified that firefighters
demonstrate an increase in cortisol when exposed to hot environments. In fighting
forest fires, several significant relationships between psychological stress factors and
the response of cytokine and cortisol are verified (Wolkow et al. 2016a). With this,
it is recommended, according to the study by Wolkow et al. (2015), an 8-h sleep
rest between forest firefighting shifts to mitigate subsequent increases in nighttime
cortisol, providing a protective buffer against adverse health effects.

4.3 Cortisol Measurement Methods

Blood samples can give values of circulating cortisol levels at a given time. On the
other hand, urine samples allow assessing the total cortisol concentration at the time
of sampling. Thus, to carry out a detailed analysis of the evolution of cortisol levels
during the execution of an activity, it is necessary to collect several samples, blood
or urine, throughout the experimental protocol. However, it is not guaranteed that
cortisol levels correspond to the stress induced by the activity since it refers to the
assessment of body fluids and that they vary depending on individual susceptibility
(Greff et al. 2019; Iob and Steptoe 2019).

As seen in a study of Heinrichs et al. (2005), where there were no significant
changes in the levels of salivary cortisol and urinary catecholamines. Alternatively,
the use of hair has been suggested for the measurement of psychosocial exposures
since the hair can provide information on cortisol levels by accumulation over time,
demonstrating better reliability (Greff et al. 2019; Iob and Steptoe 2019).

5 Conclusions

Stress is a factor present in daily life activities and physiological responses to stress
are dependent on individual susceptibility. Exposure to stress can represent a serious
health problem, with physiological and psychological changes in the long term.
Examples of these changes are the increase in HR and the onset of psychiatric illnesses
such as PTSD. Cortisol is the primary hormone produced in response to stress.

During the production of cortisol, changes are seen in other systems that may influ-
ence when the individual is exposed to different conditions such as intense physical
activity in extreme environments. Strenuous activities increase the production of cor-
tisol by the stress caused and by products such as lactic acid. There is a chance that
these two products are related.

Occupational stress is prevalent in the most demanding professions, as is the
example of firefighters. Further studies are needed for establishing the relationship
between occupational exposure of firefighters and increased cortisol levels. However,
as our results showed, cortisol should not be assessed individually but in conjunction
with different occupational exposure biomarkers.
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Medium and Long-Term Assessment of
Fatigue Based on Workload and
Rest-Activity Cycle

A Systematic Review

E. A. Stradioto Neto, D. Bustos , and J. C. Guedes

Abstract Fatigue is considered an intermediate state between tiredness and exhaus-
tion. This study aims to filter and evaluate a series of articles focused on fatigue
associated with activities performed in long working hours, seeking to understand
better the causes, equipment, and methods used to assess this condition. For this
purpose, a bibliographic review of the literature was performed using the systematic
review methodology referenced in PRISMA Statement. From this search, a total of
10789 first articles were obtained and, after the application of exclusion criteria, 16
were finally selected. After that, a brief qualitative analysis was made, comparing
the common characteristics and individual highlights among these articles. Methods
and equipment used were found to be of great value for enriching future studies
about fatigue in workers. As a result, this work can serve as a departure point for
future studies addressing fatigue among safety-sensitive occupational groups, such
as firefighters or any physically demanding occupation.

Keywords Fatigue detection · Heart rate · Firefighters

1 Introduction

Fatigue can be defined as an unpleasant symptom, which brings sensations that vary
from tiredness to exhaustion, interfering with an individual’s ability to act and per-
ceive efficiently (Ream and Richardson 1996). According to Enoka and Duchateau
(2008), the term “muscle fatigue” can be used to indicate the decreased ability to
perform physical activities.
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Symptoms related to heat exposure (dizziness, headache, nausea, cramps muscles,
perception, vomiting, fainting) to which an individual is subjected are directly related
to the working time he is exposed to this factor (Kim et al. 2019).

During forest fires, firefighters are exposed to several risks that may compromise
their safety and performance (Vincent et al. 2016a). These professionals must always
be on the alert for any emergencies. Their performance and alertness are directly
linked to their sleep time the night before the activity (Mantua et al. 2019).

However, to this date, there are not many studies related to fatigue generated
by activities performed under such circumstances (prolonged periods of high effort
activity combined with short rest periods), since there are not many professions that
are exposed to these situations. Most of the current studies focus on fatigue resulted
from short term practices. As a result, the objective of this study is to filter and evaluate
a series of articles focused on fatigue associated with activities performed in long
working hours, seeking to understand better the causes, equipment and methods used
to assess this condition, thus enabling the deepening of knowledge about this topic.

2 Methods

The selection of articles used for this bibliographic review was performed through
the systematic review methodology referenced in PRISMA Statement (Moher et al.
2009; Shamseer et al. 2015). The databases chosen for the studies retrieval were
Scopus, PubMed and Web of Science.

All databases used required the use of keywords as a means of search. Therefore,
their choice was of paramount importance for a good direction of the research.

Keywords were selected according to their potential association with the goals of
this review. First, as we intended to assess the various forms of fatigue in occupational
settings, the terms “fatigue” and “work cycle” were the most suitable. Furthermore,
understanding fatigue as a reversible situation when the sufficient recovery period
is reached, the term “work-rest cycle” was also selected to obtain results leading to
establish the work-rest relationship to fatigue. In this last regard, one of the most
widely used methods to determine work-rest periods is actigraphy. This method
allows measuring activity patterns through accelerometer counts. As a result, the
term “actigraphy” was also considered along with “fatigue”.

Therefore, three sets of keywords were formed: “Fatigue” + “Work Cycle”; “Work
Rest Cycle” and “Actigraphy” + “Fatigue”.

2.1 Information Sources, Search, and Filters

The search in the three chosen databases was carried out through the selection of
documents found directly after inserting the keyword sets previously mentioned.
Any other specifications regarding authors, affiliations or any different scope were
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not considered. Subsequently, a group of five filters was used to restrict the criteria
for selecting articles. These filters were applied continuously, that is, applying one
on top of the other so that, after each filter, the number of articles decreased. At the
end of this step, the number of studies was significantly reduced and were considered
the ones of greater relevance for the goals of this review.

The first filter, “Date”, consisted of filtering articles based on their year of publica-
tion, selecting articles published only over the past five years (2015–2019). Therefore,
for the cases in which the database already had articles published in 2020, we used
an interval from 2015 to 2020. The second filter introduced, referred to “Document
Type”, consisted of determining the type of document observed for analysis. For all
databases, we opted only for scientific articles.

The third applied filter, called “Source Type”, indicated the source from which the
scientific articles (filtered in the previous step) were retrieved. For this stage, it was
decided to use only articles published in scientific journals. Since only articles were
selected in the second stage, the third filter became unnecessary since all papers were
published in scientific journals. Therefore, the number of articles was not reduced at
this stage.

The fourth applied filter was “Language”, and consisted of selecting only scientific
articles written in one or more specified languages. In this case, only English-written
articles were considered. Finally, the fifth applied filter, called “Other”, consisted of
applying one or more additional filters made available by each database used. It is of
great importance to highlight that, once a filter is applied to a given database, to a set
of keywords, it must be applied to the other keywords searched in the same system.
In this regard, no other filters were used on the Scopus platform. In the PubMed
database, we applied the “Humans” filter, restricting the search for data to articles
related to human beings. For the Web of Science database, two categories proposed
by the platform: “Ergonomics” and “Physiology” were selected. The choice of these
was due to their proximity to the researched topic.

After applying the fifth category of filters, articles were screened according to
their potential association with the subject. At this stage, articles were analysed by
title, and if it was related to the theme, its abstract was read and evaluated following
the aims of this work. In this stage, studies were selected if any of these conditions
were met:

• Research was carried out in the field;
• Work activities were of high physical effort;
• Studies were related to firefighters;
• Analyses were made by actigraphy indirectly;
• Studies were related to the rest time needed to exercise.

Finally, after selecting the articles of most significant interest, the number of
articles excluded in each database was allocated to the item “Off topic”.
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3 Results and Discussion

Using these three electronic databases (Scopus, Pubmed and Web of Science), a total
of 10,789 articles were obtained, of which 700 were obtained on the Scopus platform,
1,969 on PubMed and 8,120 on the Web of Science.

Table 1 shows the overview of the search, presenting the set of articles found
throughout all databases, as well as the total number of files excluded in the process
of screening.

As a result, 27 articles were identified through the three databases. Besides them,
only one article was selected externally to the search system due to the relationship
with the topic addressed. Therefore, a total of 28 scientific articles were listed for
analysis. Subsequently, it was found the presence of repeated articles within this
group. Eleven articles were removed after this verification, with a total of 17 articles
remaining for analysis.

For each of these articles, it was verified whether the experimental protocols had
the approval of an ethics committee and if participants provided their informed written
consent before the experiences. Only one study showed that it was not within the
verified conditions; therefore, we opted for his exclusion. At the end of this analysis, a
total of 16 articles were obtained. They were individually assessed, seeking technical
references, making comparisons to similar studies, among other analyses. In Fig. 1, it
is possible to observe the analysis carried out, separated into the four stages delimited
by the PRISMA methodology.

Among the 16 selected articles, objectives and experimental procedures were
diverse. However, it was possible to identify three common characteristics. As a
result, they were divided into three tables according to these encountered similarities.

Table 2 enlists the four articles in which the primary studied variable is muscle
activity (EMG). The articles in Table 3 have as a common objective the study of the
workload associated with certain activities performed and the rest time necessary to
avoid the work in workers. Finally, Table 4, encompasses the eight articles related to
the profession with the highest number of studies: firefighters.

Regarding the samples, as mentioned before, eight of the studies found had as
participants members of fire brigades, and in the studies carried out by Kesler et al.
(2018a, b), the same sample was used to obtain the results. Only two out of the 16
selected works had a sample whose profile professional was linked. The work of
Taylor et al. (2019) brings with it sleep analysis due to the exchange of shifts by
police officers, while Thomas et al. (2019) makes a similar analysis, with sailors,
with a greater focus on fatigue generated by this craft.

The repetition of the same samples in different studies can also be observed in Tse
et al. (2016) and McDonald et al. (2016), whose studies are complementary. Both
developed the study referring to only one specific muscle. Therefore, they are not
of extreme value for understanding the expected methodology for the present work,
but they are important for greater understanding of the concept of muscle fatigue.

Muscle fatigue is also the theme associated with the works of McDonald et al.
(2019), which sought the creation of a function to determine shoulder fatigue, and
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Fig. 1 Flow diagram using the Prisma evaluation method

Pritchard et al. (2019), which analysed the effects of repetitive efforts in the same
region of the human body.

Regarding the evaluated parameters, it can be noted that in Horn et al. (2015),
Kesler et al. (2018b) and Walker et al. (2015), heart rate and internal temperature
were measured in sampled individuals (firefighters). In addition to these factors, each
author used other specific parameters in their analysis.

The study presented by Reinberg et al. (2017) also refers to heart rate analysis, in
fact, these authors only focus their investigation on the variations in this parameter
due to the activities performed by a firefighter.

It is noteworthy the fact that although Horn et al. (2015) did not have as main
objective the study of fatigue, they presented an analysis by actigraphy in their
research, making it of great interest for the present study, due to the found relationship
between physical activity type and intensity and fatigue.

The study by Garcia et al. (2018) evidenced the importance of rest periods during
work situations and how different rest periods influence muscle fatigue. Rest periods
can be considered a factor of great importance for increasing or reducing fatigue.
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The time that a young adult sleeps interferes with the fatigue that he may feel, as
confirmed by Mantua et al. (2019).

The works of Vincent et al. (2016a, b) and McGillis et al. (2017) present different
investigations regarding the analysis of sleep in firefighters during periods of active
duty. These studies also present methods for fatigue analysis through scales of per-
ception, methodologies that can be applied to complement fatigue assessment and
management.

As it was observed, and despite the variety of analyses developed by the studies,
this review helped to understand the possible associations between muscle activity,
heart rate and others physiological parameters and fatigue conditions among workers.
The most evaluated variables were muscle Activity (EGM) and heart rate (HR), and
the equipment used involved electrodes and cameras to capture signals of movement.
Finally, it was observed that the most studied profession was firefighting (8 articles
in total). As a result, this work can serve as a departure point for future studies
addressing fatigue among safety-sensitive occupational groups, such as firefighters
or any physically demanding occupation.

4 Conclusion

The 16 articles obtained through the review methodology are of great value to under-
stand the associations between the variables presented and the fatigue caused in
workers who perform higher-risk activities. In this last regard, firefighters were the
group of workers who presented a greater number of studies related to fatigue. The
greater number of studies focused on this occupational group can be explained due to
the stressful characteristics of their tasks, including the long and physically demand-
ing shifts of their work.

Variables such as heart rate and rest time were of paramount importance for
understanding the effects and causes of fatigue. This analysis enabled an important
expansion of knowledge regarding fatigue and its impact. Methods and equipment
identified in the research were found of great value for enriching future studies about
fatigue in workers.
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Assessment of Fatigue Based on
Workload and Rest Activity Cycles—A
Pilot Study

E. A. Stradioto Neto, D. Bustos , and J. C. Guedes

Abstract Fatigue is defined as an unpleasant symptom surrounded by sensations
that vary from tiredness to exhaustion. There are several careers that demand much
effort from their workers, inducing fatigue and affecting their health and perfor-
mance. The goal of this paper is to establish a series of alerts to anticipate the level
of fatigue an individual exposed to emergency situations may experience. In order
to do this, it is intended to make use of non-invasive analysis techniques to monitor
physiological parameters (heart rate and internal body temperature). The data used
for this work were collected in a laboratory environment from 6 individuals with an
average age of 22.67 years. Their physiological responses were analysed and clas-
sified using a set of programs created with Visual Basic for Applications software.
The obtained data were compared to a fatigue alert system, and results evidenced the
internal body temperature as the most consistent parameter. Heart rate and internal
body temperature are compatible variables for creating systems capable of indicat-
ing and anticipating the conditions resulting from intense physical efforts, which
could later lead to fatigue states. The analysis of additional non-invasive parame-
ters is an alternative for refining the system contributing to fatigue prevention and
management.

Keywords Fatigue assessment · Alert-based system · Heart rate · Internal
temperature
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1 Introduction

Over the years, technology has been developing more and more in order to facilitate
much of the work done by man. However, there are still a number of activities that
promote fatigue in humans. Fatigue and sleepiness in modern society are personal
and occupational risk factors (Caldwell et al. 2019). According to Brown (1994),
fatigue can be associated with factors such as inadequate sleep, circadian disorder
and excessive task times. Even though there is still no universal definition of fatigue
(Trendall 2000), several works try to search for alternatives for the definition of
this condition. Olson (2007) presents a historical context and shows how fatigue
is associated with conditions such as sleep quality, stamina, cognition, emotional
reactions, body processes, and social interactions.

Among workers, there are a number of services and activities that require a high
load of effort from them to be carried out. Many of these activities are performed
by professionals such as police officers, firefighters, paramedics, military, among
others, whose occupation is often directly linked to the lives of other citizens. The
work of these professionals is fundamental for the maintenance of society, making
it necessary to understand the afflictions or diseases associated with their activities
(Han et al. 2018).

Fatigue can manifest itself in various forms. Specifically referring to muscle
fatigue, Romer and Polkey (2008) indicate that it can be associated with oxygen
levels present in an organism. The change in respiratory mechanics influences the
entry of oxygen in the body and, consequently, in the experienced fatigue.

Furthermore, fatigue has a measurable relationship with cardiac functioning
(Nelesen et al. 2008). Although heart rate is a parameter widely used to assess health-
related issues, authors (Kesler et al. 2018 and Nelesen et al. 2008) also highlight the
challenge of relying only on this physiological measure to indicate fatigue, as this
indicator varies greatly compared to other variables associated with this condition.

On the other hand, internal body temperature has also been evidenced as an indica-
tor of fatigue-related effects such as heat strain and physical exhaustion. In addition,
authors (Castellani et al. 2006) also highlight the importance of analysing this param-
eter in relation to the energy expenditure.

As a result, understanding the importance of these two physiological variables
(heart rate and internal body temperature), the objective of this work is, through
non-invasive methods of analysis, to assess the conditions to which individuals may
be subject during their working period through a fatigue alert-based system. Based
on the expected results, it is intended to establish the level of fatigue an individual is
exposed to during his regular working activities and evaluate if he is in good general
health conditions to continue with such activities. Within this work, the proposed
system is presented and validated with data from maximal exertion tests.
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2 Materials and Methods

The data used for developing the system were collected from six physical tests
performed in laboratory-controlled conditions between January 2014 and June 2015.
Before the tests, all the individuals analysed gave their written consent to use their
data and permission to use the results from tests performed. They were also informed
of the risks and benefits of the experiences and expected results.

Physiological responses were gathered from two different laboratory experimental
protocols. Four participants performed a short maximal physical exertion test on
a treadmill (approximate completion duration: 10–15 min). Furthermore, in order
to test the system within more extended periods, two other participants developing
another physical test (completion time: 30–40 min) in the same controlled laboratory
conditions were assessed. The average age of participants was 22.67 years (±1.21
years; age range 21–24 years). According to the records, all individuals presented
good physical and mental conditions for accomplishing the tests, showing no signs
of cardiorespiratory or allergic diseases, and did not take medications to treat any
chronic or high-risk illnesses.

Obtained physiological recordings were processed and assessed with a set of
alarms generated from formulas created through the software Visual Basic for Appli-
cations (VBA), in parallel with Excel software.

2.1 Equipment

To obtain the data in the laboratory, two measuring equipment were used: the Equiv-
ital TM EQ02 LifeMonitor, an integrated physiological monitor, and the Cosmed
K4b2 device, for data collection linked to the individuals’ oxygen consumption dur-
ing the tests.

According to the instruction manual of the EquivitalTM EQ02 LifeMonitor
device, the system provides the following parameters: heart rate, respiratory rate,
skin temperature, body position of the individual, ambulation status, expansion chest
temperature, internal body temperature, an indicator of physiological well-being and
generation of an electrocardiogram (ECG). For measuring internal body tempera-
ture, an associated ingestible thermometer pill can be used along with the Equivital
system. In the present study, we opted to use two of these parameters to assess the
individual’s status: heart rate (HR) and internal body temperature (from the ingestible
pill).
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2.2 Examined Physiological Variables

2.3 Heart Rate

Heart rate is a variable that is constantly evaluated to indicate several health conditions
among the military while performing their regular physical tests (Gómez-Oliva et al.
2019; Lieberman et al. 2016). The increase in heart rate may be associated with factors
such as the presence of epinephrine and norepinephrine in the bloodstream (Romero
et al. 2008), which can be stimulated due to chronic, acute stress, high physical
demands, and caloric deprivation associated with military practices (Lieberman et
al. 2016). Increased heart rate is also present in activities such as walking and in
pre-exercise carried out by the military (O’Leary et al. 2018).

These heart rate increases are important to identify the stressful and physically
demanding conditions soldiers are exposed. However, decreases in values are also
fundamental to determine if there was a recovery from those extreme conditions or
identify potential health risk indicators when these decreases are not reached. There-
fore, a continuous tracking of this variable is essential for a complete overview of
the impact of highly demanding activities among the military. The developed system
included this variable and based its analysis on the scale proposed by D’Artibale et
al. (2008).

2.4 Internal Body Temperature

Along with cardiac responses, literature has also evidenced the importance of core
temperature to determine the effects of stressful situations on the individual (Buller
et al. 2017; Friedl 2018). For this parameter, the choice of the limit values was made
through the standard (ISO 9886 International Standard 1987). According to these
normative guidelines, the value for the internal temperature of the human body must
not exceed 38 o

¯ C or have a variation of 1 o
¯ C in a period equal to or less than one hour.

The same guidelines (ISO 9886 International Standard 1987) also indicate that
when heart rate and internal temperature are continuously monitored, the limit values
can be modified to 38.5 o

¯ C or a difference of 1.4 o
¯ C. Therefore, considering the

multivariable recordings obtained from the laboratory experiences, these last criteria
were used as limit values for the system.

2.5 The Minute by Minute Alarm System

In the first moment, a system was conceived capable of determining the level of
exertion under which the studied individual would be according to the heart rate
evaluated during testing. To determine the maximum heart rate (HRmax), the Kar-
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Table 1 HR alert levels

HR alert level Percentage multiplied by HRmax (bpm)

Level 0 < (220 – age) * 0.6

Level 1 >= (220 – age) * 0.6

Level 2 >= (220 – age) * 0.7

Level 3 >= (220 – age) * 0.8

Level 4 >= (220 – age) * 0.9

Level 5 >= (220 – age)

vonen formula was used: HRmax = (220 − age) (D’Artibale et al. 2008; Justine et
al. 2018; Senthilvel et al. 1987; Kim et al. 2020).

Subsequently, based on the study by D’Artibale et al. (2008), the limit value
for categories according to the percentage of effort in relation to the HRmax was
determined, having a difference of 10% between each level. The different levels and
established criteria can be observed in Table 1.

So that the data could be appropriately catalogued, it was decided to develop
a program able to automatically perform the heart rate classification according to
the levels from Table 1. For this purpose, the Visual Basic for Applications (VBA)
software was used.

The program generated, in addition to classifying the heart rate levels according
to the percentage of HRmax, also indicates if there is an increase or decrease in the
frequency from the Level 1 alert. This process is performed by comparing the value
of the cardiac response of the minute under analysis with the value from the previous
minute.

For the internal body temperature, the system also includes the generation of alerts
according to a total of 6 categories. The starting value for the level 1 alert was set at
37.3 o

¯ C, and the limit value for the last alert (level 5) was determined for values equal
to or greater than 38.5 o

¯ C, with a variation of 0.3 o
¯ C between each new category.

2.6 Applied Improvements

After analysing the heart rate and internal body temperature recordings and the
obtained alerts, it was noted that, in addition to the number of alerts generated at a
given level, it would be more useful if the system could also monitor and indicate the
increasing trend of the values. For this, it was decided to build an equation capable
of examining the value measured by the sensor in the previous minute and compare
it with the value obtained in the minute under analysis. This alternative consisted of
ascertaining the percentage of increase between one minute and the other according
to the limit established between one class and another (10% in relation to HRmax
out 0, 3 o

¯ C for the temperature).
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As a result, the level of alert is increased by the percentage by which the phys-
iological variable increased. It is noteworthy that the system was programmed to
ascertain and multiply this percentage only when the data under analysis were under
the same classification level and only from level 1 alerts.

After the temperature intervals were established for each level, the program per-
formed the same procedure applied to heart rate, that is, the alert levels were classified
according to the temperature value and also indicated the increase and decrease of
the parameter evaluated minute by minute.

3 Results and Discussion

The developed system was able to independently analyse heart rate and internal body
temperature and obtained accurate results regarding the level of physical exertion and
fatigue experienced by participants. Literature has previously reported the relevance
of evaluating these variables responses among the military and similar systems to the
one proposed have also been presented (Buller et al. 2017; Friedl 2018; Lieberman
et al. 2005, 2016). In this work, the minute-by-minute analysis was evidenced as a
simple approach to determine the level of alert at a time interval, while the progressive
trend examination showed how the evaluated parameter could increase within the
same alert level and helped to anticipate the higher levels.

Figures 1, 2, 3 and 4 show the results from the first short protocol, in which
individuals reached a maximal exertion within 10–15 min. As it can be observed,
there were corresponding variations of alarms for all individuals according to the

Fig. 1 Alert levels from individual I01
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Fig. 2 Alert levels from individual I01

Fig. 3 Alert levels from individual I03

progress of the activities performed during the maximal exertion test. There was an
increase in values for cardiac frequency and internal body temperature throughout
the tests, and alarms were able to reflect these increases.

Summary of the number of publications coded in each category. Furthermore, in
order to validate the accuracy of the system created, results were also compared with
the work performed by Bustos et al. (2019) since it has similarities in the objec-
tives and evaluated parameters. The results from that system can also be observed
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Fig. 4 Alert levels from individual I04

in the figures. Part of the study carried out by Bustos et al. (2019) had as one of its
objectives, to develop a method for assessing the state of fatigue based on the phys-
iological monitoring of individuals using parameters such as heart rate, respiratory
rate, internal body temperature and movement of individuals to create a fatigue alert.

The system (Bustos et al. 2019) divides the status of its analysed individuals into
10 different categories, of which five were extremely important for the present study:
alarms 1, 2, 3, 4 and 5. As indicated by the author, alerts 2–5 indicate different fatigue
categories, with level 2 being considered low-intensity fatigue, presenting no risks
to the health of the individual, and levels 3 (moderate intensity), 4 (high intensity)
and 5 (maximum effort), which preceded a state of compromised health.

The objective of comparing both systems is to verify if the alerts generated through
the analysis of heart rate and internal body temperature can anticipate fatigue status
alarms generated by Bustos et al. (2019). The data used for the present study were
consented by Bustos et al. (2019), since 5 of the 6 individuals (I02 to I06) were also
analysed in their work. In contact with the author, the request was made so that their
system was applied to individual I01, thus making it possible to compare results from
the six participants.

Concerning the results from the two subjects performing the second physical
test, Figs. 5 and 6 illustrate the outcomes and respective comparisons with the other
system. Since our final aim is to be able to apply this system in occupational settings,
the evaluation of both protocols was important to test the system’s sensitivity within
different scenarios. Future research will include the evaluation of longer in-field
military practices.

Analysing the generated graphics, it is possible to perceive the sensitivity of the
alerts under each parameter. The internal body temperature was determined as the
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Fig. 5 Alert levels from individual I05

Fig. 6 Alert levels from individual I06

most sensitive parameter. In fact, the relation between this parameter and fatigue
condition has previously been reported by several authors (Anwer et al. 2021; Frone
and Blais 2019; Techera et al. 2018 and González-Alonso et al. 1999). Figure 1 from
individual I01 showed that a small variation within level 2 caused that the alert
generated by Bustos et al. (2019), varied between levels 1 and 2 during the first
8 min of the test. Subsequently, it is also possible to note that the developed system
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anticipated the rise to level 3 of the alert proposed by Bustos et al. (2019) in the 11th
minute.

Similar results could be observed from the test performed by individual I02, in
which the alert for internal body temperature anticipated the level 3 alert in the fifth
minute of the test. It is also possible to notice that in the figures from individuals I06,
I03 and I04, the variation between the three alerts is quite similar, indicating a good
correlation between both systems.

On the other hand, Fig. 5, which shows the results from individual 5, is the only
one where alerts from heart rate were not high enough to activate the level 01 alarm.
This outcome may be associated with the type of test performed, in this case, with a
lower effort generated in a longer time interval.

Respectively, it was evidenced that the system created for heart rate generally
indicates level 0 most of the time, increasing the level only in half or in the last
quarter of each test. On the other hand, this last rise may also anticipate and indicate
an increase in the alerts from Bustos et al. (2019). We can observe such occurrences
during the tests performed by individuals I01, I02 and I03.

In summary, results revealed that Bustos et al. (2019) alerts indicate an individual’s
current fatigue stage, but our generated system can also show the state before severe
fatigue conditions through the two parameters studied. This represents important
improvements for alert-based systems able to monitor individuals during a working
day, and could lead to the identification of the ideal periods for work-rest cycles.

3.1 Limitations

Throughout the development of this work, some limitations were encountered. First,
due to the small sample of participants, it was not possible to obtain generalisable
results. As a result, data were individually analysed, and future studies are needed to
establish fatigue in the individuals’ physiological state accurately. Furthermore, as
the study was conducted in a laboratory environment, the system’s applicability in a
real occupational context could not be tested.

4 Conclusions

This study showed that heart rate and internal body temperature are compatible
parameters for creating systems capable of indicating and anticipating the conditions
resulting from intense physical activities that could later lead to states of fatigue in
individuals. Internal body temperature stood out as a parameter of greater reliability
for the present study since the obtained results were found more consistent and
allowed to anticipate higher alerts. The evaluation of parameters on an individual
basis proved to be effective in predicting the fatigue state proposed by the study of
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Bustos et al. (2019), however, the levels and their limit values can be adjusted to
present a greater sensitivity and accuracy for determining the alerts.

Finally, the analysis of additional non-invasive variables such as respiratory rate,
analysis of body movement, and actigraphs to monitor the activity and rest cycles
of individuals are alternatives for future research perspectives to refine the system
contributing to fatigue prevention.
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Energy, Thermal Comfort
and Pathologies—A Current Concern
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Abstract Objective: In view of the flow rate established by law of 10 renewals per
hour to protect spilled particles, conclude if these are removed from the domain and
the thermal comfort is maintained in the room. Background: Currently, any building
or project needs to meet standards of comfort and energy efficiency for certification.
It is important to study comfort, but also to study the extraction of particles expelled
during a sneeze phenomenon. Particles are studied with particular importance due
to the panorama that we experience today with the pandemic situation. The Sars-
Cov-2 virus is still a subject of study in several areas, especially due to its easy
form of contagion. The study of the behavior of water particles expelled through
the mouth facilitates the perception of risk, as well as preventive measures to be
adopted. Method: For the study, numerical simulation was used, namely the Ansys®

program. For this, a mannequin was modeled inside a 15 m2 room, whose HVAC
system incorporates an insufflation grid and an extraction grid. The mannequin has
an associated respiratory cycle and during the same period it suffers a sneeze period
expelling water particles. Results: Due to the obtained PMV, the thermal comfort of
the occupant cannot be ensured, having to adopt a greater diffusion of the inflated
air. The behavior of the particles expelled during a sneeze is predicted.
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1 Introduction

In any new building an energy certification is required, which incorporates an HVAC
system to ensure thermal comfort as well as pollutant extraction. A hypothetical
hospital waiting room was chosen as the object of study, since it is the object of
entry and exit of users who may or may not have COVID-19. With the pandemic
situation, thermal comfort can be compromised in the elimination of pollutants by
new air insufflation techniques. The study about the flow rate of fresh air to be blown
is essential to the good combination of comfort and efficiency of pollutant removal.
According to the ordinance 353-A/2013 of the Portuguese legislation, in a normal
situation, the fresh air flow rate is determined by occupancy and the type of existing
pollutant, and the higher of the two is chosen for application.

However, with the emergence of the Sars-Cov-2 virus, the General health Direc-
torate stipulated a minimum fixed value of 10 ren/h (DGS—Direção Geral da Saúde
2020) of newly insufflated air, and the study was based on this value. The study of
thermal comfort and its importance has long been the subject of study by several
authors in various applications, such as buildings (Gonçalves et al. 2013), schools
(Dias Pereira et al. 2014) and, obviously, hospitals (Rodrigues et al. 2015). In fact,
thermal comfort is a subjective term defined by a plurality of sensations, so it is
difficult to give a universal definition of this concept (Zhang et al. 2017). However,
it is possible through numerical methods to estimate thermal comfort taking into
account the environmental conditions of the space and personal variables (Teodosiu
et al. 2003), using the determination of PMV (Predicted Mean Vote), as it is a well
validated, simple and comprehensive method (Standardization and Normalisation
1987). The PMV provides information about thermal discomfort or thermal dissat-
isfaction by predicting the percentage of people who are likely to feel too hot or too
cold in a given environment, using a comfort index ranging from −3 (cold) to +3
(hot) according to ISO 7730 (Standardization and Normalisation 1987). Thus, this
study aims to simulate the thermal comfort of an occupant inside a waiting room
and at the same time analyze the flow rate of 10 ren/h in the context of efficacy in
removing pollutants and particles, while safeguarding the comfort of the user.

2 Materials and Methods

2.1 Geometry and Mesh

With the impossibility of studying a real waiting room in an hospital regarding the
current pandemic, the present study was accomplished through numerical simulation
using Ansys Fluent®. The model represents a 15 m2 room with a height of 3 m. For
simplification, a 2D model was created with 5 m long and 3 m height. Dimensions
within the specifications of ET 6/2008. The positioning of inlets and outlets followed
the recommendations of ASHRAE 2009, with the inlet as close to the ceiling as
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Fig. 1 Mesh generated using the division of geometry and its color legend

possible and outlet neat the floor. Figure 1 shows the created geometry with the mesh
for CFD modelling. The mesh has an average orthogonal quality of 0.999 and a
minimum value of 0.976, where 1 is an excellent quality. At the right side of Fig. 1
it is also represented the different regions defined for the simulation with a colour
scheme. The inlet has 0.3 m length, the lamps have 1.2 m length. Within the room, a
simplified human model was also created. This model exchanges heat and is a water
vapour and particles source with a mouth of 0.05 m height (Abrishami et al. 2014).

2.2 CFD Model

The CFD simulation was elaborated using FLUENT 2020 R2, from ANSYS®. In
addition to the mass and momentum balance, the simulation includes a turbulence
model, the energy equation which accounts for thermal exchanges between bound-
aries and fluid, the radiation model, the species model to follow evaporating species
and a discrete phase model (DPM) for particle tracking. For viscosity, the SST k-
ω was selected since it allows to account for transition flows with both laminar and
turbulent regions (Manual 2000). The radiant heat was accounted with the Surface-to-
Surface model (S2S) which accounts for the radiant heat exchange between surfaces
in a field of view.
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2.3 Boundary Conditions

Defining the numerical model passed through the limitation of the possible solution
by providing details in the form of boundary conditions.

The definition of materials is essential to accurately represent their behaviour.
This influences the flow in the case of fluid materials and the thermal behaviour for
solid materials. The fluid, air, was defined as a mixture of N2, O2 and H2O, according
to Berkson 1962; Wolkoff 2018. The solid materials used were skin (Sanchez-Marin
et al. 2009), concrete for the walls, glass for the lamps and cotton for clothing.

The particles coming from the mouth have a distribution of diameters that can be
represented by a Rosin-Rammler distribution with a minimum diameter of 4.00e−5 m,
a maximum diameter of 9.80e−4 m and an average diameter of 3.80e−4 m for a total
mass flow of 1.50e−6 kg/s.

Additionally to the diameter distribution, the particles were also expelled at 37 ◦C
and with a normal velocity of 1,68 m/s (Tang et al. 2013). For a better approximation
of the real problem, this velocity was separated into vectorial components of 1 m/s in
the X direction and −0.68 m/s in the Y direction. This division allowed to account for
the natural tendency of lowering the head during a sneeze. The breathing cycle was
defined as a sinusoidal wave for the air velocity, at 37 ◦C and saturated air. Within
this cycle, the sneeze occurred from 2 s to 2.2 s with a peak velocity of 15 m/s that
accelerated the particles (Phuong et al. 2016).

The air inlet at the top had a normal velocity of 2.778 m/s and the X component
was double in value compared to the Y component. This allowed to simulate the air
dispersion provided by the input grill. The air also entered the domain at a temperature
of 22 ◦C and with a relative humidity of 50%. The human body model had a constant
temperature of 32 ◦C, considered at the clothing layer, with an emissivity of 0.77.
The lamps were defined with a heat flux of 32 W/m2 and the emissivity of 0.95.
Regarding the enclosing walls, the floor has a heat transfer coefficient of 0.4 W/m2K
(Ministério do Trabalho 2016), an emissivity of 0.93 and an external temperature of
15.9 ◦C (Craveiro et al. 2011). The left wall, was considered as an external wall with a
heat transfer coefficient of 0.5 W/m2K (Ministério do Trabalho 2016), an emissivity
of 0.9 and an external temperature of 28 ◦C (Nuclear-power.net 2021). The remaining
walls were interior walls and were considered adiabatic.

3 Results and Discussion

For an operational flow rate of 10 ren/h, that is, a normal velocity of 2.778 m/s, at
an insufflation temperature of 22 ◦C, the average velocity felt by the occupant is
0.234 m/s. From the literature it is recognized that the terminal velocity value of
the jet should be less than 0.25 m/s (Campos 2017), which is being met. As for the
average temperature that is felt is 24.28 ◦C. The value obtained is within the comfort
temperature range for summer of the standard ISO 7730 (Sensirion Inc. 2019). As
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Fig. 2 Particle tracking after a sneeze (a) and particle tracking one second after a sneeze (b)

for the particles expelled during sneezing—Fig. 2a, they assume 3 types of behavior:
they evaporate, get trapped, or escape. Those that evaporate remain suspended in the
air, which can be dangerous if the virus is able to survive in the air individually, that is,
with water enveloping it. The DGS supports this phenomenon (DGS—Direção Geral
da Saúde 2020). The results show that the great tendency of the particles, 67.4%, is
to fall on the floor—Fig. 2b, showing that the blown air helps the phenomenon. On
the other hand, 23.9% of the particles tend to evaporate, and only a minor part, 8.7%,
tends to get stuck to the body, mouth, or get out through the extraction (0.001667%).
Here, the solution could be the incorporation of more extraction grids and by placing
air purifiers. It is important to note that the discharge of contaminated air should be
done outside the building and away from the building and adjacent buildings) (DGS—
Direção Geral da Saúde 2020). The maintenance and cleaning of the equipment and
its accessories must be properly sanitized because some particles may precipitate on
horizontal surfaces (DGS—Direção Geral da Saúde 2020). It is important to refere
that it is a 2D study, limiting the dispersion of particles and the air flow in one plan.

Finally, using the Python post-processing routine to calculate the PMV value
for each node in the mesh (Rodrigues et al. 2015), (Fig. 3), it was found that the
average PMV value in the domain around the user is −1.29795. It was considered
for simulation purposes a typical summer insulation, 0.57 Clo (Comiran et al. 2020),
a sedentary metabolism of 1 MET (Standardization and Normalisation 1987) and,
because it is an indoor environment, it was assumed that there were no significant
radiant sources. Thus, if the value obtained is −1.29795, the occupant feels cold
(Standardization and Normalisation 1987). To reduce this effect the diffusion process
can be improved, that is, the length associated with the vertical velocity can be
increased so that the jet is less incident. The room was arbitrated, however, if the
ceiling height is higher than the case, 3 m high, the occupant may not be in a situation
of discomfort.

On the other hand, the body geometry is approximated and could be improved.
For future works, the human model can also be divided into segments and its thermal
response also modeled (Teixeira et al. 2010).
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Fig. 3 Analysis domain
(dashed) for the
determination of the PMV

4 Conclusions

The main objective of the present work was the evaluation of the thermal comfort of
an occupant inside a room through the analysis of temperature, speed and average
turbulence. On the other hand, nowdays as the Sars-Cov-2 virus is a concern, this
study could help to define measures and guidelines that help combat contagion. Fol-
lowing the guidance given by the Directorate-General for Health, the recommended
flow rate in the form of normal operating speed was incorporated into the insufflation
grid, as well as, the study of particles, since the risk of contagion is associated with
contact with the water droplets that encapsulate the virus and make it so easily trans-
missible. The study allowed not only to predict that the occupant is uncomfortable
with the high flow of inflated air, but also the behavior adopted by the water particles
that in case of infection, are the means of viral transmission. Thus, using this study
and the variables studied, it is possible to predict how comfortable the occupant is,
as well as how safe he is. The study can be applied to other rooms whose geometries
and HVAC conditions are different from this one, as long as certain attentions and
changes are duly taken.
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Abstract Objective: The aim of this work was to investigate on additional variables
influencing heat stress response of humans: physical characteristics, type of cloth-
ing; acclimation; illness history and medications taking. Background: Exposure to
hot thermal environment is present in a great number of indoor and outdoor working
activities, posing a risk for the human safety and health. There are six basic fac-
tors to take in consideration in heat exposure: air temperature, radiant temperature,
relative humidity, air movement, metabolic heat production and clothing. Method:
The review was conducted by using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) methodology, by using 32 keywords and
expressions, screening through the Brazilian CAPES searching system. Results: The
identification process resulted with 1148 articles. After applying the exclusion and
inclusion criteria’s it resulted with 21 articles included in this review. In this review,
11 variables were analysed. Conclusion: It was concluded that future studies on
human exposure to different thermal environments, should consider, apart from the
basic factors, a number of other variables which influences heat stress response (the
human physical characteristics as body mass index, age, gender, ethnicity, the phase
of the menstrual cycle in female participants, illness history and medications intake,
and acclimation of the participants).

Keywords Hot thermal environment · Thermoregulation · Human factors · Bias
in heat stress

T. Zlatar (B)
University of Pernambuco, Recife, Brazil

T. Sa-ngiamsak
Burapha University, Saen Suk, Thailand

G. Macêdo
Federal Institute of Pernambuco, Recife, Brazil

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. M. Arezes et al. (eds.), Occupational and Environmental Safety and Health III,
Studies in Systems, Decision and Control 406,
https://doi.org/10.1007/978-3-030-89617-1_26

281



282 T. Zlatar et al.

1 Introduction

Exposure to hot thermal environment is a significant risk factor present indoor in
all seasons (foundries, steel mills, bakeries, smelters, glass factories, and furnaces,
and highly humid laundries, restaurant kitchens, and canneries) and outdoor during
the summer season (in occupations such as road repair, marine, army, agriculture,
forestry, mining, factory work, construction work, among summer sport athletic dis-
ciplines and related occupations) (Canadian Centre for Occupational Health & Safety
2016). Outdoor exposure to hot is of particular interest for regions near the Equa-
tor where the temperatures are high year-round with exceptions of high mountains.
Further on, overall global temperatures show a fast increasing trend during the past
decades (Carlowicz n.d.).

Further on, heat exposure can lead to a number of illnesses: heat edema, heat
rashes, heat cramps, heat exhaustion, heat syncope and heat stroke; and with aggra-
vation in some cases lead to death (Canadian Centre for Occupational Health &
Safety 2016; Jacklitsch et al. 2016).

With increased concerns on climate change during recent years, public interest
increased attention on the effects of heat exposure (Kjellstrom 2009). Therefore,
understanding that heat exposure affects a great population and understanding the
level of risk posed by heat exposure, it is important to comprehend factors important
for worker’s heat stress evaluation.

Past studies concluded that there are six basic factors to take in consideration in
heat exposure: air temperature, radiant temperature, relative humidity, air movement,
metabolic heat generated by human activity and clothing worn by a person (Parsons
2003). However, while many present studies considered the mentioned basic factors,
there is a need to further on the research, adding more factors in order to get consistent
and comparable results. In order to do so, this study investigated on additional factors
influencing human response on heat exposure, study the importance on each one of
them and give suggestions for improving future studies.

The aim of this review was to investigate on additional variables influencing heat
stress response in humans: physical characteristics, type of clothing; acclimation;
illness history and medications taking. Further on, the importance of the encountered
variables will be discussed.

2 Materials and Methods

2.1 Searching Strategy

The academic and clinic PRISMA Statement for Reporting Systematic Reviews and
Meta-Analyses was used in creating and modelling this article (Liberati et al. 2009).
References were managed using the Mendeley 1.15.3. For searching purposes, the
following 31 keywords/expressions were defined: “hot thermal environment*”, “hot
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temperature*” AND exposure*”, “hot exposure*”, “metab* AND exposure* AND
hot”, “disease* AND exposure* AND hot”, “illness* AND exposure* AND hot”,
“injur* AND exposure* AND hot”, “accident* AND exposure* AND hot”, “death
AND exposure* AND hot”, “clothing AND hot AND exposure*”, “physi* AND
exposure* AND hot”, “psycholog* AND exposure* AND hot”, “productivity AND
human AND hot”, “performance* AND human AND hot”, “heat stress AND work*”,
“hot thermal condition*”. Additional 15 keywords and expressions were created by
replacing the word “hot” with word “warm” in all previously mentioned keywords
and expressions.

Using selected keywords and expressions, the articles were searched by title and
subject in 251 electronic databases through the CAPES (Brazilian Coordination of
Improvement of Higher Level Personnel) searching system (Coordenação de Aper-
feiçoamento de Pessoal de Nível Superior 2017). Additionally, the search was car-
ried out in the magazine IJOOES using the keyword “thermal”. When articles were
encountered, first exclusion criteria’s were applied, afterward the articles were fully
downloaded and screened, and inclusion criteria’s were applied.

2.2 Selection Criteria’s

There was no publishing year limit. Articles were excluded if published in any other
language but English. After applying the language exclusion criteria, articles were
screened by title and then by abstract. Only research articles considering workers
exposed to heat stress were included.

3 Results

The identification process resulted with 1148 articles. After excluding 301 articles
published in other language but English, 841 articles were left to screen. By screening
article titles and excluding repeated articles, additional 303 articles were excluded,
leaving 538 more to screen. After excluding by abstract and including articles which
were related to construction workers exposure to heat, it remained 18 articles for
screening in full text version. By screening the references of those 18 articles, another
5 were included as were found to be in accordance with the objective of this review.
Therefore, in total, 23 articles were fully screened. From those 23, two were excluded
as they were not research articles. Finally, 21 articles were included in this review.
In Table 1 are illustrated all included studies with 11 selected variables.
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4 Discussion

All included variables were studied separately in order to comprehend the influence of
each one of them. Although some of them have a minor influence on the results of the
studies, some of them have greater influence and should be taken into consideration
in further works evaluating human heat stress exposure. As each variable has its
particularity, and the number of variables is high, many variables were not included
in this review. Therefore, there is a need for another study considering lifestyle
habits influencing human response to heat stress (such as smoking cigarettes, alcohol,
coffee, tea, water and food intake, sleeping hours and human physical condition).

The present review restricts to four additional variables influencing heat stress
response: human physical characteristics, clothing, acclimation, illness history and
medications taking.

Although not included in broader analysis of this study, it is important to mention
that all included studies considered environmental variables, as well as noticing that
most of them didn’t consider all 4 fundamental ambient variables (air temperature,
relative humidity, radiant temperature and air movement) which is important for
analysing and comparing results from different studies. All of the included articles
considered some types of construction working activities (welding and rebar work,
brick carriers and molders, masons, carpenters, shutter joiners, benders, and other
types of construction working activities). In total 15 of the included studies considered
or measured the metabolic rate of workers while conducting their activities (Chan
et al. 2013, 2015, 2012a, b; Dutta et al. 2015; Farshad et al. 2015; Hajizadeh et
al. 2014; Heus and Kistemaker 1998; Inaba et al. 2009; Islam and Khennane 2012;
Joubert et al. 2011; Mairiaux and Malchaire 1985; Maiti 2008; Pérez-Alonso et al.
2011; Rowlinson and Jia 2014; Sett and Sahu 2014) which is found to be important as
intensive exercises increase heat production, requiring increases in skin blood flow
and sweating (Havenith 2005), and therefore influencing the response of workers to
heat stress.

4.1 Clothing

From the selected studies, five didn’t consider the type and characteristics of cloth-
ing, two mentioned that have considered (Inaba et al. 2009; Sett and Sahu 2014), two
described the type of clothing (Mairiaux and Malchaire 1985; Maiti 2008), while
nine (Chan et al. 2012a, 2012b; Farshad et al. 2015; Heus and Kistemaker 1998;
Jia et al. 2016; Pérez-Alonso et al. 2011; Rowlinson and Jia 2014; Yang and Chan
2017; Yi et al. 2017) give descriptions on clothing type, its characteristics as clothing
mass, thickness, material, moisture capacity of clothes, air resistance and water vapor
permeability. Protective clothing also restricts evaporative heat loss, therefore with
intensive work, higher heat production and reduced cooling, the core body tempera-
ture can get dangerously high (Saladin and Miller 1998; Selkirk et al. 2001; Tribuzi
and Laurindo 2016). Therefore, it is important for future studies to include clothing
type and characteristics in their future experiments on heat stress.
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4.2 Human Physical Characteristics

Age and gender were considered by 16 included studies (Chan et al. 2013, 2015,
2012a, b; Dutta et al. 2015; Farshad et al. 2015; Hajizadeh et al. 2014; Heus and
Kistemaker 1998; Inaba et al. 2009; Jia et al. 2016; Joubert et al. 2011; Mairiaux and
Malchaire 1985; Maiti 2008; Morioka et al. 2006; Rowlinson and Jia 2014; Sett and
Sahu 2014; Yang and Chan 2017; Yi et al. 2017). Age is an important human factor
to take into consideration as older participants typically respond with the following:
reduced sweat gland output, reduced skin blood flow, smaller increase in cardiac
output and less redistribution of blood flow from renal and splanchnic circulations
(Kenney and Munce 1997). Gender and Body Mass Index (BMI) are important factor
to consider, as heat stress response can vary between men and women. Earlier studies
concluded that females are at an advantage in humid hot weather due to having a
higher surface-to-mass ratio; while males are advantaged in dry hot weather due to
a higher sweating capacity (Kenney 1985; Shapiro et al. 1980).

Further on, related to gender, it is important to notice that neither one of the studies
which included female participants didn’t consider their phase of the menstrual cycle,
for which was found to greatly influence the results (Jonge 2003). It is an important
factor to take into consideration, as men, and naturally cycling women in the follicular
phase have similar average 24 h and minimum temperatures. In comparison, women
in the luteal phase and women taking monophasic hormonal contraceptives have core
temperatures higher by ≈0.4 ◦C compared to women in the follicular phase (Baker
et al. 2001).

Ethnicity is another factor that should be considered in heat stress experiments, as
people from different climate zones have adapted their lifestyles to their environmen-
tal conditions. Climate zone has shown to influence characteristics as birth weight,
body shape, composition, cranial morphology, skin colour and sensitivity (Lambert
et al. 2008).

4.3 Illness History and Medications

Illness history was considered by 8 studies (Chan et al. 2013, 2012a, b; Farshad et al.
2015; Inaba et al. 2009; Maiti 2008; Yang and Chan 2017; Yi et al. 2017), while med-
ications taking by 7 studies (Chan et al. 2013, 2012a, b; Farshad et al. 2015; Maiti
2008; Yang and Chan 2017; Yi et al. 2017). The included studies considering illness
history, excluded potential participants if they were: not healthy; without history of
diagnosed health problems; if had significant difference in the prevalence of past
history of heat disorders, heat-related illness; if participants had flu in the week prior
to participating; if the participants had history of major health problems including
diabetes, hypertension, cardiovascular disease, neurological problem, renal diseases,
skin diseases, history of chronic or acute illness, had hypertension or acute rheumatic
problem. The studies which considered medication intake, excluded potential partici-
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pants if they were taking medication on regular basis (especially diuretic medication).
Future studies should consider illness history and medications as exclusion criteria’s
during the participants selection phase. Although illness history and medications
taking was considered as significant to consider for participants selection, further
study needs to be conducted in order to be able to analyse how much does each of
the illnesses or medications affect the heat stress response in humans.

4.4 Acclimation

Acclimatization was one of the most considered factors, being considered by 9
included studies (Dutta et al. 2015; Hajizadeh et al. 2014; Inaba et al. 2009; Mairiaux
and Malchaire 1985; Maiti 2008; Rowlinson and Jia 2014; Sett and Sahu 2014; Yang
and Chan 2017; Yi et al. 2017). Previous studies show the importance of acclimation
in prevention of heat stress. Generally, rectal temperature and heart-rate were low-
ered in proportion to the duration of the acclimation. In one study (Moran et al. 2002)
conducted in environmental temperature of 49 ◦C and RH 20%, the Tre decreased
by ≈0.4 ◦C (for young participants from ≈39.4 on day 1 to ≈38.9 on days 5–10,
and for middle aged participants from ≈39.0 ◦C on day 1 to 38.6 ◦C ) and HR (for
younger participants from ≈164 bmp on day 1 to ≈150 bmp on days 3–10, and for
middle aged participants from ≈148 on day 1 to ≈132 on days 4–10.

4.5 Suggestion for Future Studies on Human Thermal
Environment

The present study analysed different studies on variables which were considered for
evaluating the heat stress response in humans. It gives new information in addition
to the previously published study (Zlatar et al. 2018) which focused on lifestyle
factors influencing heat stress response: cigarette smoking, alcohol, coffee, tea, water,
food and spicy food consumption, sleeping hours, physical exertion and body fat. In
addition, the present study gives a perspective on all variables which were considered
for their participants and resumed in the Table 2, illustrating in addition to the basic
factors, which other variables were considered (in percentage and total number of
evaluated studies). This resume should benefit to all those developing future studies
on the influence of different thermal environments on the human body. The six
basic factors were marked in dark green colour, the next most considered variables
(in 33–86% of studies) were marked in bright green colour, while less considered
variables were marked in dark and bright orange colour in order to visually facilitate
the comprehension of the table.



288 T. Zlatar et al.

Table 2 Included studies and variables consideration

Nr Variables Considered

1. air temperature
2. radiant temperature
3. relative humidity
4. air movement
5. metabolic heat
6. clothing

6 basic factors

7. gender 86% (18/21)
8. age 90% (19/21)
9. BMI* 62% (13/21)
10. water consumption 67% (8/12)
11. cigarette smoking 58% (7/12)
12. acclimation 43% (9/21)
13. illness history 38% (8/21)
14. alcohol 42% (5/12)
15. medication 33% (7/21)
16. 25% (3/12)
17. sleeping hours 25% (3/12)
18. body fat 25% (3/12)
19. physical condition 17% (2/12)
20. ethnicity 9% (2/21)
21. tea 8% (1/12)
22. food 8% (1/12)
23. spicy food 0% (0/12)
24. phase of the menstrual cycle**

*BMI = Body Mass Index

0% (0/7/12)

coffee

4.6 Limitations

The limitations of this review lay in considering only studies encountered through
the CAPES search and IJOOES magazine. More studies and relevant information
might be encountered by including new keywords from present studies.

5 Conclusions

Most of the included studies considered six basic factors: air temperature, radiant
temperature, relative humidity, air movement, metabolic heat production and cloth-
ing. Among additional factors, the phase of the menstrual cycle was not considered
by neither one conducting experiments on female participants. Illness history, medi-
cations intake, acclimation and ethnicity were poorly considered, while gender, age,
height, weight and BMI were considered in most of them.
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Future heat exposure studies should consider additional factors: human physical
characteristics as age and gender; the phase of the menstrual cycle in female partici-
pants; illness history and medications intake; and acclimation of the participants. Not
considering mentioned factors can pose a risk of bias and mislead in the interpretation
of the data.

A more thorough review is suggested, including the analysis of methods and
procedures used for measuring each of the variables, addressing the effectiveness,
precision, cost and complexity of each method. In addition, a more thorough discus-
sion should be conducted in relation to variables necessary to consider when exposed
to cool or cold thermal environments.
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Physiological Monitoring Systems
for Firefighters (A Short Review)
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Abstract Background: Firefighters are safety-sensitive professionals exposed to
high ambient temperatures, extreme physical exertion, toxic air pollutants, and psy-
chological stress, and, therefore, with high risks to their health. Wearable physi-
ological monitoring systems might be helpful to track their activities and prevent
potential health impairments, and research perspectives should explore this applica-
bility. Objective: This study aims to present the preliminary results of a systematic
review regarding the occupational applicability of physiological monitoring systems,
focusing on the findings among firefighting personnel. Methodology: The PRISMA
methodology was used to systematise and filter the results. Five databases were
accessed, and 13 keywords were combined to gather studies addressing the contin-
uous examination of one or more physiological variables during real or simulated
firefighting tasks. Results/Discussion: A total of 322 items were first retrieved, and
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10 articles were selected. In general, publications evidenced the physiological cost
of firefighting activities and addressed cardiac and thermal metrics. Results helped to
obtain an overall perspective on the up-to-date progress on physiological monitoring
among firefighting personnel and established potential directions for further research.
Conclusions: With this work, the usefulness of real-time monitoring to understand
the physiological demands of firefighters was demonstrated. Future investigations
should focus on developing classification models to process physiological record-
ings optimising work-rest cycles, and preventing further health impairments. This
review contributed by providing possible departure points in this regard.

Keywords Firefighting · Wearable sensors · Physiological variables

1 Introduction

Firefighting is a highly stressful occupation in which individuals are constantly
exposed to a multitude of physical and environmental stresses during regular duties
(Walker et al. 2019). In general, firefighting involves strenuous physical activity while
wearing heavy and insulating personal protective equipment in extreme conditions.
Their tasks can include fire suppression, victims rescue, carrying heavy objects, get-
ting in and out of moving vehicles, entering confined spaces with little visibility and
high temperatures, and also with frequent exposition to extreme psychological stress
(Hunter et al. 2017; Orr et al. 2019). As a consequence of these occupational factors,
firefighters can be at risk of fire-related injuries and impair their overall performance
and well-being. There are likely additive or synergistic effects of these potential
triggers in susceptible firefighters that may culminate in severe health impairments,
such as acute cardiovascular events (Hunter et al. 2017).

Firefighters’ continuous individual monitoring could timely advise on the situ-
ations leading to adverse health impact. However, these health risk situations are
challenging to study in a real-life environment due to unpredictability and time pres-
sures during these emergency situations. In this regard, the emergence of wearable
physiological and medical monitoring devices can overcome these limitations and
provide an insight into the individual overall health status from the measurement
and evaluation in real-time of different parameters (Raskovic et al. 2004; Stacey
et al. 2018). This approach offers significant improvements in population-based pre-
dictions derived from ambient conditions and the general context of each operation
(Friedl 2018).

Wearable physiological monitoring systems have become valuable tools for study-
ing performance in different sports fields and remotely monitor patients with chronic
diseases (Sawka and Friedl 2017). Accordingly, related research in both laboratory
and free-living spaces have also increased over the last decades (Kristoffersson and
Lindén 2020; Rana & Mittal 2020; Ye et al. 2020), but within occupational set-
tings, information is more limited. As a result, the need to systematise up-to-date
research progress among workers populations emerges. The current study, developed
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as a part of an extensive review of physiological monitoring systems’ applications
among occupational groups, aims to briefly present data related to firefighting person-
nel. To date, no literature review has summarised physiological monitoring systems
applications in these workers, being fundamental to understand what has been done,
with what degree of success and where further research is needed.

2 Methodology

This review used a systematic approach to search for relevant articles and was
based on the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA Statement) (Page et al. 2021) and the related protocol proposed by Bustos
et al. (2019). Five electronic databases (Scopus, Science Direct, PubMed, Academic
Search Complete and Web of Science) were accessed and only English-language pub-
lications were retrieved. Major keywords (“physiological monitoring”, “noninvasive
monitoring”, “occupational” and “worker”), as well as their related derivatives, were
used for the search. As stated in the protocol, combinations of terms were adapted
to each database forming queries in which title, abstract and keywords were selected
as fields of search. Within obtained results, the term “firefight*” was additionally
inserted to gather only the items addressing firefighting personnel. Later, records
were filtered by applying the following restrictions: date (only articles published
between 2014 and 2021 were considered), source type (only journal articles were
retrieved), document type (research articles published or in press were identified)
and language (search was limited to English written publications). Studies selec-
tion was performed after a full-text examination in which investigations fulfilling
all these conditions were identified: aims addressed prognostic health-related goals,
experimental protocols included actual or simulated working activities (developed by
active newly recruits, urban and wildland firefighters), and physiological monitoring
systems were used. In the resulting items, references were tracked, and newly iden-
tified relevant records were also included. Information of interest was then extracted
and summarised in a customised table. Given the heterogeneity of the papers, a
meta-analysis could not be performed.

3 Results and Discussion

By following the referred methodology, initial 322 items (102 from Scopus, 166 from
PubMed, 38 from Science Direct, nine from Academic Search Complete and seven
from Web of Science) were retrieved. Then, applying search engines filters, 111 were
rejected by date, 41 by article type and two by source type. As a result, 168 items
were screened following the exclusion criteria and, then 30 records were left for a
full-text assessment. This last process led to the selection of seven papers. After that,
backwards reference searching through the snowballing technique (Wohlin 2014)
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concluded with the inclusion of additional three studies. Consequently, a total of
10 publications were assessed, with their primary outcomes being detailed in this
section.

3.1 Studies Characteristics

Table 1 presents the studies characteristics concerning their primary aims, examined
samples, included variables and used equipment. In general, the included articles
developed investigative procedures among experienced professional firefighters, and
two studies addressed firefighter trainees (Angerer et al. 2008; Davis and Gallagher
2014). Their sample sizes varied from nine to 131 active firefighting personnel and
participants’ mean ages ranged from 22 to 46. Whilst there were some differences
between the average age of the different groups, discrepancies in the sex ratios were
even more visible in most of the works. Five studies recruited only male participants
(Angerer et al. 2008; Carey and Thevenin 2009; Davis and Gallagher 2014; Holmér
and Gavhed 2007; Meina et al. 2020), while three engaged a non-significant percent-
age of females (Al-Zaiti et al. 2015; Horn et al. 2013, 2015), and two papers referred
to representative samples of women, including 12 and 15 female firefighters (Siddall
et al. 2016; Sol et al. 2018).

Most of the experimental protocols conducted were related to monitoring phys-
iological responses during real-life activities. Six out of the 10 included papers
evaluated different training and operational activities, particularly fire suppression
(Angerer et al. 2008), hiking and wildfire suppression (Sol et al. 2018), crawling
(Davis and Gallagher 2014), fire training exercises (Horn et al. 2013) and a combi-
nation of duty activities (Carey and Thevenin 2009; Meina et al. 2020). Two studies
involved simulated firefighting tasks (Holmér and Gavhed 2007; Siddall et al. 2016)
and the other two combined both laboratory and field monitoring (Al-Zaiti et al.
2015; Horn et al. 2015). Protocols duration were varied, with two studies addressing
the most extended continuous recording of 24 h while on duty (Carey and Thevenin
2009; Meina et al. 2020).

Even though all included studies continuously monitored at least one physiolog-
ical variable, their primary research objectives were diverse. However, three gen-
eral perspectives were identified since articles aimed to: (i) assess the physiological
demands and workload of specific training events (six studies); (ii) evaluate cardiac
metrics (three studies) and (iii) explicitly address stress examination (one study).
Details on the number of studies within different experimental settings and research
objectives are presented in Fig. 1. Concerning wearable sensors used, most of the
papers reported using Polar heart rate monitors and Equivital Life Monitors (see
Fig. 2), while limited evidence was found on the use of actigraphs and other heart
rate monitors. Respectively, examined variables were mainly cardiac metrics, core
temperature recordings and oxygen consumption. Finally, regarding data treatment
methods, the authors indicated the use of diverse statistical analyses and one study
addressed machine learning algorithms to process and classify obtained data.
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Table 1 Summary of studies addressing physiological monitoring systems within firefighting per-
sonnel

Study Aim Examined variables Used wearable sensors

Al-Zaiti et al. (2015) To evaluate the impact
of high-intensity
exertions and heat
stress on
electrocardiographic
changes during fire
suppression and
recovery

HR and ECG
responses

H12+ digital Holter
recorder V3.12

Siddall et al. (2016) To quantify the peak
oxygen cost of several
simulated firefighting
tasks, performed to a
minimum acceptable
and representative
standard for
firefighters and,
separately, for those in
incident command

Anthropometric data,
VO2, HR and RPE

Portable
breath-by-breath gas
analyser K4B2 and
chest-mounted Polar
HR monitor

Carey and Thevenin
(2009)

To establish the
feasibility of obtaining
high resolutions ECGs
of on-duty firefighters
to detect ECG
predictors for cardiac
events

HRV 12-lead ECG Holter
H12+

Davis and Gallagher
(2014)

To measure the
physiological demands
experienced by
firefighters when
crawling in turnout
gear during a search
exercise

HR, air consumption
and body part
discomfort

Garmin Forerunner
110 monitors and
SCBA regulator

Sol et al. (2018) To document
characteristics of
hiking during wildland
firefighter training and
wildfire suppression

HR, Tco, speed and
elevation gain

Wireless thermometer
capsule Jonah
ingestible sensor, Mini
Mitter, Bend; Hidalgo
Equivital
Physiological Monitor
and GPS travel
recorder
BT—Q1000XT,
QStarz

(continued)
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Table 1 (continued)

Study Aim Examined variables Used wearable sensors

Horn et al. (2013) To evaluate Tco and
HR during repeated
bouts of firefighting
activity over three
hours

HR and Tco HR watch S625X,
Polar Electro and
Gastrointestinal
temperature
transmitter MiniMitter
Vital Sense

Holmér and Gavhed
(2007)

To analyse the
energetic and
respiratory demands
during a simulated
firefighting exercise in
a training house and to
propose values for
classification of work

VO2, respiratory
minute volumes,
metabolic rate, HR
and RPE

Portable gas analysis
equipment Metamax,
Cortex Sporttester
Polar Electronics

Angerer et al. (2008) To determine
cardiocirculatory and
thermal strain during
fire suppression in
firefighters and
compare it with the
strain during medical
and performance
evaluations

HR, ECG, Tco
(tympanic), blood
parameters and RPE

Thoracic belt Polar
S710; First Temp
Genius 3000 A,
Kendall/Tyco
Healthcare, Neustadt,
Germany and Holter
ECG registrations with
custo tera 400

Horn et al. (2015) To examine the effect
of different firefighter
exercise protocols on
metabolic stress and
physiological
responses to
firefighting activities

HR, Tco,
self-perceived
conditions,
accelerometry counts,
maximum oxygen
uptake, RPE,
perception of
respiratory distress,
and perception of
thermal sensation

Physiological status
monitor Equivital,
Phillips Respironics;
core temperature pill
from VitalSense;
open-circuit
spirometry system
K4b2, Cosmed Srl,
Rome, Italy and
accelerometers
ActiGraph, Pensacola,
FL, USA

Meina et al. (2020) To investigate
methodological

HR, tri-axial
acceleration, Tsk, RR
and self-assessed
stress

EquivitalTM EQ-02
Life Monitor sensor
belts means to assess
the level of stress
experienced by
firefighters in the field

Heart rate (HR), heart rate variability (HRV), electrocardiogram signal (ECG), core temperature
(Tco), respiratory rate (RR), skin temperature (Tsk) and rates of perceived exertion (RPE)
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Fig. 1 Number of studies based on experimental context and general research applications

Fig. 2 Identified sensors among selected papers

3.2 Heart Rate Related Metrics Assessment

Heart rate is recognised as an essential indicator of physical activity and overload
(Achten and Jeukendrup 2003; Seravalle et al. 2021), with its rate variability being
demonstrated as an effective health and performance tool in tactical environments
(Smith et al. 2016; Tomes et al. 2020). Among firefighters, intense physical activity
combined with additional risk factors (e.g. sleep deprivation, metabolic syndrome
and heat strain) leads to cardiovascular strain and heart diseases (Al-Zaiti et al.
2015). As a result, continuous tracking of their physiological state is essential to
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prevent associated health impairments, with this review revealing both the feasibility
and usefulness of heart rate to characterise firefighters’ activity. All analysed arti-
cles included one or more heart rate-derived variables in their assessments, and two
studies focused explicitly on the electrocardiographic responses from fire suppres-
sion (Al-Zaiti et al. 2015) and a combination of regular duty activities (Carey and
Thevenin 2009). Results demonstrated that firefighters participating in prolonged
or very intense fire suppression, independent from work duration, experienced pro-
longed tachycardia which suggested they were physiologically unprepared for a sec-
ond bout of fire suppression in the same shift (Al-Zaiti et al. 2015). On the other hand,
authors also proved the feasibility of obtaining high-resolution electrocardiograms
to understand the relationship between professional lifestyle and high cardiac risks
(Carey and Thevenin 2009). In general, studies revealed the importance of developing
algorithmic guidelines designed to route at-risk firefighters for optimal cardiac care
that would reduce their cardiovascular risk factors, and future perspectives should
be oriented in this regard.

3.3 Physiological Demands and Workload of Firefighting
Activity

Vast information in the literature has shown firefighting duties as a civilian employ-
ment with high variability of exposure to physical stress and risks (Igboanugo et al.
2021; Perroni et al. 2014). Although this workload is difficult to measure, previous
research has addressed increases in heart rate, core temperature, blood lactate levels,
and psychological stress resulting from these practices (Christison et al. 2021; Smith
et al. 2016). In this review, corresponding physiological alterations were observed,
and most of the analysed papers were found examining the physiological demands
and workload of specific firefighting activities. Despite the differences in their aims
and experimental protocols, some expected outcomes were evidenced, and firefight-
ing proved to be associated with a high cardiac and thermal load that often goes
beyond normative or clinical criteria.

In Davis and Gallagher (2014) study, results from crawling monitoring were com-
pared with the American College of Sports Medicine guidelines, that indicated limits
of age-predicted HRmax and HRreserve (85% and 70%, respectively) after which
exercise should be stopped (ACSM 2013). Both criteria were reached in most of
the evaluated firefighters and evidenced the remarkable physiological cost and resul-
tant heavy physical exertion that may also be associated with an increased risk of
cardiac events (Seravalle et al. 2021). Similarly, another investigation (Holmér and
Gavhed 2007) compared firefighting metabolic and respiratory demands with classes
of metabolic rates in occupational work referred to in ISO 8996 (ISO 2004). Results
showed that the established categories were unsuitable for rescue and firefighting
work since the obtained metabolic rates were much higher than the upper class
from the standard. Consequently, the authors proposed two new classes to classify
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metabolic and respiratory responses that may represent the intense periods of strain
experienced by tactical personnel (e.g., firefighters, police officers, military).

As firefighting involves a high physiological demand and workload, findings point
to the importance of sufficient recovery to prevent health-related effects. In fact,
authors proved the strong correlation of the recovery of heart rate and core tempera-
ture with the time allowed between work cycles (Horn et al. 2013) and the relevance
of efficiently managing work: rest ratios to avoid excessive accumulation of heat
strain (Sol et al. 2018). Furthermore, authors remarked on the importance of regular
physical activity to decrease the stress associated with firefighters duty since there
appears to be a moderate inverse correlation between physical work capacity and
time spent on leisure-time sport activities (Angerer et al. 2008). Therefore, the suc-
cess of job performance depends on the ability of firefighters to respond to intense
physical activity and the strategies to recover from that activity. In all evaluated cases,
physiological monitoring systems proved to be helpful tools leading to strategies to
improve firefighters performance.

3.4 Physiological Variables and Perceived Stress Levels

The impact of stress on health condition is well recognised (Rodrigues et al. 2018),
and previous studies have evidenced how stress perceptions activate physiological
responses. Within this review, results demonstrated that in highly stressful occupa-
tions (such as firefighting), real-time psychophysiological monitoring could become
an early screening for symptoms of chronic stress and a basis for further contact with
professional care. In this regard, one study (Meina et al. 2020) proved that combined
psychological and physiological measurements are reliable indicators of stress even
in natural settings and appear promising for chronic stress monitoring. This study
was the only one found explicitly addressing stress levels through a multivariable
physiological approach.

However, preceding investigations have already addressed the effects of perceived
stress on physiological responses within laboratory environments (Rodrigues et al.
2018) and medical settings (Kim et al. 2018). They agreed that the most significant
changes could be observed in some heart rate variability parameters under the influ-
ence of stress and highlighted the importance of online platforms and devices that help
integrate psychophysiological stress information (Carbonaro et al. 2011; Castaldo
et al. 2015). Therefore, directions for future research should be oriented toward
developing these platforms, including classification models that translate physiolog-
ical responses into stress levels or health indicators to be used by firefighter personnel
or any known stressful profession.
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3.5 Limitations

Within this review, some limitations were encountered. First, since no unpublished
data was included, publication bias might be present in this study. Also, due to lan-
guage restrictions (only English-written papers were selected), other relevant studies
may have been excluded. Furthermore, heterogeneity among articles retrieved did
not allow a comparison and respective meta-analysis of them, which can also be
considered a limitation of the review. Finally, and even though a preselection of key-
words were tested, search limited to selected combinations may have disregarded
other valuable terms.

4 Conclusions

This study reports the preliminary results of a review addressing the occupational
applications of physiological monitoring systems, focusing on the findings related
to firefighting personnel. Current research confirms the feasibility of devices using
physiological signals to examine the impact of firefighting practices and improve the
management of health-related consequences. Among retrieved papers, a tendency
to assess cardiac and thermal load was observed, and the usefulness of real-time
monitoring for examining the unique physiological demands of firefighters during
their regular duties was demonstrated. Future perspectives should focus on develop-
ing classification models to process and categorise physiological recordings along
with stress perceptions. Sensory data should be able to provide simple indicators
advising on the current overall condition of firefighters aiming to optimise work-rest
cycles and, therefore, prevent further health impairments. This review contributed
by providing possible departure points in this regard.
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Abstract Background: Conditions of overexertion easily lead to situations of
fatigue, which can result in problems for workers’ health and safety. In military
personnel, the severe conditions of their duties can quickly lead to fatigue affecting
their health and performance. Objective: To answer this issue, an algorithm to detect
fatigue combining the assessment of different physiological variables was developed.
The algorithm performance was evaluated within laboratory trials, and this work
presents the preliminary results of a retrospective assessment of military training
recordings to validate its functioning. Method: Data from three soldiers participating
in march-run training were assessed. The algorithm translated physiological sensory
data into minute alarms according to fatigue levels determined through the con-
junction of normative and related research criteria. Results/Discussion: Outcomes
showed the high physiological cost of military practices and helped to overview the
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impact of each training period. Furthermore, results demonstrated the importance
of individual and contextualised assessment for accurately characterise the subject
fatigue status. Conclusions: It is concluded that the developed model can improve the
management of real-time fatigue, allowing its early detection and preventing further
physical impairments. Finally, it can promote the enhancement of work-rest cycles,
not only for tactical personnel but also for any safety-sensitive occupation.

Keywords Physiological monitoring · Physical exertion · Fatigue detection ·
Military

1 Introduction

Fatigue is a complex and multidimensional phenomenon resulting from various fac-
tors; however, it is commonly identified when feeling tired or weary (Techera et al.
2016). In general, fatigue is recognised as a decreased ability to develop activities
at the desired level due to lassitude or exhaustion of mental or physical strength
(Hallowell 2010; Ream and Richardson 1996), and it is considered a major health
and safety-related challenge among workers (Anwer et al. 2021). Prolonged fatigue
affects workers’ performance, leading to increased accident risk values, sick days,
and disability from work (Swaen et al. 2003). Individuals and organisations that do
not properly manage fatigue are at high risk of causing injuries and errors that can
lead to various harmful and lasting consequences (Knoop et al. 2021; Williamson
et al. 2011). Since this condition significantly increases the risk of adverse health
issues, recent studies have determined it to be a predictor for these negative health
outcomes rather than just a tiredness symptom (Knoop et al. 2021).

Fatigue is a critical employee safety and well-being issue for military organisations
(Frone and Blais 2019). Besides typical operational stressors, soldiers, potentially
more than any other working group, must deal with stressful situations that can
lead to a state of fatigue, non-functional overreaching, and eventually overtraining
conditions (Friedl 2012; Parnell et al. 2018). As a result, early detection and real-
time monitoring of fatigue play a vital role in the military (Friedl 2012; Stacey et al.
2018). In general, literature has evidenced that traditional methods to assess fatigue,
such as subjective measurements and self-reported fatigue (Fang et al. 2015; Lee
et al. 1991; Rachmawati et al. 2020; Zhang et al. 2015), are biased by situational
and individual perceptions and might be limited to some occupational environments
(Anwer et al. 2021). On the other hand, biochemical workload markers offer reliable
measurements of the individual’s physical exertion (Horta et al. 2019) but do not
allow a continuous non-invasive examination during normal working activities.

To overcome these limitations, researchers have attempted to use various non-
invasive physiological variables such as heart rate, skin temperature, electromyogra-
phy and jerk metrics to monitor real-time fatigue in any occupational setting (Friedl
2018; Lee et al. 2017). However, this obtained information needs to be translated into
actionable data that can be used to prevent further physical impairments and improve
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individuals’ performance in the workplace (Friedl 2018). As a result, an algorithm
for fatigue detection and continuous assessment through physiological monitoring
was developed. This decision-based system has been previously tested in laboratory
trials (Bustos et al. 2019) and, this study aims to present the preliminary results of
its application within a march-run military event.

2 Materials and Methods

2.1 Volunteers

Three male subjects were randomly selected to participate in the study and, their
anthropometric characteristics are detailed in Table 1. They were regular elements
from the Portuguese Army undertaking the 131st Commando Course. Before inves-
tigative procedures, participants gave their written consent and were briefed on the
purpose, potential risks, and benefits of the experiences. Additionally, they under-
went a medical examination (as a standard requirement to take part in the course)
and did not present cardiac, vascular, pulmonary, or any allergic diseases; they were
considered mentally healthy and were not prescribed any regular medication.

Physiological recordings were continuously collected while volunteers partici-
pated in a march-run series training. Before the event, subjects donned the physio-
logical monitoring system as indicated. Contrarily to a previous laboratory maximal
exertion test (Bustos et al. 2019), there were not predefined experimental protocols
and recordings were gathered during normal training conditions. After obtaining the
algorithm data, details about the event were requested and related to the evaluation
carried out by the algorithm. The march-run training is a physical test involving
running and marching with loads within a 42km path without time restrictions, with
an approximate completion duration ranging from 4 to 6 h. This exercise intends
to develop physical endurance and lower limb strength and encourage other quali-
ties, such as teamwork, sacrifice spirit and discipline (Exército 2002). Following the
event, blood test samples were also collected to assess indicators of stress levels and
health-related effects and their results were compared with the alert-based system.

Table 1 Participants anthropometrics

Assigned
code

Age Height (cm) Weight (kg) Body fat
mass (kg)

Body Fat
(%)

Body Mass
Index
(kg/m2)

S1 28 176 70.15 8.20 11.69 22.65

S2 21 184 92.80 10.93 11.77 27.40

S3 21 178 76.05 11.48 15.09 24.03
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2.2 Equipment

Initially, body composition was assessed using bioelectrical impedance analysis with
the body composition analyser InBody230 (Karelis et al. 2013). During the training
session, physiological measurements were recorded every 15 s through a chest belt
physiological monitoring system: EquiVital LifeMonitor equipment (Hidalgo Ltd.,
Cambridge, U.K.), a “wear and forget” system type already validated for research
purposes (Liu et al. 2013). For core temperature recordings, ingestible thermometer
pills from Vital Sense were used (range: −32o

¯ C to 42o
¯ C, accuracy ±0.1◦C). These

pills travel along the digestive tract harmlessly and leave the body naturally within
24 to 72 h.

2.3 Data Analysis

Physiological monitoring records were posteriorly assessed using an algorithm
(implemented using Python 3.6) that enables analysis and provides an integrated
assessment of variables per minute and has already been described and tested in
a previous study (Bustos et al. 2019). Its main feature lies in classifying received
sensory information into health alarm levels that refer from a good overall health
status (alarm 1) to four different fatigue levels (alarms 1.5, 2, 3 and 4) and a specific
warning when the sensor is not functioning correctly (alarm -1). The default num-
ber of examined physiological variables is three (heart rate, breathing rate, and core
temperature), another two referring to body position and the last one determining
the validity of the sensor recordings. However, if one or more of these variables are
found to be ’noisy’ (with invalid values), they are filtered, and the algorithm assesses
the rest of the available information. Nevertheless, the more of these variables are
included, the higher the reached accuracy.

3 Results and Discussion

The proposed algorithm has been evaluated previously in controlled laboratory con-
ditions during a short maximal exertion test and showed reliable results (Bustos
et al. 2019). After some improvements, this study presents the preliminary results
from a retrospective assessment throughout a march-run military training event. In
general, outcomes demonstrated that despite the different time completions of the
exercise and the individual nature of physiological information, the system was able
to evidence the various stages of training and the resulting physical demands on sub-
jects throughout the event. Furthermore, its results and the blood test outcomes were
consistent and allowed a complete view of the physiological state of participants.
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3.1 Alert-Based System Results

In the three assessed cases, the algorithm proved to be a promising and simple
approach for detecting physically demanding periods and the physiological impair-
ment resulting from the most stressful situations, suggesting it can be extrapolated to
various occupational and physically intense training settings. Results from the algo-
rithm were obtained per minute and Fig. 1 presents the time percentage under each
alarm category. Contrary to the laboratory experience (Bustos et al. 2019), higher
alert levels and a higher time percentage in those levels were expected since pro-
longed intermittent exercises are proved to be more physically demanding than short
continuous practices (Edwards et al. 1973, 1972; Kraning 2nd and Gonzalez 1991).
In general, this was corroborated within obtained assessments.

Complementarily, and given the time variations under each alarm level, out-
comes revealed the importance of individual and contextualised information to assess
fatigue. All the subjects went through the same training periods, but they did not
respond equally. For instance, two participants reached a maximal exertion alert
(alarm 4), while only one reported almost 50% of the time under an alarm 2. Par-
ticipant S1 proved to be the most resilient to the training showing the most stable
tendency with more than 70% of the time under a good overall condition. In contrast,
volunteers S2 and S3 reported periods of abrupt heart rate increases (registered by
alarm 1.5) and the last subject also indicated the highest mean and peak values.

Fig. 1 Alarm percentages for each subject
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Table 2 Summarised results per subject

Variable S1 S2 S3

Mean heart rate (rpm) 125.66 128.42 148.43

Peak heart rate (rpm) 176.23 176.68 174.18

Mean breathing rate
(rpm)

28.03 42.00 37.67

Peak breathing rate
(rpm)

50.73 66.40 68.48

Mean core
temperature (o¯ C)

37.45 37.67 38.36

Peak core temperature
(o¯ C)

38.71 39.14 39.21

Overall, the trends were similar and delimited the effects of each exercise part.
Still, aiming to detect any negative health indicator, outcomes need to be continuously
and individually assessed (based on each subject’s variations instead of absolute val-
ues that are not representative of individuals health condition) and diagnosis should
not be made through only one variable (Buller et al. 2017; Friedl 2018; Tharion
et al. 2019). Furthermore, and despite the differences in physiological responses,
some similarities were observed. Two participants spent more than half of the time
under a no fatigue condition, showing their physical capacity to continue training,
and all of them reported a fatigued state only after 50 min. Since this test involved
mainly an extended physical performance evaluation simulating a marathon, it was
anticipated to obtain high alarm levels and high time percentages under fatigue but
not immediately (like in a maximal exertion test). Fatigue was expected as the result
of sustained effort and exertion, which was indeed observed among participants.

Referring to the physiological responses determining the alarms, Table 2 helps
understand their influence on the high obtained alerts. Outcomes revealed that there
were periods in which heart rate values reached 177 bpm and the breathing rate
was above 60 rpm, denoting the elevated physiological cost associated with these
practices. However, the most significant values were observed in core temperature
since there were phases in which they went above 39 ◦C and maintained those high
numbers over several minutes. This fact attests to the severe acute stress under which
soldiers are exposed and verifies what is evidenced in literature during military field
events (Lieberman et al. 2005, 2016; Ralph et al. 2017).

However, recorded physiological values are not conclusive indicators by separate.
Given the multidimensional nature of fatigue and the several stressors faced by sol-
diers, the alteration of one of these variables does not provide a definite diagnosis of
any health impairment. For example, an elevated heart rate can mean either a normal
reaction to high physical demand, psychological stress or risk of cardiovascular stroke
(Tadic et al. 2018). Similarly, core temperature reaching up to 40o

¯ C can be associated
with both peak demand or heat strain (Rizzo and Thompson 2017). Consequently,
the integrated assessment proposed by this system appears as a reliable approach to
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represent fatigue manifestations. To the best available knowledge, selected physio-
logical variables (heart rate, breathing rate and core temperature) together provide
helpful insights into many situations requiring medical attention. However, a con-
tinued assessment of days or weeks is essential to characterise individual responses
and future research will be oriented on this regard.

3.2 Results Versus Blood Test Values

The impact of the march-run test was also reflected in the alterations among some
blood biomarkers. Figs. 2, 3 and 4 present the standardized results from each blood
parameter, and red dashed lines represent their minimum and maximum reference
values. Figure 2 shows that outcomes from the three participants were within the
limit values for erythrogram markers, evidencing an average oxygenation level and
blood cells flow. However, Figs. 3 and 4 revealed some alterations that go beyond
clinic limits. Specifically, responses from leukocytes and neutrophils were visibly
increased for S1 and S2, while lymphocyte results were under minimum reference
numbers for all participants. These results illustrate how exercise and physically
demanding activities influence the immune system parameters and correspond to
previous studies on the expected immunological response to exercise (Cross et al.
1996; DuBose et al. 2003; Mitchell et al. 2002).

Moreover, the most remarkable outcomes were observed among renal and hepatic
function indicators (Fig. 4). Urea and creatinine (markers of kidney function) were
visibly altered, while liver enzymes (ASAT and ALAT) showed proportional changes.

Fig. 2 Oxygenation level and blood cells flow



314 D. Bustos et al.

Fig. 3 Immune response

Fig. 4 Renal and hepatic function
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Fig. 5 Muscle damage results

Evidence of kidney alterations and hepatic responses have previously been reported
due to military practices. In most individuals, these symptoms are transient and often
completely reversible (Ward et al. 2020) and, follow-up assessments are crucial to
confirm or not this recovery. In addition, potential muscular injury was observed
as another consequence of the training. Figure 5 describes the CK (a well-known
indicator of muscular damage; (Baird et al. 2012) severe increases in all participants.
These alterations are expected during the first day of intensive activity but should be
normalized within 24–48 h (Tomczak et al. 2020; Ward et al. 2020), suggesting the
need for constant monitoring throughout all training activities and the establishment
of sufficient recovery after these practices.

In general, blood tests and obtained alarms led to corresponding results on the
effects this training test had on participants. For instance, S3 revealed both a high
time percentage under alarm 4 and a significant increase in CK values. In addition,
S2 showed the highest creatinine blood concentrations, which were consistent with
his physiological alterations (high peak values of heart rate and breathing rate and
core temperature reaching up to 39o

¯ C). On the other hand, S1 proved to have a
stable physiological load during the exercise but presented the highest CK values.
This physiological resistance to training is a clear indicator of his good overall per-
formance and ability to cope with the practice (Burley et al. 2020). The high CK
responses might be attributed to the muscular activation he went through to support
this good general performance.

Additionally, literature has described how individuals who regularly participate
in high-volume intense exercise tend to have significantly raised base levels of CK
compared to sedentary and moderately exercising subjects, and therefore, suggests
that CK increases are a natural reaction to regular exercise (Baird et al. 2012; Chevion
et al. 2003). This might have been the case of S1, with a potentially better physical
condition than the other two subjects, thus, indicating a possible association between
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his physical endurance and muscular reaction through CK. Further studies, including
base and follow-up assessments, will help corroborate these findings.

3.3 Limitations

Since this investigation refers to field measurements and was not conducted with
data from a controlled laboratory environment, some unavoidable limitations were
observed. Due to safety and security considerations, it was not possible to period-
ically verify whether sensors were functioning correctly during the training, much
less whether or not valid data were being collected. As a result, there were some
differences in testing times and quantity of available information. In addition, some
recordings had to be dismissed due to their compromised validity, which did not
allow a complete overview of all physiological variables. Furthermore, the small
sample referred for assessment did not permit the drawing of generalisable conclu-
sions. Finally, the time course for complete recovery from the training could not be
determined since there were no follow-up assessments.

4 Conclusions

In this study, the preliminary outcomes from the validation of a decision-based algo-
rithm for fatigue detection within a march-run training test are reported. Based on
these initial results, it was demonstrated that the proposed alert-based system was
able to provide reliable outcomes and led to the accurate identification of the most
physically demanding periods and their direct impact on physiological variables.
The assessment of more individuals undertaking this practice will help establish the
intensity of each training period clearly and can also lead to better planning and
management of training and work-rest cycles. Overall, by providing a multivari-
ate approach, it is believed that this assessment method, with further modifications,
can improve fatigue management among military populations and be included in
the onboard processors from wearable sensors and provide a real-time assessment.
For future work, its validity will be tested through a more significant sample, and
additional variables will be added to the assessment system for more specificity and
accuracy.
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Firefighters’ Health Surveillance
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Abstract Objective: This chapter reviews scientific information related to urinary
biomarkers of oxidative stress assessed in a firefighting context and their potential for
being used in future biomonitoring studies. Background: Firefighters are exposed to
several hazard chemicals and physical and mentally-demanding activities than can
disrupt body homeostasis. Oxidative stress results from a disequilibrium in oxi-
dation/reduction reactions which can mainly lead to lipid peroxidation and DNA
oxidation. There are several urinary biomarkers that can be used for biomonitor-
ing of oxidative stress (e.g., isoprostane, malondialdehyde, and oxidized guanine
species). Method: Literature data until April 2021 were retrieved from the main
scientific databases and thoroughly analyzed. Results: Information is scarce and
available studies have only considered so far wildland firefighting (wildland fires
and prescribed burns), with no significant cross-shift changes in lipid peroxidation
biomarkers. However, the DNA oxidation biomarker, 8-hydroxy-2’-deoxyguanosine
significantly increased in wildland firefighters after exposure to fire emissions. In
addition, data are needed to understand the impact of structural firefighting in 8-
isoprostane and malondialdehyde urinary levels. Conclusion: Even though there are
few studies exploring urinary biomarkers of oxidative stress, they present the poten-
tial to be applied in cross-sectional and cohort studies in several types of firefighters.
Application: Firefighters’ health monitoring and occupational medicine.
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1 Introduction

Firefighting is an occupational environment that frequently deals with all kinds of
fire emissions (e.g., wildland, prescribed burns, and structural), thus, the amount of
exposure to persistent and non-persistent pollutants can vary considerably (Beitel
et al. 2020; Fent et al. 2020; Oliveira et al. 2016). Nevertheless, occupational risks
are not exclusively related with hazard exposure, but are also connected with men-
tally stressful situations, as well as strenuous physical exertion in high temperature
environments (Hunter et al. 2014; Kim et al. 2018; Smith et al. 2001; Swiston et al.
2008). The International Agency for Research on Cancer has classified firefighting as
possible carcinogenic (IARC 2010). Several epidemiological studies have observed
an increase in morbidity and mortality among firefighters that are mainly related
with respiratory, cardiovascular diseases and cancer (Casjens et al. 2020; Glass et
al. 2017; Navarro et al. 2019; Soteriades et al. 2011). Human biomonitoring studies
are crucial to evaluate the association between occupational exposure and health
outcomes (Vorkamp et al. 2021). Firefighting has been linked with oxidative stress,
inflammation and related diseases (Adetona et al. 2013; 2019; Gaughan et al. 2014;
Gianniou et al. 2016; Peters et al. 2018). In an oxidative stress state, several reactive
oxygen and nitrogen species are formed, which can react with biological macro-
molecules such as proteins, lipids (e.g., in the cellular membrane) and nucleotides
(e.g., in DNA). At the molecular level, oxidative stress is responsible for lipid per-
oxidation and DNA oxidation. Therefore, the extension of this oxidative stress state
creates several stimuli that can lead to disease development (Senoner and Dichtl
2019). Monitoring biomarkers of oxidative stress pathways allow a more complete
evaluation of firefighters’ occupational exposure and the associated health-risks. This
chapter aims to discuss the results of currently available publications that have deter-
mined urinary biomarkers of oxidative stress in firefighters and explored the potential
of these biomarkers for future occupational safety biomonitoring campaigns.

2 Methods

An extensive search without date range and with the keywords “oxidative stress,
firefighters, and urinary biomarkers” was done in Science Direct, ISI Web of sci-
ence, PubMed, and Google Scholar databases. This search originated a total of 110
scientific papers and abstract screening was done based on the following eligible
criteria: (i) to include healthy and active firefighters and (ii) to determine urinary
biomarkers of oxidative stress in firefighting context. Only six studies fitted these
criteria and were included in this work (Adetona et al. 2013; 2019; Gaughan et al.
2014; Missoula Technology and Development Center [MTDC] 2000; Wu, Adetona
et al. 2020; Wu, Warren et al. 2020).
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3 Results and Discussion

3.1 Urinary Biomarkers of Oxidative Stress

Available biomonitoring studies have included the determination of biomolecules
involved in lipid peroxidation (8-isoprostane (i.e., 8-iso-prostaglandin F2α) and mal-
ondialdehyde (MDA)), and DNA oxidation (e.g., 8-hydroxy-2’-deoxyguanosine (8-
OHdG)), which are known biomarkers of oxidative stress. Urine is the most charac-
terized matrix since it is non-invasive. Table 1 presents the levels of oxidative stress
biomarkers, namely 8-isoprostane (n = 3), MDA (n = 3), and 8-OHdG (n = 5)
determined in the urine of firefighters.

3.2 Lipid Peroxidation

With lipid peroxidation, several free lipid radicals are formed as a result of oxidative
lipid degradation of the cellular membrane (Thimmulappa et al. 2020). The instabil-
ity of lipid peroxides can decompose lipid free radical into secondary highly reactive
compounds such as MDA (Sies et al. 2017). However, the main products of lipid
peroxidation, derivatives of arachidonic acid such as 8-isoprostane, are more stable,
and thus, a more powerful and reliable biomarker of oxidative stress (Nam 2011).
Literature as acknowledge 8-isoprostane as a standard biomarker to characterize lipid
peroxidation status (Nam 2011). Also, in contrast with MDA, urinary concentrations
of 8-isoprostane are not affected by diet (Adetona et al. 2019). Therefore, urinary
8-isoprostane and MDA are the most characterized biomarkers of lipid peroxida-
tion. Both biomarkers have been determined in the urine of firefighters involved in
firefighting of wildfires and prescribed burns (Table 1).

So far, only three studies determined the levels of urinary 8-isoprostane in fire-
fighters (Table 1). Overall, urinary levels increased from 0.2 to 1.05 µg/g creatinine
on pre-shift samples to 0.3–1.72 µg/g creatinine on post-shift/next morning samples
after participation in prescribed burns (Adetona et al. 2019; Gaughan et al. 2014; Wu,
Warren et al. 2020). Gaughan et al. (2014) observed an association between wildland
firefighting and oxidative stress score. The authors reported 8-isoprostane levels of
0.72 ng/mL (Table 1). Variables such as age, career length, use of smokeless tobacco,
and diet had no effect on the urinary levels of 8-isoprostane (Adetona et al. 2019).
At prescribed burn-days, which are thought to present a less toxic environment than
wildland fires, firefighters presented 2.64 times greater levels of urinary 8-isoprostane
than in non-burn days (Wu, Warren, et al. 2020). Wu, Warren, et al. (2020) reported
firefighters’ personal exposure to high levels (5-fold higher) of particulate matter
with aerodynamic diameter of 2.5 µm or lower (PM2.5), which were 3 to 5-fold more
mutagenic in their study (conducted in the Midwest USA) in comparison to the oth-
ers (firefighters from Southeastern USA) (Wu, Warren, et al., 2020). Therefore, this
fact could help to explain the significantly different 8-isoprostane levels observed in
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this study (Wu, Warren, et al., 2020) as opposed to the others (Adetona et al. 2017,
2019; Adetona et al. 2013). Moreover, occupational exposure may be significantly
influenced by the type of burned (bio)materials. Though available data are limited
and not sufficient to associate exposure to fires emissions with increased levels of
urinary 8-isoprostane, future studies should explore this biomarker in firefighters,
including participation in other toxic environments such as structural fires (Keir et
al. 2017).

A previous study performed in healthy young adults highlighted the potential and
usefulness of urinary MDA as a biomarker of systemic oxidative stress in a population
exposed to air pollution (Gong et al. 2013). Regarding firefighters’ exposure to fires
emissions released from prescribed burns events, urinary MDA levels ranged from
pre-shift 0.78–3.28 µmol/g creatinine to post-shift/next morning 0.95–4.17 µmol/g
creatinine (and 74.4–84.3µmol/mol creatinine (Adetona et al. 2019)) (Table 1). Adet-
ona et al. (2019) reported an unexpected (although non-significant) decrease in MDA
levels from pre- to post-shift on burn days (89.2 vs. 84.3 µmol/mol creatinine), and
an increase on non-burn days though not significant (81.6 vs. 98.6 µmol/mol cre-
atinine). This profile could have been due to not documented exposure or other
confounders such as lipid intake through the diet (Adetona et al. 2019). Once again,
the highest cross-shift changes were observed in the study of Wu, Warren et al. (2020)
(Table 1). However, this difference cannot be solely attributed to distinct emissions
composition as mentioned before (Midwest USA versus Southeastern and Western
USA). The most probable cause could have been the different analytical methods
applied, i.e., colorimetric assays (Wu, Warren et al. 2020) versus high-performance
liquid chromatography (HPLC) preferred by the other authors (Adetona et al. 2013;
2019). Thus, standardization of methods is essential for research data comparability
and reproducibility. On the other hand, no association was observed between MDA
levels and PM2.5 exposure, work tasks, age, diet (e.g., consumption of grilled food),
firefighting career length, and smokeless tobacco consumption (chew) (Adetona et
al. 2019). However, the current findings in firefighters also indicated a correlation
between MDA cross-shift urinary levels and personal air black carbon exposure (Wu,
Warren et al. 2020). Some authors found a significant association between urinary
concentrations of 8-isoprostane in USA firefighters with urinary levels of levoglu-
cosan, well-known biomarker of exposure to wood smoke (Gaughan et al. 2014) and
with MDA levels (Wu, Warren et al. 2020). Moreover, in addition to the correlation
between these two biomarkers of lipid peroxidation, concentrations of urinary MDA
also positively correlated with urinary mutagenicity (p = 0.0010), probably due to
the mutagenic properties of the emissions that wildland firefighters were exposed
to. Also, MDA is potentially mutagenic, that can further lead to DNA lesions or
alterations that may consequently contribute to disease development (Adetona et al.
2019).

Overall, available studies suggest an increase on the urinary biomarkers of lipid
peroxidation after firefighting, however, differences between pre- to post-shifts were
mostly not significant. Therefore, more biomonitoring studies are urgently needed
to better understand the relation between firefighters’ occupational exposure and the
stimulation of oxidative stress pathways. Moreover, levels of urinary 8-isoprostane
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have been related with several cardiovascular (e.g., atherosclerosis, heart failure)
and respiratory (e.g., asthma and chronic obstructive pulmonary disorder) diseases,
diabetes, and cancer, while concentrations of urinary MDA have been linked with
atherosclerosis, cancer, multiple sclerosis, and obesity (Sies et al. 2017). In the fire-
fighting context, an association between the concentrations of urinary biomarkers of
oxidative stress (8-isoprostane and 8-OHdG) and arterial stiffness in wildland fire-
fighters has been reported (Gaughan et al. 2014). Future longitudinal cohort studies
are needed to explore the actual research gaps regarding the potential of using uri-
nary biomarkers of lipid peroxidation in firefighters’ biomonitoring assays, which
will contribute to a more realistic health risk assessment.

3.3 DNA Oxidation

Determination of DNA oxidation is an important metric to evaluate the extent of DNA
damage in an individual. Guanine is the most prone nucleotide to undergo oxidation,
and 8-OHdG and 8-hydroxyguanine (8-OHGua) are among the most characterized
DNA lesions (Valavanidis et al. 2009). These lesions are important precursors of car-
cinogenic mechanisms involving mutations, DNA methylation pattern alterations,
and DNA damage (Hayes et al. 2020; Valavanidis et al., 2009; Zhou et al. 2019). So
far, only five studies have determined the urinary levels of 8-OHdG in firefighting
forces (Table 1). Available literature has shown that firefighters who were recently
exposed to wildland fires and prescribed burns presented significantly higher con-
centrations of urinary 8-OHdG than those with no recent exposure to fire emissions
(Pre-shift: 83.04 versus next morning: 134.77 µg/g creatinine; Table 1). However,
differences observed by Gaughan et al. (2014) became marginally significant (p =
0.07) when values were adjusted with the urinary levoglucosan levels. On the other
hand, Wu, Warren et al. (2020) quantified all oxidized guanine species in the urine
of North American firefighters after participation in prescribed burns. Those authors
observed a significant 3-fold increase (p = 0.02) in the urinary levels of 8-OHdG
from pre- to next morning on burn days comparatively with non-exposed days and
the consequently decrease overtime in non-burn days (Wu, Warren et al. 2020). Addi-
tionally, Adetona et al. (2013) also reported a significant increase in the urinary levels
of 8-OHdG in firefighters with a short-career (≤2 years). This can be explained by
the time needed for body’s adjustment to firefighting activities, thus, in higher career
length stages, firefighters’ body could have already developed defense mechanisms
that can better control the excess of oxidative stress. Moreover, female firefighters
might be more susceptible to DNA oxidation than male firefighters (MTDC 2000).
Firefighters exposed to the emissions of prescribed burns presented levels of urinary
8-OHdG that correlated with levoglucosan levels [regression estimate 0.41 (95% CI:
0.04,0.79)] (Gaughan et al. 2014). Evidence suggest that 8-OHdG concentrations
were not influenced by firefighter’ work task, diet, and alcohol consumption; smok-
ing history showed mixed results: Hong et al. (2000) observed a direct correlation
contrasting with Gaughan et al. (2014) who did not find any association (Table 1).
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Urinary levels of 8-OHdG have been directly linked with cancer development path-
ways (Hayes et al. 2020; Sies et al. 2017). Therefore, this biomarker of effect can
be a useful tool to explore the relation and causality between firefighting and cancer
incidence and related mortality among firefighters.

Few studies have been performed in firefighters, yet, studies have been also imple-
mented with other workers such as coke oven, e-waste dismantlers, and boilermakers.
Correlations were reported between urinary 1-hydroxypyrene (biomarker of expo-
sure to polycyclic aromatic hydrocarbons (PAH)) and lipid peroxidation biomarkers
as well as DNA damage in coke oven workers (Deng et al. 2014; Kuang et al. 2013).
Exposure to other hazardous chemicals such as polychlorinated dibenzo-p-dioxins,
polybrominated diphenyl ethers, and polychlorinated biphenyls (more frequently
identified in structural fires) were associated with elevated 8-OHdG urinary levels in
e-waste dismantler workers (Wen et al. 2008). Even among the general population
correlations were found between urinary MDA and 8-OHdG levels and PAH metabo-
lites in urine of healthy adults (Bortey-sam et al. 2017; Sun et al. 2017) and children
(Li et al. 2015; Wang et al. 2017). Regarding ambient metal exposure, urinary con-
centration of metals significantly correlated with urinary 8-isoprostane, 8-OHdG and
MDA in people living near a coking plant (Hu et al. 2021). Moreover, a cohort study
(Framingham Offspring cohort) including 2035 non-occupational exposed partici-
pants reported positive associations of urinary MDA and 8-isoprostane with PM2.5

and black carbon (Li et al. 2016). Therefore, crossing this information with the
one available concerning firefighters further motivates the exploitation of urinary
biomarkers of oxidative stress in the diversified occupational exposure context that
is experienced by firefighters.

4 Conclusions

This study characterized the impact of firefighting on urinary biomarkers of oxida-
tive stress, namely 8-isoprostane, MDA and 8-OHdG. Data are emerging for wild-
land firefighting context while no information exists regarding structural firefighters,
which can suffer more severe oxidative stress response due to the complex mix of
toxic pollutants in structural fire smoke. Available information showed a signifi-
cant increase of urinary 8-OHdG related with wildland firefighting, especially in
the first career years. Therefore, the potential use of this biomarker of DNA oxi-
dation to monitor disease risk development, particularly cancer among firefighters,
was demonstrated. Moreover, given the importance of lifestyle and exercise under
hot conditions on body redox balance, these variables should be taken in consider-
ation to better understand the contribution of exposure to air pollutants to oxidative
stress scores. Moreover, the simultaneous use of both exposure and oxidative stress
biomarkers during firefighting activities would be extremely useful for occupational
characterization.
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Abstract Background: Patellofemoral Pain Syndrome (PFPS) is a Musculoskeletal
Disorder (MSD) not commonly studied in an occupational context. Its prevalence in
the general population is 22.7%. There is, however, little evidence of the prevalence
of PFPS in specific populations working in industry and services. In this context, this
study aimed to assess the PFPS prevalence among workers in a garbage collection
company. Methods: All 20 workers that drove the truck and worked in the collection
of garbage dumped in the recycling bins of a company of selective garbage collection
in recycling bins in Portugal were assessed by an occupational physician between
March and December 2020. Results: Six workers (30%) were diagnosed with an
PFPS. Discussion/Conclusion: This study showed a higher prevalence of PFPS than
in the general population. Thus, our findings show the importance of studying the
problem deeply and taking effective preventive measures in the work of selective
garbage collection.
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1 Introduction

According to a 2016 consensus, the patellofemoral pain syndrome (PFPS) is defined
as a musculoskeletal disorder (MSD) that is characterized by acute peripatellar pain,
with or without irradiation, of a gradual nature, which worsens with squatting and
going up or down the stairs (Crossley et al. 2016). In the occupational context, there
are still very few studies of FPFS with non-athlete populations so it is not possible
to define its prevalence in most sectors of activity, namely in industrial and services
sectors (Neal et al. 2019; Smith et al. 2018).

In Europe, approximately 30% of workers with MSD complaints report unspecific
lower limb MSDs (feet, knees, thigh, muscle, bone, tendon, joints) (Jan de Kok et
al. 2019). However, as these data do not have an associated cause-effect relationship
with any task, it is impossible to clearly understand whether MSD is related or not
with work.

When considering specifically PFPS, estimates in the work context vary between
13.5% in the military context (Boling et al. 2010), 29.3% in ballet dancers (pro-
fessionals) (Winslow and Yoder 1995), 35.7% in professional cyclists during the
competition season (Clarsen et al. 2010) and 34.9% in workers at a large Iranian
automobile manufacturing company (Sharifian et al. 2020).

Selective garbage collection workers are an occupational group particularly vul-
nerable to exposure to ergonomic risks. The repetitive movement of climbing up
and down vertical stairs to access the truck crane (Fig. 1) during the work shift is
particularly damaging. The tasks performed require movements that are harmful to
the knee joint, such as the extension of the thigh with the knees flexed above 60◦
(Powers et al. 2017; Willy et al. 2019).

Fig. 1 Up and down movement demonstration (using the stairs to the crane)
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Thus, considering the risk of PFPS in workers who perform selective garbage
collection, the objective of the present study was to estimate the prevalence of PFPS
in this population of workers.

1.1 Materials and Methods

The data collection was carried out by an occupational physician of a Portuguese
garbage collection company between March 8 and December 21, 2020.

The methodology of this study consists of a cross-sectional study, in which a popu-
lation sample was monitored for a nine months-long period, observing the prevalence
of PFPS. The Strengthening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) methodology for cross-sectional studies was chosen (Gharaibeh et al.
2014; von Elm et al. 2008).

The study sample was chosen due to the previously assessed high exposure
to ergonomic risk of these workers: repeatedly going up and down vertical stairs
throughout the work shift. The study sample consisted of selective collection work-
ers, totalling 20 individuals, 2 women and 18 men, with a history of work in the
company between 6 and 18 years.

The workers included in this study perform the ascending and descending of a
vertical ladder with five steps over the 8-hour shift (Fig. 1), a total of approximately
50 times (one for each Ecopoint), which implies the approximate movement of 100
times of ascents and descents corresponding to 500 steps per day (250 on the way
up and 250 on the way down) (Fig. 2), computing one movement every 9.6 min.

From the general population of the garbage collection company, a sample of
workers who met the following eligibility criteria was selected: 1. Selective garbage
collection workers that drove the truck and worked in the collection of garbage
dumped in the recycling bins 2. Workers who do not participate in sports activities
simultaneously with work.

The diagnosis criteria used by the occupational physician for the diagnosis of
PFPS (Crossley et al. 2016; Souza et al. 2017) in the selected workers were: 1.
Presence of acute peripatellar pain with or without irradiation, with gradual nature,
worsening with squatting and when going up and down stairs during anamnesis. 2.
Positive Clarke signal on physical examination.

After a medical evaluation, all sample data were treated in Excel 2016 (Bonita
et al. 2010).
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Fig. 2 Vertical ladder used to ascend and descend at each stop of Eco points

2 Results

Among the twenty exposed workers (18 men and 2 women), six male workers (30%)
had PFPS.

There were no previous data for the 20 evaluated workers to know the existence
of PFPS in the admission exams. For the 14 workers without the disease, there was
no new case report of PFPS from the beginning until the end of the study period.

3 Discussion

According to a recent meta-analysis, the prevalence of PFPS in the general population
is 22.7% (Smith et al. 2018), considering variations for specific activities. In the
context of the studied sample of workers who drive the truck and who work in the
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collection of garbage dumped in the recycling bins, it was possible to find a prevalence
of 30% of people with the disease, which corresponds to 7.3% above the nominal
value of the prevalence of the general population.

Few studies have assessed the prevalence of PFPS with worker samples (Smith
et al. 2018). In the context of industrial work or services, there is little evidence in
the literature to date (Neal et al. 2019; Smith et al. 2018).

In our sample, the high prevalence of PFPS may be a warning sign for occupational
health and safety specialists (Crossley et al. 2019; Jan de Kok et al. 2019; Neal et
al. 2019; Powers et al. 2017). The need to go up and down five steps on vertical
stairs, approximately 100 times a day, is an aggravating factor for PFPS due to the
high torque value applied to the knees. This joint bends at an angle greater than
90◦ (Powers et al. 2017; Willy et al. 2019), as shown in Fig. 1. In this context,
engineering measures are needed to avoid the problem, redesigning the steps or,
even better, placing the crane controls accessible from the ground.

Despite the scarcity of evidence in the literature in working populations regarding
PFPS, further studies are needed to recognize PFPS as an Occupational Disease and
include it in the list of diseases recognized by ILO as occupational (International
Labour Organization and ILO 2010).

3.1 Limitations

The most significant limitations of the work were the low sample size, the lack
of information prior to the evaluation period and the short period of the studied
population follow-up.

4 Conclusions

Aiming to contribute to the knowledge of the Patellofemoral Pain Syndrome preva-
lence among drivers of selective waste collection, it was possible to obtain a high
prevalence of FPFS in the studied sample.

Thus, despite the sample size, our findings shows the importance of studying the
problem deeply and taking effective preventive measures in the work of selective
garbage collection, thus preventing the development of the disease.
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Indoor Air Quality Under Restricted
Ventilation and Occupancy Scenarios
with Focus on Particulate Matter: A Case
Study of Fitness Centre

Klara Slezakova , Cátia Peixoto , Maria do Carmo Pereira ,
and Simone Morais

Abstract Objective: This work assessed particulate matter (PM1, PM2.5, PM5 and
PM10) and thermal comfort parameters (temperature, relative humidity) in indoor air
of fitness centre, under restricted ventilation and occupancy scenarios. Background:
Exercising on regular basis provides countless health benefits, which might be coun-
tered if done in environments with poor air. Methods: PM was continuously (24 h)
monitored for two weeks in one fitness club situated Oporto Metropolitan Area,
Portugal. Various indoor spaces (body building and cardio fitness areas, studios)
were assessed. Results: Across all spaces, PM10 ranged 13–298 µg m−3, (mean 56
µg m−3) exceeding Portuguese limit of 50 µg m−3. PM5 (4–196 µg m−3; 42 µg m−3)
were highly correlated with PM10 (|rs| = 0.937), whereas PM2.5 (3.8–49 µg m−3; 14
µg m−3) and PM1 (1.6–26 µg m−3; 7.5 µg m−3) accounted for, respectively, 25%
and 15% of PM10. Finally, relative humidity was well below the indicated guide-
line range. Conclusions: The obtained results suggest possible inhalation risks and
discomforts for the occupants of the respective fitness centre. Reasonable measures
should be used to regulate indoor air quality, even under restricted conditions, in
order to ensure safe and comfortable environments.
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1 Introduction

Despite the known benefits of exercising, the worldwide trend has shifted towards
less total daily physical activity; it has been estimated that approximately 30% of the
worldwide adult population is insufficiently active (Hallal et al. 2012). This trend
was further enforced by the recent coronavirus disease 2019 (COVID-19) pandemic,
which brought profound challenges to society. While its spread has been mitigated
through various strategies, including social distancing (working and studying from
home); these changes may result in the further adoption of a sedentary lifestyle. Insuf-
ficient physical activity has been linked to a higher risk for cardiovascular diseases
(Carnethon 2010; Lee et al. 2012). Thus, various organizations promote increased
physical activity (WHO 2016). It is necessary to enhance that these activities do not
necessarily need to be conducted indoors, however, current society spends ca. 90% of
time indoors. The associations between indoor environment and public health is then
indisputable. Exposure to air pollution has been linked with increased mortalities and
cardiorespiratory morbidity including many adverse health effects (cancers of differ-
ent organs, impaired neuro- and cognition development, diabetes – type 2; Holgate
2017). Furthermore, the prolonged time duration of being indoors, while at the same
time the lesser degree of pollutant dispersion and/or dilution in confined spaces, may
ultimately result in indoor exposures of several magnitudes larger than those from
ambient air (Goodman et al. 2017; Hodas et al. 2016). In addition, humans and their
activities are significant contributors to indoor pollution (Braniš and Šafránek 2011;
Buonanno et al. 2012). Thus, it is particularly relevant to assess places, where a
significant part of the air pollution and its impact are assumingly caused by the occu-
pants (Buonanno et al. 2012; Žitnik et al. 2016), and at the same time the increased
inhalation (from physical activities) may lead to much higher degree of exposure
(Pacitto et al. 2020; Wagner and Clark 2018). Particulate matter (PM) is among
the most health relevant indoor pollutants (WHO 2010). It is a complex mixture of
solid and/or liquid particles of different sizes (WHO 2010). The size of the particle
is especially relevant as it determines its deposition in respiratory system (Holgate
2017); the smallest PM can enter into the deepest parts of the respiratory and deposit
in lungs. Substantial body of evidence shows that exposure to particles, both short-
term and long-term, is of particular concern with regard to adverse health effects
(Shi et al. 2016). Indoors, PM may be produced by various activities which include
operation and maintenance practices, housekeeping practices, cooking printing, etc.
They can also result from infiltration of outdoor emissions, through cracks and gaps
in the building envelope and via natural and mechanical ventilation (Chen and Zhao
2011), the latter being likely source of ambient PM in commercial buildings.

This study is part of ongoing project, which main aim is to asses indoor air quality
in fitness centres and sport facilities. Specifically, it reports levels of PM (PM1, PM2.5,
PM5, and PM10) in one fitness club conducted in spring 2021, under specific scenarios
for indoor occupancy and ventilation.
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2 Materials and Methods

Indoor air quality assessment was conducted in indoor air of one fitness centre that
belongs to a chain of low-cost clubs. It was situated in Oporto Metropolitan Area
(north of Portugal) inside of a shopping mall. The club organization included: main
bodybuilding area (BB) with various machines and further equipment, cardio fitness
zone (CF; with treadmills, rowing and elliptical machine), studios for group exercise
(GS), bathrooms and locker rooms with associated functions, administrative and
support spaces (reception, storage room or support for staff), and enhanced spaces
(fitness assessment spaces, vending machine). The club did not have swimming pool
or any outdoor facilities, and its architectural layout was rather unusual. The main
areas of the club (bodybuilding and cardio fitness zones) were situated in open-air
of the shopping mall mezzanine, directly above restaurants and food areas. There
were no barriers that would separate the air environment in these two zones from
the rest of the shopping mall; air conditions in these places depended on air quality
of the shopping mall, with two extra fans providing additional air movements. The
studios and the administrative/support spaces were enclosed spaces/rooms that were
located in the interiors of the club (apart from the mezzanine), with installed HVAC
ventilation system. However, due to the health restrictions to limit the spread of
COVID-19 at the time of sampling, the ventilation system was constantly switched-
off (even when group classes took place). As what concern to the mall area, the air
was renovated every hour and maximum number of people that could simultaneously
be present was also controlled.

The air sampling was conducted continuously (during 24 h) in indoor air of the
one fitness club for a period of two weeks (May 2021) during all week days (Mon–
Fri) and weekends (Sat–Sun). Particles in a range of 0.3–25 µm were monitored
by Lighthouse Handheld particle counter (model 3016 IAQ; Lighthouse Worldwide
Solutions, Fremont, USA) that was equipped with an additional probe to monitor
thermal comfort parameters (temperature and relative humidity). The equipment
was positioned on a support (approximately at 1.3±0.2 m above the floor surface)
and at least 1.5 m from walls in order to minimize the influence on particle dispersion
(Holmberg and Li 1998; Jin et al. 2013) and avoiding all direct emission sources that
might interfere with data acquisition (i.e. air conditioners, ventilation points, and
exists). The logging interval was 60 s, resulting in a large set of PM measurements (n
=72000); prior to sampling the sampler was calibrated at manufacturer. All necessary
precautions were taken in order to maintain the safety of all subjects (exercisers as
well as study researchers).

During the data collection, a member of the research team was always present at
site to register all relevant data (such as gym occupancies, class activities and etc.)
or any pertinent information related to potential emission sources and ventilations.
When necessary, the staff of the fitness centre clarified further details. Statistical
analyses of the data were conducted using SPSS (IBM SPSS Statistics 20) and
Microsoft Excel 2013 (Microsoft Corporation). As obtained data did not display
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normal distributions (confirmed by Shapiro-Wilk’s test), medians were compared
through the nonparametric Mann-Whitney U test. Statistical significance was set as
p < 0.05.

3 Results and Discussion

The statistics for different PM fractions collected in one fitness centre are summa-
rized in Fig. 1. Overall, indoor levels of all PM fractions demonstrated large vari-
ations of the obtained data. The concentrations of fine particles (PM2.5 and PM1)
were relatively low. PM1 ranged between 1.6 and 26 µg m−3 (mean of 7.5 µg m−3),
whereas it was 3.8–49 µg m−3 (mean of 14 µg m−3) for PM2.5. In two previous
studies (Almeida et al. 2016; Ramos et al. 2014) evaluating indoor air quality of 11
fitness centres (Lisbon; majority centres with mechanical ventilation), the authors
reported concentration of PM2.5 in similar ranges: 0.9–43µg m−3 (for centres with
controlled ventilations). Coarse particles (PM10 and PM5) evaluated in this fitness
club were higher than elsewhere (Bralewska et al. 2019). PM5 ranged between 4.0
and 196 µg m−3 (mean of 39 µg m−3) whereas values were 13–298 µg m−3 (mean
of 51µg m−3) for PM10. It is necessary to point out that coarse PM in the club were
much higher (approximately 2–3 times) than those previously reported in fitness cen-
tres with similar settings and ventilation systems (i.e. sophisticated HVAC systems
with use of air filtration supply; Ramos et al. 2014; Slezakova et al. 2018), most
likely due to the unusual architectural layout of the club. Further, in terms of PM10,

Fig. 1 Concentrations of different fractions of particulate matter (� mean; � 25–75%, and ⊥� range)
in the studied fitness centre: a according to the occupancy periods (i.e. during the opened hours and
when closed); b in different functional areas (during occupied periods). Dashed lines represent the
existent limit values (50 and 25 µg m−3 for PM10 and PM2.5, respectively) settled by the national
legislation Decreto-Lei 118/2013. Note: Y axes are scaled to logarithmic mode to adequately display
the concentration ranges
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the observed levels were similar to indoor air of gyms with natural ventilations (i.e.
by windows opening; Slezakova et al. 2018), which typically reflects in overall much
higher indoor particulate pollution (Montgomery et al. 2015).

As there is no consensual threshold (below which PM would not pose any health
risks), currently there is no unique value or guideline standards. Recommendations
of WHO for PM indoor air is based on the guidelines for ambient air (in a view that
there is no conclusive evidence concerning the hazardousness of indoor-emitted PM
in a comparison of the ambient one; WHO 2010). The respective values (for 24 h
concentrations) are available for PM10 and PM2.5 with 50 and 25 µg m−3, respec-
tively. These values were adopted by Portuguese legislation on indoor air quality of
public buildings (Decreto-Lei 118/2013), but opposed to WHO, they are expressed
as 8-h means. While PM2.5 values fulfilled the limits in all functional spaces (means
ranging between 7.2 and 18 µg m−3 for BB, CF and GS), PM10 concentrations in
the body building and cardio fitness areas exceeded the respective limits during the
occupied periods, therefore indicating possible inhalation risks for the respective
occupants (both staff and exercisers). As inadequate indoor air quality in places for
fitness activity can easily counteract the benefits of the well-being due to physical
exercise (Fei Qin et al. 2019; Reche et al. 2020; Wagner and Clark 2018), PM levels
in these environments should be further characterized in order to correctly assess the
respective exposures.

PM2.5, PM5, and PM10 means were statically different between the various func-
tional spaces (p < 0.05) of one fitness club. As shown in Fig. 1b, higher means
(and variations) of PM levels were observed in the bodybuilding and cardio fit-
ness areas than in enclosed studios, with the respective PM concentrations being
higher (35–78%). These results of this study were contrary to previous works that
reported elevated PM pollution in confined studios due to the high number of exer-
cising people, various activity patterns and different types of human “movement”
(Sacks and Shendell 2014a, b; Slezakova et al. 2019). Firstly, due to the enforced
health-based guidelines to prevent the spread of COVID-19 at the time of the study,
human occupancy in groups studios was strictly restricted and controlled (3–9 peo-
ple max., depending on the class). Secondly, large spaces of the bodybuilding and
cardio fitness zones in the fitness centres typically allow for the dilution and spread
of respective emissions. However, the direct connection to the shopping mall areas,
and its emission sources (restaurant zone, ventilations, outdoor infiltrations, etc.)
clearly contributed to increased coarse PM. Human-induced PM resuspensions in
the shopping mall is significant indoor source of PM; Qian et al. (2014) estimated
PM10 emissions from walking range from 1 to 10 mg per minute.

In addition, the PM2.5–to–PM10 mass concentrations ratios were rather low in the
fitness centre (range 0.14–0.52). On average, PM2.5 composed only 25% of PM10.
Furthermore, fine and coarse particles were positively, though not highly correlated
(Spearman correlation coefficient; |rs|=0.711). On contrary, strong associations were
found between both fine particles (PM1 verses PM2.5: |rs| = 0.905) as well as between
both PM5 and PM10 (|rs| = 0.937). These results indicate that fine and coarse frac-
tions might originate from different emission sources. Furthermore, the daily profiles
of PM also differed (Fig. 2). Typically, PM1 and PM2.5 exhibited just one peak of
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Fig. 2 Example of 24 h temporal variations of different PM in studied fitness centre: a coarse
particles—PM10 and PM5; b fine particles—PM2.5 and PM1. Note: Y axes are scaled to different
ranges in order to adequately display the obtained levels

elevated concentrations (between 14:00 and 15:00) when occupancy of the club was
relatively low. It might be assumed that cooking emissions from surrounding restau-
rants and food stands could be the sources of the fine PM (Board on Population
Health and Public Health Practice 2016). On the contrary, PM5 and PM10 exhib-
ited several daily maxima. Similarly to fine particles, the concentrations raised up
around 14:00, but also during morning hours (at 10:00–12:00), with the highest con-
centrations occurring during the late afternoon (17:00–18:00). The latter two peaks
corresponded to the busier periods in the club (in terms of number of exercisers/clients
registered). These results suggest that coarse PM originated from the occupant’s and
their activities in the club (resuspension of particulate matter due to exercising and
human emissions; Alves et al. 2013, 2014; Ramos et al. 2014; Žitnik et al. 2016), as
well from the activities and occupancy people in the shopping mall. Concerning the
group activity classes, the registered maxima of PM temporal variations occurred in
the studios when fitness classes were in sessions.

Relative humidity (RH) and temperature (T) affect thermal comfort of the respec-
tive occupants in indoor spaces. RH levels recommended by different organizations
range from 30 to 60% (ANSI ASHRAE 2013; USEPA 2008). For RH of 30 and
60%, American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE) recommends indoor T ranges 23.0–26.6 ◦C and 23.0–25.8 ◦C, respec-
tively (ASHRAE 2017). ASHRAE also recommends that indoor relative humidity
be maintained below 65% (ANSI ASHRAE 2013). However, specifically for sport
facilities the existent T guidelines (for summer season) are 18–25 ◦C, whereas the
RH should be maintained between 55 and 75% (SEJD 2008). The indoor T of vari-
ous spaces was within the recommended guidelines, though on the upper end of the
recommended range: median of 25 ◦C in BB, CF, and in GC. On contrary, RH was
excessively low in all areas of the fitness centre (median of 35% in CF, 44% in BB,
and 45% in GS), which can cause potential discomfort to exercising subjects (drying
of nose, throat, mucous membranes and skin; Bélanger et al. 2014; Sylvester et al.
2016). The results showed that indoor RH significantly increased with the intensity
of an activity and/or number occupants of the fitness centre, with the highest RH
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observed during the spinning classes (range: 49–59%, median 53%). In agreement,
Žitnik et al. 2016 reported increased RH in indoor air when exercising (due to water
vapour generated by human breathing and body perspiration). Further, high RH can
lead to capillary condensation between a particle and a surface, strongly enhancing
adhesion and suppressing particle resuspension (Kim et al. 2019); high RH may
increase the size of particulate matter thus influencing the respective atmospheric
residence and depositions (Zhang et al. 2017).

Limitations Fine particles composed atypically low part of the indoor PM in the
studied fitness centre, which might be due to the different ventilation scheme, as
well as untypical architectural layout of the club. Higher number of fitness centres
thus should be assessed in order to confirm these findings. In addition, analysing
further particle size distributions in indoor air of the respective fitness centres and
associations between PM and other gaseous pollutants would be important to identify
the possible emission sources and to identity the respective exposures.

4 Conclusions

This work assessed particulate pollution in indoor air of one fitness centre under
restricted ventilation scenarios due to the current health guidelines. Across four PM
fractions, the levels have shown large temporal and spatial variations. The indoor
air quality in the fitness centre indicated possible risks for the respective indoor
occupants as shown by PM10 concentrations during the occupied periods, which
surpassed health guideline of 50 µg m−3 defined by WHO (WHO 2010). In addition,
due to the restricted ventilations relative humidity was well below the indicated range
causing possible discomforts for the respective occupants. Suitable quality of indoor
air is of outmost importance, especially in places where inhalation intake of PM
is elevated. Thus, reasonable measures should be used in order to regulate indoor
air quality, even under current conditions, to ensure healthy and comfortable indoor
environments.
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Patellofemoral Pain Syndrome Risk
Factors Analysis in Selective Garbage
Truck Drivers
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Abstract Background: Patellofemoral Pain Syndrome (PFPS) is a disease with
gradual worsening, affecting 22.7% of the general population, clinically described as
a peripatellar pain aggravated when going up and/or downstairs. Objective: To iden-
tify risk factors for the emergence or aggravation of PFPS present in selective waste
collection workers in their daily activity. Method: The experimental protocol first
consisted of a thorough evaluation of the workstation. After, the movements executed
by the driver were registered and analysed, task by task. Results: The results report
that the worker’s workplace characteristics and the and the postures and movements
carried out contribute to the emergence and worsening of PFPS. Conclusions—It
was concluded that, since the work tasks entail climbing and descending a vertical
ladder more than one hundred times (twice at each stop, at least), there is a causal link
between PFPS and the performed task. Therefore, the workstation requires immedi-
ate intervention.
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1 Introduction

For the last couple of years, Patellofemoral Pain Syndrome (PFPS) has been studied
and analysed in the light of sports and rehabilitation fields. Representing a gradual
deteriorating pain, this syndrome is characterised by a specific pain in the anterior
knee, peripatellar or retro-patellar, described as “stabbing, without irradiation and
intermittent”, which worsens when squatting, climbing and/or descending stairs, and
while seated for extended periods (Brechter and Powers 2002; Collins et al. 2018;
Crossley Callaghan and Van Linschoten 2016; Crossley et al. 2016; Fredericson and
Yoon 2006; Piazza et al. 2012; Powers Witvrouw et al. 2017).

This syndrome’s annual prevalence reflects in 22.7% of the general population,
varying according to age and activity (Dey et al. 2016; Smith et al. 2018). The values
found in the literature shows a prevalence of this syndrome of 6% in adolescents
(Mølgaard, Rathleff and Simonsen 2011) and recreational runners (Collins et al.
2018; Crossley et al. 2019), 13.5% in the military (Lankhorst et al. 2012; Neal et al.
2019) and 35% in amateur cyclists (Boling et al. 2010; Weiss 1985).

Similarly, as what happens with other types of musculoskeletal disorders, the
syndrome’s risk factors are multifactorial (Powers et al. 2017). Recent systematic
review studies mention muscle imbalances as a primary risk factor (Crossley et
al. 2019). However, other individual factors, such as bone misalignments are also
referred to in the literature, but with little evidence (Crossley et al. 2019; Willy et al.
2019).

In adults, studies carried out in the military and weakness in the quadriceps muscle
were evidenced as the leading risk factor for this syndrome (Lankhorst et al. 2012).
On the other hand, in adolescents, this relation was not found, as it was identified
that the increased strength in the hip abductor muscles in relation to the other thigh
muscles is the main risk factor for PFPS (Neal et al. 2019).

Recent studies have also pointed out that psychosocial factors, such as anxiety
and depression, may be indirect risk factors for PFPS (Maclachlan et al. 2017).
Nevertheless, more research needs to be developed in this area to sustain these results
(Crossley et al. 2019).

Other risk factors described in the literature are knee flexion movements above
60◦ and knee movement ahead of the toes (Brechter and Powers 2002; Crossley et
al. 2004; Powers et al. 2017), fundamental for the prevention of harmful movements
in the working context (Fry et al. 2003). Rehabilitation studies have shown that
bodybuilding applied with protocols of strength exercises in the muscles of the hips
and quadriceps, together with work tasks, are protective factors, decreasing the PFPS
incidence (Coppack et al. 2011; Dolak et al. 2011; Ferber et al. 2015; Herrington
and Al-Sherhi 2007; Khayambashi et al. 2014; Pereira et al. 2020).

Some studies in ergonomics (Coppack et al. 2011; Flanagan et al. 2004; Neal et
al. 2019) have shown that PFPS impairs workers’ health, not only in their working
context but also in their daily life. In load handling tasks with squat overuse, some
studies have confirmed a direct relation between squatting and the PFPS occurrence
(Dali et al. 2013; Lee et al. 2016; Sadler et al. 2013).
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This work aimed to identify the emergence or aggravation of PFPS risk factors in
the workers of selective waste collection when performing their usual tasks.

2 Materials and Methods

This study was carried out on a Portuguese waste collection company in 2020 and can
be divided into two main phases, Occupational Medicine analysis and Occupational
Safety analysis:

1. Clinical analysis;
2. Workstation assessment;
3. Worker postures assessment.

Fig. 1 Workstation analysis
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Table 1 Final score outcome versus action between OWAS and REBA methods (Hignett &
McAtamney, 2000; Karhu et al. 1977)

OWAS method

Score Action category

1 No corrective measures are needed

2 Corrections are needed in the near future

3 Corrections are needed as soon as possible

4 Immediate corrections are needed

REBA method

Score Meaning Intervention

1 Insignificant risk Not needed

2–3 Low risk May be needed

4–7 Average risk Needed

8–10 High risk Needed as soon as possible

11 or more Very high risk Needed immediately

The workstation (Fig. 1) consisted of an adapted vehicle that comprises the truck
cabin (maximum distance to the ground is 1.28 m), and the access to the crane by
the vertical ladder (maximum distance to the ground is 1.96 m), built to access the
machine. The first step of the ladder is about 47 cm above the ground, and the distance
between steps is 35 cm. The last step is distanced 44 cm from the upper part of the
platform. Regarding the steps’ wideness, the first two steps are 18 cm wide, while
the two upper steps are 25 cm. The main objective of assessing the workstation was
to identify functions with the potential to lead to the emergence/worsening of PFPS.

Each task’s movements were filmed from two different angles with a NIKON
Coolpix NS9500 camera for greater precision. The data was then processed by com-
puter, and leg postures were evaluated according to the risk criteria: knee flexion
above 60◦ and the tibial translation movement in the anterior plane ahead of toes
reported in the literature (Brechter and Powers 2002; Collins et al. 2013; Crossley et
al. 2004; Fry et al. 2003; Powers et al. 2017) were used to assess the risk of injury.

For comparison purposes, the scoring criteria of the OWAS method were used,
but only for the evaluation of the lower limb and loads. The objective was to find out
if the risk criteria observed in the footage could be evidenced by existing ergonomic
methods.

Literature research was conducted to find ergonomic assessment methods that
could be adapted to these work tasks. However, the results showed that only two
methods used enough detail (regarding the scope of this work): Rapid Entire Body
Assessment (REBA) (Hignett and McAtamney 2000a) and The Ovako Working
Posture Analysis System) (Karhu et al. 1977, 1981). Both methods have a checklist-
based protocol, which requires a “performed movement” observation and consequent
assessment according to specific criteria. The final results of the used methods relate
to the severity of the risk, considering the main actions, and are summarized in
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Table 1. Each posture is linked with a severity score (quantitive assessment) at the
end of the evaluation process., with a specific value that can be classified as “risk
level” in OWAS method (1–4), and “stages of intervention” in the REBA method
(between 0 and 11, or higher). The choice of scoring parameters for lower limbs of
the OWAS Method as a criterion for comparing the risks described in the literature for
lower limbs, was due to the OWAS method using more criteria in the comparison with
REBA: seven criteria levels against just four. Additionally, the differential analysis
of the carried load weights in the OWAS method presents a maximum score above
20 Kg, while REBA, the maximum score occurs above 10 Kg.

3 Results

3.1 Workstation Evaluation

It was noticed that the stairs are very narrow (Figs. 1 and 2) in the first two steps
(18 cm), which does not allow putting both feet in safe conditions. Additionally,
the distance between some of the steps (in height) is excessive, according to the
Portuguese Standard for Equipment Safety (NP EN ISO 14122-3 2001).

Regarding the tasks performed by truck drivers who work in selective collection, it
was registered that they collect between 50 and 55 recycling bins per business day. At
each stop, workers descend from the cabin, climb the crane ladder (vertical), descend
from the crane and return to the cabin. Considering that these workers perform the
movement of going up and down a vertical 5-step ladder for approximately 100 times
per 8 h work shift, meaning 500 steps/shift, representing more than one movement

Fig. 2 Postural assessment—rear view
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Table 2 OWAS assessment criteria (Karhu et al. 1977)

OWAS method

Score Action category

1 No corrective measures are needed

2 Corrections are needed in the near future

3 Corrections are needed as soon as possible

4 Immediate corrections are needed

REBA method

Score Meaning Intervention

1 Insignificant risk Not needed

2–3 Low risk May be needed

4–7 Average risk Needed

8–10 High risk Needed as soon as possible

11 or more Very high risk Needed immediately

every 10 min, where PFPS’s risk criteria are observed (Brechter and Powers 2002,
Collins et al. 2013, Crossley et al. 2004, Fry et al. 2003, Powers et al. 2017).

3.2 Worker Postures Assessment

During the analysis of the worker’s movement when climbing the ladder, it was
observed that its width hinders a straight movement on the climb since the beginning
of the ladder, it is only possible to place one foot on each step (Figs. 2 and 3). In
the ascending movements, it was detected that on both legs occurs external rotation
(Figs. 3 and 4). In the postural analysis, the angles made by the worker required
great torque force, with knee flexions above 90◦. Moreover, it was observed that the
workers overweight increases the tension on the knees during the movement up and
down the ladder.

The evaluation criteria used through OWAS (Karhu et al. 1981) are summarized
in Table 2.

4 Discussion

The workstation’s direct analysis is fundamental from the medical point of view to
identify the casualty nexus of PFPS with work tasks (Papadopoulos et al. 2015; Willy
et al. 2019).

The workstation’s assessment showed that the measurements between two steps
of the vertical ladder had an excessive distance between them. Considering the Por-
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tuguese Standard NP EM ISO 14122-3, the heights between the steps must be 25 cm,
and the first step should have an increase or decrease of 15% (NP EN ISO 14122-3
2001).

Considering the ergonomic evaluation instruments, there is no specific method
regarding ergonomics for lower limbs (Hita-Gutiérrez et al. 2020; Kee 2020; Santos
2020), thus selecting the Ovako working posture analysis system (OWAS) (Karhu
et al. 1981, 1977), specifically using its severity scoring elements are used only for
the lower limbs (Table 2). By analysing the method scoring criteria and observing
the considered postures, the maximum severity score was observed. Comparing the
work tasks results of the machine operators (who drive the selective waste collection
trucks) with the risk existing factors discussed in the literature for PFPS as knee
flexion above 60◦ and the tibial translation movement in the anterior plane ahead
of toes (Brechter and Powers 2002; Collins et al. 2013; Crossley et al. 2004; Fry

Fig. 3 Postural assessment—lateral view
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Fig. 4 Postures on both legs of external rotation

et al. 2003; Powers et al. 2017), all injurious postures were identified. Furthermore,
non-linear movements in the worker’s action on the stairs, such as the foot’s external
rotation in the movement up the stairs, were also observed and the postures evaluated.

From the point of view of preventing PFPS in the work context, it is important to
identify harmful movements with the support of criteria identified in the literature.
This allows for better decision making to improve the working environment.

4.1 Limitations

It is recognised as a limitation the non-possibility of applying a specific method that
would allow the creation of 3D avatars for a more detailed analysis of the movements,
namely the measurement of the forces exerted on the joints. Future studies should



Patellofemoral Pain Syndrome Risk Factors Analysis … 365

be carried out on larger samples to verify the disease’s prevalence in the population
studied or similar functions.

5 Conclusions

Considering that the work task’s main objective was to identify whether the PFPS
in selective garbage collection truck drivers can be affected by the work task, it
was concluded that there is a causal link. This was considered because the work
task requires the climb and descent of a vertical ladder with more than one hun-
dred movements with high angle postures, counting more than 400 steps per work
shift. Therefore, turning this specific profession a risk factor for the emergence or
worsening of PFPS. As there is no possibility of applying any existing ergonomic
assessment method specific to the lower limbs, it was concluded by the study that
filming the execution of the task is a method that can be applied in this context so
to draw a more effective examination. This can be accomplished by the recognition
and identification of critical moments throughout the movement analysis. As actions
to be implemented, changing the workstation to avoid the operator’s need to climb
the stairs will decrease PFPS risk and reduce the risk of accidents. Consequently,
the present work identifies the specific factors for PFPS in the task performed by
selective collection of waste truck drivers, finding a causal link for the appearance
and/or aggravation of PFPS, and it can be concluded that this is a disease that can be
included in the list of occupational diseases.
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Simulating Human-Robot Collaboration
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Productivity in an Assembly
Workstation: A Case Study
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and Pedro M. Arezes

Abstract Objective: To simulate the interaction human-robot regarding productiv-
ity, physical and mental workload, involving the worker in the process of implement-
ing a new Human-Robot Collaboration (HRC) system. Background: The guidelines
for designing ergonomic and management of work systems are key to ensure worker
safety, health, and wellbeing. It considers physical and mental workloads, includ-
ing worker in the process of implementation. Method: Consists of comparing two
workstations regarding physical demand, mental demand, and productivity with a
sample size of 6 subjects. First workstation is a replica of a current situation, in
which it is intended to implement an industrial HRC system. Second workstation is
a human-robot simulated scenario, in which a human hand simulates the tasks being
performed by a robot arm. Results: Robot-simulated scenario resulted in: 24.3%
increase in productivity; posture exposure time reduced from 33.5% to 22.0%; over-
all workload felt by workers decreased from 44/100 to 38/100; and participatory
ergonomics provided meaningful insights for better understanding the whole sys-
tem. Conclusion: Robot-simulated improved ergonomic conditions and productivity
compared to the replica-workstation and it is important to involve the worker in the
implementation of a HRC system. Application: Assembly task workstations consid-
ering the inclusion of an industrial collaborative robot to perform tasks and lighten
the burden on humans.
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1 Introduction

Machines have been introduced to industrial environments in order to improve pro-
ductivity, quality, cost, and ergonomics (Gualtieri et al. 2020). Recently this inter-
actions between human and machines advanced to collaborative robots (cobots) that
allows human to work alongside them without barriers, aimed at achieving a com-
mon goal (Gervasi et al. 2020). According to IEA and ILO (2020), there are six
guidelines for designing ergonomics and management of work systems to ensure
worker safety, health, and wellbeing. These guidelines should be adapted to each
situation, especially when emerging new technologies and new forms of work. First,
ergonomics has to be seen as a system. Both physical and cognitive domains are
equally important, as workers’ capabilities and limitations prevail when designing
a workplace. It can be accomplished by giving appropriate tools, training, and con-
tinuous learning, as well as by not allowing the robots or machines dictate matters.
Participatory ergonomics is also relevant as experienced workers in a task have many
ideas of how to improve the workplace, and also because workers need to know the
system they are working in. Finally, the design of a work system has to be safe,
healthy, promote wellbeing, and be sustainable. Figure 1 shows the main guidelines:

The design and implementation of HRC systems is complex. As stated by
Charalambous et al. (2015, 2016a), to ensure acceptance and for a successful imple-
mentation of an industrial HRC system it is crucial to understand ergonomics (physi-
cal, cognitive, and organizational). Several studies consider the three dimensions, for
example in Ender et al. (2019) where the design aims at optimizing workplaces for
manual production and maintenance processes; and in Changizi et al. (2019) where
the concept design considers human mental and physical viewpoints at the same time
by proposing a hand-guiding on the robot in order to make the workers fell having
control over the system, with the robot as a helper instead of a robot giving an object.

Fig. 1 Guidelines for ergonomic design and management in work systems. Source Adapted from
IEA and ILO (2020)
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However, it is not easy to quantify the benefits in terms of ergonomics and produc-
tivity, at the same time that considers the guidelines above mentioned. Therefore, this
work aims at simulating the interaction human-robot regarding productivity, physical
and mental workload, as well as involving the worker in the process of implementing
a new HRC system.

2 Materials and Methods

The workstation selected for this study is a manual assembly of seven work pieces
(P1–P7). The method consists of comparing two situations regarding physical
demand, mental demand, and productivity with 6 workers. A replica-workstation
(Fig. 2a) was built maintaining the same dimensions as the real workstation, impos-
ing on the worker the same postures to reach the components to be assembled. While
the robot-simulated scenario is presented in Fig. 2b, in which a human hand works
simulating a robot arm to deliver the four largest components (P1, P4, P5, and P6),
one at a time, and the remaining three components are placed next to the worker (P2,
P3, and P7). Under this study the assembly table remains at the same place regardless
the scenario.

2.1 Productivity

Cycle time is the variable chosen to measure productivity. Workers were asked to
perform twenty minutes of task execution, in which the cycle times were measured
by using a digital stopwatch. They were not allowed to stop working during this
period of time. However, in both scenarios the pace was dictated by each worker,
according to their individual abilities and motivation.

Fig. 2 Simulation scenarios: a Replica-workstation; b Robot-simulated
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2.2 Physical Demand

Workers were chosen by gender and classes of percentiles in order to obtain data from
a larger range following the anthropometric database for Portuguese adult workers
(Barroso et al. 2005). For this study it means one woman and one man in between
the percentiles 5–35, 35–65 and 65–95 using stature as the dimension of reference
(Qutubuddin et al. 2012). The motions were captured during six cycle times by
using Xsens MVN software, in which the Xsens Rapid Upper Limb Assessment
(RULA) algorithm was applied. RULA (Middlesworth 2019) is a method that con-
siders biomechanics and postures to assess physical workload. The output is a per-
centage of time the worker was under each of the four risk levels (negligible, low,
medium, high).

2.3 Mental Demand

The ergonomic method NASA Task Load Index (NASA-TLX) (Hart and Staveland
1988) was applied after workers performed the task. This questionnaire is divided in
two parts.

First, workers choose in a scale of 21 graduations their own perception on the
task.

• Mental Demand—How mentally demanding was the task? (thinking, deciding,
calculating, remembering, looking, searching);

• Physical Demand—How physically demanding was the task? (pushing, pulling,
turning, controlling, activating) Was the task easy and restful or demanding and
laborious?

• Temporal Demand—How hurried or rushed was the pace of the task? Was the task
slow and leisurely or rapid and frantic?

• Performance—How successful were you in accomplishing what you were asked
to do? How satisfied were you with your performance?

• Effort—How hard did you have to work to accomplish your level of performance?
• Frustration—How frustrated were you during the task? Were you insecure, dis-

couraged, irritated, stressed, and annoyed or secure, gratified, content, relaxed and
complacent?

Second, they were asked to choose between two items (fifteen pairs) which one
represents the more important contributor to workload for the task performed. The
rating of the first part combined with the weight of the second part gives the overall
workload of the task for an individual.



Simulating Human-Robot Collaboration for Improving Ergonomics and Productivity … 373

Table 1 Cycle time for replica-workstation and robot-simulated scenarios
Worker 1 Worker 2 Worker 3 Worker 4 Worker 5 Worker 6

RW RS RW RS RW RS RW RS RW RS RW RS

Cycle Time (s) 23.02 18.15 21.46 17.87 24.68 16.81 29.63 25.96 22.11 17.54 17.71 15.23

Standard Devia-
tion (s)

1.78 1.68 1.22 1.61 2.23 1.56 2.87 2.39 1.47 1.33 1.52 1.53

RW Replica-workstation, RS Robot-simulated

3 Results

Productivity was measured during 20 min of the assembly task. The average cycle
time in the replica-workstation was 23.10 s and in the robot-simulated 18.59 s
(−19.5% Cycle Time) which means 24.3% increase in productivity. The standard
deviation in the robot-simulated is lower, in general, which is beneficial in terms of
production line stocks. The results are presented in Table 1.

Physical demand was evaluated through RULA risks calculated by Xsens in per-
centage time of exposure to medium and high risks. The medium and high risks are
presented in Fig. 3 for each percentile in both replica-workstation and robot-simulated
scenarios. It shows that exposure decreases in all cases, as in the robot-simulated the
workers movements are less painful. Especially smaller workers (percentile 5–35)
felt the benefits by reducing their exposure time from 27.0% (medium risk) + 6.5%
(high risk) to 21.5% (medium risk) + 0.5% (high risk).

Figure 4 shows that implementing a helper to deliver work pieces decreased the
overall workload felt by workers from 44 to 38. However, temporal demand, per-
formance and frustration results indicate that workers felt more uncomfortable per-
forming the task even having control over the pace of work.

In summary, results corroborate with Turk et al. (2021), in which the redesign of
an assembly workstation improved ergonomics and productivity time and errors.

Fig. 3 RULA risk level calculated by Xsens in percentage time of exposure in replica-workstation
and robot-simulated scenarios for different percentiles
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Fig. 4 NASA-TLX ratings and overall workload for replica-workstation and robot-simulated sce-
narios

4 Discussion

This case study compared two workstations regarding ergonomics and productivity,
by involving six workers from different anthropometric percentiles, genders, and
letting them work on their own preferences. This is according to Stoehr et al. (2018),
which pointed that work instructions should be individual and user oriented, involv-
ing each user no matter limitations or disabilities. Otherwise, as stated by Green
et al. (2008), by not reasoning ergonomics, the HRC system may present undesired
effects, such as fatigue, monotony, and performance decrements. Regarding posture,
Sanders and McCormick (1987) advises that the workstation should provide several
working positions since there is no ideal posture that can be selected for the long
term. Therefore, the most efficient work position during an assembly task with a
robot, which requires continue operation, is the worker choose between standing and
sitting positions. In this study only the standing position was considered in order to
replicate the original workstation and make them comparable. Also the percentiles
chosen are related to static dimensions and, according to Changizi et al. (2019),
standard anthropometric data only presents information about static or fundamental
features in usual postures. In summary, risky postures and overall physical workload
were reduced by including a helper delivering components in front of the worker,
which is expected to follow the same pattern with an industrial HRC system.

Regarding the cognitive aspect, Ogorodnikova (2008) proposed a framework that
highlights workforce training and empowerment as cognitive important features
when planning and designing an HRC workplace. In order to emphasize this topic,
Busch et al. (2018) said that optimizing simultaneously task allocation while taking
into account ergonomic aspects improves acceptance. In this study the work pieces
were arranged to optimize both robot and human tasks. Results showed that mental
demand was reduced, however other psychological factors increased. This aspect
should be considered more seriously when planning the robot motion control, as
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advised in Sadrfaridpour et al. (2016). Instead of NASA-TLX, a possible cognitive
assessment might be useful in the presence of a robot by applying the Trust Scale
Questionnaire presented in Charalambous et al. (2016b).

Productivity increased as a consequence of having a teammate performing the
task. In this regard, considering human and robot as teammates in HRC systems,
an interesting comparison was done by Lindblom and Wang (2018): “To keep track
of the environment the robot uses cameras and sensors, when humans use several
senses; to safeguard the human the robot is equipped with artificial intelligence, as
well as the worker must have knowledge of the robots, human-robot interactions and
the assembly process.”

Finally, in order to decide which level of collaboration to implement, considering
the cobot capabilities suggestions in Cohen et al. (2021), and the results obtained
in this study, the competence Level 3 is adequate. It means the cobot: gets informa-
tion from sensors and cameras; follows preprogrammed schedule to move between
stations; is responsive to human gestures and speech; and brings tools next to the
operator.

By involving the operator in the process, it was possible to identify improvements
when implementing the HRC system:

• A robot is only capable of delivering work pieces as in the case study, not assem-
bling pieces itself due to restricted space;

• Even with the pace of work given to the human, psychological aspects still need
to be better addressed;

• The assembly table could be lower in order to balance the physical demand of the
three defined percentiles in the robot-simulated scenario.

• A sitting position is an option to be considered in such workstations, probably
with adjustable assembly table height.

It would be more precise to consider ranges in defining percentiles, instead of
static anthropometric dimensions.

5 Conclusions

As a conclusion, it has been noticed an improvement on ergonomic conditions by
using a robot-simulated compared to the replica-workstation. Xsens showed that
postures were improved, NASA-TLX showed a decreased in the overall workload
perceived, and productivity increased 24% on average when compared to the worksta-
tion without aid. Moreover, involving the worker in the process was key to understand
important features to be considered when including a real robot. Future work intends
to implement a cobot to compare manual assembly with an industrial HRC in terms
of ergonomics and productivity.
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Musculoskeletal Disorders Investigation
Among Workers that Operate with
Brush Cutter in Vegetal Maintenance
Tasks

Filipa Carvalho , Teresa Cotrim , and Rui B. Melo

Abstract Objective: The main objectives were to assess the real working conditions
and the complaints reported by workers using brush cutters and characterize the
tasks’ risk of developing musculoskeletal disorders (MSDs), aiming at implementing
preventive measures. Background: The main tasks accomplished by brush cutter
operators may be liable for increasing of chronic pain syndromes. Estimating the
prevalence of self-reported musculoskeletal complaints among brush cutter operators
and identifying possible associations with their real working conditions were the
purpose of this study. Therefore, an Ergonomic Work Analysis was performed to
evaluate and assess the working conditions of brush cutter operators during vegetal
maintenance tasks. Method: To quantify the risk associated to the development of
MSDs, Quick Exposure Check-QEC and Rapid Entire Body Assessment-REBA were
applied for two tasks. A questionnaire aiming at characterizing MSDs symptoms
and individual and work characteristics was filled by nineteen workers. Results: The
results showed that the highest percentage of complaints were present in lumbar
spine, feet, dorsal spine, right-wrist/hand, cervical spine and right-thigh. The risk
of developing WRMSD was present in all tasks. Conclusion: This study has shown
that several occupational risk factors trigger the development of MSDs among these
operators.
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1 Introduction

The tasks performed by brush cutter operators can be compared to those of forestry
occupations which are recognized as physically demanding (Toupin et al. 2007). In
2015, according to the 6th European Working Conditions Survey, nearly 25% of the
workers in Europe reported that their work affects their health, and 32% out of these
correspond of the Agricultural workers. Plus, back pain was reported by 43% of the
European workers daily. As for the muscular pain, the situation is similar, as around
42% of the respondents considered that working conditions origin muscular pain
(upper limbs or neck). This result is greater among workers in forestry sector with
57% and 55%, respectively (Eurofound 2017; Sabino et al. 2019).

Musculoskeletal disorders occur in all activities sectors in European Union being
the most frequent work-related disease (Park et al. 2017). Vegetation managing tasks
usually require the adoption of uncomfortable and difficult postures for long periods
of time, which may weakness and strain associate tendons and muscles, inducing
the development of Work-related Musculoskeletal Disorders Symptoms (WRMSDs)
(Francisco 2019; Grzywiński et al. 2016; Sabino et al. 2019). Numerous studies
exploring the workload within workers of the forestry and agriculture sector highlight
that certain activities impose a high workload (Balimunsi et al. 2011; Çalişkan and
Çaǧlar 2010; Sullman and Byers 2000). To evaluate and assess the working conditions
amongst brush cutter operators during vegetation managing tasks, an Ergonomic
Work Analysis (EWA) was done considering the following main objectives:

• to assess the real working conditions and the self-reported complaints by workers
using brush cutters;

• to Characterize the WRMSD risk associated with tasks/subtasks;
• to propose some preventive measures.

2 Materials and Methods

2.1 Stage of the Study, Location and Participants

Data collection was done from July to November 2020, in a Private Portuguese
Enterprise, which workers are responsible for road infrastructures’ operation and
maintenance. Nineteen male workers, from six concessions, accepted to participate
and fulfilled the questionnaire. However, only seven (being part of the vegetal main-
tenance teams) out of these, belonging to the two concessions visited, participated in
the WRMSD development risk assessment, authorizing image recording during the
work activity, for further postural analysis. In both situations, an informed and writ-
ten consent was given. Data confidentiality was ensured. The study was developed
in three stages:



Musculoskeletal Disorders Investigation Among Workers that Operate … 381

(1) Characterizing the Work Situations;
(2) Characterizing WRMSD development risk associated with tasks/subtasks;
(3) Risk Controlling.

In the First Stage, the prevalence of musculoskeletal complaints was obtained from
a questionnaire, in which self-reported symptoms were organized by body regions. In
the Second Stage, two observational methods—Quick Exposure Check (QEC) and
Rapid Entire Body Assessment (REBA)—were applied, aiming at characterizing the
risk for the development of WRMSD, in the tasks and subtasks, previously selected.
Finally, in the Third Stage, some preventive measures (technical and organizational)
were proposed.

2.2 Tasks/Subtasks’ Sample

This study comprised two main tasks: Control of Vegetation Growth (T1) and Clean-
ing of Drainage Systems (T2). Each task was further divided in Subtasks (Fig. 1).

Fig. 1 Tasks and Subtasks assessed in the study
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2.3 Data Collection and Procedures

For data collection diverse tools and methods were used: observations
(free/systematized), non-structured interviews with workers, video/image recording
and a Questionnaire (specifically developed for this purpose).

The questionnaire was created from the modified version of the Nordic Muscu-
loskeletal Questionnaire (NMQ) (Kuorinka et al. 1987), used in previous studies
(Francisco 2019; Sabino et al. 2019), and information collected in the company. The
questionnaire, which was applied as an interview, aimed to identify important param-
eters for the workers’ characterization, evaluate their perception of the real working
conditions, and to identify self-reported symptoms related to discomfort, physical
fatigue, or pain.

The questionnaire is organized in four sections. Section A included the workers’
age, gender, anthropometric data (weight, height), dominant upper limb; organi-
zational data (schedule type, number of hours worked per day/week, practice of
work breaks, second job, seniority,…); the workers’ health, smoking, alcoholic and
caffeine habits, sport and physical activities, and the presence of chronic diseases.
Section B incorporated items related to the occurrence of musculoskeletal symptoms,
over the last 12 months and the last seven days. At the end of this section, the workers
were inquired to identify possible relationships between characteristics of work and
aforementioned WRMSDs. Section C included items to characterize the workers’
perception about Work Activity and Conditions of Realization. This section also inte-
grates the characterization of the general fatigue perception of workers. At the end,
workers were asked to propose modifications to optimize their working conditions.
Section D integrates QEC-Worker’s Assessment Checklist, for further application of
the method. The working postures were recorded with a Go Pro Hero 8 Black digital
camera (with 12 megapixel and 1080×1920 HD/30 fps resolution).

WRMSD risk assessment relied on two observational methods: REBA
(McAtamney and Hignett 2005) and QEC (David et al. 2008). The most harmful
postures for the worker (such as: posture known to cause discomfort; the most fre-
quently repeated posture; unstable, extreme, or awkward posture, especially when
force is exerted; posture requiring the higher muscular activity or the greatest force)
were always selected, as suggested by the authors of the methods.

Both methods were applied according to Sabino et al. (2019). Therefore, the
videos were observed, and the worst posture was selected for assessment with QEC.
For the application of REBA, several frames were selected from each video for
further assessment. One single researcher analyzed 1378 postures with REBA and
129 postures with QEC.

As a reference, in both methods (REBA and QEC) low Scores represent acceptable
work posture, whereas higher scores require an action. As both methods incorporate
different Score level scales, REBA Scores were modified (the 2 first levels were
merged in one) to simplify the association between both results. The QEC/REBA
Risk Level and respective Action Level are shown in Table 1.
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Table 1 Correspondence between QEC/REBA Risk level and action level

Risk level Action level

1 - Low (or color green) Acceptable

2 - Moderate (or color yellow) Investigate further

3 - High (or color orange) Investigate further and change soon

4 - Very high (or color red) Investigate and change immediately

Source Adapted from Sabino et al. (2019)

3 Data Analysis

The Statistical Package for the Social Sciences (SPSS ©) software was used (version
26), for data processing.

To summarize socio-demographic data, job characteristics, prevalence of com-
plaints and Risk Level obtained by each method descriptive analyses were per-
formed using dispersion (standard deviation and ranges) and location (Frequency,
Percentiles, Mean and Median) parameters. The non-parametric Wilcoxon test was
used to compare the results obtained with both methods (REBA and QEC) whereas
subtasks’ Risk Levels were compared using the non-parametric Kruskal–Wallis test.
In both cases the median value was considered. To make the comparison process
feasible, the number of REBA analyzes was previously adjusted to the number of
QEC analyzes (N = 129).

As criterion to reject the null hypothesis, a significance level of 0.05, was consid-
ered, in all cases.

Action Level two was considered the first one involving risk for WRMSD devel-
opment according to both methods (REBA and QEC). Posture Score A and Pos-
ture Score B were additionally contemplated, for REBA method. Posture Score
A evaluates the biomechanical load considering the use of “neck+trunk+legs” set
and Posture Score B evaluates the biomechanical load considering how much the
“upper arm+lower arm+wrist” segment set is involved in the task. As for the QEC
method, the Risk level for each body region (QECNeck, QECBack, QECShoulder,
QECWrist/Hand) was also considered. The working postures and the working con-
ditions (frequency, held loads and movements’ amplitude) were contemplated in the
analysis.

4 Results and Discussion

Table 2 summarizes the principal socio-demographic data of the participants. Fifty-
eight percent of the operators were over-weighted. Thirty-eight percent out of the 32%
of the chronic health problems were related to musculoskeletal disorders. High school
level was accomplished by 53% of the participants. Regarding Job, the majority of
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Table 2 Main characteristics of the participants (N=19)

Variables Average Sd Min. Max. Variables Yes (%) No (%)

Age
(years)

35.8 8.45 24 53 Right-
handed

95 5

Seniority
(years)

3.3 3.93 0.58 15 Medical
history of
chronic
illnesses

32 68

Height
(cm)

174 6 160 187 Regular
physical
activity

53 47

Weight
(Kg)

80.89 12.27 55 100 Smoking
Habits

53 47

BMI
(Kg/m2)

26.88 4.72 20.02 35.94 Caffeine
daily
habits

89 11

Second
Job

89 11

the workers were conservation assistants (84.2%) and the rest were conservation
officers (15.8%).

Regarding working time organization: workers should complete eight hours daily;
95% of them stated that normally they took between one to six rest breaks (5–10 min
each) per day. Only two participants were involved workplace accidents, in the last
two years.

The highest percentages of complaints were identified for six body regions: lumbar
spine (95%), feet—right (79%) and left (74%), dorsal spine (58%), right-wrist/hand
(58%), cervical spine (53%) and right-thigh (53%). These results are in accordance
with other studies, that reported lumbar spine as the region presenting higher preva-
lence of complaints (Francisco 2019; Gallis 2006; Lachowski et al. 2017). Workers
who operate on sloped surfaces also reported complaints in the knees and feet (Breloff
et al. 2019; Choi 2008).

Considering the intensity of complaints, the highest level of the scale (very high)
was marked in the most affected regions in a proportion that varied between seven
to 36%. It is important to highlight that some regions, despite not showing high
prevalence of complaints (<50%), presented very high intensity (with records ≥
50% of cases), such as the left hand/wrist and the knees.

For the thighs, feet and lumbar region, many of the complaints were related to
working on the Slope. Therefore, the low percentage (≤50%) of complaints reported
in the last seven days, for the abovementioned regions, can explain the results, since
the workers were not involved in these tasks in the past few weeks. The reported pain
level was associated by the workers with some working conditions such as the rotation
and flexion of the trunk, the repetition of hands/fingers and arms’ movements, the
standing posture, and the sloped surfaces.
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Considering REBA and QEC results, the risk for the development of WRMSD
(Risk Level ≥ 2) is present for 99% and 94% of the assessed postures and, for
most of them, the risk level for the development of MSD is between High (39.9%
and 34.9%) and Very High (37.8% and 45%) for both methods, respectively. These
results indicate that further investigation and adjustments in the work situation are
necessary.

Considering the Wilcoxon test, statistically significant differences were not found
between the results obtained with both methods (Z = −3.48; p = 0.728). Only 33%
of the postural rating obtained similar classification. Overestimation was registered
in 36% and 31% of the cases (postures) assessed with QEC and REBA, respectively.

Considering the REBA results, the Biomechanical loading at the “neck + trunk
+ legs” segment set was the most contributing to the overall result of the Reba Risk
Level (Posture Score A = 6), whereas according to QEC results, only the Neck region
seems to be the region with higher contribution (QECNeck = 4).

Figure 2 shows the results by Task and Subtask when evaluated with REBA and
QEC methods.

The results reveal that one Task (T2) and five out of eight Subtasks reveal different
results, when assessed with both methods. The subtask Slope revealed to be the worst
with both methods.

Additionally, considering the Kruskal–Wallis test, there were statistically signif-
icant differences between the results obtained by task when assessed with the same
method (REBA or QEC) (p < 0.05). A careful analysis of the data suggests that
the differences found are more related to the nature of the Subtasks in which each
operator was evaluated. It should be noted that it was not possible to observe all
operators performing all Subtasks. This disparity justifies the results found. Finally,
the use of the Bruch cutter proved to be more demanding than the use of the Blower,
with both methods.

4.1 Proposed Solutions

A few technical and organizational solutions were recommended to minimize the
risk of developing WRMSD and the complaints presented by workers.

In terms of technical solutions, whenever new tools are purchased (Blowers, Brush
cutters, etc.), special attention must be driven to the following characteristics: vibra-
tion levels; weight of the tool and adjustment possibilities; Equip each team with a
“Green Climber” robot ensuring that they have the necessary means to reduce the
effort associated with the use of the Brush cutter.

Concerning the organizational measures, increasing workers’ awareness about
their posture and the risk factors for the development of WRMSDs should be pur-
sued. Whenever possible, pauses should be taken or rotation among tasks (such
as: use of Bruch cutter vs use of Blower; Deforestation in Slope vs Verge/Artworks)
should be promoted; Improve work planning before moving on to work fronts, ensur-
ing that workers have the most appropriate tools and the right machines; Develop
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Fig. 2 Comparation between QEC Scores and REBA Scores results, by tasks and subtasks

the skills among the elements of the team, providing an effective rotation between
control tasks (maneuvering machines) and execution tasks (use of hand tools such as
Bruch cutter and Blowers); Bearing in mind the high prevalence of musculoskeletal
symptoms among the respondents, and the risk of worsening due to the workers’
aging, it is essential to reinforce the Health Promotion Program, already existing in
the organization.

4.2 Limitations

The cross-sectional design of the study and the sample dimension may have influ-
enced the results.
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5 Conclusions

This study was carried out in a Private Portuguese Enterprise, who’s main task is
to ensure the operation and maintenance of road infrastructures. The intensity of
WRMSDs was rated as high or very high, highlighting the need of ergonomic inter-
ventions for improving the working conditions. The obtained results agree with other
studies (Breloff et al. 2019; Choi 2008; Francisco 2019; Gallis 2006; Lachowski et al.
2017). For all assessed regions, a minimum of four complaints/year in a proportion
equal or higher then 50% were presented. It was also shown that most participants
did not experience WRMSDs over the last seven days at the thighs, feet, and lumbar
spine level, which could be due to the fact that workers did not work on the Slope in
the previous weeks.

The QEC and REBA scores revealed that the risk for the development of WRMSD
(RL ≤ 2) is present in most evaluated postures, which requires further investigation
and adjustments to be made in the work situation. The use of the Bruch cutter proved
to be more demanding than the use of the Blower.
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Application of ErgoVSM to Improve
Performance and Occupational Health
and Safety Conditions in a Medication
Dispensing System

Igor André Gonzatti Feldman and Angela Weber Righi

Abstract Objective: Use the ErgoVSM tool in a medication dispensing system
inside the central pharmacy of a public hospital in the southern region of Brazil.
Background: Looking to offer better services and more efficiently, techniques such
as lean healthcare are growing in the healthcare sector and the ergonomics view
of activities. Although the objective of both is the continuous improvement of the
work and place, their approach is sometimes conflicting. To make them closer, the
ErgoVSM seeks to analyze workplaces under both perspectives, conjunctly con-
tributing to better work conditions. Method: This study occurred during 2020, in
two phases, that contemplates the diagnosis of the current situation of the stud-
ied environment under both perspectives, using ErgoVSM as the primary tool to
search for improvement opportunities. Results: Using ErgoVSM helped understand
ergonomics and performance issues in the analyzed environment by identifying them
and elaborating improvement 7 suggestions anchored in both perspectives. Conclu-
sion: ErgoVSM demonstrated to be a helpful tool in various aspects, although it
could be improved somehow. Application: Different economic sectors can be used
the ErgoVSM tool to diagnose and monitor their activities, aiming at the continuous
improvement of working conditions and productivity.

Keywords Ergonomics · Lean healthcare · Hospital pharmacy · Health workers

1 Introduction

To make processes lean usually means to rationalize them somehow, which can lead
to unfavorable ergonomic conditions. In industry, engineers’ actions, seeking per-
formance, usually conflict with ergonomists’ actions, seeking better work and health
conditions (Wells et al. 2007). Therefore, lean manufacturing practices, although
positives, could also lead to difficulties, as the relation of productive systems char-
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acteristics and their effects on worker’s health is not always clear (Hasle 2016; Silva
and Amaral 2019). For example, reducing the number of workers is not always ideal
for improving the system, as it can increase the workload of others. Actions like
this can make the environment less ergonomic (i.e., biomechanical, repetitiveness)
(Silva and Amaral 2019; Kester 2013). In contrast, improvements in physical and
organizational ergonomics can reduce absenteeism caused by these harmful factors
(Westgaard and Winkel 2011), showing that it is essential to think about ergonomics
when thinking about efficiency.

In the healthcare sector, lean practices are becoming more frequent and are called
“lean healthcare”. Techniques such as Value Stream Mapping (VSM), used to identify
and reduce processes waste (Keyte 2004), are a good starting point. The VSM consists
of a participative tool. Those involved in the process analyze the flow of materials and
information to identify which activities add value (or not) to the product or service
provided (Westgaard and Winkel 2011). This information is then used to suggest
improvements.

Ergonomics seeks to guarantee the efficiency of processes and human resources,
ensuring safety and minimizing worker’s exposure to risk factors (Smyth 2003).
However, value streams usually present manual activities (Koukolaki 2014) and, in
general, do not consider worker’s expectations for productivity. In this context, using
a combined approach of lean and ergonomics might suffice ergonomic requirements
and improve the environment (Adler et al. 1997).

A technique that seeks to analyze productive environments under both perspec-
tives is the ErgoVSM (Jarebrandt et al. 2016). Based on VSM, descriptions of
ergonomic conditions of the environment are added, providing a combined analy-
sis. ErgoVSM allows visualizing and evaluating ergonomic risks that tend to appear
when efficiency improvement actions are taken (Jarebrandt et al. 2016). When the
objective is to improve the system’s performance, eliminating waste is reduces activ-
ities that do not add value. Still, the individual risks to which workers are exposed
are not considered (Silva and Amaral 2019). And there is where ErgoVSM makes
its main contribution.

Using ErgoVSM in a medium hospital, Silva and Amaral (2019) mapped the
value stream of serum, revealing that the stocks received were beyond what was
necessary, requiring great physical effort to transport the materials. This physical
load proved to be associated with low back pain, radiculopathy, joint pain, among
others, demonstrating that inadequate inventory management is harmful to workers.
Edwards (2014) applied ErgoVSM in the orthopedics section of a hospital, allowing
improvements in physical workload by 40%, mental workload by 35%, increasing
efficiency by 60%, and reducing the length of hospital stay for surgical patients from
5 to 4.5 days.

Supported by this context, the present study aimed to use ErgoVSM to evaluate the
medication dispensing process in the central pharmacy of a public hospital, seeking
to comprehend how a combined analysis of productive and ergonomic aspects could
contribute to the healthcare sector.
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Fig. 1 Variables for parts A
and B of ErgoVSM
(Jarebrandt et al. 2016)

1.1 Research Method

This study presents an applied nature, combined approach, and solving specific prob-
lems (Kauark et al. 2010). It was conducted in a public hospital in the southern region
of Brazil, in the central pharmacy, which meets the demands of medical prescrip-
tions of inpatients (400 beds). The sector team comprises pharmacists and pharmacy
technicians, divided into 6, 8, and 12-h shifts. Some scholarship holders and general
assistants work transporting materials, managing inventories, and as receptionists.
The Ethics Committee approved the research of the responsible institution.

The research was divided into two phases: (i) sector reconnaissance, non-
interactive observations, interviews, and document analysis; (ii) the second phase
was the application of ErgoVSM, which is divided into three parts: A, B, and C. Part
A consists of analyzing each operation inside a value stream, part B is the analysis of
the value stream itself, and part C consists of elaborating improvement suggestions.
As ErgoVSM is based on traditional VSM, parts A and B comprehend the current
state of the system, and part C, the future state. ErgoVSM evaluates different aspects,
and in parts A and B, the variables represented by the denominations and acronyms
presented in Fig. 1 receive a score that ranges from 1 to 10 based on work condi-
tions, 1 being the best for that environment and 10 being the worst. Due to spatial
restrictions in this paper, it is suggested to consult Jarebrandt et al. (2016) for more
information regarding each step.

2 Results

2.1 Process Description Parsed

The initial phase of the study comprises the description of the primary process the
pharmacy is responsible, the medication dispensing, which involves four macro steps:
(1) reception and screening, (2) separation, (3) control, and (4) prescription dispens-
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Fig. 2 The four main workplaces of each macro step (Author, 2020)

ing (Fig. 2). First, the prescription registered by the physician is received digitally in
the pharmacy and automatically printed. In reception and screening, worker A takes
the prescription from the printer, confers the medication, manually adds informa-
tion about the destination, and places it on a shelf whose dividers correspond to the
hospital sectors.

In separation, worker B takes from the shelf in room 1 a set of prescriptions
(batch), usually from the sector that contains the most accumulated prescriptions.
Then, he moves to room 2, makes a copy of the batch in another printer, and pro-
ceeds to separate the medication in each prescription, always finishing one before
starting another. The medicines are arranged on shelves around the space and divided
between controlled and uncontrolled, then by functional group, which is the chem-
ical compound that gives the medication the desired characteristic, and within the
functional group in alphabetical order. Worker B walks around the space, collecting
the desired amount of each medication and placing them in a plastic bag. When
finished, inserts the prescription in the bag, forming a complete kit, and sends the
copy to be archived. Then, the kits are placed on a table in the center of the room.

In control, worker C, who is positioned sitting, takes a kit, removes all medications
from the bag, scans each barcode, rebuilds the kit, and places it on a table on the
opposite side. Finally, worker D takes the kits and places them in a container in
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room 4 corresponding to the destination sector of that prescription. Each container is
transported to its sector at specific times of the day, finishing the dispensing process.

2.2 ErgoVSM—Part A

In the evaluation of operations (part A), the reception and screening are performed
chiefly seated and have an average operation time of 1 min and 50 s. The task shows
some inadequate posture conditions, high cognitive demands, and needs concentra-
tion, although there is no physical effort required to perform the task. In the current
state, the result for each variable is: Work Posture (WP) = 7; Weight/Force (WF)
= 1; Physical Ergonomics (PE) = 12.83 sc-min; Mental Demand (MD) = 6; and
Control/Influence (CI) = 4.

The separation is performed on foot, and worker B walk around the place collecting
medications and forming kits. Although some containers are at the proper heights,
most still require inappropriate postures for access. The task has a high physical
demand and a medium mental demand. The average operation time is 1 min and 58 s,
therefore: WP = 8; WF = 4; PE = 62.93 sc-min; MD = 6; and CI = 4.

The control is similar to reception and screening, and the task is performed sitting,
with generally unfavorable postures, with no need for physical effort, but with high
mental demand. However, this operation is characterized by repetitiveness. Worker
C does not influence the task and cannot control sub-steps. The average time is 1 min
and 41 s and the results are: WP = 7; WF = 3; PE = 35.35 sc-min; MD = 6; and CI
= 8.

The dispensing is a simple task, with an average time of 21 s, so: WP = 7; WF =
5; PE = 12.25 sc-min; MD = 5; and CI = 7.

2.3 ErgoVSM—Part B

In part B, the value stream is evaluated, and the first variable is the Average Physical
Ergonomics (APE) of the stream, which is calculated in a specific equation and
depends on the Physical Ergonomics (PE) of each operation and the total processing
time (Jarebrandt et al. 2016). Using =12.83 sc-min, =62.93 sc-min, =35.35 sc-min,
=12.25 sc min, and t = 5.83 min, APE resulted in 4.6. This result indicates that the
process presents a medium physical risk and, although the value is below 5, it is still
necessary to take measures to prevent these risks. The next step, to determine the
Physical Ergonomics Potential (PEP) of the stream, is necessary to decide on the
PEP of each operation, represented by PEPt, and compare with Fig. 3. In the given
context, PEP was evaluated as 7, as there are no operations rated A. Two operations
ranked B, and two ordered D. This result indicates a significant difference between
the physical load of operations, which the individual results of PE can verify.
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Fig. 3 Group references to compare PEPt (Jarebrandt et al. 2016)

The estimative of the Work Content Potential (WCP) of the process uses the results
of Mental Demand (MD) and Control/Influence (CI) of each operation, represented
by WCPt, and the process was evaluated as WCP = 7. This result of WCP indicates
that the process inflicts above-average mental demands, being it time pressure, the
need for concentration, and constant distractions, but does not provide the workers
enough control and influence measures to mitigate or avoid these effects. For exam-
ple, in reception and screening, the rate prescriptions arrive is outside the control of
worker A. When the dispensing hour of a sector approaches, remaining prescriptions
are sent urgently by the physicians. These prescriptions receive priority and therefore
put worker A under time pressure.

Physical Porosity (PP) refers to the moments during the workday that workers can
recover from the physical demands. This analysis is made for the entire stream. The
current condition of the process shows varied contexts but usually allows freedom of
movement for workers. However, in times of higher demand, more workers perform
tasks and share the space, hindering the move around the environment. As demand
decreases, it is possible to take short breaks, but the environmental conditions do not
allow adequate recovery. Therefore PP was evaluated as 5.

Mental Porosity (MP) refers to the moments during the workday that workers can
recover from the cognitive demands. The current conditions offer few opportunities
for cognitive recovery, as when there is an opportunity for a specific worker to rest,
their surroundings are active, providing cognitive stimuli and distractions. There
are already scheduled breaks, i.e., for lunch, however, the environment is shared by
multiple workers, and even during rest periods, there are constant cognitive stimuli
and distractions. In this context, MP was evaluated as 7.

The last variable is Communication (CO), representing the potential to dialogue
with colleagues or ask for help or opinions. The current condition favors communi-
cation. The friendly and relaxed environment allows workers at any stage to com-
municate with others in casual or professional manners. Contact with colleagues to
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request help occurs frequently, and there are no impediments to this. Therefore, CO
was evaluated as 3.

2.4 ErgoVSM—Part C

As demonstrated by Average Physical Ergonomics (APE) and Physical Ergonomics
Potential (PEP), the operations have different physical requirements, emphasizing
reception and screening and control, which are performed chiefly sitting and char-
acterized by repetitiveness. The separation also has some characteristics of repeti-
tiveness, but it is an operation with a longer cycle time than the mentioned above
and allows for different movement patterns. On the other hand, separation presents
a greater risk of musculoskeletal disorders since it is the operation with the most
unfavorable postures, often exceeding the limits recommended by the legislation.

Regarding cognitive aspects, reception and screening and separation stand out,
as the two require the most concentration to perform. Distractions surround both
workers moving or noise from the conversation and other tasks being performed.
Given their complexity, they also offer their workers greater autonomy, allowing
adaptation if necessary, while the other two operations are more restricted.

In this context, the suggestions for improvement must consider how many people
are involved, the complexity to implement, and the impact on ergonomics and process
performance. Thus, a total of 7 recommendations of a low, medium and high com-
plexity were elaborated. Low complexity is understood as the few need for people
and technical knowledge for implementation, in which workers themselves can act
on the process. Medium complexity requires more people involved and monitoring
of people with technical expertise in the field. Finally, high complexity indicates the
involvement of sectors other than the hospital pharmacy and requires planning and
specialized personnel involvement.

For example, a low-complexity suggestion for the separation is to remove the
sectors trays. Prescriptions leave reception and screening with an indication, added
by worker A, to which sector they belong. During the break, they are redundantly
grouped in trays labeled for each sector. When there is no tray on the table, worker B
searches the corresponding tray on a shelf. When the tray is empty, they must store
it, performing two sub-steps that add no value, while the benefit of performing them
provides redundancy regarding the destination. The shelf stores tray too high or too
low, and eliminating this sub-step would bring immediate ergonomic benefits and
reduce processing time.

A medium complexity suggestion involves changing how operations are per-
formed and requiring all workers’ collaboration in all operations. The proposition
is to replace the processing of prescriptions in batches by processing them in a
unitary way, which would improve performance without compromising ergonomic
conditions. Currently, workers in all operations wait for prescriptions to accumulate,
forming batches. Therefore, the first prescription has to wait until the last one enters
the batch to be processed, which indicates “waiting”, one of the wastes of lean think-
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ing. The average processing time is 5 min and 50 s, while the average waiting time
adds up to 13 min and 24 s, more than twice the processing time. The suggestion is
to process the prescriptions as they are printed, reducing the waiting time.

The following recommendation does not require a simple change but to restructure
the process. Most tasks are performed manually and require a series of information
being exchanged verbally, which is very common in non-automated environments.
The suggestion is to implement visual management tools and process automation
technologies. There is no visual information between operations to indicate whether
or not prescriptions are waiting for processing. An alternative is to use screens at
strategic locations to display data. To a certain degree, this can be automated. Still,
ideally, at each operation, workers could manually update the information so others
could see and even verify what has already been processed and what is still waiting.
The immediate benefit is a better flow of information and more control over each
prescription.

While being processed, to quickly identify the destination of each prescription,
a color-coded system could be implemented. Each hospital sector receives a unique
color to be marked on a specific spot in the prescription. It can be quickly identified,
reducing questions asked and eliminating the sector trays.

The control is currently responsible for updating inventories by scanning. Still,
to do so, it is required to disassemble the kits, scan all medications and reassemble
the kits, which is highly manual and repetitive. With barcodes on each prescription
and portable scanners on strategic points, worker B could update inventories while
separating the kits, removing the need for the control step. Still, with this resource is
possible to integrate worker C in separation, giving each worker more time to perform
tasks and rest. This last suggestion portrays an environment that is substantially
more efficient and more ergonomically adequate. However, it is highly complex
to implement, requires investments in various ways, involves multiple sectors, and
mobilizes multiple resources.

3 Discussion

The search for analysis methods and tools that reflect the actual context of situations,
providing increasingly assertive improvements, is a constant in all areas of knowl-
edge. The combined approach of the ErgoVSM allowed a different analysis than other
methods that focus only on productive performance or ergonomics aspects, using the
under both perspectives. In addition, combining quantitative and qualitative research
was beneficial for the critical evaluation of each operation.

ErgoVSM proved to be an effective guide to the observer, dedicating some space
for each analyzed part of the environment, including operation time and the impact
in both physical and cognitive aspects. In this regard, it was superior in its approach
compared to other specific methods, considering ergonomics factors often neglected
in the lean production approach and lean factors not addressed by ergonomics.
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However, some subjective aspects could lead the observer to different interpre-
tations based on previous knowledge for each analysis topic. Although the process
to describe each variable is explicit, the limits 1 and 10 are subjective matters, and
the decision on each of them depends on the previous knowledge of the observer.
The method, by itself, does not offer sufficient resources for its application and
requires the observer has prior knowledge both in ergonomics and in lean practices
to understand which aspects of the environment should be observed. In addition, the
method is relatively difficult to apply in the routine of labor environments, with some
difficulties transposing analyzed domains to local realities.

As mentioned by Edwards (2014), the scoring part of ErgoVSM was quite tedious
for the team and the group was losing energy, requiring extra effort from the lean
consultant. Silva and Amaral (2019), however, worked with a more engaged group,
which shows that the applicability of ErgoVSM could depend both of team energy
as well as team knowledge.

4 Conclusions

This study aimed to use ErgoVSM to seek improvement opportunities in performance
and ergonomic conditions in a specific context of the central pharmacy. The results
indicate multiple improvement opportunities, both in performance and ergonomics.
For example, some sub-steps in operations do not add value, such as the sector
separation in the shelf during reception and screening and during control, requir-
ing disassembling and reassembling the kits. Others only delay the tasks, such as
separating the prescriptions in trays.

In conclusion, the combined approach of a method like ErgoVSM is beneficial.
The improvement suggestions reveal essential information about the real work per-
formed. Workers do not always perceive that during the workday. Presenting recom-
mendations that could be carried out at different organizational levels was a challenge
and an inspiration, as it is a healthcare environment and under public administration,
with limited human and material resources.

Finally, it is suggested that further work should be carried out in contexts simi-
lar to the one presented here. The application of ErgoVSM in different contexts is
fundamental for it to mature, generating more and better ways to analyze the work
environment.
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than ever during this global pandemic and deserves a more humane analysis to improve their work
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How Ergonomic Evaluations Influence
the Risk of Musculoskeletal Disorders
in the Industrial Context? A Brief
Literature Review

A. Pimparel, S. Madaleno, C. Ollay, and A. T. Gabriel

Abstract Ergonomic risk factors are present in many industrial environments. They
include posture, repetitive tasks, vibration, physical workloads, among others. Long-
term exposure to these factors may lead to musculoskeletal injuries. Risk analy-
sis allows the identification and elimination/reduction of the causes. This research
reviews briefly the connection between ergonomic evaluations and the chance of
developing musculoskeletal injuries in the industrial environment. Namely, it aims
to understand the impact of risk analysis and ergonomic interventions on muscu-
loskeletal disorders and workers’ well-being. To pursue the brief literature review,
the authors defined the inclusion criteria and extracted the data. It led to 53 studies
collected from Taylor and Francis, Elsevier, and Springer. Of these, five articles pub-
lished after 2015 were considered relevant for the purpose. A summary table was
created to resume the objective and the main findings of each study. Results evi-
denced a positive correlation between ergonomic interventions and musculoskeletal
injuries. Overall, the review points out that musculoskeletal disorders are less fre-
quent when there is an ergonomic risk analysis that leads to implementing measures
and solutions.
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1 Introduction

According to the International Ergonomics Association (IEA), Ergonomics is the
scientific discipline concerned with the interaction between humans and other ele-
ments inside a system. It brings together knowledge from many subjects such as
anthropometry, biomechanics, physics, and psychology to ensure that user needs
and limitations are respected. This way, uncomfortable and stressful activities can be
avoided. It is only possible by recognizing the variability of several attributes such
as age, gender, strength, cognitive ability, experience, and cultural aspects to create
a safe, comfortable, and productive work environment and also to minimize the risk
of injury or harm (Klussmann et al. 2017a, b).

Ergonomic risk factors are a reality in all types of workplaces. They include
working posture, repetitive tasks, exposure to vibration, physical workloads, and
manual material handling (MMH). Long-term exposure to risk factors can lead to
musculoskeletal disorders (Union 2016). These injuries can affect many parts of the
human body, such as the back, shoulders, hands, wrists, and structural anatomical
elements (Cheung et al. 2007; Yahya and Zahid 2018).

Musculoskeletal disorders represent one of the most common causes of work
absence, affecting millions of European workers and costing billions of euros for
employers (Bevan 2015). The health problems can vary, from milder cases to more
worrying situations where there are suffering and prolonged pain, which requires
time off work or long medical treatment processes (Lesões 2021).

Ergonomic risk assessment could be the key to prevention. Identifying existing or
even potential risks that can cause musculoskeletal disorders is part of the risk anal-
ysis process (Buckle 2005). As soon as the risk factors are identified, interventions
are imposed to eliminate or reduce them (Grooten and Johansson 2018). Specific
methodologies have been developed for this purpose. They consider biomechanical,
physiological, psychophysical, and epidemiological aspects to evaluate the working
environment. The methodologies are designed to evaluate a specific risk factor. For
example, some methodologies are recommended to evaluate postures, while others
are indicated to study MMH activities (de Miranda Prottes et al. 2012; Berlin and
Adams 2017).

As so, the objective of this paper is to identify if the application of ergonomic
studies can be associated with a positive impact on the incidence of musculoskeletal
disorders and the workers’ well-being so that it can improve their overall comfort
and productivity.

2 Methodology

This brief literature review of the literature followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses 2009 (PRISMA) (Liberati et al. 2009)
statement. The main steps that guided the work are shown in Fig. 1.
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Fig. 1 Flowchart of the methodology

The first step regards the research objective, which can be resumed into the ques-
tion: “Is the evaluation of ergonomic risk factors connected to the decrease of mus-
culoskeletal injuries in the industry?”. Thus, as previously mentioned, the aim of this
paper is a brief literature review of the relation between ergonomic interventions and
the incidence of musculoskeletal disorders. The focus is on the industrial environ-
ment since many industrial workstations present ergonomic risk factors. Thus, the
following points were defined as inclusion criteria:

1. Studies that used one or more ergonomic tools for risk evaluation;
2. Studies focusing on the before and after a risk assessment;
3. Studies that reported the impact of the ergonomic intervention after the risk eval-

uation;
4. Studies performed in an industrial environment.

The bibliographic research process was restricted to articles published in English
after 2015.

Online scientific data sites were used to perform the survey, such as Taylor and
Francis, Elsevier, and Springer. The following combinations of Keywords were used:
(“Manual Material Handling”), (“ergonomics” OR “risk factors”), (“ergonomics in
industry”), (“MMH analysis”), (“risk analysis”), (“MMH risk assessment”), (“pos-
ture risk analysis” OR “ergonomic implementation”).

As a result, 53 articles were reached.

3 Results

Initially, all the articles that did not follow the inclusion criteria based on their titles
and abstracts were excluded. With the conclusion of this stage, the first set of 46
articles was reached. Then, a new analysis was carried out, this time based on the full
article. From this analysis, 17 articles were excluded for deviating from the subject,
10 for not responding to the problem in question. Finally, 14 articles were excluded
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since they did not demonstrate a clear impact of the ergonomic risk analysis in their
studies. In the end, 5 articles were selected.

The last step comprised gathering the selected articles and understanding how
they answer the formulated problem.

The present review focused on the selected publications, from which the respective
aims, methodologies, and main findings were extracted and reported here.

Table 1 synthesizes the 5 articles, reporting relevant information primarily con-
cerned with ergonomic risk evaluations in industrial contexts and the impact of
adequate ergonomic interventions on MSDs and workers’ well-being. All articles
evidence the differences between before and after risk assessment to evaluate the
effectiveness of the ergonomic interventions. In addition, some articles used tools
of time study to assess the effect on the organizations’ productivity. The 5 articles
reported case studies that were performed since 2015. They represent data from man-
ufacturing and assembly industries from several parts of the world, giving evidence
that concerns are worldwide.

There are several risk factors related to the development of musculoskeletal disor-
ders, especially in manufacturing industries. The 5 articles reviewed for risk assess-
ment applied specific ergonomic methodologies as Questionnaires, RULA, REBA,
NIOSH, and NBD. They verified that most operators felt discomfort or pain dur-
ing the execution of their tasks. Throughout the case studies, measures were taken
based on a first evaluation. They included ergonomic education, the introduction of
mechanical and automatic tools, shift rotation, and redesign of the workstations. In
general, the studies reviewed highlight the importance of adapting the working envi-
ronment for the workers’ well-being and company performance. They demonstrated
that the ergonomic interventions contributed to reducing the ergonomic risk level
while productivity and the well-being of workers increased.

4 Discussion

The 5 articles analyzed revealed a pre-post study regarding the impact of ergonomic
interventions in specific industrial contexts. This brief review confirmed that
ergonomic risk factors are identified in many types of industries worldwide. It is
noteworthy that the time between the ergonomic intervention and the second evalu-
ation can be crucial to the results. This information would be relevant to this review,
but it was not mentioned in most studies. In addition, this search also revealed a
lack of comparative studies about the practical impact of ergonomic interventions
on workers and organizations.

Nevertheless, the analyzed articles used several ergonomic methodologies to
assess the risk that workers were exposed to their daily work and understand the
adequate solutions.

In this brief review, the most common methodology was the NIOSH Lifting Equa-
tion. It is an observational method used to study MMH activities and find the rec-
ommended weight limit (RWL) and lifting Index (LI) (Cheung et al. 2007; Setyanto
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et al. 2015). It suggests that MMH activities, especially lifting or lowering loads, are
frequent in industrial atmospheres despite technological evolution.

Additionally, the Nordic Body Map and REBA methodologies are also a standard
in some articles. Their application is justified for also being observational methods
to identify physical effort by posture, force, and static or repetitive load. REBA was
primarily used to analyze posture and muscle activity caused by static, dynamic,
rapid changing, or unstable postures. This was presented to the different parts of the
body that include upper arms, lower arms, wrist, trunk, neck, and legs (Kee 2021;
Hignett and McAtamney 2000). On the other hand, Nordic Body Map was used to
analyze each body part directly, according to a scale that goes from uncomfortable
feeling to high pain (Setyanto et al. 2015).

Several solutions were found to respond to the level and severity of the risk
encountered. No authors reported indifference to the risks; solutions were found
and applied in all studies. According to most articles, essential measures include,
for instance, organizational interventions, redesign of the workplace, and even tool
design.

After the ergonomic intervention, the methodologies previously used by the
authors were once again applied. The second risk analysis process aimed to guar-
antee the effectiveness of measures (Grooten and Johansson 2018). In all articles,
the authors reported that the main objective was accomplished, which means the
risk level decreased. The differences were more notable in some articles than others,
but there was always a significant difference. It can be highlighted that the work-
ers reported fewer symptoms of musculoskeletal disorders and appeared to be more
motivated and happier with the performance of their tasks.

Consequently, the results evidenced the possible positive impact of reasonable
ergonomic interventions. When correctly implemented, these interventions drasti-
cally reduce musculoskeletal injuries and significantly increase the company’s pro-
ductivity. Ergonomics must be seen as a philosophy in which all parties involved
(operators, safety, and health professional’s management) actively participate.

5 Conclusion

This review covered the analysis of five articles that portray operators’ exposure to
musculoskeletal injuries in the industrial context. Several scientific databases, such
as Taylor and Francis, Elsevier, and Springer, were used to find the articles that report
the effects of ergonomic interventions in different industries and work contexts. This
detailed analysis recognized the relationship between ergonomic risk analysis and
musculoskeletal injuries.

Before implementing the improvements, the authors highlighted a high number
of musculoskeletal disorders, low productivity, and low performance.

After the interventions, most companies experience higher productivity levels
compared to previous data.
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Considering the articles presented, the authors verified that ergonomic interven-
tions tend to positively impact organizations, both for workers’ performance and the
quality of work. Thus, and as concluded in the articles presented, it suggests that
with the committed involvement of all company employees, it is possible to achieve
ergonomic solutions that positively impact the working environment.

Acknowledgements Authors acknowledge Fundação para a Ciência e a Tecnologia (FCT—
MCTES) for its financial support via the project UIDB/00667/2020 (UNIDEMI).
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Ergonomic Assessment on a Twisting
Workstation in a Textile Industry

José Barbosa, Paula Carneiro, and Ana Colim

Abstract Background: In textile industries, the workers of twisting workstations are
exposed to several risk factors that may contribute to the increasing of Work-related
Musculoskeletal Disorders (WMSD) risk. However, the information about twisting’
working conditions is limited. Objective: This study aims to identify and quantify
the main risk factors associated with WMSD that workers of a twisting workstation
are exposed. Method: Data of 20 workers were collected through self-report ques-
tionnaire. This questionnaire was structured into three categories based on published
methods/techniques, namely: (i) Ergonomic Workplace Analysis (EWA) method;
(ii) a checklist for manual handling tasks developed by the Portuguese Authority for
Working Conditions; (iii) and Nordic Musculoskeletal Questionnaire (NMQ). It was
also applied the Rapid Upper Limb Assessment (RULA) method and the NIOSH
Lifting Equation to quantify the risk of the tasks and prioritize the ergonomic inter-
ventions. Results: The questionnaire results highlighted that the highest occurrence
of musculoskeletal complaints was in the lumbar region and shoulders, while through
RULA assessment the upper limbs were the most critical body regions. Furthermore,
RULA and NIOSH Equation application indicated that there is WMSD risk associ-
ated to the evaluated tasks, being necessary to investigate and, for the most critical
tasks, make changes immediately. Application: The participatory ergonomics pro-
motes the identification of risks and the contribution to improvement suggestions
between workers. This multi-method approach to achieve a comprehensive assess-
ment of problematic tasks comproved the need of an ergonomic intervention.
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1 Introduction

In industrial contexts, workers are often subject to non-neutral postures (Yoon
et al. 2016), repetitive tasks (Zare et al. 2018), and material handling (Ramadan
and Alkahtani 2017), being exposed to different risk factors associated with devel-
opment of Work-related Musculoskeletal Disorders (WMSD).

WMSD are a problem with a significant impact on organizations around the
world, corresponding to the most frequent work-related illness in the European Union
(Bevan 2015). The consequences of this problem are severe and reflected in high
levels of absenteeism (Bevan 2015), reduction of productivity and competitiveness
(Widanarko et al. 2014), decreases in products’ quality and time available in the
training of new workers (Caroly et al. 2010). There are several factors that contribute
to the WMSD occurrence (Colim et al. 2020), and Bevan (2015) considers that
many of them are present in the work environment, aggravating the incidence of
these disorders. For this reason, Ergonomics focuses on understanding the causal
relationship between WMSD and risk factors, in order to prevent its prevalence
(Petit et al. 2014; Yoon et al. 2016).

Organizations have continuously taken an active and multifaceted position focus-
ing efforts on reducing and eliminating WMSD risks (Widanarko et al. 2014), invest-
ing in the risk assessment and posteriorly in ergonomic interventions. For that, there
are several validated methods for WMSD risk assessment that are divided into the
following categories:

(i) checklists and self-assessment questionnaires;
(ii) observational methods;

(iii) direct measurements (David 2005).

Despite the limited studies about ergonomic conditions on twisting workstations,
these work tasks are characterized by a higher utilization of upper limbs, involving
adoption of painful postures and manual handling with an excessive physical load.
The statistical data provided by the company regarding the number of the last inci-
dents occurred at the company indicated that 44 of 100 incidents occurred on the
twisting workstation. Therefore, the current study had the purpose to analyze a spe-
cific twisting workstation in a Portuguese textile industry where most of the workers
are expose to WMSD risk factors, particularly related to the upper limbs. In this
way, this study corresponds to an initial moment of musculoskeletal risk assessment,
considering an active participation of the workers to justify the respective ergonomic
intervention.

2 Materials and Methods

From observation of the work activity during two weeks and conversation with work-
ers and supervisors, the main tasks were identified, considering the following criteria:
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(i) the most frequent;
(ii) the higher duration;

(iii) complexity;
(iv) adoption of awkward postures.

A twisting machine is composed of sixty eight spindles being each of them con-
stituted by one creel with two positions (lower and upper) and one spindle pot.
Therefore, the work activity was subdivided into the following manual tasks:

(i) lowering the creel;
(ii) lifting the creel;

(iii) supply the upper position of the creel;
(iv) supply the lower position of the creel;
(v) carry the spindle pot;

(vi) perform air splice between yarn ends;
(vii) remove the twisted cord bobbin from the conveyor belt;

(viii) insert a new tube to restart the twisting process.

2.1 Ergonomic Assessment by Collecting Workers’
Perceptions About Workplace Conditions
and Musculoskeletal Symptoms

In a first phase of the study, a questionnaire was developed in order to collect the work-
ers’ opinions about ergonomic conditions and musculoskeletal symptomology per-
ceived. It was based on other validated methods and checklists, namely: Ergonomic
Workplace Analysis (EWA) (Ahonen et al. 1989); a checklist for manual handling
developed by the Portuguese Authority for Working Conditions (ACT 2014); and the
Nordic Musculoskeletal Questionnaire (NMQ) in the Portuguese version (Mesquita
et al. 2010).

EWA method was developed by the Finnish Institute of Occupational Health
(FIOH) to adapt the working conditions to the specific workers’ needs, based on
observation of the workplace and workers’ interviews. It aims to identify existing
risks and outline improvement proposals, addressing and discussing the strengths
and weaknesses of the workplace with the workers (Chiasson et al. 2015). Likewise,
the expert in ergonomics evaluated all parameters on a scale of 4–5 levels. Higher
scores mean higher dissatisfaction by workers and higher risk assessed by analyst.

Relatively to the Nordic Musculoskeletal Questionnaire (NMQ), this is a self-
assessment method regarding musculoskeletal complaints. This tool consists of three
questions related to nine anatomical regions: neck, shoulders, upper back, lower back,
elbows, wrists/hands, hips/thighs, knees, ankles/feet. Each worker should report if,
in the last 12 months, and in the last 7 days, presented any musculoskeletal symp-
toms at the referred regions and evaluate the pain intensity according to a numerical
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scale (Visual Analogical Scale—VAS), with values ranging from 0 (no pain) to 10
(maximum pain).

It also analyzed the technical aids used in the workstation and it had an open-
question to collect workers’ opinions for possible workpace improvements. The
questionnaire structured in different sections, aimed to collect the perception of
workers for a set of factors responsible for the risk they are exposed.

A pilot test was carried out with three workers randomly selected leading to
minimal changes. The questionnaire was applied during the workers’ breaks in the
form of an interview along two weeks. The answers collection was random and
anonymous.

2.2 Ergonomic Assessment by RULA and NIOSH Lifting
Equation

There are several methods available for the risk assessment, but observational ones
are the most used in the practice (Takala et al. 2010). These methods perform risk
assessment through direct observation, considering risk factors such as frequency and
duration of the tasks (Colim et al. 2020). To assess the WMSD risk, it was selected
the Rapid Upper Limb Assessment (RULA) (McAtamney and Corlett 1993). It is
an observational and quantitative assessment method that allows a more detailed
analysis at level of the upper limbs (Takala et al. 2010). RULA prioritizes ergonomic
interventions identifying the risk associated and the respective actions to be taken
through four action levels.

Additionally, for the lifting/lowering material tasks, the NIOSH Lifting Equation
(Waters et al. 1993) was also applied. This equation allows the calculation of the
Recommended Limit Weight (RLW) and also provides the Lifting Index (LI), corre-
sponding to an indicator of physical stress in lifting tasks. According to the LI value
three risk levels are defined: (i) LI ≤ 1 means no risk associated; (ii) LI = 1, 1–2, 9
means risk for some workers; and (iii) LI ≥ 3 means risk for the most of workers.

3 Results and Discussion

3.1 Collection of Workers’ Perceptions About Working
Conditions and Musculoskeletal Complaints

The questionnaire was applied to 20 workers, corresponding to five workers in each
of the four rotation shifts, 80% of them were male and 20% female, with an average
age of 29.9 (±6.3) years old and average seniority at the workstation of:



Ergonomic Assessment on a Twisting Workstation in a Textile Industry 415

Fig. 1 Workers’ perceptions about the working conditions

(i) less than 5 years (30%);
(ii) between 5 and 10 years (55%);

(iii) between 10 and 15 years (10%);
(iv) more than 15 years (5%).

The results obtained through the subjective evaluation of the 14 parameters (Fig. 1)
demonstrated an evident dissatisfaction with certain parameters. These results high-
light that more than 50% of the workers considered to be very dissatisfied or dis-
satisfied about the following factors: occupational noise, thermal environment, work
content, work repetitiveness, work overload, adoption of painful postures, lifting and
handling loads.

Considering the parameters directly associated with the performance of work
tasks, 80% of workers attributed a negative score to the adoption of painful postures
and 100% to the work repetitiveness. The workers’ perceptions reinforced the need
to deeper evaluate the workstation, namely through the NMQ and the application of
observational assessment methods. Figure 2 shows that more than 50% of workers
reported musculoskeletal complaints in at least 3 body regions in the last 12 months
and 7 days, being the lumbar region (n = 19 workers) and the shoulders (n = 19) the
regions most affected. Workers also rated the perceived pain intensity using a VAS
scale, highlighting that the highest score is also attributed to the lumbar region and
shoulders.

Finally, in the section for improvement suggestions, the questionnaire reinforced
that all workers consider that there are opportunities for improvement in the work-
place. Regarding the possibility of introducing new technical aids, workers are recep-
tive to experimental tests with collaborative robotics and exoskeletons, with 80% and
70% of workers considering that these technologies could produce a positive impact,
respectively (Colim et al. 2021).
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Fig. 2 Workers musculoskeletal symptoms: (i) last 12 months; (ii) last 7 days

3.2 RULA and NIOSH Lifting Equation Assessment

For the application of RULA method, the most frequently performed tasks were
selected. For each task, from the video-records observation of several work cycles,
the most critical posture was selected and the RULA score was calculated (Table 1).
The tasks of lowering and lifting the creel, and supply the lower position have a
higher RULA score, which means that these tasks are associated with a greater
musculoskeletal risk compared to the others. It is important to clarify that the task
of supply the lower position of the creel is carried out with a full yarn bobbin, while
supply the upper position is performed with a half bobbin making this task less
painful. For the seven tasks analyzed, the upper limb region is the most affected due
to the adopted posture (Fig. 3).

In order to ensure a more sustained and complete assessment as well as to under-
stand the variation of the musculoskeletal risk in the load placement between the
two positions of the creel, the NIOSH Lifting Equation was applied for the tasks
“supply the creel” . The results agree with those obtained by RULA, indicating that
the supply of the creel in a lower position has more associated musculoskeletal risk
because it has a higher LI compared to upper position. However, it’s important to
note that both tasks represent a significant musculoskeletal risk for most workers,
being the LI = 3, 14 for the task 3 (supply the upper position) and LI = 3, 19 for the
task 4 (supply the lower position).

The findings based on the observational assessment methods are aligned with
the perceptions of workers. In this way, the musculoskeletal complaints perceived
in the shoulders and lumbar region may be the result of the adopted postures in
the execution of the tasks. The final RULA score divided the task analyzed into
three action levels, with the task of lowering and lifting of the creel, and supply
the lower position indicating the need of an immediate ergonomic investigation and
intervention. Therefore, the participatory ergonomics combined with a multi-method
approach can be used to achieve a more detailed assessment and, subsequently, a
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Table 1 Assessment of the tasks—RULA method

Task assessed Body regions more
affected

RULA upper
limb score

RULA neck,
trunk and
lower limb score

RULA final
score

Action level

1-Lowering the
creel

Arm, neck and
trunk

8 6 7 D: Investigation
and ergonomic
intervention are
needed
immediately

2-Lifting the
creel

Arm, neck and
trunk

6 6 7 D: Investigation
and ergonomic
intervention are
needed
immediately

3-Supply the
upper position
of the creel

Arm and neck 5 4 5 C: Investigation
and ergonomic
intervention are
needed shortly

4-Supply the
lower position
of the creel

Arm, neck and
trunk

8 7 7 D: Investigation
and ergonomic
intervention are
needed
immediately

5-Carry the
spindle pot

Lower arm and
trunk

3 2 3 B: Further
investigation is
needed

6-Air splice
between yarn
ends

Arm and neck 4 3 3 B: Further
investigation is
needed

7-Insert a new
tube

Arm and wrist 6 1 4 B: Further
investigation is
needed

Fig. 3 Most critical posture: task 1, task 2, task 3 and task 4
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successful ergonomic intervention to reduce risks to safety and health (Burgess-
Limerick 2018; Colim et al. 2021).

In this sense, as future work it’s expected a prioritization of the suggestions in
order to proceed to the test in the workplace. For example, through the introduction
of technical aids such as collaborative robotics or implementation of job rotation.
Human-robot collaboration is considered one of the major milestones of the Industry
of future, eliminating monotonous, repetitive and hazardous tasks, potentiating the
human (D’Souza et al. 2020). In addition, job rotation models has been one of the
organizational measures frequently adopted in the prevention of WRMSD (Boenzi
et al. 2016; Leider et al. 2015; Mehdizadeh et al. 2020). It is a strategy to alternate
workers between tasks with different exposure level to risk factors, avoiding overload
in specific body regions (Leider et al. 2015), reducing the monotony of repetitive
individual tasks, and increasing the workers’ satisfaction (Yoon et al. 2016).
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Evaluation of Ergonomic Risk of
Warehouse Activities in a
Telecommunications Sector Company

J. Fernandes, R. Monteiro, Paula Carneiro, Ana Colim, and L. Loureiro

Abstract Work-related Musculoskeletal Disorders (WMSDs) are a worldwide prob-
lem, both in terms of health and socioeconomic level. WMSDs are one of the main
concerns of ergonomics, since they have been identified as being associated with
occupational activities that expose employees to a high biomechanical and physio-
logical load. In view of the above, it is necessary to assess risk in real work contexts.
The present study was developed in a company in the telecommunications sector
with the aim of assessing the risk of developing WMSDs to which employees are
subject in carrying out their activities in the warehouse. The tasks analyzed were
carry task, manual load lifting task and logistical work. For this purpose, the NIOSH
Equation, Key Indicator Method and Rapid Upper Limb Assessment will be applied.
It is intended to identify whether these tasks developed constitute risk for employees,
to allow the presentation of measures that can minimize the effort required during
the activity and, consequently, reduce the risk to which employees are exposed.
The results show that the risk of low back pain and the development of WMSDs is
increased, so there is a need for an ergonomic intervention in terms of technical and
organizational measures in this activity.

Keywords Ergonomics · Key Indicator Method · Manual handling of loads ·
Niosh Equation · Work-related Musculoskeletal Disorders · Rapid Upper Limb
Assessment

J. Fernandes (B) · R. Monteiro · P. Carneiro · A. Colim · L. Loureiro
ALGORITMI Center, University of Minho, Braga, Portugal
e-mail: pcarneiro@dps.uminho.com

A. Colim
e-mail: ana.colim@dps.uminho.com

L. Loureiro
e-mail: floureiro@dps.uminho.com

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. M. Arezes et al. (eds.), Occupational and Environmental Safety and Health III,
Studies in Systems, Decision and Control 406,
https://doi.org/10.1007/978-3-030-89617-1_38

421



422 J. Fernandes et al.

1 Introduction

Ergonomics aims to achieve improvements in the work context and in the task per-
formed (ACT n.d.). It is therefore necessary to carry out an ergonomic risk assessment
and to identify the associated hazards in order to implement the most appropriate
preventive and corrective measures (ACT n.d.). Manual handling of loads in occu-
pational contexts is one of the most frequent tasks and result in a high risk for the
development of Work-related Musculoskeletal Disorders (WMSDs) (Hoe et al. 2012;
Mattos et al. 2015; Mital et al. 1997). In these types of tasks, the skeletal and mus-
cular systems of employees are the most affected and can cause WMSDs, namely at
the level of the upper limbs, neck, back and lower limbs. These types of disorders
have consequences for the employees themselves and cause high costs for employers
and society (EU-OSHA 2019; Fontes et al. 2017). Decree—Law No. 330/93, of 25
September, seeks to transpose into domestic law Directive No. 90/269/EEC, of the
Council, of 29 May, on the minimum health and safety requirements in manual han-
dling of loads, defines the general preventive measures to be considered in manual
handling of loads works, as well as some recommendations that the employer should
consider in the risk assessment. There are still a high number of jobs where manual
handling represents a worrying risk factor. In view of the above, numerous methods
have been developed over the years to allow the identification and assessment of the
risk of WMSDs inherent to manual handling tasks. The National Institute for Occu-
pational Safety and Health (NIOSH) has developed a practical analysis tool that is
called the NIOSH Equation (Waters et al. 1994). This tool allows the risk assessment
of tasks involving manual handling of loads (Waters et al. 1994). Bearing in mind
that interventions at the level of risk assessment and control in manual handling are
not limited to lifting tasks, but also tasks such as pulling and pushing, these can
also be critical situations from the point of view of risk of occurrence of WMSDs.
Thus, the Key Indicator Method (KIM) which is a method that includes a descrip-
tion of the requirements and conditions of work with the objective of assessing the
risk of physical overload to which employees are exposed when performing tasks to
lift /lowering, holding and transporting, pushing and pulling loads, adopting strange
body postures and body movement, meeting biomechanical, physiological and psy-
chophysical criteria (BAuA 2019; Steinberg et al. 2006, 2007). The Rapid Upper
Limb Assessment (RULA) in turn is an observational method of workstations which
aims to assess employee’s exposure to adopted postures, muscular effort, repetition,
and strength exerted to performing the task that contribute to the development of
WMSDs (Másculo and Vidal 2011; McAtamney and Corlett 1993; Serranheira et
al. 2008). It is based on the recording of the different postures adopted during the
execution of the task, regarding the upper limbs (arm, forearm, and hands), neck,
trunk and legs. This method allows to select the posture that occurs most frequently
or where the highest load value occurs (Másculo and Vidal 2011). The present work
was developed in a company in the telecommunications sector with the aim of assess-
ing the risk of developing WMSDs to which employees are subject in carrying out
their activities in the warehouse. For this purpose, the following two specific objec-
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Table 1 Description of employees

Age Gender Seniority in
the company

Tasks developed Personal protective
equipment

ID1 26 Male 2 months Carry and manual
load lifting tasks

Footwear and protective
gloves

ID2 24 Male 6 months Logistical work Footwear and protective
gloves

tives were defined: apply an ergonomic tool, namely the NIOSH Equation, KIM and
RULA to characterize the conditions of employees in relation to the work; define and
propose preventive strategies that can be adopted and contribute to risk mitigation.
Thus, it is expected to contribute to the definition of healthier work practices that
contribute to the prevention of WMSDs.

2 Methodology

In order to assess the ergonomic risk, a visit to the workplace was carried out with
the support of a questionnaire, a stopwatch and a measuring tape, to survey the
sociodemographic characteristics of the employees and the characteristics of the
tasks under analysis.

2.1 Characterization of the Sample

The present study was developed in a company in the telecommunications sector
that provides services to the main national operators, namely in terms of fiber optic
infrastructures and next generation networks. The study counted on the presence
of the two employees who perform functions in the warehouse. Information about
employees was collected, namely age, gender, seniority in the company and personal
protective equipment. The information collected is described in the Table 1.

2.2 Characterization of Tasks

The tasks analyzed were: (1) carry task; (2) manual load lifting task; (3) logistical
work (outbound and inbound management of warehouse material, warehouse man-
agement and stock control). Employee ID1 spend about 6 h per day in carry tasks and
manual load lifting tasks. Employee ID2 spend about 4 h in logistical work. However,
the time spent varies depending on the workload. In the first task the load is carried
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Table 2 Description of the variables for the application of the NIOSH Equation

Subtasks H (cm) L (kg) V (cm) D (cm) A (◦) P F

1 52.5 55 15 165 0 Good 0, 5

2 60 70 15 105 0 Good 2

3 55 60 15 105 0 Good 1

with the aid of a pallet truck to the warehouse. The distance covered is approxi-
mately 150 m and takes about 5 min to complete the route. The pavement of the route
is in parallel with some irregularity. In the second task, employees lift the boxes,
from the pallet truck to the rack shelves, until everything is packed. The employees
were observed during several work cycles, allowing the identification of the tasks of
manual lifting/lowering of loads and the postures adopted during their performance.
The loads consist of telecommunication material that is packed in boxes of different
dimensions and weights. For this purpose, three subtasks were considered depending
on the weight of the load (L) to be handled. By monitoring the execution of the tasks,
the following variables associated with each subtask were measured: Vertical Loca-
tion (V), distance of the hands above the floor; Vertical Travel Distance (D), absolute
value of the difference between the vertical heights at the destination and origin of
the lift; Asymmetry Angle (A), angular measure of how far the object is displaced
from the front (mid-sagittal plane) of employees, there was no trunk rotation in the
three subtasks. The lifting of the loads was done by the base of boxes. With the
stopwatch it was possible to determine the Lifting Frequency (F). The values of the
variables for the application of the NIOSH Equation are described in Table 2.

Finally, in the third task, the employee organizes the orders records and stock
control through the computer. The employee to perform this task is sitting in a chair
in front of a desk. The chair is adjustable in height; however, it does not allow the
employee feet to rest on the floor. The top of the computer monitor is below the eye
line, causing the employee neck to be slightly bent.

2.3 Evaluation Methods

Although there are several methods to assess ergonomic risk, NIOSH Equation,
KIM and RULA methods were selected for this study. The NIOSH equation allows
to assess risks based on the load used in manual handling tasks and to assess in detail
individual lifting situations (Herzog and Buchmeister 2020). The RULA method
assesses postural risk, focusing on the most relevant body segments for the develop-
ment of musculoskeletal disorders (Herzog and Buchmeister 2020). Finally, KIM,
push and pull, during its application considers the important factors that influence
working conditions (Schaefer et al. 2007).
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NIOSH Equation. Prior to the evaluation and after verifying the applicability of the
NIOSH Equation, it was considered that the work performed should be analyzed as
multitasking. The multitasking analysis consisted of tree fundamental points (Waters
et al. 1994):

1. Calculate the Frequency-Independent Recommended Weight Limit (FIRWL) and
Single-Task Recommended Weight Limit (STRWL) for each task;

2. Calculate the Frequency-Independent Lifting Index (FILI) and Single-Task Lift-
ing Index (STLI) for each task;

3. Calculate the Composite Lifting Index (CLI) for the overall job through Eqs. 1
and 2.

CLI = STLIj +
∑

ωLI (1)

∑
ωLI = STLI2

(
1

MF1,2
− 1

MF1

)
+ STLI3

(
1

MF1,2,3
− 1

MF1,2

)
+ · · · (2)

KIM. The method is a risk assessment method related to manual handling of loads
(BAuA 2019). In this study, the pull and push task were evaluated. The key indicators
for the evaluation of this type of tasks are time, weight of the load, unfavourable
working conditions, driveway conditions, unfavourable properties of the transport
device, body posture, work organization/temporal distribution (BAuA 2019). These
indicators are quantified using what is described in the respective tables for each one
(BAuA 2019). Initially a score for the time is assigned. Then, the score for the key
indicators is determined. Finally, the sum of the key indicators is performed where
the total score is obtained. The time factor is multiplied to the total score and the
final result is obtained, which is compared with the established evaluation criteria.

RULA. The application of the method consists of recording different observed
work postures, classified through a scoring system, using diagrams of body postures
and tables that assess the risk of exposure to external load factors to identify the mus-
cular effort, which is associated with work posture, analyzing posture and dividing
the body into two groups (McAtamney and Corlett 1993):

• Group A—Upper limbs (arms, forearms and hands).
• Group B—The legs, trunk and neck.

2.4 Assessment Criteria

NIOSH Equation. Through the application of the NIOSH Equation, the CLI value is
obtained, which provides a relative estimate of the level of physical stress associated
with a given manual load lifting task (Másculo and Vidal 2011; Waters et al. 1994).
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Table 3 Development risk classification of WMSDs, according to CLI (Adapted from Waters et
al. 1994)

CLI Risk of low back pain and development of WMSDs

≤1 Absence of risk

]1 – 3[ Risk for some employees

≥3 Risk for most of employees

Table 4 Risk level and type of intervention

Risk range Score Measure

1 >20 Physical overload is unlikely. No health risk is to be
expected

2 20–50 Physical overload is possible for less resilient persons.
For less resilient persons, workplace redesign and other
prevention measures may be helpful

3 50–100 Physical overload is also possible for normally resilient
persons. Workplace redesign and other prevention
measures should be considered

4 ≥100 Physical overload is likely. Workplace redesign
measures are necessary. Other prevention measures
should be considered

The value of this index should be less than 1 and not exceed the value of 3. It is defined
by Eq. 1 in the case of multitasking and its relationship with the risk of developing
WMSDs is described in Table 3.

KIM. Based on the total score obtained from the task, it is possible to classify it
in one of the 4 levels of risk. This scale indicates whether low exposure situations are
present where physical overload is unlikely even situations of high physical overload
in the musculoskeletal system where it is necessary to intervene in the workplace
(BAuA 2019) (Table 4).

RULA. The RULA method determines 4 levels of action according to the values
(points) that are obtained from the evaluation of each exposure factor (arm, forearm,
wrist, neck, trunk, and legs) (McAtamney and Corlett 1993). The first level states
that the posture is acceptable if it is not repeated or maintained for long periods.
Level four, on the other hand, states that immediate changes in the workplace are
necessary (Table 5).

3 Results

Through the monitoring of the execution of the tasks in the warehouse, it was found
that there were differences in the variables associated with the different subtasks
which led to the adoption of a multitasking analysis. The value of 2.82 for the CLI
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Table 5 RULA action levels

Risk range Score Measure

1 1–2 Acceptable posture

2 3–4 Further investigation, change may be needed

3 5–6 Further investigation, change soon

4 +7 Investigate and change immediately

Table 6 Results of the NIOSH Equation for the manual load lifting task

Subtasks FIRWL STRWL FILI STLI ORDER CLI

1 7.59 6.15 0.53 0.65 3 2.82

2 6.81 4.43 1.17 1.81 2

3 7.29 5.47 1.37 1.83 1

Table 7 Results of the KIM method for the carry task
Time
rating

Load
weight/
transport
device

Driveway
conditions

Unfavourable
working conditions

Unfavourable
properties of
the transport device

Body
posture

Work
organisa-
tion

Total of
indicator
rating
points

Risk level

2.5 1.5 6 3 0 5 2 43.75 2

Table 8 Results of the RULA method for the logistic work task

Score Muscle use Force/load Group score Final score

Group A (upper limbs) 3 1 0 4 5

Group B (legs, trunk and neck) 4 1 0 5

was obtained, which represents that there is a risk for some employees. The values
obtained that resulted from the application of the NIOSH Equation are described in
Table 6.

With regard to the result of the application of the KIM method through Table 7 it
can be seen that a final result of approximately 44 was obtained, corresponding to a
level of risk 2, which indicates an increased load situation where physical overload
is possible for less resilient employees (BAuA 2019). It is important to intervene
in workstations for these employees (BAuA 2019). The key indicators relating to
driveway conditions and body postures were the most penalizing.

Regarding the application of the RULA method through the analysis of Table 8,
it was found that the analyzed task had a final score of 5 which corresponds to a
level of risk 3, this means that it is necessary to investigate and immediately requires
changes (McAtamney and Corlett 1993). In this task it was found that employees
are exposed to continuous and static muscular work at the level of the neck, back,
forearms and arms.
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4 Discussion

The FIRWL value obtained reflects the global requirement of each subtask, thus
does not reflect the contribution of the other subtasks performed. This calculation is
useful in assessing physical stress for an individual task (Waters et al. 1994). The
results obtained for the NIOSH Equation demonstrate that subtasks 2 and 3 present
FILI and STILI values higher than 1, which indicates that there will be a need for
an ergonomic intervention to decrease the overall physiological requirements of the
task and reduce the risk of occurrence of fatigue (Waters et al. 1994). At the end, a
CLI value of 2.82 was obtained. Therefore, the purpose is to design all lifting jobs
to accomplish an LI of 1 or less. In order to minimize the risk to which employees
are exposed when carrying out the task of lifting loads, the vertical location from the
hands above the floor has been increased (V = 75 cm), the value for which the CLI
was calculated, obtaining the value of 1.65. Thus, there is a significant decrease in the
risk value, however the CLI remains higher than 1. Regarding the characteristics of
the load to be lifted, namely the weight and length, it’s not possible to make changes
due to the material being supplied by customers. Storage is a fundamental task in a
warehouse and is responsible for organizing the material in order to make good use
of available space and efficient handling (Gu et al. 2007). Thus, it is necessary to
redefining how the materials will be stored in view of their specific characteristics
and having considered the risk of WMSDs for carrying out this task. It should be
noted that NIOSH Equation is a tool for assessing the physical stress of two-handed
manual lifting tasks, however its application is limited to those conditions for which
it was designed (Waters et al. 1994). The Equation assumes that lifting and lowering
tasks have the same level of risk for low back disorders, but this assumption may
not be true if the employee drops the box rather than lowering it all the way to the
destination (Waters et al. 1994).

In view of the results obtained from the application of the NIOSH Equation and
KIM, the technical measure that is considered appropriate is the acquisition of a
stacker with lifting forks, thus reducing the employee’s physical effort in both, the
transport and manual load lifting task.

The modification of the floor will make it possible to smooth the passage of the
pallet truck, which in turn may reduce the risk, as well as reduce the number of
boxes transported, decreasing the weight of the total loads. Regarding the task of
logistical work, the preventive and corrective measures that must be applied include
the acquisition of the following equipment: a chair with adjustable height and a
backrest adjustable in height, a footrest, a keyboard with ergonomic support for the
wrists and a mouse pad with wrist support (EHS 2002; Pheasant 2002). It is also
needed to adjust the height of the monitor so that the top of the screen is about
10◦ to 20◦ below the horizontal line of sight and tilt it about 10◦ to 20◦ so that the
screen remains perpendicular to the eyes of employee (EHS 2002; Pheasant 2002).
In terms of general organizational measures, task rotation should be considered, thus
allowing the effort exerted by employees throughout the day to affect different muscle
groups (EHS 2002; Pheasant 2002). There is no model of turnover in the warehouse’s



Evaluation of Ergonomic Risk of Warehouse Activities … 429

workstations, employees move from one station to another, but both perform the
same tasks with the same postures. Alternating manual load lifting task with carry
tasks and logistic work tasks, as well as switching between different workstations
would be a possibility to break the repetition of tasks (EHS 2002; Pheasant 2002).
The training and information of employees on ergonomics and manual handling of
loads will be essential for the reduction of WMSDs, as it allows the employee to
be an active agent in prevention (ACT n.d.; DGS 2008). The existence of an active
medical surveillance program is also important to detect symptoms and early signs
of WMSDs (DGS 2008).

4.1 Limitations

One of the limitations of the present study is the short duration which implied the
selection of certain tasks in detriment of others. It should also be noted that psy-
chosocial and individual factors were not assessed in this study and, as such may
have an influence on the development of WMSDs. However, the diagnosis of risk
situations of WMSDs is the first step towards the definition of a strategy to improve
working conditions.

For future research, the proposal will be based on the extension of risk assessment
of the development of WMSDs for other workstations in the warehouse. It would
be important to develop a rotation model according to risk factors related to work
activity, organizational and individual factors, with a view to reducing the risk of
developing WMSDs. In addition, there is a need for an ergonomic assessment in
terms of material transport tasks from the vans to the rooftops of the building where
the work is carried out, which implies that all material be transported manually to
the site.

5 Conclusions

The overall objective of the study was achieved, giving insights about the risk of
developing WMSDs on the tasks performed in the warehouse. Results showed that
both in the task of carry and manual load lifting task, and logistical work, employees
are exposed to considerable levels of developing WMSDs. Thus, prevention and cor-
rection measures were suggested for each specific task. The adoption of the measures
will be reflected in improvements that will contribute to the reduction of employee’s
fatigue and, consequently an increase in productivity.
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Ergonomic Study of a Support Interface
for the Therapheet Device
in the Rehabilitation of the Tibiotarsal
Joint
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Abstract Objective: To analyzed and verify the usability and ergonomic adaptability
of a medical device, as well assess its functionality for the purposes of tibiotarsal
rehabilitation. Background: Therapheet is a device that uses pneumatic technology
to perform tibiotarsal joint rehabilitation exercises in passive mode. This device still
has many limitations, has it does not have a suitable chair, nor a proper foot and knee
fixation system. Its high mechanical complexity and oversized components make it
difficult to perform a functional rehabilitation, moreover pneumatic technology does
not seem to be the most suitable for continuous and precise movements. Method:
XSens� MTw Awinda technology was used to analyze the movements made by the
volunteers. The kinematic analysis kit made it possible to measure the angles and
accelerations performed by the dominant foot. Results: There is no combination of the
knee and back angle that favors all rehabilitation exercises, so an adjustment adapted
to each exercise and each patient will be the most appropriate. Conclusion: The
application of ergonomics and anthropometry allowed to fill some gaps in the device,
leading to the development of support for the patient’s lower limb and servomotor
implementation. Application: Design of a rehabilitation device for the tibiotarsal
joint.
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1 Introduction

Due to its location, the human ankle is often subjected to heavy loads that can
exceed the body’s own weight. Body weight, excessive activity, or declining physical
function, lead to bone, muscle or ligaments injury, which eventually leads to the loss
of some of the tibiotarsal joint functions (Chang and Zhang 2019). The tibiotarsal
joint is the most injured body part in sports, constituting about 16–21% of sports
injuries (Chang and Zhang 2019; Kulunkoglu and Celik 2019). The general goals of
a rehabilitation program are to restore the adequate range of motion, the surrounding
muscles strength through resistance training, proprioception, and balance, which
leads to full function and reduction of the probability of chronic instability and
recidivism.

The ankle is a complex anatomical joint that produces movement with 3 degrees
of freedom (DoF). Its main movement is plantar flexion and dorsiflexion that occur in
the sagittal plane, abduction, and adduction (external rotation and internal rotation,
respectively) that occur in the transversal/axial plane, and inversion and eversion,
which occur in the frontal/coronal plane (Brockett and Chapman 2016). The neutral
or resting position occurs when the axis of the foot makes an angle of 90◦ as the axis of
the leg (Racu Cazacu and Doroftei). The ankle’s range of motion varies significantly
between individuals due to geographical and cultural differences based on their daily
activities, in addition to the method used to assess range of motion.

Robotic devices have a significant impact on health, functioning as a vital com-
ponent to improve the quality of life, so their application in the rehabilitation of the
tibiotarsal joint will be very beneficial in providing additional resources to facilitate
the physiotherapy of patients suffering from injuries in this articulation. Devices with
this functionality already exist on the market, however there is not one that is fully
efficient (Tsoi 2011; Kulunkoglu and Celik 2019).

Nowadays, the biggest concerns in the development of medical devices are
improving patient safety and improving medical performance. Health professionals
recognize that a care approach must be centered in the user and that a biomedical per-
spective alone can’t generate good levels of care (Boute et al. 2018). For this reason,
it is crucial that ergonomic principles and criteria are considered in the development
of medical devices.

In the article by Boute et al. (2018) the commercial device AIO ™ Orfit, which is
a table model used to support patients for breast radiotherapy, was analyzed (Boute
et al. 2018).

The authors’ objective was to search for a comfortable position for patients and
create a device that is suitable for complete breast irradiation and irradiation of lymph
nodes. They intended to specify the pain and pressure points on the currently used
device (AIO ™ Orfit).

After each 10-min session, in which the volunteers were asked to remain steady,
they completed a pain and comfort assessment questionnaire. Six regions can be
assessed: neck, right shoulder, left shoulder, chest, right arm, left arm. A numerical
pain rating scale, Numeric Rating Scale (NRS), from 0 to 10 was used, starting from
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no pain to unbearable pain, respectively. These types of scales are considered the
most common and adaptable scales to assess pain intensity (Boute et al. 2018).

For each volunteer, the pain and comfort scores were observed in a female’s body
outline, where circles were represented, in which each circle represents a painful
region reported by a volunteer. The size of the circles represents the pain score from
1 as a smaller circle to 10 as a larger circle. With these data it was possible to develop
a new position for the females and create prototypes (Boute et al. 2018). In the study
by DiGiovine et al. (2000), the purpose is to examine the comfort perceived by the
user in the wheelchair during the impulse and to compare the ride comfort of ultra-
light (high adjustment) and light (minimum adjustment) manual wheelchairs. For
this study, the seven most used manual wheelchairs were compared (DiGiovine et al.
2000).

Classifications were made in terms of comfort perceived by users and basic
ergonomics, while they performed some daily activities.

Ratings were written down for each wheelchair on individual tasks and for the
overall course, this being defined by the authors (DiGiovine et al. 2000).

After three trials, each volunteer filled a questionnaire. Here, it was scored comfort
for each of the tasks on the route and rated the basic ergonomics of the wheelchair.
The comfort part, which assessed the driving tasks, used a 10 cm long visual analog
scale. The scale ranged from extreme discomfort (0 cm) on the left to extreme comfort
(10 cm) on the right. Volunteers needed to write an “X” on the visual analog scale
to represent their comfort level for each task and each wheelchair. After that, one
researcher, blinded to the type of chair, measured the distance from the left end of
the scale to the nearest millimeter using a ruler (DiGiovine et al. 2000).

The wheelchair ergonomics part of the survey had four multiple-choice questions
that were related to the stability, ease of use, hand comfort and overall ride comfort
on the trail. For each ergonomic question, it was used five descriptors: Not at all (1),
Reasonably (2), Moderately (3), Very (4), and Extremely (5). For the overall ride
comfort question the descriptors were Poor (1), Reasonable (2), Moderate (3), Good
(4), and Excellent (5) (DiGiovine et al. 2000).

The comfort section scores were analyzed using repeated measures of multiple
variance analysis with Sheffe’s post hoc analysis. The ergonomics and overall com-
fort scores were analyzed using the Kruskal–Wallis test. When designing a device,
several factors such as usability, comfort, efficiency, safety, reliability, and anthro-
pometrics must be considered. These “merge” into one word: Ergonomics (Silva
2008).

One of the existing barriers to achieving excellence in this area is due to the enor-
mous physical variability that exists between people, because what may be suitable
for one, is not for another. This is an aspect to take into consideration when designing
this equipment (Silva 2008).

The sitting position requires constant back and belly muscle activity. If the seat
is well dimensioned, this posture has advantages such as reducing the overload on
the legs; possibility of avoiding forced positions of the body; energy consumption is
reduced and blood circulation is improved (Silva 2008). To achieve this requires it
would be necessary an ergonomics analysis with possible end users.
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2 Material and Methods

The test, carried out in the automation laboratory of the University of Minho (UM),
is called “test-retest” and counted on the participation of a heterogeneous population
of healthy young adults of both genders, students at UM. Those who had recently
injured their tibiotarsal joint and experienced pain while using the device, or those
who were undergoing physical therapy were excluded from the study.

During the recruitment of the participants, a questionnaire was presented where
information about the individuals was collected and from which, including the short
adapted version of the International Physical Activity Questionnaire (IPAQ), conclu-
sions were also drawn about the sedentary level of the individuals. Throw another
questionary it was also collected information about the perception of comfort and
other ergonomic questions about the device. There were 10 volunteers which 50%
were males and 50% females to understand if the gender influenced the results. They
had ages between 23 and 31 and an average BMI of 28,85. Only one volunteer had
the left foot has the dominant one. None of the volunteers had recent injuries and
50% practice sports frequently, making them not sedentary.

For the rehabilitation movements were tested chair backrest angles of 110◦ and
140◦ and knee tilt angles of 90◦ and 130◦.

Each level of the device is configured for two rehabilitation exercises, so the
subjects performed one pair of movements at a time (dorsiflexion-plantar flexion
(DF/PF), abduction-adduction (AB/AD), and inversion-eversion (I/E)), which were
repeated for a period of 15 s.

The test was performed in one day and lasted a maximum of 30 min, and the retest
was performed 1 week after the initial test so we could reassure that the obtained
results were acceptable and were similar even days apart. At the end of the retest,
the volunteers filled the Part II of the IPAQ questionnaire giving their perception of
some functional and ergonomic aspects of the device, using a 5-point Likert scale,
where 1 would be the least satisfactory value and 5 the top of the scale.

During each test, the XSens� kinematic analysis kit was used to measure the
amplitude of the movements made by the volunteer’s dominant foot. To do so, 7
sensors were used: 1 for the pelvis, 2 for the upper leg, 2 for the lower leg, and 2 for
the feet (Fig. 1).

The collected values were subjected to statistical analysis using Microsoft Excel.
Once the angle values were obtained for the various chair and knee movements
and inclinations, outliers were excluded. To do so, values whose error between test
and retest was greater than 30% were excluded and values that weren’t between the
maximum and minimum values found in literature. These outliers can be related to an
inaccurate calibration, sudden movements derived from inertia of the device and foot
or knee oscillation. The accelerations obtained are described in vectors decomposed
in the x, y, and z axes, to make comparison between samples possible, the equivalent
acceleration was calculated from its vector, which had the origin as reference. Once
the acceleration values were obtained, it was necessary to exclude outliers. The
largest acceleration value immediately below the upper limit was selected, which
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Fig. 1 XSens� sensors
placed on the foot and tibia
of a volunteer during testing

corresponds to the maximum acceleration measured, the error between test and retest
was calculated, calculating the minimum value of the difference, and the tests in
which the error values between test and retest were greater than 25% were excluded.

3 Results

3.1 Kinematic Analysis (XSens�)

Taking as example a fixed back tilt of 110◦ for DF/PF (Fig. 2a), a knee tilt of 130◦
is the one that results in a greater range of motion (ROM) for all volunteers both in
the test and retest, except for the test of volunteer number 10 (“Vol. 10”). The results
per volunteer display individual variability and variances between volunteers. Here,
the knee tilt significantly affected the results obtained.

For a 140◦ back tilt (Fig. 2b), better results are seen for the 130◦ knee tilt as com-
pared to a 110◦ knee tilt. Figure 3 shows, within each cell, the values corresponding to
the sum of the differences in amplitudes for each combination of movements. Here,
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Fig. 2 Range of motion of dorsiflexion and plantar flexion, for back inclinations of a 110◦ and
b 140◦, varying the knee inclination to 90◦ and 130◦. “Vol.” represents the word “volunteer”,
corresponding to each of the 10 volunteers who performed the tests and retests (“R”)

for each pair of movements and for each condition under study, only the same vol-
unteers were accounted. The cells in green represent the best combinations between
knee and back tilts, because they are the ones that produce the greatest amplitudes,
which means they lead to a better rehabilitation.

All angles are given in degrees (◦). Green is the combination of positions that
produced the greatest amplitudes at the tibiotarsal joint, and red is the combination
that produced the least amplitudes. The values represented within each cell represent
the sum of the differences in amplitudes for each combination of movements.

All participants obtained maximum acceleration in the dorsiflexion/plantar flexion
movements with an acceleration of 2.1 m/s2, Fig. 4. In the inversion/eversion and
adduction/abduction exercises, a maximum acceleration of 1.3 and 1.4 m/s2 was
verified respectively.
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Fig. 3 Representative table of the best position to reach the highest amplitudes

Fig. 4 Maximum joint accelerations for each volunteer per movement pai

3.2 Volunteer Questionnaire

The grouped column chart (Fig. 5) allows you to see which Likert scale value is
dominant and what the average response is.

Fig. 5 Frequency and average of the volunteers’ responses
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The lowest comfort scores were registered for a knee position of 130◦. For a
knee position of 90◦, a back angle of 110◦ provided the highest levels of comfort,
coinciding with mode highest values.

According to the volunteers’ perception, the foot anchorage system is not suitable,
with a value of around 3 for both the mean and the mode.

4 Discussion

For the pair of AB/AD and I/E movements, for a back 110◦ back tilt a 90◦ knee angle
is preferable than a 130◦ knee angle, and when the knee angle is fixed at 90◦, a 110◦
back tilt is preferable rather than 140◦. Regarding the DF/PF pair, opposite results
were obtained. In the case of I/E for a fixed 90◦ knee tilt, the cells are blank, because
it cannot be gauged which is the best back tilt for this case.

Almost all the volunteers felt safe and comfortable performing the movements in
the 4 different positions, with the volunteers finding the 90◦ bent knee and 110◦ back
angle the most comfortable. This goes according to the best solution found for 2 of
the 3 pairs of movements by the analysis of the data obtained with XSens�. A knee
position of 130◦ recorded the lowest comfort levels. For a knee position of 90◦, it
can be concluded that a back angle of 110◦ is more comfortable for the user, where
the highest values recorded for fashion were also obtained.

The foot attachment system is a crucial point to change since if it does not hold
the foot correctly, the foot will move on the support, which may result in ineffective
rehabilitation.

All volunteers generally consider the device functional and suitable for the reha-
bilitation of ankle injuries and would recommend the use of the Therapheet in the
future.

Thus, it can be concluded that there is no combination of the knee and back angle
that favors all rehabilitation exercises, so an adjustment adapted to each exercise and
each patient will be the most appropriate.

4.1 Limitations

The x-axis represented in the graphic may not correspond to the separation point
between the movements, once an initial referential was not defined for all volunteers,
thus not knowing at what point this change occurs.

It should be noted that the system for attaching the foot to the equipment is not
adjustable to the width of the volunteer’s foot, so there were lateral movements of
the foot in the device, which could compromise the results obtained. Also, the leg
support was not totally effective because its height adjustment was not enough to
accommodate all the different individuals’ dimensions, and this support also did not
prevent the leg from sliding laterally. The equipment chair rotates, making it unstable



Ergonomic Study of a Support Interface for the Therapheet Device … 441

to perform some exercises. In addition, the chair should be able to be adjusted so
that the volunteer’s leg is aligned with the device’s footrest, whether the leg is right
or left.

5 Conclusions

In this study it was visible the relationship between anthropometry, ergonomics
and design. Applied anthropometry is one of the basic human sciences and it has
contributed to ergonomics, which contributed with data, concepts and methodologies
to the design process.

The device under study has several aspects that were changed/improved for its
use in health care institutions and home environments. From the kinematic analysis
results, it was possible to design a chair that is stable in height and distance according
to each patient, so that the alignment of the hip with the knee and ankle to be
rehabilitated was possible, as well as a variable angle of inclination of the back. The
knee support was designed to adapt to the user’s characteristics, thus supporting the
weight of the patient’s leg. The way the foot is attached to the support has been
optimized to adjust to the different volumes and sizes of the feet so that the foot
does not move. The inclination of the fixation site of the device was changed to a
smaller angle. The main operational changes achieved were device’s mass and size
decrease, as well as less mechanical complexity. Servo motors allow more precise
and controlled movement compared to pneumatic technology. Therefore allowing a
more functional and safer rehabilitation.

Acknowledgements This work has been supported by FCT – Fundação para a Ciência e Tecnologia
within the R&D Units Project Scope: UIDB/00319/2020.
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Abstract Objective: Presentation of a tool capable of integrating Lean manufac-
turing with Ergonomics, aiming to assist the continuous improvement of production
processes and the insurance of the well-being of employees. Background: To face the
current markets’ characteristics, industrial organizations need effective and efficient
production systems. The key to achieve this efficiency and effectiveness is to fully
understand the production process, and to identify its wastes. Foreseeing the contin-
uous improvement of these processes, the integration of Lean manufacturing with
Ergonomics potentiates productivity and enhances working conditions. Method: In
this study, a new diagnostic tool is proposed—the WIDEA. It intends to combine the
potential of Waste Identification Diagrams (WID) with the risk assessment method
Key Indicator Method (KIM). Conclusion: WIDEA is a tool that allows us to quickly
diagnose the main problems of a production process, combining the concerns of Lean
manufacturing and Ergonomics. Application: The use of the WIDEA can assist the
understanding of the production process, help identify wastes and assists the improve-
ment of processes, towards a more efficient and effective production system, able to
face the challenges the industry has come across.
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1 Introduction

1.1 Challenges to the Industry

In full transition to the 4th Industrial Revolution, companies face the benefits and
challenges of new technologies. Despite increasing the productivity and flexibil-
ity of industries, these technologies also make the market even more competitive.
Emerging technological developments are likely to bring widespread automation and
irreversible shifts in the structure of jobs, raising major challenges on labour mar-
kets (Kergroach 2017). In addition, the Covid-19 pandemic has brought even more
challenges. Its financial impact has diminished people’s purchasing power and has
forced companies to review and eliminate their costs. With part of the world popula-
tion at home, supply chains are under pressure, due to considerable increase in online
purchases, and some products have their demand above the normal levels, forcing
industries to adapt to these new circumstances. At the same time, needs prior to the
start of the pandemic have taken a back seat, pressuring organizations to rethink their
product or production process. To face this challenges, industrial organizations need
effective and efficient production systems so they can deal with the current markets’
characteristics (Dinis-Carvalho et al. 2015).

1.2 Waste

The key to achieve efficiency and effectiveness is to fully understand the production
process, and to identify all types of waste. Waste is related to the concept of value,
therefore to recognize the occurrence of waste, it is fundamental to identify the activ-
ities that add value to the product an eliminate the ones that don’t (Dinis-Carvalho
et al. 2019).

Ohno (1988) and Shingo and Dillon (1989) identified seven types of waste: Over-
production, Inventory, Waiting, Defects, Over-processing, Motion, Transportation.
Relatively to Overproduction, it happens when a product is produced before it is
required by the next process in sequence. It results in longer lead times and increas-
ing costs; Inventory leads to high and unnecessary costs, masks defects and damages
material that has been stored for a long time; Waiting is one of the easiest wastes to be
detected, be it waiting for people, materials or machines that have not finished their
work; Defects are any product characteristic that do not respect the previously defined
standards. They can lead to excessive material and rework costs; Over-processing
happens when the product has more features or functionalities than the customer is
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willing to pay. This implies that in the production process there are expenses with
activities that do not add value to the product and, as such, carry unnecessary costs
for the company. Motion concerns any unnecessary movement, which does not add
value to the product, whether it be people, tools, machines or materials. Transporta-
tion, as well as the waste previously mentioned, does not add value to the product
and can also damage it, affecting people, tools, machines or materials.

In addition to these seven wastes, Womack and Jones (1997) identified an eighth
category: the Unused Talent, related to the failure to make fully use of the knowledge,
skills and abilities of the people involved in the company.

1.3 Value Stream Mapping and Waste Identification Diagram

When looking at the definitions of each waste, it is easy to understand that these are
related to the fact that no value is being added to the product. Understanding the
customers’ needs is then critical to eliminate them. Lean production is targeted at
progressively aligning shop-floor operations with clients’ requirements and for doing
so it seeks to implement a culture of waste-elimination activities and continuous
improvement of the processes (Dinis-Carvalho et al. 2015).

Womack and Jones (1997) defined five principles of the Lean Production: the
creation of value, the identification of the value stream, the continuous production
flow, the implementation of a pull system and the pursue of perfection.

However, concerning the second principle, to identify the value stream in an
accurate way, it is necessary to have a powerful tool to represent the main aspects of
a production system and to highlight its wastes. Several graphical tools are available to
assist this process, but they are usually dedicated to specific aspects (Dinis-Carvalho
et al. 2019). Some tools are mainly focused on representing the layout and production
routes, while others are focused on the production flow of certain products (Dinis-
Carvalho et al. 2014).

A tool that has been widely used is the Value Stream Mapping (VSM) (Rother
and Shook 1999). VSM represents the value stream, material and information flows,
wastes and key performance data. An important characteristic of the VSM is its visual
nature, allowing for a quick assessment of the state of the production processes (Dinis-
Carvalho et al. 2019). It has revolutionized the graphic representations of production
systems (Sá et al. 2011).

Despite all the advantages that VSM has, some limitations were also spotted and
thoroughly described by multiple report studies, starting from 1998 (Dinis-Carvalho
et al. 2015). These limitations pointed out over the years by several authors were
collected and synthesized by Dinis-Carvalho et al. (2019). Briefly, some of the main
limitations of the tool are: the inability to represent layouts; the use of different
symbols, which make its interpretation, at times, confusing; the inability to represent
more than one family of products; the need for reading the written information, in
order to understand important data, such as the amount of work in progress (WIP);
and the lack of representation of transport and movement waste.
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Towards the surpass of some VSM’s limitations, a tool named Waste Identification
Diagram (WID) was developed by the Department of Production and Systems, at
the University of Minho (Sá et al. 2011). WID is able to represent entire production
units; all production flows; deal with low-volume and high-variety industry; allow
layout visualization; show and evaluate all types of wastes in a visual and intuitive
way; and provide effective visual and performance information (Dinis-Carvalho et al.
2015). The data presented is clear, allowing an immediate perception of the number
of workers, WIP, takt time, cycle time and setup time for each workstation. WID
borrows the concept of visual control, one of the tools associated to Lean production,
and provides immediate visual perception, when applied to waste identification (Sá
et al. 2011).

The work presented in this document seeks to combine the WID with an ergonomic
indicator, in order to introduce information related to the workers’ well-being in its
representation, as for them being a central point in any production system.

1.4 Key Indicator Method (KIM)

For Lean philosophy, the continuous improvement and process optimization must
always be focused on the people involved in it. Thus, it is crucial to ensure their safety
and well-being. Foreseeing the continuous improvement of production processes, the
association of Lean manufacturing with Ergonomics potentiates productivity gains,
enhances working conditions and reduces workers’ absenteeism (Colim et al. 2021).
According to the European Council Directive 89/391/EEC of 12th June 1989 (Conseil
des Communautés Européennes 1989), the employer must perform an assessment of
the risks to safety and health at work, which shows the importance of preserving the
health and well-being of the workforce.

In 2015, approximately three out of every five workers in the EU-28 reported
musculoskeletal disorders (MSD) and complaints in the back, upper limbs and/or
lower limbs (de Kok et al. 2019). Therefore, an risk assessment is crucial to implement
prevention strategies in the working area, to reduce exposure to unhealthy conditions
(Klussmann et al. 2017a).

To examine the risk of MSD related to work, several assessments methods have
been developed, such as the Rapid Upper Limb Assessment (RULA) (McAtamney
and Nigel Corlett 1993), the Revised Strain Index (RSI) (Garg et al. 2017), and the
Key Indicator Method (Röddecke and Schultz 2013). Bearing in mind the purpose
of this article, the focus will be placed on the KIM method, as it being the one used
by the industry that collaborated with this study. The KIM was developed by the
Federal Institute for Occupational Safety and Health (BAuA) and the Committee of
the German states for Occupational Safety and Health (LASI).

The KIM method allows to evaluate six types of activities, since new versions
have been developed over the years. Each version corresponds to a type of activity
that goes from pushing and pulling material to awkward body postures. Through an
evaluation sheet, certain characteristics such as frequency of activity, load and posture
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are assessed. In the end, this evaluation results in a single score that represents the
risk of exposure to physical overload, which can lead to MSD. Its risk score have a
statistically significant correlation to the prevalence of MSD and clinical conditions
in the shoulder, elbow and hand-wrist body regions (Klussmann et al. 2017b).

1.5 WIDEA—Waste Identification Diagram with Ergonomic
Assessment

A tool that tries to integrate Ergonomics and Lean is the Ergonomic Value Stream
Mapping (ErgoVSM) (Jarebrant et al. 2016a), based on the regular VSM methodol-
ogy proposed by Rother and Shook (1999), but with work environment issues inte-
grated in the method (Jarebrant et al. 2016b). This additional analysis might result in
future savings for companies, since it takes into account ergonomic factors, before
applying physical transformations in productive systems (Goossens 2018). Nagaraj
et al. (2019) stated that this integrated approach reduces human factor risk levels and
enhances lean performance. However, developing it might be time-consuming, since
additional data is required, and can be more labour intensive compared to traditional
VSM.

Taking into account the limitations already mentioned in the traditional VSM,
this study proposes to combine Ergonomics and Lean via another tool—the WID
(described previously).

As workers are involved in the production process, it is important to diagnose
whether their well-being is ensured, or whether it is necessary to act towards it.
Considering the WID method and its advantages regarding VSM, in addition to the
information related to cycle time, takt time, WIP, and others, in this proposed version
it is also possible to visualize the KIM risk level in the diagram. Thus, it is possible
to perceive the physical load associated with each station. The main objectives of
this study are then the presentation of this tool- the WIDEA- that seeks to add an
ergonomic indicator to the existing WID and its application in a production process,
to identify its main potentials and limitations.

2 Materials and Methods

2.1 WID—Waste Identification Diagram

This tool is composed by a series of blocks and arrows. Blocks represent (a group
of) workstations, (a group of) machines or sections of the shop floor. Arrows rep-
resent the transportation effort. The dimensions of the icons give us information on
certain parameters, since they are scaled with their values, giving immediate visual
information (Fig. 1).
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Fig. 1 A block representative of a workstation and its dimensions

The block dimensions include four types of information: the block length rep-
resents the amount of work in progress (WIP), waiting to be processed; The block
height represents the takt time (TT); The height of the coloured part of the block
represents the cycle time (CT); The block depth represents the setup time (ST) of the
process. The frontal area of the block represents the throughput time of that station.
Besides this, inside the block (or next to it when the scale requires so) the number
of workers assigned to the station is represented.

The width of the arrows represents the transport effort. This value is achieved by
multiplying the number of products transported from one station to another by the
travelled distance between them. The length of the arrows has no meaning, to keep
the interpretation simple, and it’s the same for every arrow on the diagram.

By looking at the final drawing of this graphic tool we can come up with some
conclusions. We can easily identify production routes, by looking at the arrows, and
identify the longest path and see where the transport effort is higher, by searching for
the widest arrows. We can see how WIP is distributed through the entire production
system (or the section it represents) and focus the efforts in decreasing it on the right
spots. We can see each station idle time, highlighted by the non-coloured part of
the block (cycle time << takt time), check if they operate at their full capacity or
identify the station with higher occupation. But the most powerful and immediate
information that the WID can give is where waste is more evident, since larger blocks
means larger waste (Dinis-Carvalho et al. 2015).

3 KIM—Key Indicator Method

As mentioned before there are six types of activities that the KIM method can evalu-
ate. These are: KIM-Awkward Body Postures; KIM-Whole Body Forces; KIM-Body
Movement; KIM-Lifting, Holding and Carrying; KIM-Manual Handling Operations
and KIM-Pushing and Pulling (Klussmann et al. 2017a).

Each assessment sheet for these six types of activities starts with a small overview
on the specific KIM, followed by a distinction from other KIMs, to make sure the
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Table 1 KIM risk level

Risk Risk range Measures

1 <20 points None

2 20–<50 points Workplace redesign; other
prevention measures may be
helpful

3 50–< 100 points Workplace redesign; other
prevention measures should be
considered

4 ≥100 points Workplace redesign necessary;
other prevention measures to
be considered

Fig. 2 Icons representing the number of workers coloured according to the risk level

user is choosing the right one. Sometimes, for certain activities, there might be the
need to use more than one KIM. On this section we can check if that’s the case. To
start the evaluation, we first determine a time rating point, related to the frequency
of the activity or to the amount of time spent on it in a working day. Secondly, we
determine the rating points to other indicators, which vary depending on the KIM
we are using, for example: type of force, load, posture, work organization, hand/arm
position, among other. Finally, we get to the final score, by multiplying the time
rating point by the sum of the points from the other indicators. This final scored
gives us the risk level of exposure to physical overload, during the specific activity.
The risk range goes from 1 to 4 and its meaning is briefly represented in Table 1.

WIDEA—Waste Identification Diagram with Ergonomic Assessment To combine
the WID with the KIM method, in order to have an ergonomic indicator represented
in the diagnosis diagram, it was chosen to assign colours to the icons that represent
the number of workers per workstation. Since the KIM method was the ergonomic
evaluation method chosen for this study, we decided that, if the risk level associated
with the station is 1 or 2, the station’s icons are represented in green; if the risk
level is 3, they are represented in yellow and, finally, for risk levels of 4, the icons
are represented in red, according to the original colours used by the ergonomic
assessment method (Fig. 2).
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By adding this variation to the diagram, we can also get immediate information
on the physical workload related to each station, giving us insight on were efforts to
improve the well-being of the workers need to be focused.

3.1 Data Collection

To labour the WIDEA to be presented on this paper, we had the collaboration of
a furniture industry located in the North of Portugal. This work is then focused on
a section of the company, responsible for producing wooden frames. To collect the
necessary information, the site was visited during two weeks. Information concerning
cycle times, takt times, setup times, and production routes was given by the production
department personnel and shop floor workers. The information about WIP was given
by the production department personnel and, when possible, collected by the authors.
The travelling distances and quantities of material to be carried between stations was
collected by the author. Concerning the ergonomic assessment, information on the
characteristics of the activities associated with the workstations in study was collected
in site. The execution of the activities was recorded on video. Adapted KIM sheets
were used, provided by the company.

4 Results

The WIDEA developed in this work is represented in Fig. 3.

Fig. 3 WIDEA representing a section of the factory
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We can verify that the station with more work in process is the Shelling and the
one with less is the Calibrator. Any effort to reduce WIP should be focused on the
Shelling station. The biggest transportation effort is between the beginning of the
section and the Shelling station. This effort is related to the distance between the
two spots (90 m) and the quantity of material that has to be transporter per shift. The
station with higher throughput time is also the Shelling. The Multi-Saw station has
the biggest setup time (45 min) and is the second one with higher level of WIP. The
impact of the setup time on the WIP of this station should be studied. The station
with higher idle time is the Calibrator and the stations with more occupation are the
Multi-Saw and the Pre-Master Frame. The risk of physical overload is higher (level
4) on the Calibrator, Multi-Saw, Pre-Master Frame and Trays stations. This means
that workplace redesign measures are necessary. The stations with lower risk are the
Shelling and the Master Frame, meaning that no measures concerning the redesign
of the workplace are necessary.

5 Discussion

The results presented allow us to understand where the actions to eliminate waste
should be focused, both to reduce WIP and transport effort. It is also possible to
immediately identify which workstations need to be redesigned, in order to reduce
the risk associated with the workers’ well-being. WIDEA is then a tool that allows
us to quickly diagnose the main problems of a production process, combining the
concerns of Lean manufacturing with the concerns of Ergonomics. The use of the
WIDEA can assist the understanding of the value stream, help identify wastes and
assist the improvement of processes, towards a more efficient and effective production
system, able to face the challenges the industry has come across.

However, obtaining data and drawing the diagram are complicated processes. Get-
ting access to the necessary information is dependent on what the company provides
or on what we are able to observe and collect on the shop floor. The diagram design
does not have any associated design software, making it difficult to elaborate.

Regarding the introduction of the ergonomic indicator, it should be subject of
further studies, since there may occur some dubious interpretation of its information.
At the same time, a station may have more than one associated activity, with different
levels of risk, something that was not addressed in this study.

The use of WIDEA instead of ErgoVSM might be simpler, since the ergonomic
indicator is also present in this tool and the limitations of VSM, summarized pre-
viously, are overcome thanks to the use of WID. Future studies will go through
validating the tool, with experts in the area of Lean and Ergonomics, comparing it
with other tools, collecting suggestions and evaluating it according to a set of cri-
teria. It may also associate WID with other methods of ergonomic evaluation, such
as RULA, as well as other indicators from other fields of study, since the diagram
aspect and elaboration are quite flexible.
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Assessment of Work-Related
Musculoskeletal Disorders by
Observational Methods in Repetitive
Tasks—A Systematic Review

Hatice Gonçalves, André Cardoso, Diego Mattos, Guilherme Deola Borges,
Paulo Anacleto, Ana Colim, Paula Carneiro, and Pedro M. Arezes

Abstract Repetitive movements play an important role in the growing and aggra-
vation of the discomforts related to the musculoskeletal system. There are many
different observational methods for risk assessment for repeated movements in liter-
ature. The main objective of this review is to identify the observational methods that
have been used to assess repetitive movements risk in previous studies. A systematic
literature review was performed using the PRISMA protocol, in journal databases
such as Taylor & Francis, Science Direct, and Scopus. We retrieved 322 articles and,
after classification, 45 of them were selected for full analysis. Results showed that
the most applied method was the OCRA method, especially by researchers from
Italy and Brazil. Besides this, RULA (Rapid Upper Limb Assessment), QEC (Quick
Exposure Check), and REBA (Rapid Entire Body Assessment) were also methods
well-known and extensively applied to assess ergonomic repetitive working tasks.

Keywords Repeated work · Ergonomics · Musculoskeletal injuries · Risk
assessment

1 Introduction

Ergonomics can be defined as the scientific field that concerns the interactions
between humans and the elements of a working system. This scientific discipline
applies theories, principles, data, and methods in to optimize human well-being and
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overall system performance. The musculoskeletal system includes the bones, mus-
cles, ligaments and joints. The skeleton plays a supportive role in the body, while
the muscles, ligaments and joints are involved in adopting a posture, carrying out a
movement and applying a force (Bridger 2003). Poor posture and movements may
cause mechanical stress on the musculoskeletal system. Even more, some movements
also require an energy expenditure at the level of muscles, heart and lungs. The tasks
performed in an occupational context often impose a posture. Sometimes the workers
have to maintain a poor posture, which can lead to musculoskeletal complaints. Mus-
culoskeletal disorders (MSD) are injuries or dysfunctions affecting muscles, bones,
nerves, tendons, ligaments, joints, cartilages, and spinal discs. MSD include sprains,
strains, tears, soreness, pain, hernias, and connective tissue injuries of the structures
(Da Costa and Vieira 2010). If MSD are caused, or aggravated, primarily by work
and by the effects of the immediate environment in which work is carried out, they
are known as work-related musculoskeletal disorders (WMSD) (EU-OSHA 2019).

Repeated movements of the upper limbs are known to be hazardous for the working
population. In manual handling operations, repetitive movement plays a role in the
growing and aggravation of the musculoskeletal discomforts of hands, arms, and
wrists. Repetitive movements are also tiring and can lead to musculoskeletal injuries.
Workers’ exposure to severe repetitive tasks induces lower productivity, decreased
motivation to work, deterioration of life quality, and increases medical expenses,
compensation problems and requirements for work environment improvement. It
even leads to disputes between labour and management (Rebelo 2004).

In real-work scenarios, work postures, gestures or movements are frequently eval-
uated using observational methods. In this context, the evaluations are carried out
with the workers in their workplaces through direct observation or through the anal-
ysis of video records. This type of techniques allows assessing the existence of risk
factors for the occurrence of WMSD in an expeditious manner. In addition, they
are holistic ergonomic methods that do not require the use of special equipment for
their application. The literature proposes different observational methods for risk
assessment due to repetitive movements of upper limbs (Colombini 1998).

As explained by Takala et al. (2010) there is no consensus in the literature of a
specific method to be used to assess repetitive working tasks, and this issue remains a
challenge for researchers. Therefore, this study will provide a systematic overview to
observational ergonomic assessment techniques that analyze repetitive movements
in literature.

2 Materials and Methods

In order to find observational methods, that has been applied to the risk assessment
of repetitive movements, it was performed a systematic literature review (Tranfield
et al. 2003). Preferred reporting items for systematic reviews and meta-analyses
(PRISMA) (Moher et al. 2009) checklist and diagram were used to conduct the sys-
tematic review to ensure complete, transparent, and unbiased reporting. These tech-
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niques were used aiming to make a literature overview about ergonomic assessment
methods that analyze repetitive movements of workers. This meta-analysis study
was performed according to PRISMA guideline. Science direct, Taylor & Francis
online, and Scopus databases were used for finding relevant papers published in the
field studies of ergonomic assessment methods that analyze repetitive movements.
To avoid papers not falling into the topic under study, the search was performed
using the Boolean operator “AND”, together with the search term ‘repetitive task’.
Regarding the search criteria the following combination was used: “WMSDs” AND
“risk assessments methods” AND “repetitive task”.

Apart from the criteria mentioned above, the following additional inclusion cri-
teria were also adopted:

• Original and review articles written in English published, or in press, in peer-
reviewed journals;

• Published or in press between January 2014 and December 2020;
• Papers that considered the evaluation of repetitive working tasks by using WMSD

observational risk assessment methods;
• Papers with an ergonomics research/application purpose.

In the selection stage, the analysis was performed by one researcher; articles were
selected based on two criteria: analysis of titles and abstracts. Initially, the analysis
considers the title, and then the abstracts of the articles selected by the title. Then,
the selected articles were entirely analyzed.

3 Results and Discussion

The search resulted in 322 potentially eligible studies, of which 38 were duplicates
and 64 were excluded based on the review of the titles. An additional 175 studies
were excluded after reviewing the abstracts, leaving at the final 45 studies (Fig. 1)
for data collection.

Considering the 45 articles selected, Fig. 2 summarizes the observational methods
applied across these studies. In 10 articles more than one observational method was
applied to assess musculoskeletal risk related to repetitive handling tasks. Results
showed that the most used observational methods to assess repetitive works risk are
OCRA (The Occupational Repetitive Actions), RULA (Rapid Upper Limb Assess-
ment), QEC (Quick Exposure Check), and REBA (Rapid Entire Body Assessment).

This review showed the diversity of observational methods assessing repetitive
working tasks. As a most preferred, method OCRA was applied in 15 articles and 4
of those articles applied OCRA with other methods like ACGIH-HAL, SI, NIOSH,
RULA (Intranuovo et al. 2019; Antonucci 2019; Ranavolo et al. 2017; Occhipinti
and Colombini 2016). Three of those studies were about risk assessment in slaugh-
terhouses in Brazil and they assessed upper limb repetitive movements risks during
cutting tasks (Tirloni et al. 2020; Dias et al. 2020; Reis et al. 2015). Another study,
about olive harvesting with hand-held beaters (described as a repetitive work, that
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Fig. 1 Steps of the PRISMA protocol for the systematic literature review

tiring and time consuming), analyzed MSD risk in repetitive tasks for the upper limb
using the OCRA checklist (Calvo et al. 2018).

Among the articles selected for analysis, 11 of them used RULA to analyze repeti-
tive movements, 6 of these studies only applied RULA and 5 of these articles used the
RULA method combining with other observational methods. The study carried out
by Ab et al. (2020) aimed to analyze the repetitive movements of the operators in two
harvester models, using RULA and REBA in order to propose ergonomic solutions.
Two more studies carried out with construction workers (Li et al. 2018) and students
(Kee 2020) also used RULA and REBA to analyze repetitive movements. Ghasemi
and Mahdavi (2020), Khan and Singh (2018), Salmani Nodooshan et al. (2017) and
Houshyar and Kim (2018) used REBA to assess musculoskeletal risk in repetitive
tasks. The findings of Nino et al. (2020) indicate that increased REBA scores were
associated with days and conditions with higher workloads.

Another preferred method for ergonomic assessment of repetitive working tasks
was QEC. This method was applied in 6 articles: to assess the ergonomic risk level of
office workers (Ozdemir and Toy 2020), agricultural workers (Momeni et al. 2020),
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Fig. 2 The number of times each method has been applied

Fig. 3 Number of articles per year

sewing machine operators (Bulduk et al. 2016), factory workers, and taxi drivers
(Abareshi et al. 2015; Bidiawati and Suryani 2015; Bulduk et al. 2014).

The year with the highest number of articles retrieved that applied observational
methods was 2020 with 11 articles, followed by 2018 with 10 articles (Fig. 3 of Chap.
“WIDEA: Waste Identification Diagram with Ergonomic Assessment—Towards the
Integration of Lean and Ergonomics”). Moreover, Italy was the country of origin of
11 articles, followed by Brazil and Iran with 7 articles (Fig. 3).

Figure 4 represents the methods used and respective frequency across the countries
of the authors’ affiliation. According to these results, OCRA was the most selected
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Fig. 4 Methods and respective frequency used by each country

observational method in Brazil and Italy followed by RULA. Turkey was the country
that most applied QEC and Iran mostly applied REBA as an observational method.

The limitation of this study relates to how the articles included in the review were
selected, as only information in the title and abstract were reviewed initially. Also,
the studies did not follow clear criteria for the description of their methods, which
mean it was difficult to find information often located in another part of the text.
This review only included research published in English peer-reviewed journals, not
including potentially relevant studies in other languages. Additionally, the electronic
search was limited to three databases. Therefore, future research may include relevant
studies in other languages. Additionally, the electronic search can be made across
more databases.

4 Conclusions

The findings demonstrated that observational methods are preferred methods to
assess musculoskeletal risk in repetitive work tasks. Although methods are vary-
ing and there is no specific method chose to measure repetitive working tasks this
review revealed that there are some methods preferred by countries. According to this
study, between 2014 and 2020 the most commonly used methods across countries
were OCRA, RULA, REBA, and QEC. Brazil, Italy, and Iran were the countries that
have more articles in literature in which observational methods were applied to assess
musculoskeletal risk in repetitive working tasks. The years with more publications
issued musculoskeletal risk in repetitive tasks were 2020 and 2018.
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Ergonomics and Safety in the Design
of Industrial Collaborative Robotics

A Systematic Literature Review

Sofia Pinheiro , Ana Correia Simões , Ana Pinto ,
Bram Boris Van Acker , Klaas Bombeke , David Romero , Mário Vaz ,
and Joana Santos

Abstract Objective: A systematic literature review was conducted to identify rele-
vant ergonomic and safety factors for designing collaborative workspaces in indus-
trial settings. Background: The growing use of smart and collaborative robots in man-
ufacturing brings some challenges for the human-robot interaction design. Human-
centered manufacturing solutions will improve physical and mental well-being, per-
formance, productivity and sustainability. Method: A systematic review of the liter-
ature was performed based on the protocol of Preferred Reporting Items for System-
atic Reviews and Meta-Analyses. Results: After a search in the databases Scopus
and Web of Science, applying inclusion and exclusion criteria, 33 publications in the
English language, published between the years 2010 and 2020, remained in the final
analysis. Publications were categorized in cognitive ergonomic factors (13), safety
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factors (10), physical ergonomic factors (6) and organizational ergonomic factors (4).
The analysis of results reinforced that to optimize the design of collaborative work-
stations it is imperative to have a holistic perspective of collaboration, integrating
multiple key factors from areas such as engineering, ergonomics, safety, sociology
and psychological as well as manufacturing efficiency and productivity. Applica-
tion: Considering the advantages of the use of cobots in manufacturing, the results
of this review will be useful to support companies in implementing human-robot
collaboration.

Keywords Human-robot interaction · Collaborative robots · Human-centered
design · Manufacturing · Performance

1 Introduction

The ongoing implementation of the Industry 4.0 technologies in manufacturing sys-
tems is characterized by higher levels of automatization and by the integration of
different enabling technologies to improve production flexibility, efficiency, sustain-
ability and inclusion. To achieve this goal, the adoption of collaborative robots (or
cobots) in manufacturing is growing since they offer an opportunity for the human
and robot to exchange information and share tasks. Cobots, with the support of
artificial intelligence, are cognitively and ergonomically aware, adaptable to envi-
ronmental changes and to multiple control strategies. These technologies can protect
workers from hazardous situations and facilitate access to work for many people
who are currently excluded, such as disabled people, ageing workers or people who
have incapacity due to a work accident or occupational disease (EU-OSHA 2019).
Despite all technological progress, the fundamental principles and theories related
to physical and cognitive ergonomics are not yet sufficiently explored in collabo-
rative contexts and there is still no strategy for the design of a hybrid workstation
that is completely human-centered (Gualtieri et al. 2020). On the other hand, sharing
the same workspace and working together with robots may place workers under a
high level of performance pressure, increasing the cognitive workload of tasks with
a significant impact on mental health. Hence, Human-Robot Collaboration (HRC)
should not just be physically safe, but also psychologically comfortable for workers.
Cognitive workload has also been studied in human-robot interaction applications,
to understand its impact on the functioning of cognitive processes and performance,
and consequently on psychological well-being (Rabby et al. 2019). The success of
HRC also depends on social acceptance and trust concerning robots. Acceptance
of human-robot teaming may ultimately depend on personal preference and implies
the analysis of workers’ feelings toward the robotic equipment with which they are
working (Correia Simões et al. 2020). Regarding trust, workers must have faith in
the robot capabilities and factors related to human (e.g., age), robotic (e.g., mode
of communication) and contextual properties (e.g., role interdependence) have to
be analyzed (Marvel et al. 2020). A systematic literature review was conducted to
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identify human factors/ergonomics and safety factors that influence human-robot
interaction and that should be considered when designing industrial collaborative
workspaces.

2 Materials and Methods

Systematic literature reviews allow the identification, evaluation, and interpretation
of available data on a specific theme from several scientific studies. For this sys-
tematic literature review, the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement was used (Moher et al. 2009). The search
strategy consisted of a comprehensive search that could locate the widest spectrum
of articles for consideration and was performed in selected electronic databases,
namely: Scopus and Web of Science. Only studies published between January 2010
and 31st December 2020 were included. The combination of keywords used in this
literature review was: ((human and robot and interact*) or (human-robot and inter-
act*) or (human-interact* and robot) or (human-interact*) or (hri or collab* and
robot) or (collab* and human-robot) or (human-robot and collab* and workstation*)
or (co-robotic) or cobot or cobotic or (light and robot*) and (manufactur* or factor*
or product* or industr* or lab*) and (activit* or work* or assignment* or job* or
task*) and (allocat* or assign* or share) and (criteri* or indicat* or dimension* or
determinant* or factor*) and (design or map or representation or model or proposal
or method or framework)).

No restrictions were used on the type of document. Only studies written in English
were included. After applying the search expressions in both databases, duplicated
studies were removed. For the remaining studies, the title and abstract were read. The
studies that were not fitting the theme were excluded. The remaining studies were
analyzed by reading the full text. After full reading more articles were excluded,
based on the following eligibility criteria:

• Studies without focus on human-robot interaction;
• Studies without focus on cognitive, physical, organizational, or safety factors that

influence human-robot interaction;
• Studies whose application area was not the industrial sector.

For qualitative analysis of publications, the categorization proposed by the Inter-
national Ergonomics Association was used, defining three domains of human fac-
tors/ergonomics (HF/E), namely: physical, cognitive, and organizational ergonomics
(IEA, n.d.). Factors related to Safety were classified as “Safety Factors”. Addition-
ally, to understand the results more clearly, specific topics in each category were
created. The publications were integrated into each category and topic according to
the main objective of the study. However, each publication studied multiple factors
that can be considered in the design of collaborative workspaces.
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3 Results and Discussion

The flow diagram of the PRISMA Statement methodology is presented in Fig. 1. A
total of 262 records were obtained (after removing 48 duplicates). After the applica-
tion of eligibility criteria, 33 studies were included.

The studies included in this review were conducted in a manufacturing context.
However, most of them (28) did not identify in which specific manufacturing sector
the research was carried out. The automobile industry was referred to in four studies
and the food industry in only one study. Concerning the manufacturing activities
or tasks, assembly tasks were the most studied (14), followed by material handling
(11). Packaging (2), code reading (1), food preparation (1), and selection (1) tasks
were also studied. Figure 2 present the number of publications included, according to
the categorization referred to in the last paragraph of the previous section. Cognitive
ergonomics and safety were the domains of HF/E that were approached in more
studies. In “Cognitive Ergonomics Factors” the topics presented were: trust (4),
motor response (3), teamwork (2), communication (1), acceptance (1), cognitive
workload (1) and perception (1). In the “Safety Factors” category, all studies analyzed

Fig. 1 PRISMA Statement flow diagram
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Fig. 2 Summary of the number of publications coded in each category

mechanical hazards related to collisions with human body parts (10). The studies
included in the “Organizational Ergonomics Factors” category addressed the human-
system performance topic (4). Physical workload/effort (2) and posture (4) were the
topics included in the “Physical Ergonomics Factors” category.

Table 1 systematize the qualitative data analysis of the results presented in the
articles considered in this review.

3.1 Cognitive Ergonomics Factors

Four studies included in the “Cognitive Ergonomics Factors” were focused on the
“Trust” topic (Desai et al. 2013; Reinhardt et al. 2017; Sadrfaridpour and Wang 2018;
Sadrfaridpour et al. 2016). These studies applied or developed simulation scenarios,
as well as software, algorithms and questionnaires.

According to Kim et al. (2020), trust is one of the key factors for understanding
human-robot interaction and that can be influenced by trustworthiness, intelligence,
human-likeness, positive affect, and perfect automation schema. “Motor response”
was analyzed in three publications (Giuliani and Knoll 2013; Wang et al. 2019;
Oyekan et al. 2019). These studies investigated human physical response, consid-
ering robot movements or behavior. A relationship between the psychological con-
struction of trust and joint physical coordination was suggested by Wang et al. (2019).
Darvish et al. (2018) and Claes and Tuyls (2015), reinforced the importance of flex-
ible human-robot cooperation, developing a solution that simultaneously aimed to
ensure human comfort and system efficiency. To Rabby et al. (2019), the cognitive
workload is considered the dominant factor in the quantification of human cognitive
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performance in HRC. Romero et al. (2018) defined cognitive load “as a multidimen-
sional construct representing the mental efforts involved in performing a particular
task and their effects on the operator’s cognitive system (pp. 2–3)≈≈. The model pro-
posed by these authors revealed that if task complexity increases or the rob’s error
probability increases, human cognitive performance reduces over time. Considering
the importance of the development of communication abilities for the success of
HRC, Losey and O’Malley (2019) concluded that, due to variability of robot end-
users, inferring each individual end-user’s interaction strategy led to improved robot
learning and teaching. The studies of Schulz et al. (2018) and Bröhl et al. (2016)
applied questionnaires to assess perception and acceptance towards robots, respec-
tively. The use of questionnaires, based on Technology Acceptance Models (Bröhl
et al. 2016), were common to investigate factors that influence technology acceptance
as HRC.

3.2 Safety Factors

The studies included in this category aimed to optimize productivity or process
efficiency, ensuring human safety. For Rojas et al. (2019), the definition of speed
limitation, safe robot design, and training—were considered protective measures to
have a safe HRC. Predictions of human movement and timely planning have proven
crucial for implementing efficient and safe movements, according to Unhelkar et al.
(2018). The efficient calculation of the minimum distance between humans and robots
(Safeea et al. 2017) and the system’s ability to recognize human activities and to locate
the operator’s position in real-time, are also relevant factors to prevent collisions
(Meziane et al. 2014). Only two studies of this category used risk assessment methods,
Rojas et al. (2019) and Jocelyn et al. (2017).

3.3 Physical Ergonomics Factors

The six studies included in this category concluded that workload and posture anal-
ysis were the most critical factors in HRC. Lamon et al. (2019), demonstrated that
workload is shared through agents (human and robot), according to their physical
capabilities and skill levels. The human contributes with extensive cognitive and
sensorimotor skills and the robot accounts for force, accuracy and endurance (Faber
et al. 2016). Costa Mateus et al. (2019) considered that the use of an ergonomic risk
assessment method such as Rapid Upper Limb Assessment (RULA) can improve the
task allocation process. In this category, three studies applied ergonomic risk assess-
ment methods to optimize task allocation, Costa Mateus et al. (2019), Pearce et al.
(2018) and Faber et al. (2016). According to Liau and Ryu (2020), task allocation
represents the most important step in the implementation of the HRC system.
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3.4 Organizational Ergonomics Factors

In the “Organizational Ergonomics Factors” category, the studies were focused on
the improvement of human-system performance, considering the work organization.
According to Liu et al. (2016), the combination of goal inference at the motion level
and dynamic task planning significantly improves human-robot team performance.
Considering all studies included in this systematic review, only Oliff et al. (2018)
referred to environmental conditions as a factor with influence in HRC.

4 Limitations

This review had some limitations that should be noted, namely: only included
research published in English peer-reviewed journals and not including potentially
relevant studies in other languages. In addition, the search was limited to two
databases.

5 Conclusions

Collaborative robots will become a usual presence in manufacturing workplaces.
However, the collaboration between humans and robots will only work if it follows
an anthropocentric approach that improves human health and well-being, safety,
and performance. The human-centered design must comply with physical, cognitive
and organizational ergonomics principles and safety requirements. It is critical to
developing research in this field by multidisciplinary teams (with expertise in the
technological field, ergonomics and human factors and psychology) to create com-
plete and complex scenarios (closer to reality) and to study in-depth the impact on
humans resulted by the implementation of technologies in the workplace. The pre-
sented systematic literature review can support companies in successfully applying
human-robot collaboration.
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Abstract Background: Ergonomic improvements in occupational health in the
workplace are a growing need around the world. Workstation assessment is nec-
essary for successful worker performance. Objective: The purpose of this paper is to
develop a workstation assessment tool considering ergonomics aspects (WATEA),
suggesting the best ergonomic assessment method and enabling the user to apply
the suggested method of evaluation in the tool itself. Method: Several ergonomic
assessment methods were analyzed and studied to choose the most suitable for eval-
uating the production workstations of a cork company. Subsequently, WATEA was
developed, integrating the chosen methods. Results: Development of an ergonomic
assessment tool integrating six methods. WATEA helps the user to choose the best
assessment method and also allows for the ergonomic evaluation of workstations
using the suggested method. The validation of WATEA took place in a cork com-
pany through the practical evaluation of a workstation. Conclusion: To the authors’
knowledge, there are few ergonomic assessment tools. This one is innovative because
it provides an assessment tool which integrates six ergonomic assessment methods,
suggesting the best method and then enabling its assessment through the proposed
method. Application: This tool can be used in the analysis and improvement of
workstations, considering ergonomic aspects in production industries.
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1 Introduction

Today, industries are under tremendous pressure to be competitive in the markets in
which they operate. The existing market conditions and competitiveness challenge
manufacturing companies to strengthen and maintain their capabilities to compete in
the marketplace. Globalization, rapid technological changes, advances in manufac-
turing technology and growing demand from well-informed customers are forcing
manufacturing organizations to optimize their manufacturing processes, operations,
and supply chains to be able to deliver value to customers (Karim and Arif-Uz-Zaman
2013). Bernard and Anderson (1997) stated that an ergonomic evaluation requires
continuous monitoring of work activities in order to avoid the possible appearance
of Work Musculoskeletal Disorders (WMDSs) caused by the exertion of extended
forces, awkward and prolonged working postures, repetitive actions and manual
material handling.

According to Yusuff and Abdullah (2016), ergonomic intervention can be a very
useful tool in reducing wasteful motion, by identifying ergonomic risk factors during
work tasks. Stretching, bending, awkward postures and extreme reaches can all be
considered “waste” motions in ergonomics and can not only have a negative impact
on the safety and health of workers but also lower productivity and efficiency.

The prevention of occupational risks in the workplace is one of the fields of
ergonomics application with the aim of preventing the appearance of musculoskeletal
disorders (Naranjo-Flores and Ramírez-Cárdenas 2014). According to Botti et al.
(2017), future studies are needed in order to document what the best practices in the
integration of WMSD prevention into the organizational framework are, including a
look at the management system. An economic evaluation of these practices will still
be needed to document the cost-effectiveness of these kinds of approaches.

Injury and absenteeism rates are reduced through the design of ergonomic work-
places and jobs, while productivity, quality and reliability are improved (Botti et al.
2014;Fonsecaet al. 2013).Previous studieshaveshownsignificantproductivity losses
due to higher absenteeism and injury rates caused by WMSDs (Cheshmehgaz et al.
2012).Ergonomicscomprisesthreemainareas:physical(posture,loadhandling,repet-
itive movements, WMSDs, workstation design, safety, and health); cognitive and indi-
vidual (mental workload, decision-making, human computer interaction, stress, and
training);andpsychosocialandorganizational (communications,designandprogram-
ming work, cooperative work, organizational culture, and quality management) (IEA
[International Ergonomics Association] 2000). Physical risk factors are the subset of
work-related risk factors that are comprised of biomechanical and environmental fac-
tors,namelypostureorextremespositions, theapplicationofexcessiveforce,repetitive
movements or vibration, such as described in Table 1 (Feuerstein et al. 2004).
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Table 1 Description of the main physical risk factors (Nunes 2005)

Aspect Description

Posture The adoption of extreme postures and certain joint movements, maintained
for long periods of time, the poor design of jobs and the carrying out of tasks
which require the worker to adopt these same postures, cause tension and
compression of the tendons and contribute to a risk potential, which can lead
to the onset of injury

Strength The demand for tasks involving manual handling of loads continues to be the
biggest cause of problems, due to the efforts being made by various parts of
the body, with special emphasis on the lumbar region and the spine

Repeatability Assessing whether the work is repetitive requires knowing whether there are
work cycles or tasks where, for example, identical movements, postures or
applications of force by the same anatomical regions are used. Gesture
invariability can also be a risk factor for WMSDs

Exposure to
mechanical
elements

The use of machines, tools or equipment that produce vibrations transmitted
to the hands and arms increases the risk of developing chronic diseases.
Symptoms are related to numbness and tingling

All individuals are different and, therefore, it is possible to relate the development
of WMSDs to individual order factors. These include gender, age, anthropometric
characteristics, habits/lifestyles, health status, and reactions to stress (Feuerstein et al.
2004). Table 2 describes the main aspects of the individual factors.

Biomechanical mechanisms are just one of the many factors that contribute to
triggering and perpetuating the clinical picture. Other conditions such as those of a
psychosocial nature also play a crucial role in the pathophysiology of these conditions
(Yeng et al. 2001).

According Serranheira (2007), acceptance of the scientific evidence of contribu-
tions originating from the organization of work or its psychosocial influences for the
development of WMSDs has been difficult and developed slowly over the years.

High work rates, pressure on working time, monotony of tasks and insufficient
social support, as well as the organizational model of production, are among the
psychosocial and organizational risk factors. Bongers et al. (2002); Huang et al.
(2003).

Researches show that engagement in manual handling or standing for a long
time greatly contribute to operators’ overall fatigue and work efficiency (Hignett
and McAtamney 2000). In order to prevent the occurrence of the WMSDs, many
effective ergonomic assessment methods were developed for evaluating the work
process. People have great interest in evaluating the risk factors related to WMSDs
and subsequent ergonomic interventions in the workplace (Occhipinti and Colombini
2007).

Therefore, a workstation assessment tool based on the six main ergonomic assess-
ment methods is proposed and developed in this paper. Through a brief questionnaire,
the best ergonomic assessment method is determined. The great advantage and dif-
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Table 2 Description of the main individual risk factors (Uva et al. 2008)

Aspect Description

Age The classification of age as an individual risk factor is related to the
verification of the decrease in maximum voluntary strength associated with
aging, as well as changes in joint mobility. Higher ages undoubtedly present
the cumulative results of an exposure that can result in decreased tissue
tolerance, strength, muscle and joint mobility; these are true risk factors for
WMSDs

Gender Although gender is considered a risk factor, there are no clear differences in
risk between genders when they are subject to identical exposures to various
risk factors, even though, on average, women have less muscle strength

Anthropometric
characteristics

The (in)compatibility between people’s characteristics and work requirements
can be a risk factor. The different anthropometric characteristics of workers,
particularly with regard to height and weight, can contribute to the genesis of
musculoskeletal injuries. Tall or short individuals are often faced with jobs
that do not adjust and are scaled to the average values of the population. This
becomes a good example, since this type of situation can lead to or aggravate
the existence of disease or injury in the population with measurements far
from these mean values, especially in the case of individuals with a
morphology far from the mean values of the population

Health condition The pre-existence of diseases such as diabetes, rheumatological diseases,
certain kidney diseases or a history of trauma may constitute an increased
susceptibility. Pregnancy is also an example of a situation which can lead to
changes at the musculoskeletal level

ference of this tool is to allow the user not only to determine the best ergonomic
assessment method for each workstation, but also to allow for the assessment using
the suggested method.

2 Materials and Methods

The methodology used in this work was first exploratory and descriptive when devel-
oping this ergonomic assessment tool; a case study was then used to validate it.
According to Yin (2003), a case study is defined as “a research strategy, an empirical
inquiry that investigates a phenomenon within its real-life context”. Following this
key idea, the case study, as a research methodology, helps to understand, explore
or describe a given system/problem in which several factors are simultaneously
involved, in a real context.

The proposed method embraced three main steps: (1) Step 1—Study of all
ergonomic assessment methods. (2) Step 2—Development of the ergonomic assess-
ment tool. (3) Step 3—Tool validation in an industrial context.

If not fully accepted, return to Step 1.
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Table 3 Ergonomic assessment methods

Method Description

RULA “It is a survey method developed for use in
ergonomics investigations of workplaces where
work-related upper limb disorders are
reported” (McAtamney and Corlett 1993)

REVISED STRAIN INDEX “It involves the measurement or estimation of
six task variables (intensity of exertion,
duration of exertion per cycle, efforts per
minute, wrist posture, speed of exertion and
duration of task per day).” (Steven Moore and
Garg 2010)

OWAS “A practical method for identifying and
evaluating poor working postures.” (Karhu
et al. 1971)

MAC “It is a check list for guiding safety and
professional health inspectors which is used for
assessing common risks of lifting, lowering,
individual or group lugging.” (Health and
Safety Executive 2014)

NIOSH EQUATION “Developing a weight limit for sagittal lifts
based on the epidemiology of musculoskeletal
injury, biomechanical concepts, physiological
considerations, and psychophysical lifting
limits.” (NIOSH 1981)

KIM “It provides tools for each of the following sets
of tasks: lifting/lowering, holding and carrying,
pulling or pushing a load.” (BAuA - Federal
Institute of Occupational Safety and Health)

It took several cycles of interactive process between theory and practical insights
to reach the final tool presented in this paper. One of the concerns found during the
development of the tool was its length, since it contains several steps, due to the
time constrains of those who will have to use it. The assessment tool consists of
six ergonomics questions about the workstation to be analysed, which will guide
the user to the best assessment method. RUA (Rapid Upper Limb Assessement),
RSI (Revised Strain Index), OWAS (Ovako Working Posture Analysing System,
MAC (Manual Handling Assessment Charts), NE (Niosh Equation) and KIM (Key
Indicator Method) were the chosen methods because they are the ones that have the
greatest applicability in the manufacturing industry workstations. The WATEA user
must be familiarized with the methods proposed by the tool, which are described in
Table 3.

The better the tools’ capacity to identify situations of arduous work, the better
the analysis in risk management, which makes the process more robust and effective
(Prottesa et al. 2012).
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Fig. 1 Flowchart to determine the best ergonomic assessment method

Below is the flowchart with the questions to be answered in the development of
the tool, which will help to determine the best assessment method. (Fig. 1).

Once the questionnaire is answered, the best workstation assessment method is
suggested and the evaluation can begin. The final result of the evaluation is displayed
in different colors depending on the score obtained. Below is the description of how
the final result of the RULA method is presented at the end of the evaluation:

Green evaluation—Posture is acceptable. Yellow evaluation—Further investiga-
tion is needed and changes may be required. Orange evaluation—Investigation and
changes are required soon. Red evaluation—Investigation and changes are required
immediately.

The final result of the other methods is presented in a similar way, the only
difference being the comment of the proposed evaluation considering the specificity
of the type of evaluation of each method.

3 Results

The ergonomic assessment tool proposed in this paper was validated through the
application of a case study in a cork stopper company.

The first step was to determine the workstation to be assessed. The manual cork
picking process was chosen since it was the one with the highest absenteeism rate
due to musculoskeletal problems (Fig. 2).

After choosing the workstation to be assessed, the second step was the ques-
tionnaire to determine the best assessment method to use. The sequence of answers
obtained led to the RULA method as the best assessment method considering the
characteristics of the workstation tasks, which are: arm and forearm extension to 90◦,
arm abduction, slight wrist rotation, essentially static posture, without relevant load,
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Fig. 2 Manual picking
process

rotation of the neck, slight trunk inclination and no rotation, and legs supported. The
third step was the workstation assessment using the RULA method. This method
is divided into two parts to be evaluated. The first part of the method evaluates the
position of the arm, forearm and wrist while the second part evaluates the position
of the trunk, neck and lower limbs. (Fig. 3).

The RULA method evaluation consists of 15 steps in total and the output will be a
final score. Based on this score, the tool will display the evaluation result. Two steps
of the RULA method are shown in Fig. 3. The evaluation of this workstation using
the RULA method resulted in a score of 5. WATEA presented the final result of the
evaluation as shown in Fig. 4.

This result indicates that changes need to be implemented soon since, according
to the RULA method evaluation, there is a considerable risk of developing WMSDs
in this workstation.

4 Discussion

According to the authors’ exhaustive bibliographic analysis, there are several meth-
ods for assessing the risk of WMSDs. However, the application of some of these
methodologies becomes difficult in real work contexts, given the specific character-
istics of the tasks to be analyzed.

The identification of preventive and/or corrective measures, to be implemented
to eliminate or minimize the risk of WMSDs, generally requires the use of several
methods, in order to obtain results that allow for the argumentation of the measures
to be proposed.

Despite the difficulties, interesting results were achieved. WATEA’s ease of use
allows even users with little knowledge to evaluate workstations in an intuitive, visual
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Fig. 3 Parts of the RULA methods assessment
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Fig. 4 Final result of the evaluation using the rule method

and simple way. The result of this practical assessment in this case study shows that
an intervention must be carried out immediately in the workstation evaluated, and
although the time available for the development of this study did not allow it, it would
be useful to continue the assessment of other workstations, in a real context.

The initially proposed objectives were achieved and it is expected that this study
provides a more careful analysis of the workplace and subsequently contributes to
the decision of a possible investment in improving it. In this specific case, one of the
solutions could be the automation of the manual task of picking cork stoppers.

This ergonomic assessment tool can be very helpful, since it is simple and intuitive
to use. The speed at which the workstation is evaluated is also an asset when carrying
out the assessments. This tool was developed in the context of a cork company. It can,
however, be applied to other manufacturing companies in other sectors of activity.

As future work, it would be interesting to include the ergonomic assessment for
services and administrative areas in the tool by adding other more specific ergonomic
assessment methods. An app can be developed from this tool to allow for the assess-
ment to be done through mobile devices such as tablets or mobile phones and thus
simplify the assessment.
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Work Passion and Workaholism:
Consequences on Burnout of Health
and Non-Health Professionals

Joana Santos , Cátia Sousa , Gabriela Gonçalves , and António Sousa

Abstract Employees who overvalue work over other dimensions of their lives have
always been appreciated by organizations. Thus, this study aims to present the analy-
ses of work passions, workaholism and burnout in a Portuguese sample of health and
non-health professionals. 437 employees from different professionals’ areas (health
institutions and others), composed by females (n = 332; 75.3%) with a mean age
of 38, 58 years old. The results show that the health professionals experience more
harmonious passion and have symptoms of burnout. Understanding the work pas-
sion of professionals are a very important issue to give tools to reduce occupational
diseases.

Keywords Work passion · Workaholism · Burnout · Well-being

1 Introduction

Working is an important part of life and people tend to devote a large part of their
lives to it. Some employees see their work only as a source of income, other may
want to find satisfaction and entertainment in it (Tóth-Király et al. 2020).
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Fig. 1 Employee work passion model (Zigarmi et al. 2018, p. 232)

Passion is defined as a robust inclination towards an activity that people like and
consider important, and in which they invest time and energy (Vallerand et al. 2003).
In the employee work passion appraisal model (Fig. 1), work passion is defined as
“persistent, emotionally positive, based on the feeling of well-being, resulting from
cognitive and affective assessments of various professional and organizational situ-
ations, which result in intentions and consistent and constructive work behaviors”
(Zigarmi et al. 2009, p. 310). The evaluations carried out refer to three groups of char-
acteristics within the work environment: organizational characteristics (e.g., justice,
growth, and performance expectations), work characteristics (e.g., work autonomy,
variety of tasks, balance of workload) and relationship characteristics (e.g., feedback,
collaboration, relationship with colleagues and leader) (Zigarmi et al. 2009; Nimon
and Zigarmi 2015).

According to Vallerand et al. (2003) passion reinforces motivation, improving
well-being and giving meaning to daily life. However, it can also trigger negative
emotions, lead to uncompromising persistence, and interfere with balance achiev-
ing. In this sense, a dualistic model of passion for work was proposed, composed of
harmonious passion and obsessive passion. These two types of passion depend on
how the representations of the activity was internalized in the identity and are asso-
ciated with different results, as well as with different contextual and dispositional
antecedents (Salessi et al. 2017). Some studies supported the role of harmonious
passion on employee’s performance (Ho et al. 2011) and other highlighted the rela-
tions of passion of work and burnout (Dohahue et al. 2012). Despite the theoretical
framework proposed by Zigarmi et al. (2009) in Employee Work Passion Appraisal
(EWPA) model suggested that the development of employee work passion occurs
through appraisals of organization, job, and interpersonal factors that influences
employee affect (Egan et al. 2019). So, the emerging of each kind of passion could
emerge by a several number of factors, not only the individual, but also because of
work intensification has increased significantly (Eurofound 2017) with technological
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innovations. Egan and colleagues (2019) discussed the importance of develop and
refine the model, to extend the model in different organizational context and coun-
tries. So, in this study we’ll analyze professional of different contexts, distinguish
health and non-health employees, because the health employees must face several
sources of stress in their jobs, such as time pressures, long hours of work, low sleep
hours, low error tolerance and high expectations (Rutledge et al. 2009).

Those employees who prioritize work over other dimensions of their lives have
always been appreciated by organizations. Scientifically, higher levels of work invest-
ment have been studied in two different perspectives: A positive perspective focuses
the work engagement; A negative perspective focuses the workaholism (Tóth-Király
et al. 2020).

Workaholism can be understood as an addition, that is, excessive and persis-
tent behavior with negative consequences for the subject (Schaufeli et al. 2008). In
2009, Shimazu and Schaufeli defined this concept as a negative internal impulse to
which the subject cannot resist. So is possible to highlight to dimensions of worka-
holism: (1) Behavioral Dimension (dedicate higher levels of time and energy in work,
more than expected; (2) Cognitive Dimension (work compulsively, higher impulse
to get involved in work tasks and activities) (Gorgievski et al. 2010; Schaufeli et al.
2008; Schaufeli and Bakker 2004; Shimazu and Schaufeli 2009). Some authors (e.g.,
Schaufeli et al. 2009), consider that a true workaholism only could be assessed if
both dimensions are present.

The extension of workaholism effects could be seen in negative health outcomes
(e.g., Balducci et al. 2018), such as burnout (Gonçalves et al. 2017; Schaufeli et al.
2009) or work-family conflict (e.g., Pan 2018). It proves that social relations outside
the workaholic’s context of workaholics are weaker, compared to the social relations
of the other collaborators (Van Beek et al. 2012). So, the workaholism disturbs not
only the individual himself, but also all those who deal with him, in work and in
personal life (e.g., Pan 2018; Shkoler et al. 2017; Salessi et al. 2017).

Specifically, considering the workaholism and burnout, the workaholism may act
has the root cause of burnout, because “excessively and frantically working employ-
ees use up their mental resources, leaving them depleted and burned out” (Schaufeli
et al. 2008, p. 176). So, they could experience drained of mental resources (exhaus-
tion) or an indifference attitude towards one’s job (cynicism) or tendency to evaluate
work performance negatively (lack of professional efficacy).

Despite the challenges and demands of nowadays work contexts are generally
high for all professional activities, it is our intention to better understand if there are
some differences in those constructs in health care and non-health care professionals.
Previous studies showed healthcare professionals are frequently very committed to
their jobs and that could be seen through high levels of workaholism (Dordoni et al.
2019).
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2 Methodology

2.1 Sample

The sample of this study was non-probabilistic composed of 437 employees from
different professional area (health institutions and others). The sample was mainly
composed by females (n = 332; 75.3%). Their ages ranged from 18 to 63 years
(mean = 38, 58). 243 (55.1%) have higher education degree. Major of them (n =
256; 58.0%) are employee with indefinite contract and don’t holds management
position (n = 371; 84.1%).

2.2 Instruments

The following instruments were applied:
Workaholism Battery (WorkBat): to evaluate the workaholic profile the Por-

tuguese version of Santos et al. (2018) of WorkBat, originally developed by Spence
and Robbins (1992) was used. It is a scale composed of 25 items that evaluate three
dimensions: psychological involvement with work (8 items, e.g., item 1 “When I have
free time I like to relax and do nothing important”); internal compulsion to work (7
items, e.g., item 11 “I feel the duty to work hard even when it is not pleasant”) and
pleasure derived from work (10 items, e.g., item 22 “I lose track of time when I am
involved a) in a project ”). Questions are rated on a 7-point Likert scale (1—strongly
disagree to 7—strongly agree) and items 1, 2, 3 and 21 are reversible.

Work Passion Scale (Vallerand and Houlfort 2003, adapted to the Portuguese
population by Gonçalves et al. 2014). The scale consists of 14 items where the
respondents have a 7-point Likert scale, with 1 “Strongly disagree” and 7 “Strongly
agree”. The scale contains two subscales, harmonious passion, and obsessive passion.
Harmonious passion has a high internal consistency (α = 0.92). Obsessive passion
also has a high Cronbach’s alpha (α = 0.93). In the present study, the value of
Cronbach’s alpha was 0.930 us passion and 0.931 for obsessive passion.

Burnout Inventory (SMBM): Originally developed by Shirom and Melamed
(2006). This scale consists of fourteen items through three distinct subscales, namely,
physical fatigue, emotional exhaustion, and cognitive fatigue. In the physical fatigue
dimension, we have, for example, “I feel tired”, in emotional exhaustion we have as
example “I have difficulty concentrating”, and in the dimension of cognitive fatigue
we can “I feel unable to be sensitive to the needs of my work colleagues and cus-
tomers.

General Health Questionnaire (GHQ): The scale of psychological well-being
was originally developed by Goldberg and Williams (1988). It is a one-dimensional
scale consisting of twelve items, three of which are inverted. As an example of
reversed items, we have item 2 “Lost sleep over worry” and item 5 “Felt constantly
under strain”. On the other hand, we have an example of items with non-reverse
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direction (9 items), e.g., item 8 “Been able to face problems”; item 1 “Able to con-
centrate”.

The questionnaire has also some questions to obtain demographic information,
including gender, age, school year.

2.3 Procedures

Previously to data collection, the investigators guaranteed an authorization from
the Scientific Committee was guaranteed (e.g., entity responsible for supervising
the procedures and ethical safeguards of research) and guarantee the ethical criteria
(e.g., information about the voluntary and anonymous nature of the study). The study
was conducted according to the guidelines of the Declaration of Helsinki regarding
research with human beings: information on the objective, risks, and benefits of the
study and the possibility of abandoning the study in any of its stages. Participants were
answered a self-report questionnaire during, more or less, 15 min. The questionnaire
was anonymous and confidential, and no compensation was offered to participants.
Data collection was presential accomplished in several places, both collectively and
individually (e.g., university classes, public and private companies, public libraries).

2.4 Data Analysis

Data analysis was performed using the SPSS 25 statistical package and AMOS 20
software.

3 Results

3.1 Descriptive Statistics

Table 1 presents the descriptive characteristics of the variable in study, regarding
both, health professionals and non-health professionals. All professionals experience
more harmonious passion. The workaholism is more experienced by non-health
professionals, specifically in workaholism involvement (t = −11.621; p = 0.001)
and drive (t = −4.952; p = 0.001). In the same direction, the health professional
perceives more general health than the other type of professionals (t = −23.804; p
= 0.001)
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3.2 Hierarchical Regression Analyses

Table 2 illustrates explanation of burnout (global and each dimension—physical
fatigue, cognitive fatigue and emotional exhaustion) by passion (model 1: Har-
monious and Obsessive Passion) and Workaholism (Global and each dimension—
involvement, drive and enjoyment).

The physical fatigue of burnout is 8% explained by work passion (model 1), those
explanation improves to 16% when consider the workaholism (model 2). The cogni-
tive fatigue of burnout is 9% explained by work passion (model 1), those explanation
improves to 11% when consider the workaholism (model 2). Emotional exhaustion
of burnout is 9% explained by work passion (model 1), those explanation improves
to 11% when consider the workaholism.

The global dimension of burnout is 12% explained by passion (obsessive and
harmonious). The explanation improves to 18% when considered the workaholism.

4 Discussion

This study aimed to analyze the health versus non-health professionals, considering
work passion, workaholism and burnout. Unlike previous studies, in our results the
health professionals experience more harmonious passion and less obsessive pas-
sion. The workaholism is higher in other professions than in health professionals.
The organizational contexts are determinant to the development and maintenance of
workaholism, in concrete some organizations have the reputation to be environments
where people need to work hard and play in the same level. (e.g., Fassel 1990; Harpaz
and Snir 2003), as some organizations have the repute to be a place where people
work hard and play hard. Some other studies covered the personal demographic char-
acteristics (Burke et al. 2014; Harpaz and Snir 2003; Spence and Robbins 1992), the
personality (Jackson et al. 2016) and the organizational values (Burke 2000, 2008;
Schaef and Fassel 1988) as types of antecedents. So, our results showed that despite
the challenge environment that health professionals have to deal, it don’t contribute
to higher levels of workaholism.

On other hand the higher levels of burnout are experienced by health profession-
als, such in physical, cognitive, and emotional symptoms. Burnout could appear in
all types of jobs, nevertheless the incidence seems to be higher in physicians (De Hert
2020). A study development in Portugal showed “the burnout syndrome in health
professionals is frequent, being associated with a poor working conditions percep-
tion and reduced professional experience. The incidence of the burnout syndrome
shows regional differences which may be associated with different and suboptimal
conditions for health care delivery” (Maroco et al. 2016, p. 24).

As far as we can discuss, it is very interesting results, as it seems that health pro-
fessionals are positive passionate for their jobs but needing more careful attention by
managers, because they are in red line regarding burnout. Those are very challenging
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times, and the health professionals are in the front line of all challenges that society
goes through, taking care of each and every one, but also needing to be taken care
of.

The inferential analysis gave us other aspects to discuss, the obsessive passion is
a facilitator of burnout experience. In previous studies, obsessive passion seems to
have significant impact on the emotional exhaustion dimension of burnout (Lavigne
et al. 2012).

5 Conclusion

This research focused on the analysis of consequences of work passion on worka-
holism and burnout of employees, health, and non-health. The health care profession-
als compose one of the professional groups most frequently exposed to psychosocial
risks at work (Gómez-Salgado et al. 2019). The results showed that the professionals
are, mostly harmonious passioned by their works. In the line with Vallerand et al.
(2014) we consider the need for further research on the antecedents of passion, so
“additional research is needed to increase the understanding of the development
of passion” (p. 101). Is important the future research consider personal, social and
organizational factors and their interaction.

A deeper analysis should be developed to give some instruments for human
resources management to define policies to promote the organizational and indi-
vidual health of the professionals, such in health or non-health environments.

The results of this study still could be interesting to be considered in the defini-
tion of policies to minimize the burnout of employees. The burnout symptoms are
explained by work passion and workaholism, so is important to consider that the
organizational factors that prioritizes the healthy workplaces and a positive balance
between personal, family and work life’s conciliation could be a lifeboat to healthy
and productive professionals in diverse work environments.
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Occupational Stress and Cognitive
Appraisal Profiles as Predictors of
Students’ Burnout

A. Rui Gomes , Clara Simães , Catarina Morais , and Adriana Couto

Abstract Objective: Analyze if different patterns of occupational stress experienced
by students (lower versus higher) and different cognitive appraisal profiles assumed
by students (positive evaluation of academic activity versus negative evaluation of
academic activity) affect their experience of burnout over time. Background: The
interactive and transactional perspective of adaptation to stress was adopted to ana-
lyze how university students evaluate their activity and related academic stress, and
how they feel in terms of burnout. Method: Longitudinal study design, with three
moments of data collection, with a sample of 175 psychology students, from a Por-
tuguese university. The investigation protocol included the Stress Questionnaire for
Students, the Primary and Secondary Cognitive Appraisal Scale, and the Shirom-
Melamed Burnout Scale. Results: The results showed that students who experi-
enced higher levels of stress and a negative evaluation of their academic activity
also reported higher levels of burnout when compared to students who experienced
lower levels of stress and positive evaluation of academic activity. Moreover, a pat-
tern of high stress in M1 increases in 443% the probability to experience moderate
to high burnout in M2. A profile of negative evaluation of the academic activity in
M1 increases in 594% the probability to experience high burnout in M2. Students
exposed to high levels of burnout at M2 are over nine times more likely to experi-
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ence moderate levels of burnout at M3, and over 300 times more likely to experience
high levels of burnout at M3. Conclusion: Students who experience higher academic
stress and those who evaluate their academic activity more negatively have a higher
tendency to experience burnout. Although, the experience of burnout in a specific
data point is the main predictor of experiencing burnout in a later moment, high-
lighting the chronic effects of this syndrome on human wellbeing. Application: This
study provides specific indications of how much stress and cognitive appraisal can
affect burnout, alerting also for the chronic nature of burnout feelings, which must
be considered in safety and occupational health interventions.

Keywords Stress patterns · Cognitive appraisal profiles · University students ·
Burnout

1 Introduction

Occupational stress represents a major topic in society and academic research has
consistently show evidence that levels of stress increased in the last decades, pro-
ducing several negative effects on individuals, families, organizations, and countries
(World Health Organization 2007). The same scenario can be applied to students,
particularly the ones included in higher education contexts, where evidence demon-
strates that academic stress is related to several negative effects, such as anxiety,
depression, and lower self-esteem (Hudd et al. 2000; Larson and Luthans 2006),
alcohol and drug abuse (Böke et al. 2019), sleep disturbances (Wallace et al. 2017),
and lower academic success and even academic withdrawal (Britt et al. 2017; Frazier
et al. 2018). Thus, it becomes important to determine the impact produced by stress
on the well-being of students. In this study, the interactive and transactional perspec-
tive of adaptation to stress (Blascovich and Mendes 2000; Gomes 2014; Lazarus
1991) was adopted to analyze how university students evaluate their activity and
related academic stress, and how they feel in terms of burnout.

Interactive and transactional perspectives of stress not only reinforce the value of
stressors on explaining adaptation to work, but also give particular value to cognitive
appraisal on the way people respond to work conditions (i.e., how individuals evaluate
their activities). Cognitive appraisal includes the dimensions of threat perception
(evaluating the work activity as disturbing and negative for personal well-being),
challenge perception (evaluating the work activity as stimulating and exciting for
personal well-being), coping potential (evaluating the personal resources to cope
with the demands of the work activity as sufficient or nor sufficient), and control
perception (evaluating the decision making process of work activity as depending of
personal control) (Gomes 2014; Lazarus 1991).

Stress and cognitive appraisal may represent important variables to comprehend
why some individuals seem more able to deal with stressor conditions at work, than
others do. Research demonstrates that high levels of stress at work can diminish
individuals’ ability to cope with work demands (Niedhammer et al. 2020; Rugulies



Occupational Stress and Cognitive Appraisal Profiles … 507

et al. 2020), but also point out to dimensions of cognitive appraisal as determinants
of functional and dysfunctional adaptation to work conditions (Gomes et al. 2013;
Kim and Beehr 2020; Paškvan et al. 2016).

Despite the interest of these findings, there is almost no evidence about the possi-
bility of some personal patterns of evaluating the stress and the work activity exac-
erbate or decrease the risk to negative reactions at work. This is to say, is there a
personal tendency of evaluating the sources of stress and the professional activity
that can put individuals at more or less risk to dysfunctional reactions at work?
In the present research, this question was addressed by analyzing if students that
evaluate academic stress differently (i.e., tendency to evaluate their activity as gener-
ating lower or higher levels of stress) would respond to their academic activity with
different levels of burnout, i.e., with feelings of physical, emotional and cognitive
exhaustion) (Shirom and Melamed 2006). In addition, it was also tested whether
students that evaluate their academic activity differently (i.e., tendency to consider-
ate student activity more positively or negatively) would respond to their academic
activity with different levels of burnout. These questions intend to determine if eval-
uating the academic activity differently by the students will correspond to distinct
reactions to burnout. Put in simple words, is there a more negative or positive pattern
of evaluating the academic activity that can influence students’ feelings of burnout?

In order to answer to these questions, a longitudinal methodology was adopted to
comprehend how stress evaluation and cognitive appraisal corresponded to different
levels of burnout across time. The use of longitudinal methodology is more appropri-
ate to capture the psychological fluctuations that occur in human adaptation to stress
(Gomes 2014; Lazarus 1991) and that are not captured by the typical use of cross-
sectional studies (Podsakoff et al. 2012). Thus, this study started by collecting the
indicators of stress and of cognitive appraisal (four to six weeks after the beginning
of the academic semester of university students, corresponding to Moment 1 of data
collection); then the burnout responses of students (at the middle of the semester,
corresponding to Moment 2 of data collection); and finally, the burnout responses of
students was collected again (at the end of the semester, corresponding to Moment
3 of data collection).

Figure 1 presents the methodology of data collection. The contribution of stress
and cognitive appraisal profiles on burnout was tested these controlling for personal
(i.e., gender, age) and academic variables (i.e., course-year and grade-point average)
of students because previous research has pointed out their influence on how they
evaluate and deal with stress (Hill et al. 2018; Shaw et al. 2017; Mussi et al. 2019).

Considering these aspects, we defined the following goals for the study:
(a) Analyze if different patterns of stress experienced by students (lower versus

higher profile) corresponded to different levels of burnout over time.
(b) Analyze if different patterns of cognitive appraisal assumed by students (lower

threat and higher challenge, coping potential, and control versus higher threat and
lower challenge, coping potential, and control) corresponded to different levels of
burnout over time.
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Fig. 1 Methodology of data collection

(c) Analyze if different patterns of stress experienced by students (lower versus
higher profile) and different patterns of cognitive appraisal assumed by students
(lower threat and higher challenge, coping potential, and control versus higher threat
and lower challenge, coping potential, and control) predicted burnout over time.

2 Materials and Methods

2.1 Participants

The population used for this study was the students of a psychology course from a
university in the north of Portugal. The final sample consisted of 175 students, with
155 (89%) females, 18 (10%) males, and two (1%) that did not provide information
about gender. Students presented a mean age of 21.19 years old (SD = 3.95) ranging
from 17 to 42 years. Regarding the year of the course, 40 (23%) students were in
the first year, 24 (14%) were in the second year, 36 (21%) were third-year students,
29 (17%) were fourth-year students, and 46 (26%) students were in the last year of
the course. The majority of the students (n = 149, 85%) chose psychology as their
first option in the university application. Their grade point average was 15.18 (SD =
1.70), ranging from 6.6 to 19.30 (in a scale of 20 values). All participants (N = 175)
took part in the three moments of data collection.

2.2 Measures

Stress Questionnaire for Students (SQS; Gomes 2019). It evaluates seven sources of
stress in the academic activity of students: (1) academic performance (four items;
α for this study = 0.90); (2) academic evaluation (four items; α for this study =
0.76); (3) motivation (four items; α for this study = 0.87); (4) learning (four items;
α for this study = 0.89); (5) work overload (four items; α for this study = 0.92); (6)
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future expectations (four items; α for this study = 0.82); and (7) financial problems
(four items; α for this study = 0.76). Items are answered in a 5-point Likert-type
scale (0 = No stress at all; 4 = Very high stress) with higher values indicating higher
levels of stress in each dimension. Confirmatory factorial analysis (CFA) revealed
good psychometric properties for this instrument [χ2(327) = 696.82, p < 0.001;
CMIN/DF = 2.13; RMSEA = 0.074, 90% CI [0.07; 0.08]; CFI = 0.913; TLI =
0.900].

Primary and Secondary Cognitive Appraisal Scale (PSCA, Gomes and Teixeira
2016). Evaluates primary and secondary cognitive appraisal with a total of five scales:
(1) importance perception (three items; α for this study = 0.86); (2) threat percep-
tion (three items; α for this study = 0.88); (3) challenge perception (three items; α

for this study = 0.61); (4) coping perception (three items; α for this study = 0.91);
and (5) control perception (three items α for this study = 0.69). Items are answered
in a 7-point Likert scale with higher values indicating higher levels of cognitive
appraisal in each dimension. Instructions to fulfil the instrument were adapted to
academic activity, meaning that participants answered the questions thinking about
their student activity. Confirmatory factorial analysis (CFA) revealed good psycho-
metric properties for this instrument [χ2(80) = 146.97, p < 0.001; CMIN/DF =
1.84; RMSEA = 0.063, 90% CI [0.05; 0.08]; CFI = 0.955; TLI = 0.941].

Shirom-Melamed Burnout Scale (SMBS, Shirom and Melamed 2006; Adaptation
Simães et al. 2021). Evaluates three dimensions of burnout: (1) physical fatigue (six
items; α M1 for this study = 0.93; α M2 for this study = 0.94); (2) cognitive
weariness (five items; α M1 for this study = 0.95; α M2 for this study = 0.94); and
(3) emotional exhaustion (three items; α M1 for this study = 0.89; α M2 for this
study = 0.83). Items are answered in a 7-point Likert scale (1 = Never or almost
never; 7 = Always or almost always). Confirmatory factorial analysis (CFA) for
M1 revealed good psychometric properties for this instrument [χ2(74) = 133.16,
p < 0.001; CMIN/DF = 1.80; RMSEA = 064, 90% CI [0.05; 0.08]; CFI = 0.977;
TLI = 0.971] and also for M2 [χ2(70) = 143.04, p < 0.001; CMIN/DF = 2.04;
RMSEA = 0.077, 90% CI [0.06; 0.10]; CFI = 0.967; TLI = 0.957].

2.3 Procedure

The study was approved by the Ethics Committee of the first author’ university
(CEICSH 034/2019), while being in accordance with the National and European
regulations on research with humans and personal data protection. After the approval,
a meeting was set up with the directors of the course of psychology, clarifying the
goals of the study and the proceedings for data collection. Students were invited to
participate in the study by accessing an online questionnaire, in an electronic platform
(Qualtrics). The link was made available through each student’s institutional email.
When accessing the electronic platform, students had to sign a voluntary written
informed consent, which contained the main goals of the study and the information
that guaranteed the confidentiality of the data. Regarding the anonymous character
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of the data, participants were invited to provide an identification code, not able
to reproduce their identities, allowing only the match of the data across the three
moments of data collection.

2.4 Data Analysis

The analyses were performed using IBM SPSS Statistics (v. 27) and AMOS (v.27;
SPSS Inc. Chicago, IL. USA). First, a data screening was performed by using the
PSCA importance perception to select students that attributed a minimum level of
importance to the academic activity, as suggested by Gomes and Teixeira (2016).
Thus, from the 185 participants that completed the data collection in M1, two were
removed from the analysis. Out of the remaining 183, only 175 participants completed
the data collection in M2 and M3. Second, regarding the goals of this study, in order
to analyze if different patterns of stress experienced by students corresponded to
different levels of burnout over time (first goal), and to analyze if different patterns
of cognitive appraisal assumed by students corresponded to different levels of burnout
over time (second goal) a two-step strategy was used. In the first step, patterns of
stress and cognitive appraisal experienced in M1 were explored by using the cluster
analysis, with the K-means approach. In the second step, to analyze the main effect of
these patterns on burnout, a Mixed ANCOVA (controlling for the effect of students’
personal and academic characteristics) was conducted.

To analyze if different patterns of stress and different patterns of cognitive
appraisal predicted burnout over time (third goal) a two-step approach was also
used. First, the patterns of burnout experienced in M2 and M3 were explored by
using cluster analysis, with the K-means approach. Second, a multinomial logistic
regression analysis was conducted. An adjusted odds ratio (OR) with a 95% confi-
dence interval (CI) was considered to determine the strength of association between
the patterns of burnout and its predictor. As potential confounders, students’ personal
and academic characteristics, hypothesised to influence the experience of burnout,
were considered. Data analyses were accomplished considering a p-value of <.05
as statistically detectable.

3 Results

3.1 Constituting the Groups: Patterns of Stress and Cognitive
Appraisal

Cluster analysis was conducted to create two groups based on stress. Thus, the
K-means approach was found the most suitable considering the sample size. Two
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Table 1 Means (Standard Deviations) for the two different stress patterns

Sources of stress Group: Higher levels of stress Group: Lower levels of stress

Academic performance 3.22(0.63) 2.38(0.67)

Academic evaluation 3.39(0.57) 2.55(0.78)

Motivation 3.00(0.66) 1.87(0.88)

Learning 3.25(0.66) 2.24(0.82)

Work overload 3.36(0.62) 2.60(0.93)

Future expectations 3.05(0.63) 1.78(0.86)

Financial problems 2.25(1.04) 0.75(0.67)

Table 2 Means (Standard Deviations) for the two different cognitive appraisal patterns

Cognitive appraisal Positive evaluation of
academic activity

Negative evaluation of
academic activity

Threat 2.46(0.98) 4.82(0.79)

Challenge 4.45(1.01) 3.69(0.81)

Coping potential 4.26(0.82) 2.98(0.89)

Control 4.57(0.76) 4.11(0.98)

different patterns of stress emerged: higher versus lower levels of stress. Table 1
summarizes each group’s characteristics.

The same procedure was executed to create two different clusters. Using the K-
means approach, the following patters of cognitive appraisal arose (cf. Table 2). As
expected, students who assumed a positive evaluation of their academic activity, per-
ceived lower levels of threat, and higher levels of challenge, coping potential and
control than their colleagues who showed a negative profile of cognitive appraisal
(negative evaluation of academic activity).

Influence of stress and cognitive appraisal on burnout over time

It was expected that students who showed higher levels of stress and a negative
evaluation of academic activity would experience stronger levels of burnout over
time. A 2 (Stress: High vs. Low) x 2 (Cognitive appraisal: Positive vs. Negative
evaluation) x 2 (Time: Burnout M2 vs. Burnout M3) Mixed ANCOVA was conducted
in order to test the three goals of this study. Participants’ gender, age, course-year and
grade-point average (GPA) were included as covariates. The results showed a main
effect of stress, F (1,167) = 17.17, p < 0.001, np2 = 0.09. As expected, students
who experienced higher levels of stress also reported higher levels of burnout (M =
3.82, SD = 1.01) when compared to students who experienced lower levels of stress
(M = 3.17, SD = 1.01). A main effect of cognitive appraisal was also found, F (1,
167) = 6.17, p = 0.014, np2 = 0.04. Students with a positive evaluation of academic
activity reported lower levels of burnout (M = 3.31, SD = 1.01) than students who
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evaluated their academic activity negatively (M = 3.76, SD = 1.05). This main
effect was qualified by the Cognitive Appraisal x Time interaction, which was found
marginally significant, F (1,167) = 3.05, p = 0.083, np2 = 0.02. Independent-sample
t-tests and Paired sample t-tests were conducted to follow-up the interaction. The
results showed that students who displayed a positive evaluation of their academic
activity presented lower levels of burnout in M2 (M = 3.27, SD = 0.97) than students
who evaluated this experience negatively (M = 3.92, SD = 1.07), t (173) = 4.15, p
< 0.001. Even though a similar pattern was found for M3, the difference in the levels
of burnout reported by students who evaluated their academic experience positively
(M = 3.35, SD = 1.05) or negatively (M = 3.61, SD = 1.02) was not significant,
t (173) = 1.63, p = 0.104. Interestingly, for students who evaluated their academic
activity positively, their levels of burnout did not significantly change between M2
and M3, t (77) = 0.85, p = 0.401. However, participants who negatively evaluated
their academic activity displayed higher levels of burnout on M2 (M = 3.92, SD =
1.07) than on M3 (M = 3.61, SD = 1.02), t (96) = 3.08, p = 0.003. The main effect
of time (Burnout M2 vs. Burnout M3) was not significant, meaning that students’
levels of burnout did not change over time if Stress and Cognitive Appraisal are taken
out of the equation, F(1,167) = 0.50, p = 0.479. The remaining interactions were
also found nonsignificant (all Fs < 0.66, p > 0.418).

3.2 Patterns of Burnout over Time

Cluster analysis was conducted to create three groups based on the global score of
burnout in M2 and M3. Thus, the K-means approach was found the most suitable
considering the sample size. Three different patterns of burnout emerged: low versus
moderate versus high levels of burnout. Table 3 summarizes each group’s character-
istics.

Table 3 Means (Standard Deviations) of Physical and Cognitive Fatigue, and Emotional exhaustion
on M2 and M3 for Low, Moderate and High levels of burnout groups

Low levels of burnout Moderate levels of
burnout

High levels of burnout

Burnout M2 n = 52 n = 83 n = 40

Burnout (SMBS)
global score

2.41(0.55) 3.69(0.36) 5.08(0.66)

Burnout M3 n = 35 n = 103 n = 37

Burnout (SMBS)
global score

2.01(0.49) 3.49(0.42) 4.92(0.49)
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3.3 Predictors of Burnout Experience over Time

It was expected that different patterns of stress experienced by students and different
patterns of cognitive appraisal assumed by students, predicted different patterns of
burnout over time (M2 and M3). A multinomial logistic regression analysis was
conducted to estimate the probability of each pattern of burnout on M2 and on M3
(low, moderate and high), regarding the effect of the stress experience (low vs. high)
and the cognitive appraisal profile (negative vs. positive), controlling for gender, age,
course-year and grade-point average. The coefficients estimates of the two models
tested in M2 and M3, for the patterns of moderate and high burnout (regarding the
reference class—low burnout) are in Table 4. Regarding Model 1, the odds ratio of
experiencing moderate burnout in M2, compared to low burnout, is of 1.74 for each
year of the course and of 1.35 for each value of increase in the grade-point average.
Nevertheless, the odds ratio of experiencing high burnout in M2, compared to low
burnout, is of 1.59 for each year of the course. Regarding goal three, as expected,
the odds ratio of an individual with low levels of stress in M1 experience moderate
or high burnout in M2, compared to low burnout, is of 0.18 times lower than of
an individual with high levels of stress in M1. Additionally, confirming goal three,
the odds ratio of an individual with a negative evaluation of the academic activity
in M1 experience high burnout in M2, compared to low burnout, is of 6.94 times
higher than of an individual with a positive evaluation of the academic activity in M1.
Thus, different patterns of stress experience and cognitive appraisal in M1 predicted
different patterns of burnout in M2.

Regarding Model 2, individuals exposed to moderate levels of burnout at M2,
compared to those exposed at low levels, have an odds ratio of 11.00 times higher
of experiencing high levels of burnout at M3 than low burnout. More, individuals
exposed to high levels of burnout at M2, compared to those exposed at low levels,
have an odds ratio of 9.95 times higher of experiencing moderate burnout at M3 and
an odds ratio of 300.24 times higher of experiencing high burnout at M3 than low
burnout. Thus, controlling for the effect of burnout in M2, different patterns of stress
experience and cognitive appraisal in M1 did not predict different patterns of burnout
in M3. However, regarding our third goal, we tested a third and intermediate model,
testing only for the effects of stress and cognitive appraisal (in M1)—leaving out
the effect of burnout M2. This third model, showed that when the effect of burnout
in M2 is not accounted for, the odds ratio of an individual with low stress in M1
experience high burnout in M3, compared to low burnout, is of 0.21 times lower than
of an individual with high levels of stress in M1. That is to say, an individual with
high stress in M1 has 367% higher probabilities (OR = 4.67) of experiencing high
burnout in M3, compared to low burnout, than an individual with low stress in M1.
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4 Discussion

Adaptation to occupational stress represents a major topic on social sciences, partic-
ularly the ones interested in human factors at work, as is the case of work psychology
and sociology, human safety and engineering, and others. This study addresses the
question of knowing how stress and cognitive appraisal can put individuals (i.e.,
university students) at risk of suffering burnout. Research has already demonstrated
that these factors are related - mainly the relation between stress and burnout—and
that increases of occupational stress can put individuals at more risk for extreme
negative reactions of burnout. The present study aligns these suggestions by offering
indications of how lower versus higher tendency to feel stress and to positively or
negatively evaluating the occupational activity can correspond to the burnout expe-
rience. Our goal was not to analyze the relations between stress, cognitive appraisal,
and burnout (topic already analyzed in literature) but to analyze the magnitude of
trajectories between these variables.

The first goal was to test if different patterns of stress experienced by students
(lower versus higher profile) corresponded to different levels of burnout over time.
The conclusion is affirmative, being observed that students who experienced higher
levels of stress also reported higher levels of burnout, when compared to students who
experienced lower levels of stress. Our data confirms research indicating that stress
can affect the health and wellbeing of students (Chowdhury et al. 2017; Leppink
et al. 2016; Wahed and Hassan 2017), but introduces new insights about how much
stress can impact the feelings of burnout which may be pertinent for researchers and
practitioners interested in comprehending and intervene on occupational stress.

The second goal was to test if different patterns of cognitive appraisal assumed
by students (lower threat and higher challenge, coping potential, and control versus
higher threat and lower challenge, coping potential, and control) corresponded to
different levels of burnout over time. Indeed, it was observed that students with
a positive evaluation of academic activity reported lower levels of burnout than
students who evaluated their academic activity negatively. Quite interesting is the
fact that these differences seem more evident on M2 of burnout than on M3 of
burnout, although in both cases the pattern was the same (i.e., students with a positive
evaluation of their academic activity assumed lower levels of burnout than students
who evaluated their activity more negatively). Previous research indicates the role
of cognitive appraisal on distinct dimensions of human functioning, as is the case of
burnout (Gomes et al. 2013); however, this study established a positive and negative
pattern of cognitive appraisal and tested the relations with burnout, turning evident
that combining primary (threat and challenge perceptions) and secondary (coping
perception and control perception) appraisals can, indeed, best capture the relations
with adaptation to stress. To the best of our knowledge, this is a novel finding that
deserves to be analyzed in future studies.

The third goal was to test if different patterns of stress experienced by students
(lower versus higher profile) and different patterns of cognitive appraisal assumed
by students (lower threat and higher challenge, coping potential, and control versus
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higher threat and lower challenge, coping potential, and control) predicted burnout
over time. The conclusion is affirmative regarding the predictor value of stress and
cognitive appraisal in predicting burnout on M2; however, on the last moment of
data collection, the main predictor of burnout on M3 was burnout on M2. Specifi-
cally, a pattern of high stress in M1 increases in 443% the probability to experience
moderate to high burnout in M2, compared to low burnout. In addition, a pattern of
negative evaluation of the academic activity in M1 increases in 594% the probability
to experience high burnout in M2, compared to low burnout. Regarding burnout in
M3, a pattern of high stress in M1 increases in 367% the probability to experience
high burnout in M3. However, when burnout in M2 entered the equation, the effect
of stress in M1 was suppressed and the patterns of moderate and high burnout in
M2 became the main predictors. In fact, high burnout in M2 increases in 895% the
probability of experiencing moderate burnout in M3, and in 29924% the probability
of experiencing high burnout in M3. That is, participants exposed to moderate levels
of burnout at M2 are over 10 times more likely to experience high levels of burnout
at M3, when compared to those who experienced low levels of burnout at M2. Also,
participants exposed to high levels of burnout at M2 are over nine times more likely
to experience moderate levels of burnout at M3 and over 300 times more likely to
experience high levels of burnout at M3, when compared to those who experienced
low levels of burnout at M2. Thus, it can be concluded that starting the academic
year with moderate and higher levels of burnout can put students at a higher risk of
experiencing negative feelings of burnout across time. This finding is more relevant
if we consider that research demonstrated that burnout is growing among students
(López-Alegría et al. 2020) due to their feelings of pressure to accomplish academic
goals and be succeed (Schaufeli et al. 2002). Moreover, there is evidence that stress
is a main predictor of burnout (Lin and Huang 2014) and that cognitive appraisal
interferes in this relation (Gibbons 2010). The present research extends these find-
ings by providing specific indications of how much stress and cognitive appraisal
can impact burnout, alerting also for the chronic nature of burnout feelings.

4.1 Limitations

Although the benefits of collecting data in three different moments to capture the
process of human adaptation to burnout, future research may benefit of increasing the
number of data collections in order to better detect the evolution of stress, cognitive
appraisal, and burnout over time. In addition, it can be interesting to collect these three
indicators in all data collections points in order to clarify if burnout in early stages
remain the main predictor of burnout in latter stages. In future works, it would also be
important to evaluate the accumulation of student activity with another professional
activity (i.e., including in the analysis the worker-student variable) and to diverse the
sample in order to replicate these findings with different groups of participants (e.g.,
psychology students from different universities; students from other undergraduate
courses; workers sample).
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5 Conclusions

Three main conclusions resulted from this study. First, students who have a ten-
dency to experience higher academic stress also have a higher tendency to experience
burnout. Second, the same conclusion can be assumed for cognitive appraisal, as stu-
dents who evaluate their academic activity more negatively have a higher tendency to
experience burnout. Third, both stress and cognitive appraisal predict burnout; how-
ever, when multiple time points of burnout are analyzed, it can also be concluded
that experiencing burnout in a specific data point is the main predictor of experienc-
ing burnout in a later moment, reinforcing the chronic effects of this syndrome on
human wellbeing. So, intervention guidelines with students should focus mainly on
the reduction of the experience of chronic academic stress reinforcing the need of
implementing life skills training program (Gomes et al. 2019) that can help students
to cope with academic sources of stress and to be able to evaluate their activity as more
challenging. Additionally, it would be important to include the organizational level
in the intervention in order to develop positive policies that promote occupational
health and safety in the academic context.
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Psychosocial Working Climate
in a Portuguese Metallurgical Industry

Estela Vilhena , Delfina Ramos , Hernâni Veloso Neto , and Carla Vilaça

Abstract Objective: This study was carried out in a small metallurgical industry
to characterize the psychosocial work climate, aiming to verify the extent to which
workers are exposed to psychosocial risk factors and establish a theoretical rela-
tionship with their safety and health. Background: Psychosocial occupational risks
have been gaining prominence and attention within the organizations occupational
safety and health activities. One of the important steps in assessing these risks is
the determination of the psychosocial climate, based on capturing the employees’
shared perceptions regarding their psychosocial working conditions. Method: The
data collection instrument used was the COPSOQ II Questionnaire, Middle Version.
Results: It was found that there are statistically significant differences between two
sectors, the administrative-technical sector has higher levels in quantitative require-
ments, in labor conflicts, in the work/family conflict, sleep problems and stress levels.
While the productive sector has lower levels of influence at work, development pos-
sibilities, transparency of the work role played, self-efficacy, the meaning of work,
commitment to the workplace, and job satisfaction. Conclusion: It was concluded
that the psychosocial work conditions present some factors with a high incidence
of exposure in workers, highlighting threats to their health and safety in the work
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context. Application: An action plan was structured with several recommendations,
scaled according to a logic of action priorities.

Keywords Psychosocial risks · Metallurgical industry · COPSOQ II

1 Introduction

Metallurgical industries are organizations of great importance in the Portuguese
industrial economy and business, which emphasizes the relevance of this study. In
addition, previous research has shown that occupational health and safety activities
are not very consistent in this sector in general. The risk assessments carried out
are mostly focused on the functional analysis of workstations and work equipment,
being psychosocial risk factors neglected by most companies, not being identified or
assessed by 83% of these entities (AIMMAP 2015).

This article stems from a study conducted in a small metalworking industry with
the purpose of characterizing the psychosocial work environment. The aim was to
verify the expose to psychosocial risk factors and establish a theoretical relationship
with their safety and health. This objective is based on the assumption that work-
ers’ perceptions of how management values their health and well-being at work is
the basis of the psychosocial safety climate, and is also related to the potential for
achieving good results in preventing illnesses, such as depression and burnout, and
organizational factors that lead to loss of productivity and lack of motivation among
workers (Dollard and Bakker 2010).

Organizations should keep in mind that the cost of occupational health problems
is considerably high, and attention needs to be paid to developing a productive, but
at the same time psychosocially healthy workplace. Strengthening the psychosocial
work climate is seen by workers as a sign of safety and confidence and can assist in
managing the detrimental effects of psychosocial risk factors that exist today, which
are unavoidable but can be reduced and minimized (Law et al. 2011; Castro and
Ramos 2017).

Psychosocial occupational risks have been gaining prominence and attention
within the organization’s activities of occupational safety and health. These risks
are related to the probability of negative effects on the mental, physical, and social
health of workers, caused by employment and living conditions, organizational, inter-
personal, and social factors related to work that may interact with their mental func-
tioning and well-being (Neto 2015). They refer to the set of conditions related to the
work environment, organization and content of tasks, work procedures and methods,
articulation between work and personal/family spheres, and relationships between
workers and supervisors (Marchant and Garrido, 2012, cited by Neto et al. 2014;
Castro and Ramos 2017). When the exposure to bad psychosocial conditions is pro-
longed in time increases the possibility of workers experiencing psychophysiologi-
cal tension, which can be a precursor to diseases, anguish, and loss of performance
(Marchant and Garrido, 2012, cited by Neto et al. 2014; Castro and Ramos 2017).
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One of the important steps in assessing these risks is the psychosocial climate
determination, based on capturing the perceptions shared by employees regarding
their psychosocial working conditions. This article will focus only on this dimension
of the climate study, but it can then be used by the company to develop the rest of
the psychosocial risk assessment process.

Safety climate studies usually capture workers’ perceptions through question-
naires. We followed the same methodological procedure using the COPSOQ—
Copenhagen Psychosocial Questionnaire, which was developed by Kristensen and
Borg, with the cooperation of the Danish National Institute for Occupational Health,
to analysis psychosocial risks in all types of activity sectors and professions
(Kristensen 2001; Silva et al. 2011). Its creation has proven to be very relevant,
with massive use at international level. Its dimensions are used in multiple studies,
facilitating the comparison between different investigations. This instrument gathers
international consensus regarding its validity and easy understanding in the analy-
sis of psychosocial work factors. The questionnaire provides valid ratings of a wide
range of psychosocial factors of the work environment (Pejtersen et al. 2010), helping
in the determination of the psychosocial climate present in that work context.

The middle version of the COPSOQ was used because it is the most appropriate
tool for this application, not being excessively long, but containing a comprehensive
identification of psychosocial dimensions. In addition, since this version is the most
widely used, it allows for a comparison with the standard Portuguese labor reality
(Silva et al. 2011).

Thus, with this approach, we were able to characterize the workers perceived
psychosocial working conditions in the metallurgical industry studied. With this
research of the psychosocial work climate, we intended to determine the existence
of psychosocial dimensions that could be putting workers at risk to their safety
and health, to propose an action plan with measures that contribute to reducing or
eliminating risk exposures and their consequences.

2 Material and Methods

2.1 Study Population

The company under study is a national industry on metal forming. It was founded at
the end of 2015 and had a rapid rise in the market. Its area of operation covers the
entire national territory, and it has also started its internationalization process.

This company employs 40 people, divided between the production area and
administrative-technical services. The working hours of the factory are from 06:00
to 22:00, from Monday to Friday. The production schedule is divided into two work
shifts, from 06:00 to 14:00 and 14:00 to 22:00. The working hours for employees
in the administrative support, commercial, quality, planning and logistics areas are
from 08:00 to 18:00. The psychosocial indicators were calculated in global terms
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and segmented manner, to verify the possible influence of the work sector. This divi-
sion was made due to the fact that these two sectors are associated with different
types of work: the production area is more associated with physical work, and the
administrative-technical sector is more associated with mental and cognitive effort.

2.2 Data Collection Instrument

Data were collected using the instrument most appropriate to the study objective,
taking into account the research questions and objectives formulated. The COPSOQ
II Questionnaire—Middle Version (Kristensen 2001) was used to the data collection
adapted and validated for the Portuguese population (Silva et al. 2011). This choice
assents in the fact that it is an internationally validated instrument and to the history
of the organization under study, in which the psychosocial dimension of work had
not yet been characterized, so it was urgent to analyze this type of risk factors in
a general and comprehensive way. Finally, the size of the organization was also
considered when choosing the medium version, since the company has more than 30
employees.

In addition to the COPSOQ questions, some sociodemographic and professional
questions were introduced to characterize the employees. The instrument was deliv-
ered to all employees of the company, totalizing 40 questionnaires collected (response
rate of 100%). The data collection occurred between February and March 2020.

The surveys were delivered personally, and their content was explained, also the
reason for their application. The questionnaire was filled in a paper form because
the production employees do not have an institutional e-mail address and it could be
more complicated to fill it out on a digital platform. The participants were informed
to read the questionnaire carefully, so that all existing doubts could be clarified. The
answers obtained were anonymous and the confidentiality of the results obtained
was ensured throughout the process, in strict compliance with the ethical principles
of data protection and personal information.

2.3 Data Analysis

The research data collected through the questionnaires were subjected to a data
treatment and analysis process, using the software IBM Statistical Package for the
Social Sciences (SPSS), version 25 for Windows, and the data were graphically
treated in Microsoft Office Excel.
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3 Results

The psychosocial characterization working conditions in this metallurgical industry
is based on the workers’ perception. The group of forty workers is composed mostly
of men (70%), which is a characteristic of the metallurgical activity. The mean age
is 32.1 years, with a minimum of 19 years and a maximum of 51 years. Most of
the workers have secondary schooling (42.5%) or 3rd cycle basic education (25%).
About 53% of the workers are married or in cohabiting situation, and 47% are single
or divorced. Most of them don’t have children (52.5%).

Most workers have a fixed-term contract (65%), with only 35% having a perma-
nent contract. This scenario is also justified by the fact that the company is recent and
most of the workers have been working there for less than three years (70%). About
20% have worked at the company for no more than six months, with 50% having a
seniority between 7 and 36 months. The remaining percentage corresponds to those
who have been in service for more than three years.

Considering psychosocial working conditions, Fig. 1 presents the classification of
exposures to the different psychosocial dimensions under analysis and their health
risk. It considers a percentage distribution by tercis, in which the “tripartite division
assumes a “traffic light” type interpretation, according to the health impact that
exposure to a given dimension represents, namely: green (favorable situation for
health), yellow (intermediate situation) and red (risk for health)” (Cunha and Neto
2019:121).

Results show that several dimensions have a favorable perspective and others
have an unfavorable perspective. On the positive side, there is a low incidence of

Fig. 1 Classification of exposures to different psychosocial dimensions
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phenomena such as offensive behaviors, sleeping problems, depressive symptoms,
job insecurity, and general health. On the contrary, there is a high incidence of factors
such as work demands, little influence at work, predictability of work, inadequate
quality of leadership and support from superiors, work conflicts, and insufficient
justice, respect, and satisfaction in the workplace.

Once defined the workers’ general psychosocial indicators, we also aim to under-
stand if there were differences between the two work areas in the organization (pro-
duction and administrative-technical sectors). So non-parametric Mann-Whitney sta-
tistical test was used to assess the existence of any statistically significant differences
between mean indicators. The data obtained are shown in Table 1.

The analysis of the table shows statistically significant differences between the
two sectors for quantitative requirements (p = 0.007), influence at work (p = 0.008),
development possibilities (p = 0.044), transparency of the work role played (p =
0, 005), work conflicts (p = 0.011), self-efficacy (p = 0.013), meaning of work (p
< 0.001), commitment to the workplace (p < 0.001), job satisfaction (p = 0.010),
work-family conflict (p = 0.011), sleeping problems (p = 0.008), and stress (p =
0.007).

Results showed that the administrative-technical sector was found to have higher
levels of quantitative demands, role conflicts, work-family conflict, sleeping prob-
lems, and stress levels. While the productive sector shows lower levels of influence on
work, development possibilities, role clarity, self-efficacy, meaning of work, com-
mitment to the workplace, and job satisfaction. Table 2 shows the mean values of
the psychosocial indicators found in this metallurgical industry, as well the refer-
ence values for the Portuguese population in general and for the industry sector. The
correct interpretation of the mean values of the subscales presupposes that each of
them is analyzed individually. There are subscales in which the interpretation can
be straightforward, i.e., the higher the score, the more favorable is the health situa-
tion, and these dimensions are considered as protective moderating factors. On the
contrary, there are other subscales in which the interpretation is indirect, that is, a
high score corresponds to an unfavorable health situation, and these dimensions are
considered risk factors.

Comparing the results of this study and the results obtained in the 2011 validation
study for the Portuguese population in general and the industry in specific (Silva
et al. 2011), can be concluded that, in most subscales, the averages obtained in
the company under study are more unfavorable for workers’ health and well-being.
The only dimensions in which this metallurgical industry presents more favorable
results are job insecurity and sleeping problems, so it can be concluded that workers
feel more secure in keeping their job in the company, which is curious given the
high contractual precariousness existing in this company, with a low proportion of
workers with stable contracts. In general health, depressive symptoms, and offensive
behaviors, the averages obtained are very close.



Psychosocial Working Climate in a Portuguese Metallurgical Industry 527

Table 1 Psychosocial indicators by company sector

Subscales Production Sector
administrative-
technical

Mean SD(1) Mean SD(1) p(2)

1. Quantitative requirements 3.44 0.56 4.11 1.02 0.007

2. Work pace 4.73 0.55 4.25 0.97 0.168

3. Cognitive demands 3.83 0.87 4.36 0.66 0.080

4. Emotional demands 3.41 1.37 4.25 0.75 0.110

5. Influence on Work 1.83 0.55 2.56 0.74 0.008

6. Development possibilities 3.44 1.00 3.94 0.79 0.044

7. Predictability 1.80 0.53 2.08 0.87 0.582

8. Role clarity 2.38 0.69 3.22 0.61 0.005

9. Rewards 2.12 0.55 2.61 0.86 0.136

10. Role conflicts 3.44 0.77 4.17 0.58 0.011

11. Social support from col-
leagues

2.94 0.80 3.00 0.86 0.790

12. Social support from super-
visor

1.70 0.46 1.69 0.61 0.845

13. Social community at work 3.11 0.69 3.33 0.62 0.383

14. Quality of leadership 1.55 0.46 1.83 0.66 0.231

15. Horizontal trust 3.29 0.59 3.11 0.50 0.488

16. Vertical trust 2.14 0.39 2.44 0.70 0.261

17. Justice and respect 1.79 0.45 2.03 0.76 0.606

18. Self-efficacy 3.16 0.42 3.75 0.66 0.013

19. Meaning of work 3.09 0.68 4.06 0.62 <0.001

20. Commitment to the work-
place

2.23 0.86 3.83 1.01 <0.001

21. Job satisfaction 2.03 0.57 2.79 0.82 0.010

22. Job insecurity 2.82 1.22 2.08 1.24 0.136

23. General health 3.36 0.85 3.08 0.90 0.327

24. Work-family conflict 2.50 0.76 3.44 0.94 0.011

25. Sleeping problems 1.68 0.78 2.54 0.75 0.008

26. Burnout 3.23 1.11 3.54 0.86 0.657

27. Stress 2.82 1.04 3.96 1.10 0.007

28. Depressive symptoms 2.27 0.95 2.83 0.75 0.080

29. Offensive behaviors 1.33 0.35 1.19 0.19 0.345

(1) SD = Standard deviation (2) Mann-Whitney Test
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Table 2 Psychosocial indicators found in the company and in the Portuguese population
Subscales Current study Portuguese population-overall (1) Portuguese population-industry (1)

Mean SD Mean SD Mean SD

1. Quantitative require-
ments

3.71 0.80 2.48 0.86 2.51 0.91

2. Work pace 4.53 0.82 3.18 1.00 3.34 0.95

3. Cognitive demands 4.04 0.81 3.79 0.71 3.67 0.74

4. Emotional demands 3.70 1.22 3.42 1.15 3.12 1.18

5. Influence on work 2.06 0.69 2.83 0.89 2.86 1.00

6. Development possibili-
ties

3.58 0.90 3.85 0.81 3.77 0.83

7. Predictability 1.91 0.65 3.23 0.92 3.41 0.96

8. Role clarity 2.71 0.78 4.19 0.72 4.30 0.71

9. Rewards 2.34 0.75 3.71 0.87 3.79 0.87

10. Role conflicts 3.69 0.82 2.94 0.69 2.82 0.70

11. Social support from
colleagues

2.96 0.83 3.44 0.77 3.41 0.79

12. Social support from
supervisor

1.77 0.57 3.13 0.97 3.26 0.96

13. Social community at
work

3.16 0.73 3.97 0.81 4.02 0.82

14. Quality of leadership 1.73 0.62 3.49 0.93 3.57 0.88

15. Horizontal trust 3.28 0.55 2.79 0.64 2.84 0.67

16. Vertical trust 2.23 0.55 3.60 0.60 3.61 0.64

17. Justice and respect 1.84 0.56 3.37 0.81 3.41 0.84

18. Self-efficacy 3.39 0.60 3.90 0.67 3.88 0.71

19. Meaning of work 3.41 0.81 4.03 0.72 4.07 0.77

20. Commitment to the
workplace

2.86 1.17 3.40 0.90 3.57 0.92

21. Job satisfaction 2.34 0.76 3.37 0.75 3.58 0.75

22. Job insecurity 2.45 1.24 3.13 1.47 3.57 1.35

23. General health 3.35 0.86 3.44 0.91 3.44 0.97

24. Work-family conflict 2.79 0.95 2.67 1.05 2.44 1.02

25. Sleeping problems 1.85 0.86 2.46 1.05 2.47 1.09

26. Burnout 3.16 1.13 2.70 0.97 2.68 0.99

27. Stress 3.16 1.24 2.70 0.90 2.67 0.91

28. Depressive symptoms 2.41 0.97 2.35 0.91 2.27 0.93

29. Offensive behaviors 1.24 0.29 1.23 0.48 1.19 0.45

(1) Source Silva et al. (2011)
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4 Discussion and Conclusions

The results allowed us to conclude that the psychosocial working conditions in this
metallurgical industry have some adverse aspects, with factors having high incidence
of exposure in the workers studied, highlighting threats to their health and safety at
work. The data also reveal psychosocial working conditions less favorable than the
national standard obtained by applying the same methodology. These data deserve
a depth reflection by the company and the planning of an intervention capable of
responding to the problems identified.

The diagnosis made created an important knowledge base, as well an opportunity
to continue the path that was started with the integration of these elements in the
daily management of work teams and health and safety at work activities. An action
plan was structured with several recommendations, staggered according to a logic
of priorities for action. In this article, the main aspects are highlighted.

The high work demands, particularly in terms of a fast pace of work and physical,
mental and emotional stress, can lead to symptoms such as stress and burnout, being
the basis of several work-related diseases (Moncada et al. 2002; Gil-Monte 2012;
Cunha and Neto 2019). Therefore, the time available to perform the tasks should be
adapted to the level of better planning, seeking to ensure that the work teams have
the amount of people and time necessary to ensure the completion of all the required
service. On the other hand, increasing the influence at work also deserves attention,
in order to allow workers a higher level of decision-making and planning autonomy.
The level of influence at work was another problem diagnosed, and it is important to
seek the involvement of workers in their work decisions (Havermans et al. 2017; Neto
et al. 2017). A combination of three negative factors, high demands, low influence,
and low social support became clear. Therefore, it is crucial that the intervention seeks
to enhance the worker’s autonomy regarding work content and organization, amount
and pace of work, type and order of tasks, methods to be used, and participation in
decision-making. It is important that be given flexibility to workers, so that there is a
work plan that can be organized with their collaboration and then managed by them
(Neto et al. 2017).

The combination of high demands, little control and low social support at work has
a significant risk potential for workers’ health (Leka and Jain 2010; Gil-Monte 2012).
The promotion of a good work environment, which is highly related to social support
and leadership quality, is complemented by vertical trust between workers and their
superiors, and fairness and respect. It is very important that there is cooperation
between all parties, and it is the basis for trust and psychosocial well-being (Schuller
2019).

Most workers consider that there is no supportive and trusting relationship with
their supervisors. Intervention in this area should involve a direct demonstration of
trust and dialogue between supervisors and subordinates, focusing on the clarity of
the information transmitted and interactions transparency. These are crucial aspects
for there to be trust, fairness, and respect in relationships, in conflict resolution, in
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dealing with suggestions, and in work distribution. All these dimensions’ condition
job satisfaction and commitment (Cunha and Neto 2019; Vivian and Neto 2020).

In view of these findings, it becomes essential that the organization seeks to
continue this project. The data obtained should be used and complemented with
others so that a process of analysis and assessment of psychosocial risks at work can
be advanced. The study carried out is a relevant basis for this process, which is why
this is one of the priority proposals established. It was also proposed that a worker’s
consultation be carried out in order to collect suggestions to improve the organization
and activities planning, as well the introduction of a monthly meeting to facilitate
communication between services and teams. In the same line, it was considered a
priority to promote information and training actions about psychosocial risks in the
company, involving all hierarchical levels, to develop knowledge and a culture of
prevention.

Although it has not been possible to explain here all the particularities and richness
of the study carried out, it is believed that its importance and usefulness for this
metallurgical industry has been highlighted. The characterization conducted allowed
us to introduce the subject in the company and to make clear the need to evaluate and
control psychosocial risks at work. It is hoped that the basis created is solid enough
to implement the proposals made, in particular the psychosocial risk assessment
process, because they would allow the company to comply with a legal requirement,
but also to favor a longitudinal monitoring of the workers and the psychosocial
indicators assessed, in order to register the potential improvements arising from the
implementation of the proposed measures.
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Safety Climate Perception Among
Students: A Literature Review

Vinicius Cozadi de Souza and Rui B. Melo

Abstract The understanding of the risk to which a professional is subject to begins
at graduation, from the moment that there is contact with risk environments. The main
goal of this paper was analyzing studies carried out on safety climate among students,
with particular emphasis on the factors that contribute to the development of a positive
safety culture, since there is a lack of studies in the area, especially those involving
university students. The research and analysis of the scientific literature was carried
out from January to April 2021, referring to the main world databases and using
inclusion and exclusion criteria for the selection of the main articles. Some factors
are critical for the risk assessment of students in the educational context. As observed,
there are factors that positively influence safety among university students, as well
as factors that make the environment more prone to the occurrence of damages and
accidents. It was also observed that the environment with the greatest risk potential
for students were the academic laboratories. Gender, age and course length have a
relative influence on the perception of risks, but it seems that safety education has a
much relevant role developing safety culture.

Keywords Safety culture · Organizational climate · Safety perception · Education

1 Introduction

Over the past 30 years, accidents and safety have been studied from many points of
view, from engineering to social psychology, to contribute to the reduction of occu-
pational accidents. A milestone within the safety climate is Zohar’s research, who

V. C. de Souza
Universidade de Rio Verde, Goiás, Brazil

Faculdade de Motricidade Humana, Universidade de Lisboa, Lisbon, Portugal

R. B. Melo (B)
Faculdade de Arquitetura, Centro de Investigação em Arquitetura, Urbanismo e Design (CIAUD),
Universidade de Lisboa, Lisbon, Portugal
e-mail: rmelo@fmh.ulisboa.pt

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. M. Arezes et al. (eds.), Occupational and Environmental Safety and Health III,
Studies in Systems, Decision and Control 406,
https://doi.org/10.1007/978-3-030-89617-1_47

533



534 V. C. de Souza and R. B. Melo

contextualized the theme after a literature review and presented the first safety climate
assessment tool. Zohar (1980) aimed at describing a particular type of organizational
climate and at examining its implications. The climate was seen as a summary of
the perceptions of actions that employees shared about their work environments.
These coherent sets of organizational perceptions, when shared and summarized for
industrial employees, are defined as an organizational climate.

The understanding of the risk to which a professional is subject to starts at grad-
uation, from the moment that contact with risk environments occurs (Neto et al.
2018).

The theme has been gaining relevance among researchers from all over the world,
to reduce occupational accidents and develop preventive measures, including in
Brazil. Most of the risks to which students are exposed to are due to exposure to bio-
logical, chemical, physical, psychosocial, and mechanical agents (Rigo and Fontana
2018). These agents exist mainly in laboratories, in clinical practices, internships
and practical classes.

It is natural, then, that the environment where graduation occurs, and the percep-
tion of the safety climate influence behavior and are an important source of research.

Literature is quite limited for this type of analysis in the educational sector. This
may be due to the low rate of occupational accidents in the sector, although those
that occur may have important implications that go beyond direct economic costs
(Suárez-Cebador et al. 2015).

Safety culture and safety climate are closely related, and in some studies, they
were used as a single concept, but there is no consensus among researchers on a
single definition (Kalteh et al. 2019).

Safety climate is defined as shared perceptions about organizational values, norms,
beliefs, practices, and procedures in the field of safety from the worker’s point of
view, which can be observed at general or specific levels, and provides a temporal
measure of the team’s perceptions of the observable aspects of the safety culture
(Silva et al. 2004). From this concept, we can understand that the safety climate is
generally considered as a superficial level of safety culture (Steward et al. 2016). For
these authors, the safety climate is a temporary state, as it portrays a moment of the
safety culture that is relatively unstable and easily subject to interference when there
are objective changes in the environment.

It can be inferred that preventive education has the potential to promote safety
culture, for workers, customers and users, and the development of strategies that
promote it and add value to life (Rigo and Fontana 2018).

Safety climate and safety culture arouse questions still not accurately answered.
Therefore, the main objective of this paper was to analyze studies carried out on safety
climate among students, with particular emphasis on the factors that contribute to
the development of a positive safety culture, since there is a lack of studies in the
area, especially those involving university students.
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2 Materials and Methods

The research and review of the scientific literature was carried out from January to
April 2021, and relied on the following databases: SciELO, VHL, PubMed, Sci-
enceDirect, MedLine and Capes. We sought articles from scientific journals pri-
marily in English and Portuguese, especially since 2000, although some previously
published were also included.

Two research questions supported this review:
Q1. Is safety among high school and university students a major concern for

researchers?
Q2. Which factors influence safety climate among those students?
The keywords used were accidents at work, safety climate, safety culture, students,

exposure to biological agents, educational institution, laboratory instruction, hazards,
safe practices, accident risk, occupational risks, laboratory safety, safety training,
university, and safety values. They were grouped with the Boolean additive operator.

The inclusion criteria for scientific articles were:

a. research whose object of study was the educational sector,
b. studies that included measurements or prevalence of safety climate, safety culture

and safety risks in educational institutions,
c. investigations involving evaluation of preventive measures or identification of

good safety practices.

On the other hand, the exclusion criteria were:

a. studies that do not involve university or high school students,
b. papers that do not include any of the following keywords in the abstract: safety

culture, safety climate, risky behavior, or organizational climate
c. lack of full-text availability.

The analysis of the articles was made by themes and later by confronting them.

3 Results and Discussion

From the search, 113 articles were found, from which 26 were selected after applying
the inclusion and exclusion criteria and eliminating the repeated ones.

According to the analyzed references, some factors are critical for students’ risk
assessment in the educational context. We have noticed that there are factors that
positively influence safety, as well as factors that make the environment more prone to
the occurrence of damages and accidents. We have grouped them into two categories:
individual and organizational.

It was observed that the context with the greatest risk potential for students were the
academic laboratories, with special emphasis for the chemical ones, where hazardous
products are used. The research on the perception of risks in chemical laboratories
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identified three most common risk factors: handling hot materials and sharp objects,
splashes of chemical substances and inhaling chemical substances. The latter was
classified as the highest perceived risk factor (Chumbley et al. 2019).

Despite the risks pointed out in the previous research, Ayi and Hon (2018), when
analyzing the responses obtained in their studies, concluded that students believed
that the risk associated with laboratory activities was low or very low. Many partici-
pants, from both studies, did not formally assess the risk before starting the activity in
the lab. These findings suggest that safety may not be a high priority within Canadian
university labs.

Although more studies are necessary to better explore laboratory environments
and the risks students face, this article only analyzed research dealing with students’
perception of safety climate. The relationship between safety climate and safety atti-
tudes should be explored to assess its potential contribution to preventing accidents
in academic laboratories.

3.1 Individual Factors that Affect Student’s Safety

According to Faller et al. (2010), few accidents occur in the classroom and at the
university level. From 2855 students analyzed in their research, 252 experienced
accidents in the educational context.

3.1.1 Gender Impact on Safety

When considering the number of accidents with bone fractures, it was observed that
2/3 happen to women (Suárez-Cebador et al. 2015). It is worth considering that this
rate may be due to biological factors such as osteoporosis. These data agree with the
findings of Bentley and Haslam (2005).

Walters et al. (2017), in a study on students’ awareness, attitudes and safety
practices in chemical laboratories of higher education, observed that females were
more likely to use safe practices compared to males. Corroborating these results,
Crowe (1995) statistically found that female participants are more concerned with
safety than men. Young women are more likely to adopt safer behavior than young
males (Blair et al. 2004).

In a multicenter study with students of natural sciences and social sciences from
different universities, carried out in Germany, the gender influence in the number of
accidents proved to be insignificant. The risk of suffering an accident was similar for
female and male students, which can be justified by the fact that the requirements
for the course are the same for both genders (Faller et al. 2010).

Based on the previous studies (Bentley and Haslam 2005; Crowe 1995, Faller
et al. 2010; Suárez-Cebador et al. 2015; Walters et al. 2017), women are more prone
to falls and fractures, probably due to intrinsic biological factors, however, they are
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more cautious and then can prevent further accidents. However, male students appear
to be more prone to less safe behavior.

Women showed greater confidence in their abilities than men. They are used to
working in groups, while men usually work alone. Working in groups can help iden-
tify an individual’s strengths and weaknesses, exhibiting great productivity (Tumala
et al. 2019).

In equal circumstances, as in sports-related colleges, where the requirements are
the same for all students, the gender factor is not representative in relation to safety
issues (Sumilo and Stewart-Brown 2006).

3.1.2 Influence of Age on Safety Decision-Making

In a study involving sports students in the United Kingdom, by Sumilo and Stewart-
Brown (2006), it was found that younger students had significantly higher risk of
serious injuries.

In university chemistry laboratories, age was negatively associated with the gen-
eral risk perceived by students. However, a significantly positive effect of age on safe
behavior was found (Álvarez-Chávez et al. 2019).

In the study by Gong (2019), it was concluded that students in their final year of
graduation tend to be more aware of the safety values than students in the first years,
which may be due to age and to the safety knowledge acquisition throughout the
course.

It was surprising to find that younger students were more sensitive to perceiving the
commitment of educational institutions to safety than older students. For example,
people under the age of 21 perceived the regular commitment to safety and the
compliance of the higher educational institutions with safety more than older students
(Salazar-Escoboza et al. 2020).

It seems that the age of the student is not significant for the perception of risk,
but there are divergences in the studies. Factors such as practices, job training, risk
knowledge, among others, can be more relevant than age.

3.1.3 Personal Motivation and Self-efficacy for Safe Behavior

When analyzing data from the study by Chumbley et al. (2019), a strong association
was observed between personal motivation and safe behavior in agricultural students
at university level. It is believed that fear is the main motivator of risk perception. As
reported, the students realized that they were less well informed than the laboratory
staff, responsible for implementing preventive and corrective actions to minimize the
risk factors present in their laboratory. Overall, these results showed that students
could feel more confident to successfully deal with the assessed risk factors, despite
their vulnerability and the possibility of suffering serious harm. The perceived ability
to control and avoid risks may reflect students’ self-efficacy.
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Self-efficacy refers to a person’s belief that he is capable of successfully accom-
plishing a certain task (Álvarez-Chávez et al. 2019).

In their study, Keiser and Payne (2018) found that women showed greater agree-
ment regarding the personal motivation construct for safe behavior.

3.2 Hazard Recognition and Risk Perception

The study of safety climate, which helps people to understand risks and make deci-
sions, is one of the key issues of perception: people do not tend to over rate spectacular
and rare risks and minimize common risks. Unknown risks, in a safety climate, are
overlapped by known risks: people underestimate risks in controlled situations and
overestimate them in situations they cannot control (Luo 2020).

There is a relationship between the professional’s perception of risk (individual,
environmental and organizational) and their attitudes at work. However, the subject
is complex and there is no clear proof, probably due to the few studies developed to
date (Antunes et al. 2010; Luo 2020; Moreno-Arroyo et al. 2016).

Risk perception was suggested as a key component of behavior change theories
because it can contribute to identifying barriers to the adoption of desired behaviors
(Álvarez-Chávez et al. 2019).

3.2.1 Safe Individual Behavior

Safe individual behavior is perceived through safety awareness, safety perception and
safety participation. Cognition has a significant influence on safety climate. To be
safe, people become aware of a strong safety climate and act against unsafe behavior.
A good safety climate can promote individual safety behavior, thereby reducing
accidents and injuries (Luo 2020). At the personal level, the safety climate includes
safety attitudes, safety awareness, risk cognition and psychological perception (Luo
2020).

3.3 Organizational Factors

3.3.1 Teaching Safety at Undergraduate Level

Continuous teaching of safety throughout the graduation course can build attitudes
and promote a safety culture among students. According to Perrin et al. (2018), edu-
cation is a mission and a difficult challenge, which implies important commitments,
therefore, decision makers at the university must find an adequate way to integrate
safety contents in the curricular system of the courses. For Benintendi (2016), the
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concepts of safety process should be provided and integrated, as much as possible,
within the basic disciplines in chemical engineering courses.

3.4 Influence of Course Length on Safety Culture

Several studies have shown that the length of the graduation course has no significant
influence on safety beliefs among university students as they progress throughout
the course (Blair et al. 2004; Hasan and Younos 2020). In fact, the study by Gong
(2019) shows that students from different school years did not reveal different safety
culture levels. The statistical analysis revealed that differences among school years
are not significant.

University graduates confirmed the trend towards the development of a safety
culture among bachelors in the field of environmental protection, environmentalists
and safety engineers of technological processes and productions, whose bases were
formed during the period of studies at the university (Kuznetsova et al. 2018).

As stated above, the development of safe behavior among university students
depends, among other factors, on the institution’s commitment, on safety practice in
the curricular organization, either as mandatory modules or as a content of different
modules throughout the course.

3.4.1 Safety Training and Supervision

In a study done in Saudi Arabia, Moreno-Arroyo et al. (2016) evaluated the per-
ceptions of nursing students about the infection prevention climate at the training
hospital, concluding that they must be well informed and competent and apply their
knowledge and skills in practice. Universities and training hospitals need to educate
for prevention and focus on infection control education.

Safety training can improve safety behavior and there is an interaction between
safety behavior and safety climate. The perception of employees who received safety
training was stronger than the perception of those who did not. This may be related
to behavioral changes. Workplace-based training should be followed with reinforce-
ment of safe behavior among all employees (Wu et al. 2007).

The recommendation of some authors is that training on patient safety should have
a dual approach, with a formal side in the faculties, applied and reinforced during
the practice in the care unit (Kuznetsova et al. 2018).

According to Gong (2019), undergraduate students generally behave safely in the
presence of safety supervision, which along with intensive training can influence
maintaining a good safety culture.

When laboratory users perceive that there has been an increase in compliance with
safety standards, as well as adequate training provided by the institution’s professors
and researchers in relation to safety, the feeling of risk decreases, that is, safety
learning happens by example and the requirements (Salazar-Escoboza et al. 2020).
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In this study, students reported a sense of safety in the laboratories because they were
aware that there were responsible people around them, and they received training.
Accordingly, Gong (2019) also found that undergraduate students generally behave
safely in the presence of safety supervision.

Promoting safety education in university life can create positive behaviors towards
the development of a safety culture (Hasan and Younos 2020).

It can be concluded that training and attitudes of the team in relation to safety,
within institutions, are important steps towards safety education.

3.4.2 Involvement in Safety Management

A manager must comply with law-related safety practices and formulate safety rules
for operational behavior, so that students know that management has implemented
relevant safety rules. When students perceive a higher level of safety, they are more
willing to get involved in the safety management activity. Strong safety management
practices can promote a safety climate and vice versa and are related to low accident
rates (Luo 2020).

Investigations of the main incidents that occurred in the university’s chemistry
labs emphasize the need to improve management’s commitment to safety through
the implementation of internal safety policies and procedures, providing education
in chemical safety (Álvarez-Chávez et al. 2019).

Managers can analyze the safety climate, observing employee attitudes, safety
supervision, safety production environment, safety training and education and safe
individual behavior, through safety awareness, the safety perception of the environ-
ment and, mainly, the participation of students (Luo 2020).

A survey of Chinese university students (Gong 2019) found that when man-
agers, teachers, researchers, and workers in educational institutions are committed
to safety and act accordingly, students perceive these attitudes and follow their exam-

Table 1 Factors that positively influence student safety

Factor Effect

Gender Women are more cautious

Motivation Fear is the main motivator

Training and supervision Students feel safer

Good risk perception Key component of desirable behavior-change
theories

Safe individual behavior People aware of a strong safety climate act
against unsafe behavior

Involvement in safety management Involvement in management improves the
safety climate
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Table 2 Non-significant factors

Factor Effect

Course length Depends on other variables

Age Depends on other variables

ple. Accordingly, Perrin et al. (2018) state that the involvement of all people in the
work environment is a requirement for meaningful management in the safety climate.

Tables 1 and 2 summarize the factors that were found to have a positive influ-
ence and those which were not significant for the safety climate among students,
respectively.

4 Conclusions

It is concluded, at the end of this review, that the factors that negatively affect safety
culture among university students do not seem to be as important as the integration
of safety education. Gender, age, and duration of the course have a relative influence
on the perception of risks, but everything indicates that safety education has a much
more relevant role developing safety culture.

The cross-sectional and non-longitudinal studies analyzed in this review have
several limitations as to the factors that interfere in safety climate and safety culture,
among them, the intense controversy and even divergence among the authors, the use
of very different evaluation measures, the use of interviews not always validated and
social and historical aspects of different cultures that influence responses, according
to the context of the society in which they are carried out. However, it represents an
important step in the study of safety education in university students and demonstrates
the need for more research.

Therefore, future studies should address more schools, more universities and
particularly courses where the lack of safety culture among students can limit the
perception of risks and put lives at risk: not only students’ lives but also those of
employees, teachers and, in the future, even patients’ lives.
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Abstract Objective: This study explored the differences between working and non-
working students in terms of mental health. Our aim is to investigate the effects of
combining work and study in terms of prevalence of anxiety, depression and stress
during this pandemic. Background: The overall impact of COVID-19 lockdown on
education led to emotional disorders and the emergence of negative psychological
effects. Method: A cross-sectional study was conducted in a sample of 478 working
and non-working students in Portugal. The Depression Anxiety Stress Scale was
employed to assess symptoms of depression, anxiety and stress. Data were collected
using an online survey. Results: 32, 28 and 24% of university students show severe
or extremely severe levels of anxiety, depression and stress, respectively. Signifi-
cantly higher scores of depression and stress were reported by non-working students
compared with working-students but no significant differences between both groups
were found on anxiety. Conclusion: University working students presented a better
psychological health compared to non-working students, who seem to have suffered
a higher psychological impact during the COVID-19 time. Application: Academic
psychological services may have to take preventive measures in future situations.
More studies should be developed to better understand the mediator role of work in
crisis situations.
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1 Introduction

The disease caused by Coronavirus Disease 2019 (COVID-19) was first detected
in December 2019 in China, and in January 2020 the World Health Organization
(WHO 2020) stated it as an international public health emergency. On March 11, the
COVID-19 epidemic was declared a pandemic. This situation forced all countries
to take unusual measures with the closure of schools, universities and many public
institutions. The effects of home confinement and social isolation on individuals’
health and well-being indicate a fearful impact on mental health (Hossain et al.
2020; Wang 2020).

The overall impact of COVID-19 lockdown on education and the transition to
distance learning process led to a high incidence of emotional disorders and the
emergence of negative psychological effects among university students (Brooks et al.
2020; Khan et al. 2020; Sahu 2020; Demetriou et al. 2021; Henssler et al. 2021): some
may have problems with loneliness and isolation, frustration and boredom, because of
the reduce social connectivity, lack of contact with friends, colleagues and partners;
others no longer receive the advice and skills development on the university campus,
which can aggravate psychological symptoms. The changes and the variations on
studies schedule’s, the delays of the research projects and the interruptions of the
internships compromise their individual plans, and induce high levels of anxiety
among university students. Some studies have explored the impacts of COVID-19
on the mental health of university students, mainly with moderate or severe symptoms
of anxiety, depression, and stress (Asif et al. 2020; Maia and Dias 2020; Wang et al.
2020; Abas et al. 2021).

There is a growing trend of working during university studies, the number of
working students has increased over the years, and now many students choose to
work while attending a university learning course. In some situations, students have
a positive experience but in other situations this dual role can lead to increased
emotional disorders, such as anxiety, depression or stress. However, few studies have
explored the mediator role of working and studying simultaneously on the mental
health of working university students. Mounsey et al. (2013) found no significant
difference in depression between working and non-working students; nevertheless,
working students showed more anxiety than non-working students. The pressure to
balance academic demands from the university, working tasks and social life could
be overwhelming for working students and conduce to have higher depression rate
and more stress than non-working students (Tetteh and Attiogbe 2019). However,
working while studying can have benefits and help working students in preparing
their future career, have a more focused and structured life and, also, a way to enhance
self-confidence in social interactions (Nurwulan and Selamaj 2020).

Therefore, some studies showed some contradictions regarding the impact of
working while studying that may occur due to the differences in students’ charac-
teristics, university environment, and the nature of the work (Nurwulan and Selamaj
2020). Research recognized several adverse psychological effects in individuals dur-
ing pandemic time with high risk of mental health problems, in particular depression,
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anxiety, stress-related disorders and anger (Henssler et al. 2021; Maia and Dias 2020;
Shafiq et al. 2021). The purpose of this study is to investigate the effects of com-
bining work and study in terms of prevalence of anxiety, depression and stress on
characteristics of working students and non-working students during this pandemic
time.

2 Materials and Methods

A cross sectional study was conducted in Portuguese university students. The study
protocol was approved by the Ethics Committee of Fernando Pessoa University. Data
were collected in several universities across Portugal. An online survey was launched
on March 25th, 2021, and continued open through 10 days. The time to complete the
survey was around 10 min. The psychological impact associated with lockdown due
to the COVID-19 was evaluated using the Depression Anxiety Stress Scale (DASS-
21) (Lovibond and Lovibond 1995; Antony et al. 1998). The DASS-21 is a 4-point
Likert-type scale (0 = did not apply to me at all; 3 = applied to me very much or
most of the time) that measures the negative emotional states experienced during
the last week through. The Depression, Anxiety and Stress Scale—21 Items (DASS-
21) is a set of three self-report scales designed to measure the emotional states of
depression, anxiety and stress. We used the Portuguese version of the Depression
Anxiety Stress Scale, EADS-21 items (Pais Ribeiro 2004). It has shown a hierarchical
factor structure with three factors (Depression, Anxiety, and Stress) with a good
internal consistency and convergent and discriminant validity. Data analysis was
performed using IBM SPSS Statistics Version 26. We conducted t-tests for mean
comparisons, Pearson correlation to determine the relation between mental health
dimensions and age and ANOVAs to determine interactions effects of work, gender
and parenthood.

3 Results

478 university students participated in this study, 27.8% of them are working students
(n = 133). 69% are female. The sample covers the entire mainland and insular Por-
tuguese territory, with the largest percentage (15.8%) residing in the city of Porto.
57, 8% of the sample study in universities sited in Porto. Psychology is the most
represented course with 18% of the sample attending courses in this field. 81.8%
attend graduation courses and 54.4% study in public universities. 55.2% of the sam-
ple referred that most academic activities were done online from the beginning of the
pandemic in 2020. 38.4% of working students developed their professional activities
face to face at their professional settings or institutions. Table 1 shows a summary of
sample characteristics.
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Table 1 Sample description

Non-working
Students
n = 345

Working students
n = 133

Total
n = 478

Age 19.95 (dp =
2.692)
Min = 18; Max =
45

24.62 (dp =
7.897)
Min: 18; Max. 51

21.25 (dp =
5.184)

%

Gender Female 71 63.9 69

Male 29 36.1 31

Single 97.4 85.7 94.1

Marital status Married or Living
in a registered
civil
partnership

2.6 11.3 5

Divorced or
separated

0 2.3 0.6

Widowed 0 0.8 0.2

Parenthood No 97.4 85.71 94.1

Yes 2.6 14.29 5.9

Academic
activities during
pandemic (from
2020)

Completely
face-to-face

1.2 0.8 1

Mostly
face-to-face

10.4 6.0 9.2

50% face-to-face,
50% online

32.2 21.1 29.1

Mostly online 52.2 63.2 55.2

Completely
online

4.1 9.0 5.4

Professional
activities during
pandemic (from
2020)

Completely
face-to-face

– 38.34 –

Mostly
face-to-face

– 15.79 –

50% face-to-face,
50% online

– 14.28 –

Mostly online – 8.28 –

Completely
online

– 23.31 –



Anxiety, Depression and Stress Among University Students … 549

Table 2 University students (%) on each level of anxiety, depression and stress (Reference scores
for each level in Lovibond and Lovibond 1995)

Labels Anxiety (%) Depression (%) Stress (%)

Normal 43.5 41.0 44.8

Mild 5.6 12.3 12.3

Moderate 19.2 18.6 19.0

Severe 8.6 11.3 15.3

Extremely severe 23.0 16.7 8.6

Table 3 Gender and parenthood differences on anxiety, depression and stress

Gender Mean (Sd) Parenthood Mean (Sd)

Male
(n =
148)

Female
(n =
330)

t (df) P No
(n =
450)

Yes
(n = 28)

t (df) P

Anxiety 6.521
(5.319)

4.108
(4.114)

3.196
(476)

<0.001 5.898
(5.112)

3.786
(4.467)

2.135
(476)

<0.05

Depression 7.80
(5.847)

6.020
(5.110)

4.900
(476)

<0.01 7.462
(5.658)

3.821
(5.041)

3.323
(476)

<0.01

Stress 9.773
(5.245)

6.264
(4.681)

6.986
(476)

<0.001 8.833
(5.315)

6.321
(5.019)

2.434
(476)

<0.05

Prevalence of anxiety, depression and stress among university students. Prevalence
of anxiety, depression and stress among university students is presented in Table 2.
Analysing main sample DASS-21 scores, results show a high percentage of students
with levels of anxiety, depression and stress higher than normal (56.5%, 59% e 55.2%,
respectively). Moreover, 31.6, 28 e 23.9% of the sample shows severe or extremely
severe levels on the three dimensions of mental health (anxiety, depression and stress,
respectively).

T-test for independent samples (Table 3) shows significant differences between
male and female and between students with and without children in all three mental
health dimensions. As represented in Fig. 1, female students and students without
children show higher levels of anxiety, depression and stress.

The three dimensions of mental health are significantly related with age. Pearson’s
r shows that higher levels of anxiety (r = –0.135; p < 0.01), depression (r = –0.170;
p < 0.001) and stress (r = –0.144; p<.01) are associated with the youngest students.

As expected, we found strong and direct relations among three dimensions with
p-values lesser than 0.001 (Anxiety-Depression: r = 0.697; Anxiety-Stress: r = 0.820;
Depression-Stress: r = 0.730).

Surprisingly, no significant differences were found among students from different
academic attendance groups (from completely face to face to completely online) on
anxiety, depression and stress (p > 0.05).

The mediating role of work on psychological health
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Fig. 1 Box-and-whisker plot for working and non-working students

Table 4 Group differences between working and non-working students on dimensions of mental
health

Non-working
students (n = 345)
Mean (sd)

Working students
(n = 133)
Mean (sd)

t (df) p

Anxiety 6.015 (5.143) 5.150 (4.939) 1.664 (476) >0.05

Depression 7.641 (5.595) 6.233 (5.806) 2.439 (476) <0.05

Stress 9.015 (5.393) 7.835 (5,058) 2.179 (476) <0.05

Mean comparison between working and non-working students (see Table 4)
reveals significant differences on depression (p < 0.05) and stress (p < 0.05) but
no differences on anxiety (p > 0.05). As represented in Fig. 1, non-working students
show higher mean scores of depression and stress than working students.

4 Discussion

The main aim of the present research was to explore the differences between working
and non-working students on the prevalence of anxiety, depression, and stress during
this pandemic time. Globally, in our sample were found a large percentage of students
with high levels of anxiety, depression, and stress. This result is in accordance with the
studies were the students presented significantly higher levels of anxiety, depression,
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and stress, during the period of the pandemic in 2020 compared with normal times
(Abas et al. 2021; Asif et al. 2020; Maia and Dias 2020).

Analyzing student’s psychological health in 2021, we found high levels of anxiety,
depression, and stress, especially among women and younger students. Previous
studies consistently suggest higher indicators of depression, anxiety and stress among
women (Maia and Dias 2020; Wang et al. 2020; Wenjuan et al. 2020). In terms of
age, our results are in accordance with recent literature which shows that although
aging increases the risk of COVID-19 infection and mortality, the levels of anxiety,
depression and stress are significantly higher at younger ages. In fact, it seems that the
youngest are more concerned over the future consequences and economic challenges
caused by the pandemic—greater anxiety among young people may be due to their
greater access to information through social media, which can also cause stress (Salari
et al. 2020).

The results comparing working and non-working students indicates that the work-
ing students have less levels of depression and stress, but no differences were found
between both groups on anxiety. During lockdown, with the closure of universities
and colleges, such physical and social interaction has been restricted resulting in
stress and they experienced a lack of emotional engagement and physically connec-
tion in a social setting.

Nevertheless, working students reveal a better psychological health. In fact, our
data reveals that a large percentage of the working students (54.13%) performed
their professional activities mostly or completely face-to-face. Thus, these working
students can engage in more social relations and interactions with the co-workers
and so, work can provide a more structured and balanced life during conflicts situa-
tions like pandemic isolation. Although, the difficulties to manage work, family and
self, being a working student allowed to strengthened their personal resilience and
engagement and enhance emotional self-confidence during this pandemic situation
(Nurwulan and Selamaj 2020; Tetteh and Attiogbe 2019). In fact, working activity
can have a positive psychological effect, as other studies have pointed out, highlight-
ing the importance of social support at work for the well-being (Barros et al. 2017;
Hossain et al. 2020; Tetteh and Attiogbe 2019) by providing advice, attachment, care,
and friendship, and reducing the negative impact of stressors on well-being (Thoits
2010; Usher et al. 2020).

These findings are also in line with previous research that demonstrated that work
can be beneficial to an employee’s mental health. This evidence establishes that
having a work activity is related with better self-reported well-being, bigger access to
resources to cope with demands; a greater sense of autonomy and social interactions;
which can reduce depression and anxiety symptoms and endorse opportunities for
personal development and mental health promotion (Modini et al. 2016; Petrie et al.
2018; Waddell and Burton 2006).
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4.1 Limitations

Although this research has made significant contributions and can be used by the
universities and government to attendance the adverse psychological effects during
Covid-19 and lockdown, it has some limitations. A larger sample, especially of
working students, could give more confident results. Moreover, establishing causality
in any relationship between work and mental health is complex, as psychological
health may be both a cause and a consequence of a change in work environment
and performance. Then, more studies should be conducted to better understand this
relation.

5 Conclusions

On March 27, 2020, the World Health Organization warned that stress, anxiety,
and fear would increase because of the COVID-19 pandemic situation. Our study
indicates that in times of an epidemic, people, concretely university students, tend
to experience anxiety, stress, and depression. Mental health is the key component of
a sustainable society. A productive educational performance depends on students’
health, which is greatly influenced by their psychological conditions. Our results
highlight that work can be a protective factor for stressful times in psychological
health. Nerveless, further research is required to gain better understanding about
which factors of work environment can contribute to positive mental health outcomes.
Furthermore, at present it is unclear whether it is the process of working per se or
factors associated with the workplace (interactions with others, daily structure and
financial reward) or the unique combination of both that serve as protective factors
for a better psychological health.

The effects of quarantine and isolation must be recognized for strengthening
mental health services. When individuals experience complex psychosocial stressors
due to restricted mobility and social interaction, mental health factors should be
evaluated to plan future interventions, aiming the guarantee of well-being among
individuals and populations. In summary, we defend that work activity can have a
positive effect on mental health if a social environment and support are provided for
working students.

Acknowledgements The authors are thankful to the university students who took part in this
research.
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Functional Capacity Profiles Adjusted
to the Age and Work Conditions
in Automotive Industry

Sarah Bernardes, Ana Assunção, Carlos Fujão, and Filomena Carnide

Abstract Objective: to define functional capacity profiles adjusted to the chrono-
logical age and the work conditions in the automotive industry. Background: Age-
ing population trends have significant implications for the public finances of Euro-
pean countries. To answer this challenge, many governments have introduced policy
reforms to encourage older people to continue to work until a later age stage. Method:
122 workers in the assembly area of an automotive industry were involved in this
study. Functional capacity was assessed by 4 tests of the Isermhagen Work Sys-
tem protocol: Lifting Low (LL), Lifting High (LH), Overhead Working (OW) and
Handgrip (HG). The exposure was evaluated by the European Assembly worksheet.
Linear regression models were built to identify the predictive factors of the func-
tional decline. Results: Regarding the reference values by age group, the lifting low
test, in the 45–57-year-old group had an average of 500 g more than the 20–24 year-
old. In the lifting high test, the highest average is in the 35 to 39 age group and
the lowest in the 40–44 age group, with a difference of 2.90 kg. The variable height
appears as predictive factor for Handgrip position 2 (HG2) and Handgrip position 5
(HG5) improvement. The variable weight, on the other hand, appears in LH, HG2,
and HG5. Interestingly, the Low Risk Score (LRS) and Moderate Risk Score (MRS)
by European Assembly Worksheet (EAWS), appear only in the HG2 test. The OW
measure has no predictive influence on analysed factors. Conclusion: Additionally,
these features help the occupational professionals to adjust the load limit that the
worker may perform. No statistically significant decline was found in the group of
workers older than 45 years in the functional capacity tests, but more detailed studies
with workers aged 20–29 years are suggested.
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1 Introduction

Ageing population trends have significant implications for the public finances of
European countries, with an impact on public expenditures on health care, long-term
care, and pensions, coupled with a decline in tax revenue. It is expected that in 2060,
40% of workers in the European Union will be 55 years old (WHO 2015). To answer
this challenge, many governments have introduced policy reforms to encourage older
people to continue to work until a later age stage (Avendano and Cylus 2005; Iavicoli
et al. 2018; Ilmarinen and Juhani 2012). This option is mainly supported due to the
increase in life expectancy. However, these measures should be accompanied by
new policies on education, public health, and social living conditions. In fact, the
extension of active life could represent a challenge for work conditions changes, in
order to tailor the work exposure to the functional decline of older workers, especially
those with jobs physically demanding (Norheim et al. 2017; Grobler 2013; Lakke
et al. 2013; Landau et al. 2008). Additionally, older workers have some chronic
conditions and comorbidities and could interact, thereby exacerbating the negative
impact of disease on their quality of life and work ability (Norheim et al. 2017; Cruz-
Jentoft et al. 2019). The high physical demands associated with awkward postures,
high repetitive movements, and others, can result in decreased functional capacity,
especially in older workers, and in the prevalence of work-related musculoskeletal
disorders (WMSDs). Consequently, there may be an increase in absenteeism and
incapacity for work (Eaves et al. 2016; Tuomi et al. 2001). It is essential to compare the
work capacity profiles of workers exposed to high physical demand activities, such
as the automotive industry workers, to check for possible imbalances between job
demands and functional capacity (Müglich et al. 2015). Data related to the variation
of physical capacity amongst workers who perform physically demanding work will
be useful in order to support occupational and health policies to promote healthy
workplaces at all ages. This study aims to define functional capacity profiles adjusted
to chronological age and work conditions in the automotive industry (1), to determine
the predictive factors associated to the functional decline in the automotive industry
(2).

2 Materials and Methods

About 1000 workers from an assembly are from an automotive industry were invited
to participate in this study. From those, only 500 workers were considered eligi-
ble. For the sample selection purposes, the Physical Activity Questionnaire (Par-Q)
(Thomas et al. 1992) was used to guarantee that all workers were healthy. Then, work-
ers were divided into six age groups. In the final sample, a randomization method to
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define the sequence of the tests was applied. The final sample was composed of 147
workers and the total duration of the study was 16 weeks.

The main inclusion criterion was based on age parameter, i.e., to have between 20
and 60 years old The exclusion criteria were defined as: (1) had at least one positive
question test (Warburton et al. 2011). Par-Q validated by the European Portuguese
Language (Monteiro et al. 2000); (2) Blood Pressure higher than 159 × 99 mmHg,
measured before the beginning of the functional capacity assessment; (3) Heart rate
above 100 bpm before the assessment; (4) had a medical restriction diagnosed by the
occupational health department; (5) had pain intensity in any region of the body above
3 points on the Numeric Rating Scale in the Nordic questionnaire on the previous
7 days. All workers were informed about the purposes and procedures of the study
and given their informed written consent. The study protocol was approved by the
Ethics Committee of the Faculty of Human Kinetics, University of Lisbon.

Sociodemographic data (including seniority) health (Hypertension, Diabetes,
Exhaustion, and others), and life habits were collected using a questionnaire designed
for the purpose of this study.

The Par-Q were applied to screen individuals for the practice of physical activity
(mild to moderate activity level) (Thomas et al. 1992).

Functional capacity evaluation (FCE) was applied to evaluate the capacity of the
worker to answer to work demands (Reneman et al. 2005; Soer et al. 2006). For
the present study, only four functional capacity tests based on the Isernhagen Work
Systems (IWS) protocol (Isernhagen 1992; Soer et al. 2009) were selected:

– lifting low (LL): One (1) plastic box, made of rigid material, with standard, sizes
40 × 30 × 26 cm, with side handles. One (1) structure for conducting the tests.
Weights of 1, 2, and 5 kg. The test was performed with the worker in the standing
position, being asked to carry out five lifts of the box, from the table (74 cm high) to
the floor and vice versa, with a time limit of 90 s. It is started with a weight of 5 kg,
and then it is added up to 5 increments of weight, reaching the maximum possible
weight that the participant supports. However, in this case, we have limited to
25 kg due to the activity standards applied in the automotive industry.

– Lifting high (LH): One (1) plastic box, made by rigid material, with standard, sizes
40 × 30 × 26 cm, with side handles. One (1) structure for conducting tests. Weights
of 1, 2, and 5 kg. The worker was in a standing position and was asked to carry out
five lifts from the table (74 cm) up to head height and vice versa, with a time limit
of 90 s. It is started with a weight of 5 kg, and then it is added up to 5 increments of
weight, reaching the maximum possible weight that the participant supports. We
have also limited to 25 kg due to the activity developed in the automotive industry.

– Overhead working (OW): One (1) wooden board with 20 holes (10 on each side of
the board) and adjustable in height. One (1) structure for conducting test. Weight
of 1 kg, 20 screws, and 20 nuts were used. The worker was in a standing position,
with hands at the head height, and with a load of 1 kg placed on each wrist; then
it was asked to insert screws and nuts into the 20 holes in the wood board.

– Handgrip position 2 (HG2) and Handgrip position 5 (HG5): Jamar Smart Digital
Hand Dynamometer in position 2 and 5. The worker was in a sitting position
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with arms abducted, forearms pronated, wrist neutral, elbow flexed at 90◦. The
dynamometer is then delivered and is required to perform three times the maximum
force, with the dominant hand; the test was performed in the positions 2 and 5 of
the dynamometer. The workers had one minute of rest for each measurement,
totalizing six measurements between positions 2 and 5.

European Assembly Worksheet (EAWS) was used to evaluate the exposure to
biomechanical risk factors (Schaub 2013). This tool of ergonomic analysis was orig-
inally used in the evaluation of the work of assembly in the automotive industries.
The Nordic Questionnaire allowed to collect data related to musculoskeletal pain
symptoms (in the previous 12 months and 7 days) in nine regions: Neck, Shoulders,
Elbows, Fists/Hands, Thoracic, Low Back Regions, Hips/Thighs, Knees, Ankle/Feet
(Mesquita et al. 2010).

For the monitoring of the heart rate, the Polar H10 HR M-XXL was used. Accord-
ing to the Office of Disease Prevention and Health Promotion (OPHP) the heart rate
target, in moderate and intense efforts is defined by 70 at 85% of the maximum heart
rate. Thus, the formula 220-age × 0.70 was used as reference (Piercy et al. 2018).

The height was used, following the ISAK standards, with the participant posi-
tioned in relation to the stadiometer, with the feet in vertical position (together or
slightly apart) and the arms extended along the body. The head was oriented accord-
ing to the Frankfurt plan, parallel to the floor. The participant is asked to perform
the “grow or unwind” inspiration while the board is positioned over the participant’s
head, exerting constant pressure on the scale was used (Marfell-Jones et al. 2006).
The most recent weight reported by workers was collected.

2.1 Data Analysis

To select the final sample of employees, the eligibility criterion was applied. Statis-
tical analyses were initially separated between men and women and divided into six
age groups (20–24; 25–29; 30–34; 35–39; 40–44; 45–57 years- old).

However, after applying the statistics, it was found that there were no statistically
significant differences between the groups of men and women, and therefore the final
population was divided only by age groups. The following was observed:

1 Descriptive statistics were applied for all variables: absolute and relative fre-
quencies for nominal variables and means and central tendency for quantitative
variables were determined;

2 Normal distribution of continuous variables was verified by Kolmogorov-Smirnov;
3 To confirm if there was a statistically significant difference between the means

of the six age groups, regarding functional capacity, the Student’s tests for the
parametric variables, or the Manny-Whitney tests for the nonparametric variables
were applied.
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4 The normative values were performed for each age group, according to the func-
tional capacity, from the mean, median, standard deviation and the risk threshold
(mean minus the standard deviation).

5 Percentiles of functional capacity tests were made, based on the EAWS. Addi-
tionally, the EAWS values were coded into three task risk demanding categories,
low risk score (LRS), moderate risk (MRS), and high risk score (HRS) according
the final score of the work shift/day. However, no workers were exposed to high
risk score workstations in the study.

6 Predictive analysis of work and personal factors of the workers’ functional decline
was determined by multiple linear regressions (stepwise method). All statistical
analyses were performed with SPSS (version 22.0; IBM, Chicago, IL) and a
critical level of p <0.05 was defined as significantly.

3 Results

Of the 147 workers in the sample who participated in the study, after applying the
eligibility criterion based on the Nordic questionnaire, the final sample of the present
study consisted of 122 workers of both sexes (82% men and 18% women). Regarding
the LL and HG2 functional capacity tests, in the age groups, the averages were,
respectively: 20–24 (24.4 ± 1.41; 43.4 ± 9.69); 25–29 (24.6 ± 1.08; 51.3 ± 9.93);
30-34 (24.5 ± 1.01; 51.1 ± 13.7); 35–39 (25.0 ± 0.01; 52.6 ± 5.85); 40–44 (24.2 ±
1.75; 48.3 ± 10.5); 45–57 (25.0 ± 0.01; 48.7 ± 6.24). The other variables included in
the descriptive analysis were: Seniority in the company (seniority); weight; height;
body mass index; the functional capacity tests LH, OW and HG5 and the EAWS
variables that is Extra Point (EP), Posture, Force, Manual Material Handling (MMH)
and the Overall Score. All variables were divided by age groups and are presented
in Table 1.

The reference values for the Portuguese workers of the functional capacity are
presented in Table 2. Regarding the reference values by age group, in the LL test, the
45–57-year-old group had an average of 0.6% more than the 20–24 year-olds. In the
LH test, the highest average is in the 35–39 age group and the lowest in the 40–44
age group, with a difference of 2.9%.

In Table 2, for the OW test, the highest average was found in the 25–29 age group,
and the lowest was found in the 40–44 age group—about 0.3%. The lowest average
HG2 was in the 20–24 age group and HG5 in the 40–44 age group. The highest mean
handgrip strength was found in the 35–39 age group.

Table 3 shows the percentiles of functional capacity stratified by the EAWS Low-
Risk Score (LRS) and Moderate Risk Score (MRS). Table 3 shows the LL and LH
tests, related to the EAWS final score. The 5th and 25th percentiles of the LH test
stand out, with a variation of 3 and 2%, respectively, between the LRS and MRS
categories. In the other percentiles, the results are quite similar. The 95th percentile
of the HG2 test in the LRS category stands out at 65.5 kg, while the MRS category
is 2% below the LRS value.
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Table 2 Normative values for the functional capacity tests in the working population of the auto-
motive industry

Age Test Mean Median SD Risk threshold

20–24 LL (kg) 24.4 25.0 1.41 22.9

(n25) LH (kg) 22.0 24.5 3.87 18.1

OW (min) 2.79 2.51 0.46 2.33

HG2 (kg) 43.8 46.0 9.67 34.1

HG5 (kg) 31.8 33.0 10.3 21.5

25–29 LL (kg) 24.8 25.0 0.87 23.9

(n33) LH (kg) 23.7 25.0 2.53 21.1

OW (min) 2.81 3.00 0.48 2.33

HG2 (kg) 51.3 52.0 9.93 41.3

HG5 (kg) 33.5 35.0 8.34 25.1

30–34 LL (kg) 25.0 25.0 0.01 24.9

(n14) LH (kg) 23.2 25.0 3.24 19.9

OW (min) 2.58 2.44 0.55 2.03

HG2 (kg) 51.1 56.5 13.7 37.4

HG5 (kg) 35.7 40.5 12.6 23.1

35–39 LL (kg) 25.0 25.0 0.01 24.9

(n16) LH (kg) 24.4 25.0 1.36 23

OW (min) 2.63 2.46 0.38 2.25

HG2 (kg) 52.4 52.5 5.62 46.7

HG5 (kg) 35.8 35.0 6.08 29.7

40–44 LL (kg) 24.3 25.0 1.75 22.5

(n22) LH (kg) 21.5 22.5 4.1 17.4

OW (min) 2.51 2.48 0.36 2.15

HG2 (kg) 47.7 49.0 10.7 37

HG5 (kg) 31.4 30.0 9.72 21.6

45–57 LL (kg) 25.0 25.0 0.01 24.9

(n11) LH (kg) 23.5 25.0 1.89 21.6

OW (min) 2.58 2.39 0.62 1.95

HG2 (kg) 48.7 49.0 6.24 42.4

HG5 (kg) 32.3 33.0 5.91 26.3

Table 4 shows the predictive models of variables that can influence functional
capacity, such as gender, age, height, body weight, and the final EAWS score cate-
gorized as low (LRS) and moderate (MRS) risk.

Sex has a predictive influence in all functional capacity tests, except in tghe
Overhead Working test. The variable height appears as predictive factor for Handgrip
position 2, 2 and 5 improvement. The variable weight, on the other hand, appears in
Lifting High, HG2, and HG5. Interestingly, the Low Risk Score and Moderate Risk
Score by EAWS, appear only in the HG2 test. The OW measure has no predictive
influence on analysed factors.
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Table 3 Percentiles of functional capacity stratified by EAWS risk

LL LH OW HG2 HG5

LRS MRS LRS MRS LRS MRS LRS MRS LRS MRS

Mean 24.6±
1

24.6±
1

22.7±
3

22.6±
3

2.65 ±
0

2.82 ±
0

48.9 ±
1

46.8 ±
9

33.1 ±
8

33.9 ±
1

0.37 0.25 0.40 0.84 0.47 0.51 0.0.4 0.93 0.64 0.1

Range 17–25 20–25 20–25 20–25 1.54–
4.25

2.16–
4.19

22–69 25–65 13–53 14–59

Percenti

5 20.0 20.0 15.0 12.0 2.11 2.21 30.0 26.0 18.0 15.0

25 25.0 25.0 20.0 22.0 2.34 2.42 41.2 39.0 27.2 24.0

50 25.0 25.0 25.0 25.0 2.48 2.55 50.0 46.0 34.0 33.0

75 25.0 25.0 25.0 25.0 3.06 3.26 57.0 55.0 39.0 38.0

95 25.0 25.0 25.0 25.0 3.41 4.09 65.5 63.0 46.0 49.0
∗ p< 0.05; LL-Lifting Low; LH: Lifting High; OW: Overhead Working; HG2: Handgrip position
2; HG5: Handgrip position 5; LRS: Low Risk Score; MRS: Moderate Risk Score

Table 4 Prediction models of functional decline by sex, age, height, body weight and work exposure

Test Constant Sex Age (y) Body
height
(cm)

Body
weight
(Kg)

LRS MRS r2

LL 19.2* 1.62* −0.01 2.04 0.01 −0.24 0.34 0.33

LH 5.92 4.91* 0.01 5.42 0.05* −0.66 0.86 0.50

OW 1.06 −0.01 −0.07 1.17 −0.01 0.13 −0.13 −0.03

HG2 −13.6 10.8* 0.04 24.5* 0.15* −2.92* 2.89* 0.44

HG5 −27.3 8.77* −0.03 26.3* 0.14* −2.3 2.30 0.45

4 Discussion

This study aims to define functional capacity profiles adjusted to chronological age
and work conditions in the automotive industry to determine the predictive factors
associated to the functional decline in the automotive industry. It is important to note
that the present study was conducted with healthy workers. All workers involved in
the present study had the functional capacity to meet the workload. These profiles
provide information of sufficient functional capacity for successful work in the low
and moderate EAWS final score category. The four functional capacity tests based on
the IWS protocol were performed according to the types of activities developed in the
automotive industry, avoiding deviation from actual and specific job requirements
(Innes and Straker 2003).

In this study, it is interesting to note that the group of workers over 45 years old
did not show a decline in functional capacity, when compared to the other groups.
Such above-mentioned situation can be supported, with another study, which found
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a decline in the productivity of workers, occurred more significantly after 60 years
old (Börsch-Supan and Weiss 2016). But it is important to note that in the present
study, it was not evaluated workers over 60 years old.

Another important finding occurred in the group of 20–29 years old, in the Over-
head Working and Handgrip measure tests, with the lowest averages found, among
all age groups. When comparing the age group of the present study, with other study
conducted in 1985 in the American population, where the handgrip strength measure
was verified, the population of the present study is 10 kg less than the American
population (Mathiowetz et al. 1985).

This can prove that the 20–29 age group should be taken into consideration regard-
ing the developmental aspect of possible work-related musculoskeletal disorders.
This is because workers are weaker in terms of physical strength, and this is closely
related to the type of activity they were previously doing (Fain and Weatherford
2016; Okunribido et al. 2011).

The ability of some tests is predictive to a large extent, dependent on workers’
characteristics such as gender, height, and weight. A similar situation occurred in a
study that aimed to create normative values of functional capacity in various types of
occupational activities (Gross and Battié 2003; Soer et al. 2009; Kunelius et al. 2007).
It is important to note that age was not a predictor factor in any of the functional
capacity tests. This situation occurred in two other studies for handgrip strength tests
(Budziareck et al. 2008; Soer et al. 2009). This may be associated with the age group
of the studies, as the decline in workers over 60 years is more characteristic (Gilles
and Wing 2003; Bohannon and Schaubert 2005; Bohannon et al. 2011; Börsch-Supan
and Weiss 2016; Soer et al. 2009). It is essential to highlight that in the Handgrip
position 2 measurement, the Low Risk Score and Moderate Risk Score measurement
were considered as predictors besides gender, height, and weight.

4.1 Limitations

We can state that the phenomenon of the healthy worker may have occurred, as a bias
because workers considered healthy tend to stay longer in their occupational activi-
ties, and this may be closely associated with the individual’s basal health condition.
This may be associated with early interventions in the face of some musculoskeletal
disorder, proper health maintenance with regular screening, and practice of physical
exercise (Kenny et al. 2016; Chowdhury et al. 2017; Martin-Ruiz and Von Zglinicki
2014; Matheson et al. 2014; Palmer et al. 2017). In the automotive industry where the
study took place, the ergonomics team periodically screened the workplace condi-
tions as well as the occupational health department’s screening of health conditions,
and this practice may have influenced the healthy maintenance of employees (Merkus
et al. 2019). Another factor that influences the response of the functional capacity
in older workers may be related to the practice of rotation plans incorporated in
the automotive industry to avoid fatigue and musculoskeletal disorders. The rotation
plans are adopted during the work shift. For example, the worker is not exposed to
more than 2 h and 30 in the same activity, and the employee must know multiple
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tasks. Furthermore, work variation reduces fatigue and the risk of musculoskeletal
disorders (Grant et al. 1997; Rissén et al. 2002) as long as job changes involve an
effective change in the work muscle groups being used (Diego-Mas et al. 2009; Grant
et al. 1997; Rissén et al. 2002).

5 Conclusions

The age-adjusted functional capacity profiles and working conditions are essential to
assist the recommendations and interventions from ergonomics team and the occu-
pational health department, since when comparing the functional capacity profiles
adjusted for age and working conditions. It allows to evaluate possible imbalances
between the workload and the functional capacity, and, when it is necessary to plan
workers return work. Additionally, these features help the occupational profession-
als to adjust the load limit that the worker may perform. No statistically significant
decline was found in the group of workers older than 45 years in the functional capac-
ity tests, but more detailed studies with workers aged 20–29 years is suggested.
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Environmental Determinants of Home
Accident Risk Among the Elderly.
A Systematic Review

Tuíra Maia and Laura Martins

Abstract Objective: The purpose of this study is to identify the main risk factors
for home accidents among the elderly through a systematic review. Background: It
is known that 40% of domestic accidents occur due to environmental risk factors,
however, few studies systematically describe these factors. Method: The aim of
this study is to identify the main risk factors for domestic accidents among the
elderly through a systematic review. For this, studies published in the period between
2011 and 2021 were considered, which addressed domestic accidents in the elderly
population. The bibliographic search was carried out in the Scielo, CAPES, LILACS
and Scopus electronic databases. Only articles in English, Portuguese and Spanish
were included. Results: Six articles were considered for this review. The risk factors
found were: inadequate lighting, slippery surfaces, absence of handrails on the stairs,
absence of support bars, uneven floors, environments with an excess of furniture and
objects, high mattress or beds, loose rugs, presence of unstable furniture, electrical
wires scattered on the floor, poorly positioned furniture, inadequate height of the
toilet, obstacles inside the house, presence of stairs to access the housing, and uneven
sidewalk outside. Conclusion: This study allowed us to identify the risk factors related
to the environment that are most prevalent in domestic accidents among the elderly.
Application: This study can help design and health professionals to direct accident
prevention strategies in the home environment.

Keywords Aging · Risk factors · Environment · Prevention

1 Introduction

Aging is a global phenomenon that represents a response to the transformations
caused by the fall in fertility and mortality rates, as well as the increase in life
expectancy (Medeiros et al. 2014). This increase in longevity associated with socio-
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cultural changes has promoted an increase in the participation and autonomy of
older people, however, often without the necessary environmental conditions and
adaptations to perform activities and actions safely (Degani et al. 2014).

Accidents and unintentional injuries rank fifth among the causes of death of the
elderly in the United States (Rubenstein 2006). In Brazil, approximately 30–40% of
the elderly population suffer some type of accident, among them, the most recurrent
is the fall (Oliveira et al. 2014). Although aging is considered a natural phenomenon,
the decline in functional capacity is inevitable with advancing age. This functional
decline associated with extrinsic and intrinsic factors makes the elderly more vul-
nerable to accidents (Brasil 2011). Intrinsic factors are related to health conditions
linked to the individual himself, such as muscle weakness, reduced hearing and visual
acuity, changes due to the use of medications, acute diseases, among others (Neto
et al. 2017).

Extrinsic factors, in turn, are those found in the interaction of the elderly with the
environment in which they live, being home the place with the highest exposure to
these risks. These factors can be determinant in the occurrence of accidents, including
slippery floors, inadequate lighting and presence of carpets without fixation and
unstable furniture (Neto et al. 2017).

Despite rapid scientific advances, the occurrence of domestic accidents still causes
serious repercussions on the quality of life and autonomy of this population. There-
fore, it becomes necessary to identify the risks involved in these accidents in order
to identify and understand in a deep and thorough way the aspects involved in each
environment for the development of actions that can contribute to the organization
of safer environments for the elderly.

When considering domestic accidents as one of the main causes of morbidity and
mortality, especially in the elderly, and the physical, emotional, financial and social
damage to the individual, family and society, it shows the relevance of conducting
this research to expand the knowledge about the risk of domestic accidents in the
elderly in order to identify the risk factors, especially the environmental ones, which
can be more easily modified, favoring the discovery of forms of prevention that can
be incorporated into the practices of design and health professionals, aiming at a
safe aging. Thus, the aim of this study is to identify, through a systematic review, the
main risk factors for domestic accidents among the elderly.

2 Materials and Methods

This is a systematic literature review conducted according to the simplified model
proposed by Conforto et al. (2011). Through this review, it was possible to map
the environmental risk factors for the occurrence of domestic accidents among the
elderly for the development of the theoretical framework of this thesis, as well as data
processing for the development of the protocol. The research question was formu-
lated through the PICo strategy comprising: What are the determining environmental
factors for the occurrence of domestic accidents among the elderly? Taking into con-
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sideration, Population (P), the elderly; Interest, area/Intervention (I), risk factors for
falls; Context (Co), residences. To answer this question, complete articles were ana-
lyzed, published in the period from 2011 to 2021 that describe the risk factors for
home accidents among the elderly related to the environment.

The search was conducted from March to April 2021, in the following databases:
Scientific Eletronic Library Online (SciELO), Periódicos Capes, LILACS (Latin
American and Caribbean Literature on Health Sciences) and Scopus. The descriptors
used in the search were: older OR elderly AND domestic accidents AND extrinsic
factors OR environmental risk OR environmental hazard. For this review, only arti-
cles in English, Portuguese and Spanish were analyzed. In addition to the language
of publication, the search strategy was limited to texts available in full and the pres-
ence of descriptors in the title and abstract. For this review we selected studies with
elderly people (older than 60 years, according to the World Health Organization) and
that considered environmental factors as determinants of domestic accidents in their
description. The articles selected according to the inclusion criteria were analyzed
independently by two reviewers. Exclusion criteria were articles about elderly res-
idents in long-stay institutions, symposium, congress and conference articles, and
literature review articles.

The articles were selected by two independent reviewers, who independently
evaluated the titles and abstracts. In case of disagreement between the two review-
ers, a third reviewer evaluated the article. After this first selection of articles, the
remaining articles were read in full, and those that did not meet the inclusion criteria
were excluded. Studies were selected using Preferred Reporting Items for System-
atic Reviews and Meta-Analyse (PRISMA) through identification, selection, and
eligibility assessment.

3 Results

The initial search contained 113 articles, of which 41 in the Capes journals, 15
in LILACS, 6 in SciELO, and 51 in Scopus. Of these, 5 were eliminated for being
repeated in the databases and 82 were excluded for not addressing the research theme
by reading the title and abstract. Twenty-six articles were included for full reading;
however, 20 of these articles did not address the environmental factors related to
domestic accidents (Fig. 1).

In all the studies analyzed, the most prevalent domestic accident was falls. Unlike
the other studies, Gautério et al. (2015), Neto et al. (2018), and Oliveira et al. (2018)
researched only about falls, without discussing other types of accidents in the articles.
Burns, poisoning, and sharps accidents were other types of accidents that occurred
in elderly households (Camilloni et al. 2011; Santos et al. 2016).

Of the 6 articles, only Oliveira et al. (2018), evaluated the external environment
of the homes. Camilloni et al. (2011), was the only author who described the places
with the highest occurrence of accidents, which are: the living room, bedroom, and
hallway. Regarding the circumstances of accidents, only Camilloni et al. (2011)
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Fig. 1 Flowchart of the selected studies

described that most accidents occurred while performing physiological activities
(drinking, eating) and housework.

To facilitate the understanding of the risk factors found in the articles included
in the study, the analysis of the environmental determinants that contributed to the
occurrence of domestic accidents in the home of the elderly is described in Table 1.

4 Discussion

Environmental risk factors were found in most domestic accidents that occurred with
the elderly, however, only related risk factors were described in the articles (Aras
et al. 2012; Camilloni et al. 2011; Gautério et al. 2015; Oliveira et al. 2018; Santos
et al. 2016; Neto et al. 2018). In a study involving 50 elderly people, Cavalcante et al.
(2012), showed that the causes of falls occurring inside homes were mainly related to
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Table 1 Systematization of the environmental determinants of domestic accidents among the
elderly

Environmental risk factors Authors

Inadequate lighting Aras et al. (2012), Camilloni et al. (2011),
Gautério et al. (2015), Neto et al. (2018),
Oliveira et al. (2018)

Slippery surfaces Aras et al. (2012), Gautério et al. (2015), Neto
et al. (2018)

Lack of handrails on the stairs Aras et al. (2012), Neto et al. (2018), Oliveira
et al. (2018)

Absence of support bars Aras et al. (2012), Oliveira et al. (2018)

Uneven floors Gautério et al. (2015), Neto et al. (2018),
Oliveira et al. (2018)

Environments with too much furniture and
objects

Gautério et al. (2015)

Mattress or high beds Neto et al. (2018)

Loose carpets Gautério et al. (2015), Oliveira et al. (2018)

Presence of unstable furniture Oliveira et al. (2018)

Electrical wires scattered on the floor Oliveira et al. (2018)

Poorly positioned furniture Neto et al. (2018), Oliveira et al. (2018), Santos
et al. (2016)

Inadequate height of the toilet bowl Neto et al. (2018)

Obstacles inside the house Neto et al. (2018)

Presence of stairs to access the dwelling Oliveira et al. (2018)

Uneven sidewalk outside Oliveira et al. (2018)

the inadequate home environment, among them, the most common was the presence
of slippery surfaces.

Regarding the types of accidents found in the studies, burns, intoxication, acci-
dents with sharp objects, and especially falls, which are the most prevalent accident
in all studies, stand out. In the scientific literature, it is notorious the high academic
production directed to falls, being found several reviews focused on this type of acci-
dent (Farias and Santos 2012; Medeiros et al. 2014; Sousa et al. 2016). According
to the study of Camilloni et al. (2011), the place of higher occurrence of falls is the
living room.

The most prevalent risk factors in the studies evaluated were: inadequate light-
ing, slippery surfaces, absence of handrails on the stairs, uneven floors, and poorly
positioned furniture (Aras et al. 2012; Camilloni et al. 2011; Gautério et al. 2015;
Oliveira et al. 2018; Neto et al. 2018). These extrinsic factors are considered by pro-
fessionals, family members and caregivers as modifiable, however, the adequacy and
adherence of guidelines and changes to make the residence safer is the most difficult
to overcome (Medeiros et al. 2014).
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On the other hand, most studies have pointed out that, although extrinsic factors
are determinants of the occurrence of accidents, they do not determine the domestic
accident in isolation, but rather, the combination of extrinsic and intrinsic factors are
considered the most relevant cause for the occurrence of new accidents (Camilloni
et al. 2011; Gautério et al. 2015; Oliveira et al. 2018; Santos et al. 2016).

In addition, studies also highlight that behavioral practices also influence the
episodes of accidents, among them, not cleaning up water spills, walking on wet
floors, and carpets spread on the floor of the house (Aras et al. 2012; Gautério et al.
2015; Oliveira et al. 2018). Habits such as exercising regularly have been found to
be protective factors against accidents (Camilloni et al. 2011).

The use of safety measures/practices at home associated with awareness of nec-
essary attitudes is important to prevent home accidents among the elderly (Aras
et al. 2012). Checking the expiration dates of products and the wear and tear of elec-
trical cords, periodic maintenance of home systems, the presence of rubber mats and
support bars in the bathroom, switches near the doors, light accessible from the bed,
lights on in the hallway, external leaf cleaning and even maintaining direct contact
with a friend or neighbor were considered protective factors (Aras et al. 2012).

4.1 Limitations

The limitations of this study were the few databases and keywords used.

5 Conclusions

From this review, it was possible to describe, in a systematic way, the most prevalent
risk factors related to the environment in domestic accidents among the elderly. These
aspects can help design professionals and health professionals to direct strategies
to prevent these accidents in the home environment, facilitating the construction of
protocols that can guide the organization of homes, as well as the necessary guidelines
and adjustments in the routine and actions of the elderly and their families.
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Impacts of Nonstandard Work Schedules
on Family and Social Life: The
Children’s Perspective

Daniela Costa and Isabel S. Silva

Abstract Objective: This study aims to understand the impacts of nonstandard work
schedules on family and social life from the perspective of workers’ children. Back-
ground: The literature has shown that nonstandard work schedules, especially those
involving rotating shifts and/or nights, have negative consequences for workers’
families and social life. However, workers’ perspective has been used mostly, being
that literature recommends the inclusion of the perspective of third parties such as
their family members. Method: Twelve children of workers working in nonstandard
work schedules, aged between 14 and 20 years, participated in the study. Data were
obtained using semi-structured interviews. Results: Negative impacts were reported
on time spent with family, communication, school activities, extracurricular activ-
ities, and family management. The participants also reported disadvantages to the
health of workers, such as fatigue and sleep problems. According to them, conven-
tional working hours would be more beneficial for family and social life and workers’
health. Application: The role that the organizational context can play in adapting to
nonstandard working hours is discussed in order to minimize the impacts felt by
workers and families, especially in the family and social spheres.

Keywords Working hours · Shift work · Work-family conflict · Family
perspective

1 Introduction

The labor market is sensitive to the changes occurring in society. For example, the
increase in the operational time of organizations arises as a response to the globaliza-
tion of the economy, the competitiveness of markets, among others. Consequently,
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this reorganization of working time leads to nonstandard work schedules such as shift
work, night work, or weekend work. Presser and Ward (2011) argued that defining
nonstandard work schedules is somewhat problematic given the multiplicity of sched-
ules practiced. However, this concept has been applied mostly to schedules that are
different from the standard schedule (i.e. work on weekdays from 8 a.m. to 5 p.m.).
According to the latest European Working Conditions Survey (Eurofound 2016), in
2015, 54% of workers in the 28 member states of the European Union worked at
least one Saturday per month, 19% worked on the night shift, and 21% worked on
rotating shifts.

Nonstandard working hours can bring advantages and disadvantages for workers.
On the one hand, workers may have greater flexibility in working hours or economic
benefits (i.e. typically, night work is associated with a shift allowance) (Agosti et al.
2015; Carneiro and Silva 2015). On the other hand, these working hours can cause
several problems for workers in the health, organizational and social domains (Fon-
seca et al. 2020; Mauno et al. 2015). In terms of health, nonstandard working hours,
especially those involving night work, have been associated with various complaints
by workers, including sleep, gastrointestinal and/or psychological problems, among
others (Bamonde et al. 2020; Chang and Peng 2021). For example, in the review by
Bastos and Afonso (2020), negative effects of shift work on sleep, mental health,
cognitive and work performance of workers were identified. On the other hand, the
time lag that these schedules create between workers and other household members
or with society can cause problems in the family, marital, parental or social spheres
(Strazdins et al. 2006; Zhao et al. 2021). For example, in the systematic review by
Wöhrmann et al. (2020), the authors found that shift workers had higher levels of
work-family conflict (WFC) compared to conventional schedule workers, especially
if this shift work involved nights and weekends.

At the parental level, the unconventional working hours practiced by parents can
negatively influence relationships with children (Hook 2012; Prickett 2018). Other
studies (e.g., Castillo et al. 2020; Kachi et al. 2021; Strazdins et al. 2006) have shown
an association between parents’ nonstandard work schedules and problems such as
obesity, behavior problems, and well-being in children. Areas such as daily moni-
toring, school monitoring or responsibility for children’s education have also been
negatively associated with these schedules (Bolino et al. 2021; Cia et al. 2008; Gracia
and Kalmijn 2016). For example, Pilarz et al. (2020) found a negative association
between night shift and parental involvement with children. The authors suggest that
low involvement may be due to parents missing important routines such as mealtimes
and that they may be more stressed and tired to spend time with children.

The study of these consequences becomes even more important when authors
such as Recuero and Segovia (2021), Silva-Costa et al. (2021) or Yildiz et al. (2021)
argue that WFC can be a predictor of other problems such as burnout, turnover
intentions or health problems. For example, night workers, to make up for the less
time spent with family, give up their hours of sleep. Furthermore, most studies about
the impact of working hours on family and social life have privileged the perspective
of the workers themselves rather than the perspective of others, such as their family
members. As several authors point out (e.g., Bolino et al. 2021; Molina 2020), it
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is necessary to include other methodologies and other perspectives in the study of
this theme. In this sense, this study aims to contribute to understanding the impacts
of nonstandard work schedules for workers, especially in family and social life and
from their children’s perspective. As previously mentioned, the integration of this
perspective is scarce.

2 Materials and Methods

2.1 Participants

Twelve children of nonstandard work schedule workers aged 14–20 (M = 17.03; DP
= 2.14) participated in the study. Two-thirds were female, and ten participants lived
in the North region of Portugal. One-third of participants had completed the 2nd
cycle of basic education, one-sixth had completed the 3rd cycle of basic education,
five-twelfths had completed secondary education, and one-twelfth had completed a
Higher Professional Technical Course. As for the workers (i.e. parents of participants
submitted to nonstandard schedules), the average age was 47.25 years (SD = 4.51),
and seven were female. Of the 12 workers, half worked in industry, one-sixth in the
health sector, one-twelfth in the hospitality industry, one-twelfth in food service, one-
twelfth in the social sector, and one-twelfth in the esthetics sector. As for working
hours, one-fourth worked in rotating shifts (alternating between morning-afternoon-
night), one-fourth in irregular hours (i.e. without defining start and end times) with
nights and weekends, one-fourth on fixed afternoon shifts that included working
on Saturday, one-third on fixed morning shifts that included working on Saturday
and one-twelfth on night shift. One-fourth of the 12 participants had both parents
working on nonstandard work schedules. Of the 12 employees, five-twelfths worked
on their work schedule for more than 20 years, one-twelfth between 11 and 20 years,
one-fourth between six and 10 years, and one-fourth between one and five years.

2.2 Instruments

Sociodemographic data of the participants (e.g., educational level), of their parents
(e.g., age), and of their employment status (e.g., working hours) were collected using
a sociodemographic and occupational questionnaire developed in the present study.

In turn, data regarding the impacts of nonstandard working hours were collected
through semi-structured interviews. The interview guide was developed based on the
literature review carried out (e.g., Cia and Barham 2005; Cia et al. 2008; Hook 2012;
Root and Wooten 2008; Gracia and Kalmijn 2016) and in works previously developed
in the research group (e.g., Costa and Silva 2019; Costa et al. 2017; Gonçalves et al.
2020). It consisted of the following areas that could be impacted by working hours:
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time spent with family, time spent between father/mother and child, communication
between father/mother and child, joint activities, school activities, and extracurricular
activities.

2.3 Procedures

Initially, numerous Portuguese study centers and trade union organizations were
contacted for further dissemination at the national level. However, given the low
adhesion in this first phase of data collection, a convenience sampling method was
used, with successive “snowball” dissemination among the participants. Data were
collected through interviews conducted in a videoconference format (Zoom). Before
conducting the interviews, the participants had to fill out an informed consent form
as well as their guardians. In addition to explaining the objectives of the study, the
consents reinforced the anonymity and confidentiality of the data. The interviews
were recorded in audio and video format, with an average duration of 15 min. All
interviews were transcribed in full by the principal researcher. The number of inter-
views was dependent on the theoretical saturation of the data (Nascimento et al.
2018). The present study integrates a Ph.D. Project, which was approved by the
Ethics Committee of the University of Minho (CEICSH 098/2020).

2.4 Data Analysis

In the analysis of the interviews, Template Analysis (King 2004) was used. This
technique allows to start the analysis with some themes defined a priori through
the interview guide (initial template) and to modify/eliminate them based on the
data obtained in the interviews (final template). Data analysis was performed by two
independent judges (principal researcher and specialist external to the study) in order
to compare the products obtained in both analyzes.

3 Results and Discussion

In this section, the results of the study will be presented together with the respec-
tive discussion. Table 1 presents the final template for the theme “Perception about
nonstandard work schedules” and respective subthemes.

Regarding the first theme, “Perception about nonstandard work schedules”, the
main advantages listed by the participants were the economic benefits “The only
advantage is the salary.” (P11) and the flexibility of schedules “Have more time
during the day to do things.” (P4), what is supported by the literature as in the study by
Carneiro and Silva (2015). On the other hand, the disadvantages focused on aspects



Impacts of Nonstandard Work Schedules … 583

Table 1 Final template of the theme “Perception about nonstandard work schedules”

Final template

1. Perception about nonstandard work schedules

1.1. Advantages

1.1.1. Flexibility provided by the schedule

1.1.2. Time alone

1.1.3. Economic benefits

1.2. Disadvantages

1.2.1. Health

1.2.1.1. Tiredness

1.2.1.2. Sleep

1.2.2. Absence of the parent

1.2.3. Weekends

1.2.4. Little time with family

1.2.5. Little personal time

1.2.6. Not being able to plan activities in advance

1.2.7. Wake-up time

1.2.8. Worker does not like the schedule

related to the health of the worker “You can really notice my father’s tiredness.”
(P10), with family and social life “She spends very little time with family.” (P11)
and with more individual aspects “She doesn’t have time for herself, I think she
should have more time for these things, not thinking so much about work.” (P11).
These results are consistent with the impacts reported by authors such as Bamonde
et al. (2020) or Zhao et al. (2021) and that demonstrate the need to take into account
worker health and family, and social life in the management of work schedules, in
order to avoid/reduce such impacts.

As we can see in Table 2, participants reported time spent with family, communica-
tion, school activities, extracurricular activities, and family management/organization
as the areas likely to be most impacted by nonstandard work schedules.

In the subtopic “Time spent with family”, most participants emphasize the negative
impacts that schedules could have in this subarea, for example, in terms of time spent
together “It complicates because we do not have any day that we can really be with
her, spend time with her. (P11) or at weekends “It is weird because my friends went
for a walk with their parents on Saturday and my parents were working.” (P6), among
others. These results point to the existence of less involvement of workers assigned
to nonstandard working hours in family life and daily activities, as argued by Hook
(2012) or Pilarz et al. (2020). If we think about the different temporal moments,
most participants referred to weekends and evenings as the times most affected by
their parents’ schedules. In fact, it is in this temporal overlap between nonstandard
work schedules and the most valued moments from the family point of view that
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Table 2 Final template of the theme “Areas likely to be impacted by working hours”

Final template

2. Areas likely to be impacted by working hours

2.1. Time spent with the family

2.1.1. With perception of negative impact

2.1.1.1. Time spent together

2.1.1.2. Dinners

2.1.1.3. Evenings/nights

2.1.1.4. Weekend

2.1.1.5. Outputs together

2.1.1.6. Special occasions

2.1.2. No perception of impact

2.2. Communication

2.2.1. With perception of negative impact

2.2.2. No perception of impact

2.3. School activities

2.3.1. With perception of negative impact

2.3.1.1. Monitoring of school activities

2.3.1.2. Spouse’s greater responsibility

2.3.1.3. Greater responsibility for another family member

2.3.2. No perception of impact

2.4. Extracurricular activities

2.4.1. With perception of negative impact

2.4.1.1. Greater responsibility for another family member

2.4.2. No perception of impact

2.5. Family management/organization

2.5.1. With perception of negative impact

2.5.1.1. Domestic activities

2.5.1.2. Spouse’s greater responsibility

2.5.1.3. Greater responsibility for another family member

2.5.2. No perception of impact

WFC tends to appear. In this sense, for example, Wöhrmann et al. (2020) argue
that the management of nonstandard working hours should take into account these
periods. Workers must have a sufficient number of weekends and evenings/nights
to enjoy with family and friends because “Parents want to see their children in the
evenings, and friends often meet on Friday or Saturday evenings.” (p. 21). However,
two participants did not perceive any impact on the time spent with family “We
managed to get out together and so.” (P2).

Regarding the subtheme “Communication” between the participants and the
father/mother, some mentioned that this was hindered by the working hours practiced
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by the parent “The conversation time is shorter” (P5), while others did not mention
any kind of influence “I still have a little time to talk to her.” (P11). Sizane and Van
Rensburg (2011) found that child-parent communication was perceived by teenagers
as more efficient when mothers worked a standard schedule compared to a night
shift. Although most participants reported “School activities” as an area affected by
work schedules “He was already tired from work, it was late, I was also tired, so I
usually never asked anything, it was my mother who helped me.” (P6), others did not
perceive any kind of impact “She can help me.” (P3). This impact at the school level
takes on greater relevance when authors such as Han and Fox (2011) suggest a loss
in children’s school performance when parents work in nonstandard hours. Also, Cia
et al. (2008) warn that the greater the communication between parents and children
and the participation of parents in school activities, the better the children’s academic
performance. In the subtheme “Extracurricular activities”, the responsibility of other
members of the household to monitor the participants stood out, for example, “To
take me it was always my grandfather that they were always working.” (P7). In fact,
Root and Wooten (2008) found that parents who worked in the evening and at night
had more complaints about not being able to keep up with their children’s activities
such as sports. Finally, a subtheme that emerged in the interviews was “Family man-
agement/organization”, in which the majority of the participants mentioned that this
management started to be done by other household members due to the schedule of
one of the parents “It has to do with the overload from a family member.” (P6) or “I,
on Saturdays, usually stay alone with my brother, so I am the one who has to take
care of him (...)” (P9). In addition to these themes, the retrospective evaluation of
the impact of working hours on family and social life, the adaptation strategies used,
and the comparison with standard working hours were also analyzed (see Table 3).

In terms of “Retrospective evaluation”, most participants reported that the impacts
of nonstandard work schedules were greater when they were younger “Sometimes
not having my mom is a bit complicated, especially when I was younger.” (P1),
which is in line with studies such as Allen and Finkelstein (2014) who found a neg-
ative relationship between the age of children and WFC. In terms of “Adaptation
strategies”, some were listed as practiced by the workers “For example, getting up
earlier to get the work done earlier, to be able to pick me up.” (P1) and by the fam-
ily, “When we were at home, for example, we could not do housework because she
was sleeping, we had to be much more careful.” (P12). These listed strategies can
help reflect about nonstandard working hours and the most appropriate management
that organizations and workers should carry out. For example, Root and Wooten
(2008) present three major recommendations for managing WFC in parents who
work in shifts: (i) flexible working hours (e.g., flexible working arrangements taking
into account the needs of workers); (ii) family-friendly policies and practices and
(iii) informal approaches (e.g., relationship with coworkers). Also, Wöhrmann et al.
(2020) consider that the more workers are satisfied with their working hours, the
less WFC they report. In this sense, there should be flexibility in nonstandard hours,
and the management/planning of these work schedules should be done in advance
and with workers’ participation. Lastly, the participants considered that working in
a standard work schedule would be more beneficial for the family “I think it would
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Table 3 Final template of other interview themes

Final template

3. Retrospective evaluation

3.1. Greater impact when younger

3.2. No perception of changes

4. Adaptation strategies

4.1. Worker

4.1.1. Work schedule management

4.1.2. Disclosure of working hours

4.2. Family

4.2.1. Noise reduction

5. Comparison with standard work schedule

5.1. Most beneficial standard work schedule

5.1.1. Time spent with family

5.1.2. Couple time

5.1.3. Domestic activities

5.1.4. Health

5.2. No perception of changes

be different, we were going to have more time with the family, we were going to
do more things together, and we were going to have more communication because
we were together, we were with the family (...)” (P6) and for the worker himself “It
would also be good for her mental health.” (P1). This perception of more free time
in common among family members when everyone works on standard hours com-
pared to nonstandard working hours is also supported by the literature (Wöhrmann
et al. 2020; Zhao et al. 2021), as well as the health problems that nonstandard work
schedules can cause for workers such as sleep or psychological problems (Bamonde
et al. 2020). In fact, the tendency to implement work schedules different from the
conventional has been increasing, making the management of these requirements
even more pressing by organizations, workers and their families.

4 Limitations and Conclusions

Our results are in line with the literature that reports the existence of impacts of non-
standard work schedules on workers’ health and family and social life, in this case,
from their children’s perspective. When analyzing these results, the heterogeneity
of the work schedules practiced by the parents of the participants should be taken
into consideration. In the future, one should try to standardize this characteristic in
order to better understand the impacts of a certain nonstandard work schedule. It
would also be interesting to compare the perspective of children of workers working
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in nonstandard work schedules with the perspective of children of workers working
in standard work schedules. Despite the scarcity of studies that consider the perspec-
tive of children, it is important to continue exploring this theme in the future. The
better the understanding of this issue and its impacts on family and social life, the
better strategies can be planned to help reduce such conflict. In this sense, the ideal
would be the extinction of these work schedules. However, given the impossibility
of this measure, strategies such as the involvement of workers in the management
of their work schedules, consider the ergonomic recommendations for these times
(e.g., workers to be informed in advance of possible shift changes), greater flexibility
or greater organizational support (e.g., the supervisor/organization responds to shift
change requests) can help in the process of adapting to work schedules in general
and in reducing health problems and conflict with the family and social spheres in
particular.
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and their guardians.
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Contributions Towards a
Human-Automation Research Agenda
from the Lens of the Activity

Daniel Silva and Liliana Cunha

Abstract Objective: This paper aims to explore pivotal issues of today challenges
regarding automated vehicles (AVs) and develop an integrative discussion evoking
the activity-centred approach towards a research agenda on relations between human
operators and automated systems. Background: Despite being an emerging technol-
ogy, automated driving is forecast to contribute to the performance, safety, and com-
fort of road transport. In the advent of “mobility of the future” models, questions
focused on how such technologies will modify drivers’ activity and their relations
with automation need further research. Method: Through an exploratory strategy, an
interview study was carried out with four automated driving expert researchers to
identify their perspectives and recommendations regarding the interaction with AVs.
Results: Three primary themes were identified reflecting the new ways of mobilis-
ing the human activity when the operational conditions of automated systems are
no longer met; and how the human-automation relationships could be apprehended
in terms of technology appropriation. Application: The study highlights the need
to consider “the activity” as a unit of analysis in the integration between human
drivers and automation. A reflection is provided by debating the contributions of the
activity-centred approach for supporting the development of representations and the
appropriation of automated driving technology.
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1 Introduction

The confluence of accelerated developments in automation and artificial intelligence
has made automated vehicles (AVs) a reality. The announced reinvention of mobility
is grounded by the compelling promise automation technology holds for safer and
more efficient road transport, leading to fewer accidents by eliminating the “human
error” – often coded as behavioural deviations on the part of drivers and considered as
the main cause of transport accidents. Different authors have recently contested this
idea (Hancock 2020; ITF 2018; Noy et al. 2018), insofar it overlooks that road crashes
have multiple causes. Also, work psychologists, by analysing work accidents, have
emphasised the problem of “fundamental attribution error” resulting from a social
judgment that focus more on the personal rather than the multiple and conflicting
contextual factors (Nyssen and De Keyser 2001).

Thus, the increased transport safety and efficiency expectedly provoked by
automation have two interdependent premises that deserve some scrutiny. The first
assumption depicts automation as an error-free solution and, consequently, without
operational design domains (or limitations). This assumption is not entirely new
within the field of human-machine integration; in the past, it supported many strate-
gies for producing error prevention tools in industrial contexts. Thereto, the rationale
was the less human operators do, the fewer errors they commit (De La Garza and
Fadier 2005; Nyssen and De Keyser 2001). This “derogatory view” on the degree
of human reliability (Rabardel 1995) led to a strict delimitation of human activity at
work.

A second assumption, perhaps even more insidious, regards the idea that automa-
tion means the obligatory, or the inevitable (Endsley 2019a), replacement of the
human activity in driving. Such an assumption is now largely disseminated through
lines of social discourse announcing the rise of “driverless vehicles”, “autonomous
vehicles”, or “self-driving vehicles” (see Orfeuil and Leriche 2019). Despite its
widespread uses, these terms are rooted in the concept of autonomy, which should
be distinguished from the notion of automation, as it has been reiterated (Banks et al.
2019; Hancock et al. 2020; Silva and Cunha 2021a). Albeit technology is rapidly
evolving, fully automated vehicles (i.e., vehicles operating in all conditions without
human intervention) are some distance away from being a reality (Hancock et al.
2020). In the foreseeable future, the human will be a key component by managing
the unpredictability of the driving environment, and thus the control of the driving
task will be shifted between the human and automated system (Kyriakidis et al. 2019;
Simões et al. 2020).

In terms of degrees of automation, the framework provided by the Society of
Automotive Engineers is relatively ubiquitous, providing a common language, and
it decomposes driving automation into six levels, from manual driving (level 0)
to fully automated control (level 5) (SAE 2018). Founded more upon automation
capabilities rather than on the human aspects (Hancock 2020; Navarro 2019; Navarro
and Gabaude 2020), this classification defines that partial and conditional automated
driving (levels 2–3) require drivers to take over control of the vehicle in a safe and
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timely way when necessary (e.g., in the presence of an unexpected event or to recover
the automated system from failures). These control transitions have been flagged as
sensitive driving situations from the perspective of the human operator (Cusanno
et al. 2021; ITF 2018; Johansson et al. 2021; Navarro and Gabaude 2020).

The human activity in driving is radically transformed as automation increases,
and new questions concerning human usage are raised. The role of human drivers,
the required competences, and the consequences for safety that could be potentially
generated remain poorly understood, or underestimated, particularly when a return
to manual driving is required (Banks and Stanton 2016; Kyriakidis et al. 2019; Noy
et al. 2018). What will compose the relationship between the human and an AV?
What will be the impact of automated driving technologies on the human’s role?
And what safety issues concerning human usage and experience might raise with the
most advanced automation technologies?

The primary purpose of our study was to examine these research questions
through an interview study with researchers in the field of automated driving.
Based on their visions and recommendations, the second goal was to provide an
integrative discussion evoking evidence-based contributions derived from the work
psychology field concerning the human-automation relationships. The purpose is
to contribute to strengthening an activity-centred research agenda (Béguin 2007;
Bobillier Chaumon 2021; Daniellou and Rabardel 2005; Darses 2016) while modern
automation technologies are changing the intrinsic role of the human operator.

2 Materials and Methods

Following an exploratory strategy, data for our study was collected through semi-
structured interviews with experts who are currently involved in research activities
within the scope of the “Autodriving” project, a Portuguese research project dedi-
cated to analysing the human driver’s behaviour in safety-critical situations (Lobo
et al. 2020; Simões et al. 2021). From a driver-centric approach, this research project
inscribes a three-stage plan: (i) focus-group sessions with drivers; (ii) driving sim-
ulations using an AV prototype in level 3 of automation; and (iii) the design of
decision-supporting tools for stakeholders engaged in the deployment of AVs.

The interview guideline was developed by two researchers in an iterative process,
and it addressed the following topic groups: (1) potential benefits and concerns asso-
ciated with AVs; (2) the human-automation relationships in the context of automated
driving; (3) the expected role of human drivers in the “mobility of the future”; (4)
safety challenges associated with AVs.

Four in-depth interviews were conducted, each lasting between 90 and 120 min.
The participants were selected based on their expertise in transport and mobility sys-
tems engineering and human factors/ergonomics (HFE), with average work experi-
ence in the field over 15 years long (mean = 15.3 years). One of the participants is a
senior researcher in the field of HFE, who is particularly dedicated to the domain of
human-technology interaction and cooperation applied to the context of transports;
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Table 1 Interview thematic analysis results

Theme 1. Human-as-backup
architecture

Theme 2. Automation
safety-related outcomes

Theme 3. Technology
appropriation

Machine-to-human handovers
are critical

Situation awareness and
workload issues

Perpetuating a model of
two-agent in isolation

New requirements for a human
recovery ability (“an
emergency driver”)

Manual competences atrophy Time for developing new
representation schemes

Operation in the public space
(interaction with the road and
other users)

Understanding the machine
operation and its contextual
reliability

New driver-training
programmes

two of the participants have a background in engineering (transport and mobility
systems engineering) and, in the project, they are dedicated to the domains of road
safety, driving behaviour, and transport data modelling; and the fourth participant is
an ergonomist who is studying the expectations of the drivers with respect to AVs,
considering demographic variables (age and gender), or prior attitudes on AVs (e.g.,
technology acceptance). The experts agreed to participate in this study after signing
an informed consent form approved by the Ethics Committee of the FPCEUP.

2.1 Data Reduction and Analysis

The interviews were audio-recorded and transcribed verbatim. The transcripts were
then imported into NVivo 12 for coding and analysis. After a reading dedicated to
generating an initial narrative (in vivo codes) from each interview (Silva and Cunha
2021b), the second coding followed an inductive (data-driven) approach guided by
emerging themes (Miles et al. 2014). Thereto, interviews data were then categorized
using thematic analysis. After identifying the first pool of key themes, the final coding
scheme was agreed between the two researchers following repeated iterations, and
it encompassed three key themes (cf. Table 1).

3 Results

The most important findings gained from the interviews are summarised in Table 1,
which provides an exploratory insight into researchers’ perspectives. Each theme is
discussed below with illustrative quotes provided.
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3.1 Theme 1: Human-as-Backup Architecture

The interviewed experts agreed that one of the major challenges in the design and
deployment of AVs is the management of unexpected events for which automated
driving systems are not able to deal with. In this context, up to level 3 of automation,
the automated driving concept is being developed based on the assertion that human
operators will intervene upon a takeover request.

This challenge is even more critical in stage 3 of vehicle automation, in which the
automated system monitors the driving environment, and the human could perform
non-driving tasks. In these circumstances, there is an expectation that the human
operator can remain aware and respond appropriately to the requests to intervene.
The experts highlighted the need to define the optimal time requirements for human
drivers to return back in control of the vehicle. “The main variable under analysis is
the time that goes from when the system gives an alarm to when the driver initiates a
certain action to deal with that sudden event (...) Beyond the time for re-engaging in
the loop control, we are also interested in the quality of manoeuvres adopted, either
braking actions or trajectory deviations”.

In these scenarios in which the functioning of AVs is based on the human recovery
ability in the presence of abnormalities or unexpected situations, the role of the human
operator changes from an active driver to an “emergency driver”. “Firstly, the driver
will be a supervisor of automation, and then will act as an emergency driver to
respond to critical events. In the highest level of automation [level 5], the driver will
be a passenger”.

3.2 Theme 2. Automation Safety-Related Issues

Vehicle automation was described as an opportunity to substantially improve road
transport safety and efficiency. Yet, the interviewed researchers pointed the pos-
sible “unmet expectations” of the users (Hopkins and Schwanen 2021), which are
underpinned by unrealistic visions around AVs operating in all environments without
human intervention.

“Mobility is a human right, insofar as it articulates means of transport that make it
possible for each of us to move for getting the needed goods and services. Therefore,
we need safer transport, it’s a living condition. Could today’s levels of automation
contribute for this goal?”.

The doubts expressed by this participant are related to the consequences for human
drivers resulting from the automation architectures made possible today by techno-
logical progress (stages 2 and 3 of automation). Two main issues were flagged with
respect to the human-automation relationship: the drivers’ reduced situation aware-
ness and the possible loss of manual driving competences. The goal of safer road
transport is not independent of the ability of human drivers to maintain a certain
level of situation awareness that support the intervention in those circumstances that
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automation cannot handle. “When the driver is disengaged from active monitoring it
dramatically decreases his/her understanding of what is going on (...) The more out
of the loop of control the worse, because this will increase the reaction time for an
action that needs to be consistent with the situation occurring”.

However, the process of situation awareness is not only about reacting to events
(Endsley 2019b), as stated by an interviewed expert. It also regards the ability to
constantly project ahead based on the human experience. “It is the driver who has the
knowledge base to read the situation and project ahead, I mean, to infer the possible
evolution of the situation and accordingly choose an alternative. The automated
system perceives the reality according to the obstacles to avoid and the trajectory
calculation, and the system does this very quickly, but then there is the problem of
the knowledge base”.

The plausible degradation of manual competences and dexterity involved in man-
ual driving due to disuse was also identified. This situation could be problematic
particularly in those moments when the human operator is requested to intervene.

3.3 Theme 3. Technology Appropriation

It was noted as being particularly important to develop a critical analysis on the
models providing predictions of human performances with automation. The design
of AVs takes as a reference the SAE framework, a technology-centred taxonomy
that defines a set of tasks that are assigned to each of the agents of the driving
system (human and automation). However, such a “rigid” division of tasks has been
questioned. “[The SAE taxonomy] presents the human and the automated system as
two agents in isolation, as if there was a rigid separation. I think it doesn’t consider
that the human interacts with technology, i.e., there is an interpenetration between
the two agents”.

It was argued the fact that research should aim at ensuring that the human drivers
understand the AV operation, what the machine is capable to do, and foremost what
the human driver needs to perform for a safe automated driving situation. “In my
opinion, the driver will have to understand what the automated system needs from
him/her. If we want, the human and the system are two entities in co-evolution,
because they are learning to know each other”.

In our interviewees, one of the participants with a background in HFE called this
process the “technology appropriation”, during which the human learns about the
automated functionalities and develops representations of the shared activity. “We
need to learn about how technology works, about how we can manage the tasks we do
while the technology controls the vehicle. This [learning] doesn’t happen overnight,
it will take time. I think that all these technological innovations should be firstly
understood, what technology is capable to do”.

Yet, the interviewed experts also highlighted the time required for appropriat-
ing technology. Learning how to operate an AV and understanding the machine’s
behaviour implies a set of transformations in the representation schemes that were
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developed for “traditional” driving. “I believe that we need to appropriate the auto-
mated driving technology, and this takes time (...) This is why the development of
AVs shouldn’t be a fast process, this process needs its maturity period. I am concerned
that driving automation is being put into practice without the needed maturity”.

Finally, it was discussed the need to design new training programmes aiming at
teaching the drivers about the automation functionalities, its reliability, and what to
do when the machine’s behaviour is different from the expected.

4 Discussion

In line with recent works (Hancock et al. 2020; Kyriakidis et al. 2019), the results
confirm some of the main pivotal issues of today challenges about driving automation.
Regarding the relationship between the human and AVs (first research question) and
the impact of automated driving technologies on the human’s role (second research
question), it was argued that the role of the human driver is changing as vehicle
automation increases, by removing the human from the active control of the vehicle
and, at the same time, requiring the human agency to monitor and intervene whenever
necessary. This new role could place the human operator in demanding and sensitive
driving situations (Cusanno et al. 2021) due to restricted time periods (for regaining
the manual control) and the loss of situation awareness. In these circumstances, both
the mental workload and the stress experienced by drives could increase (Merriman
et al. 2021).

The safety issues concerning human usage and experience (third research ques-
tion) were addressed, and the participants suggest the importance to analyse how
human drivers appropriate automated driving technologies. Haué et al. (2020) and
Cusanno et al. (2021) have shown that automated driving requires the transforma-
tion of drivers’ representations schemes since certain schemes that were associated
with the “traditional driving” must be inhibited (e.g., to inhibit the action on the
steering wheel as the automated system is in charge of lateral control). According to
Rabardel (1995), these schemes are (psychological) instruments for the organizing
activity, and they are constituted in action (in and by the use of technology), while
human develop experience with automation.

Considering the experience that humans constitute while performing their activ-
ities with technology implies an “epistemological conversion” (Bobillier Chaumon
et al. 2005) in order to move from presumptive concepts of human work with automa-
tion to create more accurate characterizations focused on human usage. Quite often,
the design of new technological systems takes the technological capabilities as the
unit of analysis. This phenomenon gives rise to interpretations that assimilate the
human and technology as two entities in separation, i.e., as if technology were a
“crystalised artefact” that has an embedded model of the human and his/her activity.
By viewing this restrictive model through the prism of the activity-centred approach,
particularly developed within the fields of activity-centred ergonomics and work psy-
chology, Bobillier Chaumon (2021) systematised three scenarios in which human
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operators experience difficulties while interacting with emerging technologies: (i) if
technological systems are complex to use (designed with insufficient consideration
of the human activity); (ii) if it is difficult to attribute meaning to technological arte-
facts to make them truly useful; and (iii) if it is difficult to anticipate the future of
the activity and the competences required in these mediated (by automation) envi-
ronments. These difficulties are not independent of the current dominant discourse
and its accompanying theory of efficacy as the correspondence between the form
and function of technology, depicting technological artefacts merely as tools at the
service of tasks. In these circumstances, it prevails the “sumptuous opacity” of the
technological world (Poizat 2015) as a form of de facto.

However, work psychology studies dedicated to analysing how human operators
relate to technologies in work contexts have stressed the importance to adopt the
point of view of the activity (Béguin 2007; Daniellou and Rabardel 2005), as the
unit of analysis to grasp the human-technology relationships. Emphasis is placed
on the person as an intentional agent with a set of competences based on his/her
experience. Grounded in this frame, Móneger et al. (2018) analysed the experience
of professional drivers operating with new automated shuttles. From the drivers’
perspective, critical situations were identified as having mobilized, in the activity,
new modes of usage of technology and the drivers’ values to manage various situated
arbitrations. The authors also put in evidence how this experience with technology
favour the acceptance of the road transport system, by making it more reliable and
developing a service relationship with the passengers (Móneger et al. 2018).

At a time when the human drivers’ activity is more and more entangled within
automated environments, this way of looking into the human-automation relation-
ships could be particularly useful when it is underlined the need of not perpetuating
the human driver as a “second-class citizen” (Norman 2015), only submitted to the
laws of efficiency of the automation operation. Instead, by viewing automation tech-
nologies as embedded in a process of appropriation it will be possible to grasp them as
objects undergoing even the slightest human transformation action (Rabardel 1995).

4.1 Limitations

This study has limitations that should be addressed in future research. The next
steps of our work will be dedicated to collecting data from national and international
researchers participating in other research projects on automated driving, seeking
to explore strategies that are being developed to overcome the identified challenges.
These additional interviews will contribute to enriching the diversity of contributions
and mitigating the risk of unidimensionality of views. Thus, more three research
projects will be analysed through interviewing the principal investigators and the
researchers involved in the design of automated driving situations.

On the other hand, data from the future users of these vehicles will be collected in a
view of gathering their perspectives and experience. Special attention will be devoted
to professional drivers since driving vehicles in professional contexts is subject to
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determinants, demands, and conflicts of values quite different from those that take
place in non-professional driving contexts (Cunha et al. 2021; Silva et al. 2019).
To build up a broader empirical foundation, our research will be further developed
in this way using different participant recruitment methods. Thus, the work plan of
our study also includes: (i) focus-group sessions with professional drivers; and (ii)
a round of interviews with public decision-makers engaged in the policy transition
from traditional to automated driving in order to explore the main public challenges
to accommodate the changes brought about by automated driving technologies.

5 Conclusions

Four interviews are not a representative sample for drawing general conclusions, but
the interviews provided a consistent view with respect to the main safety issues of
AVs, comparing with previous qualitative studies on this topic.

In terms of insights for the future, these findings, alongside the integrative dis-
cussion developed on the possible contributions of the activity-centred approach,
will be complemented with other researchers’ viewpoints. It is our goal to develop
an aggregation matrix that allows contrasting the different options assumed in the
design of future situations of automated driving, and thus identifying the commonal-
ities between the Portuguese research project (in which the interviewed researchers
participate) and other projects. Lastly, our study has the potential to support method-
ologies that includes a qualitative approach in future investigations about how human
operators relate to automated driving technologies. The approach centred on work
activity discussed here has a long scientific tradition in the work psychology domain,
contributing to show that technology can positively or negatively affect the work
resources (e.g., sense of control over the system operation) and demands (e.g., men-
tal workload), but also the human does not remain as a passive agent. On the contrary,
he/she transforms technical objects by performing his/her activity, developing new
competences, resources, and significations, and thus constructing experience.
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Management Systems
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Abstract The International Organisation for Standardization (ISO) established the
Quality Management Principles (QMP) as the foundation values aiming at drive
the performance improvement of management systems (MS). Since the QMP are
transversal to any ISO standard, they also may support the integration of multiple
MS (the IMS) and act as the basis for achieving a higher maturity level. The liter-
ature reviewed suggests an urgency in developing strategies to handle performance
shortcomings of IMS and to facilitate organisations to achieve and operate on high
performance levels. Intending to contribute to this matter, the goals of this paper
embrace to establish the specific common requirements (SR) amidst ISO 9001, ISO
14001 and ISO 45001 standards, and to determine the quantitative efficiency of the
QMP for the requirements integration. The data collection was carried out via an
online survey, which was designed to be answered by representative experts in the
MS and IMS field, and through literature review. Supported on the data collected,
the pivotal QMP and the correlated SR were established and their scores: metrics
to treat more efficiently the detected non-conformities (i.e. the shortcomings of the
integration performance). Further, the results comprise the disclosure of the signif-
icant role of the QMP ‘Process Approach’ (in addition to the ‘Leadership’) for the
integration. Therefore, the QMP efficiency scores might be adopted as a strategy by
any organisation holding an IMS, to efficiently handle the performance limitations.
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1 Introduction

Pursuing to effectively create customer value, in recent years, organisations have
implemented the certified Quality Management System (QMS), the Environmen-
tal MS (EMS) and the Occupational Health and Safety MS (OHSMS) according
to the ISO’s standards: an inevitable circumstance for integration. The ISO 9001
standard specifies requirements for implementing a QMS and points out their poten-
tial benefits to the organisation, such as the improvement of overall performance,
the fulfilment of the customers’ requirements (by foreseeing their future needs and
expectations), altogether culminating on enhancement of the customer satisfaction.
Seven Quality Management Principles (QMP) were established as the basis of the
ISO 9001 for a QMS: Customer focus, Leadership, Engagement of People, Process
Approach, Improvement, Evidence-based Decision Making and Relationship Man-
agement. According to the ISO, these principles are the foundation values to drive
performance improvement and organisational excellence (ISO - Quality Management
Principles 2015a), i.e., a “fundamental rule” for continuously improve performance
focussing on the long term (Dordević 2018, p. 35). Furthermore, the principles act
as the pillars of excellence management and are common features in any ISO stan-
dard that may comprise an IMS (Integrated Management System) (Domingues 2013)
therefore, might be the basis for the integration of other MS (Sampaio et al. 2012).

Zeng et al. (2011) posit that “the objective of the IMS is to achieve continuous
improvements” (p. 184) thus, the adoption of the QMP might feed a purpose synergy
for the IMS whilst the QMS adoption might be the first step on this pursuit for continu-
ous improvement. However, the MS certification according to the ISO standards does
not assure undoubtedly the establishment of continual improvement practices, cul-
ture and organisational climate, and improved performance (Boiral 2008; Dordević
2018). The organisation’s awareness for continuous improvement, clarity of purpose
and directness that will determine the release of the substantive results according to
the propositions embedded in the standards’ requirements. It is an organisation role
to assure the directives are not merely procedures to be addressed as well the pres-
ence of a motivation to reach added value to the organisation’ outcomes. According
to Boiral (2008) the gains are a corollary in which manner the standards are imple-
mented and the extent of consistency of the policies adopted than on whether or not
one is certified.

The ISO standards share a same structural pattern, i.e., the ISO high-structure
level (Annex SL (normative) n.d.) which is in turn coupled with the PDCA (Plan-
Do-Check-Act) cycle. These attributes provide compatibility between the standards
and turn them well suited for integration. Beyond these common features, the ISO
domain can present other kind of similarities that may facilitate the integration and
can be interpreted as capabilities beyond the common implementation factors (Tarí
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and Molina-Azorí-n 2010). Furthermore, Sampaio et al. (2012) reported a high com-
patibility between the EMS and OHSMS standards in the surveyed companies.

Based on the above mentioned, this paper aims to address the contribution of each
QMP for the integration and performance of an IMS. For that, main objectives were
outlined: (i) ascertaining the most integrable MS’ requirements among ISO 9001
(ISO 2015b), ISO 14001 (ISO 2015c) and ISO 45001 (ISO 2018) standards (i.e., the
synergistic requirements); (ii) determining the quantitative efficiency of the QMP for
the requirements integration (i.e., the QMP efficiency scores).

2 Materials and Methods

This topic presents the methodological strategy selected and performed to collect
data and achieving the objectives of this study. The survey is a quantitative research
strategy and questionnaires a structured approach of extracting reliable information
(Saunders et al. 2009). Thus, the quantitative data was collected via an online survey
through the development of a questionnaire, which was designed for leadership
professionals, industrial and academic experts that are representative in the MS and
IMS field. It is also important to highlight that an exploratory and comprehensive
literature review was carried out in order to map the relevant literature and getting a
deep understanding of the subject.

The questionnaire development was oriented for correlating the synergistic aspects
(the SR) of the ISOs for QMS (9001:2015), EMS (14001:2015) and OHSMS
(45001:2018) with the QMPs, whereby the experts should rank each QMP according
to levels of relevance. Hence, aiming to achieve the objectives of this paper several
steps were performed: (i) the identification of the most integrable requirements (the
SR) between the three mentioned standards and through a transversal analysis, and
(ii) the selection of the key ones; (iii) the SR’s contextualisation, mandatory to draw
up the questions-statements. The questionnaire holds nine questions and the QMP
presented as sub-questions for each one. The experts should deliberate about the
information offered in the statements and then rate each QMP in a scale of ‘not
relevant’, ‘relevant’ or ‘totally relevant’.

It was intended to capture from the respondents the sense of adoption and imple-
mentation of the requirements in an integrated approach in the businesses, further, the
experts could infer around the application of the QMP and measure their relevance
in the exposed circumstances. The choice of the measure scale (three points) aims
at a more precise answer about relying on QMP as guiding principles and, if so, to
evaluate whether it would be relevant or mandatory for the requirements integration.
Furthermore, it was expected that respondents, as skilled specialists, would be able to
access their experiences, recall past actions and behaviours, judge the questions, and
make decisions based on those experiences. They were also expected to be motivated
in benchmarking their own knowledge moreover, contributing to the state of the art
regarding the topic.
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The diagrams and statistical analysis were supported by the IBM Statistical Pack-
age for the Social Science (SPSS) version 27 and the Microsoft Excel. Therefore,
to enable an exploratory statistical analysis of the survey results in SPSS, a variable
transformation of the answers was executed aiming to recode the qualitative rele-
vance scale (i.e., the questionnaire measure scale) into quantitative data as following:
‘not relevant’ = value 1; ‘relevant’ = value 2; ‘totally relevant’ = value 3.

3 Results

As part of the results obtained, the specific common requirements, or SR, between
ISO 9001, 14001 and 45001 are established and described hereinafter:

• SR1 Scope and Boundaries – 4.3 Determining the scope of the QMS/EMS/
OHSMS;

• SR2 Leadership – 5.1 Leadership and commitment; 5.2 Policy; 5.3 Organizational
roles, responsibilities, and authorities;

• SR3 Interested Parties – 4.2 Understanding the needs and expectations;
• SR4 Management of changes, risks and opportunities – 6.1 Actions to address

risks and opportunities;
• SR5 Documented Information Control – 7.5 Documented information;
• SR6 Strategic Direction, Strategic Objectives and Policy – 5.2 Policy; 6.2 QMS/

EMS/OHSMS objectives and planning to achieve them;
• SR7 Performance Measurement System – 9.1 Monitoring measurement, analysis,

and evaluation;
• SR8 Internal Audit – 9.2 Internal audit;
• SR9 PDCA Cycle and Continual Improvement – 0.4 PDCA and 0.3.2 PDCA (this

last in ISO 9001); 10.3 Continual improvement.

Concerning the survey, a total amount of 55 experts were chosen to participate
on the online survey and selected as beacons in the subject under study. This set
of individuals was contacted and 13 agreed to take part. Hence, 13 valid answers
were collected, a response rate of approximately 24%. The respondents are located
in three continents and in nine different countries namely Brazil, Denmark, Ghana,
Macedonia, Portugal, Romania, Spain, Sweden, and Switzerland; diversity, that in
addition with their expertise, enriches the knowledge that is the foundation of this
study. Altogether, they account for 365 years of experience (199 in academia; 166
in industrial context, considering them as distinct types of experience) in the MS or
IMS field. A proportion of 62% (eight experts) holds both academic and industrial
experience and 62% holds more than 20 years of experience in at least one of these
fields.

The next step focused on the exploratory statistical analysis of the survey results.
The experts’ answers for the Question 9, i.e. SR 9, are graphically presented (as an
example) in Fig. 1. The boxplots depict quantitatively the relevance ascribed by the
respondents for every QMP. By adopting this type of chart is possible to establish a
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Fig. 1 Results from Question 9

comparison between the several data sets, and inferring about their distribution, such
as: identifying the degree of dispersion and concentration of the data, the extreme
values (outliers) and how far they are from the most of the data. It is possible to
observe that there is a strong concentration of responses since the interquartile ranges
not always can be well distinguished. Taking into account the shape of the boxplots,
there are quartiles coincident and overlapped. Therefore, it is reasonable to affirm
the data are mostly concentrated on the highest value of the relevance scale, on the
response ‘totally relevant’ (value 3). It is also possible to characterize the data sets
as asymmetrically distributed and skewed left (so, the median, on this case, will
be the proper and more robust measure). This negative asymmetry asserts the low
dispersion of the data and, therefore, a high consensus among respondents.

However, despite the high consensus among the respondents, it is possible to
observe the presence of outliers meaning there are answers outside the predominant
pattern. By analysing the experts’ answers for all questions, a similar data pattern
described was observed.

Based on the outcomes of the survey, a hierarchical analysis holding a set of criteria
was developed to establish a ranking and relative weights/priorities to be ascertained
for each QMP (correlated to each SR). The descriptive statistics, the boxplots and the
dendrogram (used to verify the proximity between the set of QMP so, as a measure of
relevance) were the metrics and source of information chosen so that the hierarchy
criteria were underlined. For example, the SR 9, i.e., Question 9, presented the
QMP ‘Process approach’ with the highest score values of median (the median is the
central tendency measure, thus, the most robust for asymmetric distributions), sum,
and frequency (i.e., number of times the QMP was evaluated as ‘Totally relevant’).
Hence, on the hierarchical criteria, the QMP ‘Process approach’ was defined as
the most relevant QMP for the successful implementation and integration of the



608 C. Ferradaz et al.

requirements 0.4/0.3.2 Plan-Do-Check-Act cycle and 10.3 Continual improvement,
followed by ‘Leadership’ and ‘Engagement of people’. This hierarchical process was
adopted for every QMP and each SR.

The next step embraced ascribing quantitative weights (scores) to each QMP.
These weights were calculated based on their ranking and according to Eqs. 1 and 2:

w1 > w2 > ...w7 | w1 = 7; w2 = 6; ...w7 = 1 (1)

W s = w p, s · Fp, s (2)

where: W s: weight of the QMP. s: the related SR. w p, s: is the weighting coefficient
based on the QMP ranking; it can assume values [1 – 7] (Eq. 1) p : position ranking
based on the hierarchical criteria. Fp, s: is the frequency of the ‘totally relevant’
response (value 3).

Table 1 displays the weights (i.e., the efficiency scores) of the QMPs that assume
the first three positions on the relevance ranking, by each SR.

4 Discussion

The concentration of data responses on the highest value of the relevance scale
(‘totally relevant’) and, so far, ascribed by the beacons in the field, corroborates the
pivotal role of the QMP for the integration process. Furthermore, that is an evidence
of the importance of adopting this set of principles as a strategy for evaluating an
IMS.

Table 1 provides the QMP that hold the greatest impact, upon specific common
requirements, the SR, whereby it is possible to observe that ‘Leadership’ owns a
pivotal role once is the one that most assumes the first position (four times), followed
by ‘Process Approach’ (three times). Hence, these two QMP, together, hold 78% of
relevance for the integration whilst the others QMP hold 22% (Pareto principle).

The IMS audit reports register non-conformities and reveal the shortcomings
around the capability of IMS operation and requirements implementation. Now, since
the pivotal QMP and the correlated SR are established (and the scores of their con-
tribution), the detected non-conformities (i.e., limitations in terms of performance)
can be better managed which constitutes a shift for handling improvement opportu-
nities. Therefore, Table 1 might be considered as a road map for that, which holds
non-conformities as input into a cause-and-effect relation with the QMP (Fig. 2).

Furthermore, the requirement’s scopes of PDCA Cycle and Continual Improve-
ment; Internal Audit; Performance Measurement System; Strategy, Objectives and
Policy; Documented Information; Risk Based-thinking; Interested Parties; Leader-
ship, and Scope and Boundaries were established and validated by the experts as the
key ones whose are common to the ISO 9001, 14001 and 45001 standards. They
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Table 1 The QMP ranking (position) and their efficiency scores assigned, by each SR

SR1_SCOPE and BOUNDARIES Ranking Weight Score

(L) Leadership 1a 7,00 30,60 %

(CF) Customer focus 2a 5,08 22,20%

(EP) Engagement of people 3a 4,23 18,40%

SR2_LEADERSHIP Ranking Weight Score

(L) Leadership 1a 6,46 31,11%

(EP) Engagement of people 2a 5,08 24,44%

(IM) Improvement 3a 3,08 14,80%

SR3_INTERESTED PARTIES Ranking Weight Score

(CF) Customer focus 1a 6,46 36,05%

(RM) Relationship management 2a 4,61 25,75%

(EP) Engagement of people 3a 2,69 15,00%

SR4_RISK BASED-THINKING Ranking Weight Score

(L) Leadership 1a 5,38 25,92%

(IM) Improvement 2a 4,61 22,21%

Evidence-based decision making 3a 3,85 18,51%

SR5_DOCUMENTED INFORMATION Ranking Weight Score

(PA) Process approach 1a 5,92 35,95%

(ED) Evidence-based decision making 2a 5,08 30,81%

(EP) Engagement of people 3a 1,93 11,70%

SR6_STRATEGY, OBJECTIVES and POLICY Ranking Weight Score

(L) Leadership 1a 6,46 33,90%

(EP) Engagement of people 2a 4,61 24,18%

(CF) Customer focus 3a 3,08 16,12%

SR7_PERFORMANCE MEASUREMENT SYSTEM Ranking Weight Score

(PA) Process approach 1a 6,46 30,10%

(ED) Evidence-based decision making 2a 5,54 25,80%

(IM) Improvement 3a 3,85 17,91%

SR8_INTERNAL AUDIT Ranking Weight Score

(EP) Engagement of people 1a 5,92 30,56%

(PA) Process approach 2a 5,08 26,20%

(IM) Improvement 3a 3,08 15,86%

SR9_PDCA and CONTINUAL IMPROVEMENT Ranking Weight Score

(PA) Process approach 1a 6,46 31,35%

(IM) Improvement 2a 5,08 24,65%

(ED) Evidence-based decision making 3a 3,46 16,78%

Ranking Matrix

SR 1 SR2 SR3 SR4 SR5 SR6 SR7 SR8 SR9

L L CF L PA L PA EP PA

CF EP RM IM ED EP ED PA IM

EP IM EP ED EP CF IM IM ED
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Fig. 2 The cause-and-effect relation between the requirements integration and the QMP

might be the standards’ references for integration that can be used by organisations
as a starting point.

Research Limitations The online survey was conducted among a limited sam-
ple of leadership professionals, industrial and academic experts which may have
restricted the results obtained. It arises as an opportunity for future research, in
terms of conducting a new survey among a broader number of experts and thus, for
analysing whether the QMP efficiency scores are sustained.

5 Conclusions

The correlation between the QMP with the defined SR was established quantitatively.
Since the QMP are transversal to the three ISO standards, the supportive role of these
pillars goes beyond just over the standards: they support the operation and maturity
of an IMS. In practice, these weights represent quantitatively the contribution of the
QMP for the IMS performance and its efficiency therefore, the score of their con-
tribution throughout the integration process. Another distinctive contribution of this
project is the disclosure of the potentially significant role of the ‘Process Approach’
QMP for the requirements integration (added to the pivotal role of the ‘Leadership’
already pointed out by the mainstream literature). The QMP efficiency scores is a
strategy idealised to be employed as an independent tool, by any organisation, to
efficiently handle performance deficiencies of its IMS.

Accordingly, to Wiengarten et al. (2018) the technical efficiency pursuit by organ-
isations figures among the expectations on adopting an ISO standard, moreover, the
increasing pressure for organisations beckoning the compliance concerning OHS
and environmental constraints (while assuring a minimum level) can be a powerful
driver towards certification. In this sense, it is essential that an organisation gets a
holistic perspective of its organisational processes’ capabilities and maturity there-
fore, identifying opportunities for change, for prioritising investments and targeting
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efforts meant for continuous improvement (Asah-Kissiedu 2019; Dragomir et al.
2017). The literature reviewed also suggested an urgency in improving strategies to
diagnose and to improve capabilities, thus, to facilitate organisations to achieve and
operate on high performance levels.

Acknowledgements Acknowledgements are due to all the respondents who kindly answered the
survey.
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Occupational Health and Safety
in the Brazilian Sector of Cargo
Transportation: A Systematic Review
on the Category of Self-Employed
Drivers

R. Soliani and L. Bueno

Abstract Objective: To analyze the main aspects of Occupational Health and Safety
that affect the category of self-employed drivers. Background: Self-employed drivers
in Brazil are not covered by Labor Laws to protect them against strenuous days
of work. Method: Our exploratory method intends to bring up the problem and
present hypotheses. It is a Systematic Literature Review, in which a structured pro-
cess was used, including planning, execution and analysis of the researched data.
Results: Sleep-deprived driving or signs of fatigue is one of the main risk factors
for accidents in the world. Among truck drivers it is very common to use chemical
substances to reduce sleep and decrease tiredness. Conclusion: The findings corrob-
orate with the discussions brought about the increasing informality of work in the
self-employed category. Long working hours, the absence of rest breaks, the risk of
robberies and accidents affect the health of drivers. Application: To add the cate-
gory of self-employed drivers in Labor Laws thus reducing the main cause of traffic
accidents and meet a minimum working condition.

Keywords Safety · Health · Working conditions self-employed · Truck driver

1 Introduction

Brazil is the country that has the highest concentration of road transportation in
the main world economies (Wolff and Caldas 2018), accounting for about 61% of
cargo and 95% of passenger in the country (CNT 2019). This scenario shows the
importance of the category of truck drivers for the country, affecting the county’s
economy and politics. The national government estimates that the stoppage of truck
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drivers in 2018 had a negative impact on the economy of about R$ 15.9 billion,
approximately 0.2% of GDP (Brazil 2018).

Occupational Health and Safety (OHS) concerns about the cargo transportation
sector include risks of road accidents, physical risks, violence, dangerous operational
situations and exposure to harmful substances (Hege et al. 2016). Drivers are in a
unique situation, as OHS sees the transportation sector can have a direct impact on
third parties, such as road users, urban traffic and public safety (Crizzle et al. 2017).
According to data from the National Transportation Confederation (CNT 2019),
considering all accidents recorded on the Brazilian federal highways between the
years 2007 and 2018, 570,029 accidents involving at least one truck were recorded.

Several studies present fatigue, drowsiness, physical and mental fatigue, drug
use and payment for production among the main factors that lead to occupational
accidents with professional drivers (Sinagawa et al. 2014; Gonçalves et al. 2015;
Junior et al. 2015, 2016; Nazari et al. 2017; Junior and Garcia 2019).

Road freight transportation has different models of freight contracting, a factor
that negatively impacts the working conditions offered to drivers. The working hours
of truck drivers in Brazil are, as a rule, linked to the labor relationship of the driver
with the carrier responsible for transporting the cargo (Junior and Garcia 2019).
Self-employed drivers are individuals and owners, co-owners or tenants of one to
three trucks. They can be hired directly by the applicant for the transportation service
or provide services to a carrier, which is the most common form of action for the
self-employed (Silva et al. 2016).

The job of a truck driver is one of the most demanding in relation to the need to
have good physical and mental conditions. Exhaustive journeys cause truck drivers
to reverse their sleep cycle, and this inversion results in an excessive physical,
cognitive and psychic burden (Narciso and Mello 2017). The difference between
employed drivers and self-employed drivers may include: negotiating debts, manag-
ing finances, attracting new services or ensuring regular transportation. The group of
self-employed drivers is under greater pressure at work, as they themselves need to
be responsible for issues outside the driving. The demand for cargo, the payment of
tolls, the lack of resources to replace the cargo in the event of an assault, are among
the possible sources of stress for this group of professionals (Wanke 2012).

The Brazilian road freight transport sector needs urgent attention. This study aims
to identify and analyze, through a literature review, the main aspects of occupational
health and safety related to the category of self-employed drivers.

2 Materials and Methods

The methodology adopted for the development of this study, according to Gil (2019),
is qualitative in its approach to the problem, since it has a dynamic relationship
between the real world and the subject, through interpretation without numerical
representation; for its purpose, it is exploratory, since it intends to familiarize itself
with the problem and present hypotheses; and by technical procedures, it is a Sys-
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Fig. 1 Methodology for systematic literature review. (Soni and Kodali 2011; Saenz and Koufteros
2015)

tematic Literature Review, in which a structured review process was used, including
planning, execution and analysis of the researched data (Saenz and Koufteros 2015).
Figure 1 presents the set of five steps (Soni and Kodali 2011; Saenz and Koufteros
2015) that allow the verification and replicability of the procedures adopted and the
conclusions obtained by the researcher.

We used SciELO, Scopus and Web of Science databases to collect articles, and
for the search for articles aligned with the proposed theme, we adopted the fol-
lowing keywords: “Safety” or “Health” or “Truck Driver”; “Occupational Risks”
or “Occupational Health” or “Professional Driver”; “Working Conditions” or “Self-
employed” or “Truck Driver”. These words were used in all databases, in English
and Portuguese, in the areas of knowledge of Engineering, Health, Administration,
and the articles should have in the title, abstract or throughout the text, any of the
keywords- key used. We used only articles published within the past ten years, in
full text. Through the pre-selected documents, other approaches were sought in the
bibliographic references in order to insert them in the research. After this survey,
the research sought to relate the information available and their contributions to the
discussion on the main aspects of the working conditions of self-employed drivers
in road freight transportation.

3 Results and Discussion

Based on the systematic literature review carried out, a total of 43 articles were
obtained. Applying the exclusion criteria (area of knowledge, language, period of
publication and complete format for analysis), 20 articles were selected for the study,
presented in Fig. 2.
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Fig. 2 List of articles selected for the study (Authors 2021)

Self-employed drivers are characterized by owning their own truck and working
on their own, establishing their own working hours. They do not receive the same
benefits as registered workers, such as vacation, 13th salary, among others. Therefore,
they have no bond or guarantee of rights under the terms of the Brazilian labor law
known as Consolidation of Labor Laws (CLT), which comprises Self-Employed
Cargo Carriers, being subcontracted by the carriers and remunerated for the number
of trips they take (Brazil 2007).
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It should be noted that, even for the employed drivers, governed by the CLT,
through Law 13.103/2015, there is a certain doctrinal discussion about the constitu-
tionality of the devices that govern this category, since the said law has made rights
considered essential for work safety. In this sense, the aforementioned law foresaw
that the waiting time (loading/unloading or inspection of the goods) is not considered
working time, even though it is necessary for the driver to remain in the place in the
employer’s interest (Coelho 2015).

The discrepancy in rights between the driver and among the other employees
governed by the CLT is evident, and the overlap between the economic interest
of the employer and that of the employees becomes clear. In the case of the self-
employed driver, the exploitation of the category is even greater, as there is no legal
minimum for this category (Fonseca 2016).

A current example of the precarious working conditions of the self-employed is
the exposure of these workers to the risks of contagion from COVID-19, since this
category of drivers has personal habits, such as bathing, eating and staying overnight,
which are carried out in shared environments and in locations in varied regions in a
short period of time (Malinga et al. 2021).

Lan et al. (2020) conducted a study on the impact of the pandemic on differ-
ent professional categories, carried out in six Asian countries, identifying that the
five occupational groups with the highest frequency of cases were health workers
(22%), drivers and transport workers (18%), service sector workers (18%), cleaning
professionals and domestic workers (9%), and public security employees (7%). In
Brazil, the data available on the notification of cases among groups of workers are
still incipient and have significant underreporting (Santos et al. 2020).

Many carriers choose to hire self-employed truck drivers to transport their car-
gos, thus reducing their operating costs (vehicle maintenance, fuel and other related
expenses), as well as responsibilities and commitments to employment relationships
(Wanke 2012). These drivers accept inadequate working conditions, such as long
working hours, face great difficulty to change vehicles, carry out regular mainte-
nance or meet safety standards. The low freight rates in the Brazilian market are the
result of the excessive offer of transport services offered by self-employed drivers,
which are mostly contracted by large carriers. Well-being itself becomes a secondary
concern, since fuel costs represent a much larger part of freight than of your own
profit obtained from the trip (Araújo et al. 2014).

The study by Cerqueira-Santos and Santana (2014), when analyzing the perception
of satisfaction with the work of 342 truck drivers, self-employed and employees, from
several states in Brazil, showed that drivers who had an employment relationship
indicated greater satisfaction with the job when compared to freelancers. Silva et al.
(2016) state that among the self-employed drivers studied, recurrent reports were
observed about anxiety and constant concern in relation to meeting the deadlines
set by the company and to be able to make new trips, due to their monthly income
depending exclusively on the number of commissioned transported loads. In addition,
self-employed drivers mentioned discontent in relation to their working conditions,
such as helplessness, insecure wages and labor rights (such as time off and health
care).
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Fatigue and drowsiness are considered a major OHS problem in the transport
sector, not only because they affect the well-being of drivers, but also because they
negatively impact performance when driving the vehicle and, consequently, on safety
(Oliveira and Carlotto 2020). Fatigue and drowsiness can occur due to several endoge-
nous and exogenous factors, such as sleep disorders, poor physical and mental health,
old age, long working hours, poor diet, alcohol and illicit drug use or habits that are
harmful to health, as poor sleep quality; long driving periods, with times that conflict
with the organism’s natural rhythms; monotony; permanent night shifts and excess
overtime (Di Milia et al. 2011).

Sleep-deprived driving is one of the main risk factors for accidents, accounting
for between 20% and 30% of all traffic accidents in the world (Nazari et al. 2017).
A study carried out in 19 European countries identified that 17% of the interviewed
drivers had ever slept at the wheel in the past two years, and the most frequent reasons
they pointed out were poor sleep the night before (42.5%) and inadequate sleep habits
in general (34.1%) (Gonçalves et al. 2015).

Among Brazilian truck drivers, it is very common to use chemical substances
to reduce sleep and reduce tiredness, as a result of lack of sleep and little time for
rest, due to the long journeys made to meet deadlines and delivery times. In the
study by Junior et al. (2016), it was identified among the 114 drivers interviewed,
64% use alcohol and 25.8% used drugs. Stimulants are the drug most consumed by
87.5%, followed by 75% of cocaine and 62.5% of crack. Of these, 55.6% use drugs
in combination, 50% consume alcohol on the roads and 45% have already driven
after drinking.

Long working hours, absence of rest breaks, poor diet, risk of robberies and
accidents at work affect the health of self-employed drivers. In addition, the short
delivery times not only make it difficult to take rest breaks, but also push many
workers towards the consumption of chemical substances, such as amphetamines
and alcohol, since they need to stay awake to meet the urgencies of the deadlines set
by the companies (Sinagawa et al. 2014).

4 Conclusions

Based on this systematic literature review, it is observed that the road cargo transporta-
tion sector in Brazil, as well as in other countries, uses the hiring of self-employed
drivers as a way to reduce costs and avoid the existence of costly labor relations. The
lack of labor rights adds to the transfer of operating costs (fuel, tires, maintenance,
etc.), so, in addition to not having a fixed income, drivers have to cover the costs
inherent in the transportation activity, compromising their safety.

Sleep-deprived driving or signs of fatigue is one of the main risk factors for
accidents in the world. Among Brazilian truck drivers, it is very common to use
chemical substances to reduce sleep and decrease tiredness. Long working hours,
the absence of rest breaks, the risk of robberies and accidents at work affect the
health of self-employed drivers.
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Depending on the above, the lack of legal regulation stipulating minimum safety
conditions for self-employed drivers, compromises the health of both drivers and
population. Self-employed workers do not have the protections provided for in the
CLT, such as working hours, benefits and vacation, as employed drivers have.

Truck drivers are an important category of workers for the economy of many
countries, especially for Brazil, which handles a large part of its cargo movements
through roads. However, the working conditions to which these professionals are
subjected, especially the self-employed, do not reflect this highlight. The improve-
ment of the driver’s working conditions is of interest not only to the category, but to
the whole of society.
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A Short Review on the Usage of Online
Surveys Among Health Professionals

D. Bustos , Tatiana Teixeira , J. C. Guedes , J. Santos Baptista ,
and Mário Vaz

Abstract Background: Surveys are an established tool within health services, allow-
ing to recruit large and diverse cross-sections of the population and offer rapid
data collection and cost-effectiveness. Various methods for conducting surveys exist,
being the web-based method the one with increasing applicability. Despite its advan-
tages, specific concerns might affect their validity and, therefore, require special
attention. Objective: To characterise the methods and good practices of online sur-
veys applied explicitly to health professionals. Method: The databases Scopus and
PubMed were searched throughout the last five years and were screened in parallel by
to two authors. Studies addressing the application of web-based surveys among health
professionals were selected and, data regarding survey characteristics, response rates
and applied methodologies were extracted. Results and discussion: Outcomes evi-
denced that the use of web surveys has increased significantly. Email is the most used
method for disseminating questionnaires, with Google Forms and Survey Monkey
as the most preferred platforms. As for the methodology applied for the develop-
ment of the questionnaires, the most mentioned was CHERRIES. Conclusion: The
use of online questionnaires proved to be a facilitator in collecting responses. How-
ever, some resistance from participants remains. This resistance may be associated
with the sample’s difficulty using online platforms or its unavailability to answer
the questionnaires. Application: This review found limited but helpful information
regarding the procedures and good practices to follow when applying and presenting
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surveys. It can be used as a reference for future studies for an overall perspective
on the up-to-date methodologies and remaining challenges when conducting these
surveys.

Keywords Web surveys · Survey platforms · Survey research · Web-based
survey · Health services.

1 Introduction

Surveys are an essential tool in health services, providing cost-effective sources
of information on physicians’ attitudes, knowledge, and practices related to care
delivery (VanGeest et al. 2007). They have been used to assess a range of issues, from
routine subjects like knowledge of and compliance with evidence-based practice
recommendations to more specific topics such as improving medical practices in
treating patients (Miró et al. 2021) and collecting patients’ opinions on undertaking
specific treatments (Kaiser et al. 2019), among others. There are various methods for
conducting surveys. Traditionally, paper-based or telephone systems have been used
as the methods of choice, while more recently, there has been a surge in web-based
surveys (Harrison et al. 2020).

Web-based surveys are increasing acceptance within research fields, as they are
easy to apply and allow to cover more expansive geographic areas while being cost
and time effective (Eysenbach and Wyatt 2002; Manfreda et al. 2008). Despite their
advantages, however, their findings’ validity and generalisability are often subject
to concerns due to the low response rates or the lack of control to the population
and sample sizes, among other reasons. Authors point to some issues that compro-
mise their efficacy, including the sample’s unavailability to participate in the study
and the difficulties individuals encounter with unfamiliar tools used in the online
questionnaires (Couper 2000).

The emergence of new tools for conducting these surveys, specifically online
survey platforms and new data processing procedures, can help face these reported
weaknesses. As a result, up-to-date research needs to be systematised and examined
to identify these new tools and, more importantly, potential procedures or methodolo-
gies used to guarantee their validity, their limitations, and opportunities for improve-
ment in their application. Thus, this review aimed to collect and analyse the proce-
dures and good practices of studies addressing web-based surveys and online surveys,
focusing on those applied explicitly to health professionals.

2 Materials and Methods

A systematic search of the literature was performed following the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) Statement (Page et al.
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2021). The electronic databases Scopus and PubMed were searched throughout the
last five years and were screened in parallel by to two authors for relevant studies. Ini-
tially, the electronic databases were accessed, and selected combinations of keywords
were inserted. The terms “e-survey” and “web-based survey” were combined with
the “healthcare”keyword by using the Boolean connector “AND”. Then, restrictions
of date (records published between 2016 and 2021), document type (only research
articles, excluding reviews, conference papers and case reports), source type (articles
published in peer-reviewed journals) and language (only English written items) were
applied.

Retrieved papers were screened (examining title, abstract and keywords) and
excluded if they did not refer to web-based or online surveys or did not consider a
sample of health professionals. The remaining articles were full text assessed and
were selected if they addressed survey results from a homogeneous health profession
group. Articles resulting from this last stage were analysed according to the sought
goals of this review. Data regarding survey characteristics, response rates and applied
methodologies were extracted by using a customised table. Specifically, the studies’
scope, used survey platform, and their adherence to any method or guidelines (if
mentioned) were individually examined. Due to the diversity found among studies,
a comparison of their results could not be performed, and their respective findings
were described narratively.

3 Results and Discussion

Following the PRISMA Statement procedures, 116 articles were initially found in
the databases. Then, by analysing the title, abstract and keywords, 60 items were
eliminated due to non-compliance with the eligibility criteria, leaving a total of
56 articles. From them, six were eliminated (after a full-text assessment) for not
complying with the requirements for indicating the survey platform and the response
rate. From this process, 50 were left and included in the review, and are presented in
Table 1. Articles were classified according to the platforms in which they conducted
their surveys and the applied methodologies or procedures.

3.1 General Findings

Regarding their publishing year, our 50 included studies evidence an increasing
trend over the years. Specifically, investigations show a significant increase from
the year 2018–2019, from which 15 studies were retrieved. On the other hand, a
slight decrease was also observed in the year 2020, where a total of 11 articles were
identified. Finally, during the year 2021 (until the date this research was performed),
only five published articles were included.
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Table 1 Included studies according to identified survey platforms and methods

Survey platform Methodologies/Guidelines Studies references

Google Forms CHERRIES Lisi et al. (2020)

Guidelines of the Nurses Early
Exit Study (Hasselhorn et al.
2005)

Gea-Caballero et al. (2019)

Not reported Abu Arja et al. (2019); Amerio
et al. (2020); Kadoya et al.
(2021); Kanmounye et al.
(2020); Ojha et al. (2020)

Survey Monkey STROBE (Von Elm et al.
2007)

Necknig et al. (2020)

Not reported Arnadottir and Gudjonsdottir
(2016); Bushati et al. (2018);
Chapman et al. (2017); Choo
et al. (2019); Fels et al. (2019);
Pradhan et al. (2020); Saugel
et al. (2018)

Decipher online survey
platform

CHERRIES Salam et al. (2020)

(FocusVision, New York, NY,
USA)

Not reported Coleman et al. (2020)

Facebook Not reported Riccò et al. (2020)

FluidSurveys (Ottawa,
Ontario, Canada)

Modified Dillman approach Lau et al. (2016)

CHERRIES Lau et al. (2016)

Not reported Sharma et al. (2017)

Google Docs Not reported Ferhatoglu et al. (2020);
Vascellari et al. (2017)

https://www.thesistools.de Not reported Azizi and Schouten-van
Meeteren (2018)

LimeSurvey GmbH, Hamburg,
Germany

Not reported Krug et al. (2016)

QuestionPro Not reported Lee et al. (2018)

RAMatters.eu website Not reported Alten et al. (2019)

REDCap (Research Electronic
Data Capture)

Not reported Boyne et al. (2017); Humer
et al. (2020)

So Jump Not reported Xu et al. (2019)

Survey Force Deluxe 3 CHERRIES Suppan et al. (2020)

Weblink Not reported Gramegna et al. (2018); Zhang
et al. (2019b)

Webropol STROBE checklist (Von Elm
et al. 2007)

Sparud-Lundin et al. (2017)

WeChat Not reported Zhang et al. (2019a)

(continued)
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Table 1 (continued)

Survey platform Methodologies/Guidelines Studies references

WeChat and Tencent QQ Not reported Ouyang et al. (2019)

Wenjuanxing (wjx.cn) Not reported Yi et al. (2021)

www.onlineanketler.com Not reported Ates et al. (2016)

Not reported KSID’s recommendation with
reference to the Centers for
Disease Control and
Prevention in the United States

Ko et al. (2017)

Not used (sent directly via
email)

CHERRIES Felice et al. (2020)

Recommendations from
(Edwards et al. 2009)

Sebo et al. (2017)

Not reported Beck et al. (2016, 2017); Brod
et al. (2019); Kriss et al.
(2019); Palanica et al. (2019);
Peiffer-Smadja et al. (2019);
Sahashi et al. (2020); Shoham
et al. (2019); Vidal-Alaball
et al. (2020); Wojcieszek et al.
(2019)

As it was observed, there has been a significant increase in the use of web-based
surveys over time. Several authors report the benefits of online questionnaires as they
are easy to apply and quick to answer (Crawford et al. 2001; Edwards et al. 2009;
Fricker and Schonlau 2002; Schmidt 1997). However, between paper and web-based
questionnaires, there are still errors that result in low response rates. These errors are
generally related to the difficulty reported by some participants in using the online
platforms in which the questionnaires are developed or their unavailability to answer
(Fricker and Schonlau 2002).

Finally, concerning the way by which the surveys were conducted, several online
platforms were identified. Google Forms and Survey Monkey were the ones that
evidenced the greatest applicability among the studies (Cobanoglu et al. 2001; Wright
2019). Survey Monkey was included in 6 studies, while Google Forms was identified
in 7. On the other hand, few studies were found addressing So jump (Xu et al. 2019)
and We Chat (Zhang et al. 2019b) platforms.

3.2 Identified Methodologies and Good Practices

As already demonstrated within our wide variety of included articles, web-based
surveys are becoming more common among health professionals related research.
However, these surveys’ quality varies widely, and the need to educate consumers of
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surveys regarding quality indicators is already apparent. As Hagan et al. (2017) state,
researchers administering surveys (paper or web-based) must seek to balance data
quality, sources of error, and practical concerns associated with every survey admin-
istration mode. Their adherence to standardised methodologies when developing,
conducting, and reporting them could improve the quality and validity of obtained
results.

Considering this, we aimed to identify existing methodologies to conduct and
report the results from web-based surveys. The application of any guideline, pro-
cedure, or reference methodology was examined among our selected papers. As
Table 1 reports, nine different methodologies were found. From them, the CHER-
RIES checklist (Eysenbach 2004) was the most predominant. This method encom-
passes recommendations for both conducting and reporting web-based surveys. A
paper elaborated according to the CHERRIES statement is aimed to describe aspects
related to the survey design, an institutional review board approval and informed
consent process, the development of pre-testing procedures, the recruitment process
and survey administration, response rates, developed strategies to prevent multiple
entries from the same individual and the respective analysis of results. From all
the identified methodologies, this was the only one explicitly addressing web-based
surveys.

The second most preferred methodology was the STROBE Statement (Knottnerus
and Tugwell 2008; Von Elm et al. 2007), in which a checklist to report observational
studies in epidemiology is provided. Although its purpose differs from this review’s
goals, it offers valuable criterions to increase the quality of surveys conducted within
the epidemiology area. Other guidelines with less common application included
those suggested by Edwards et al. (2009). These authors developed a review in
which different strategies to overcome bias sources identified among studies, such as
inadequate allocation concealment, methodological quality and questionnaire topic,
were suggested.

Despite the identification of procedures and guidelines within some of the papers,
it was observed that most of them did not mention their adherence to any specific
methodology. They just indicated the measures they followed to overcome some
typical biases associated with web-based surveys and traceability of results. 37 out
of the 50 final selected group did not provide details in this regard, representing more
than 70% of our sample.

Overall, common measures and good practices included principles applied to the
question design, namely, keeping the questions simple, requiring intuitive answers,
and avoiding controversial issues by referring to universally accepted medical guide-
lines or procedures. Additionally, many studies assured respondents had a unique sur-
vey link or restricted IP access to prevent duplicate responses. Finally, some authors
indicated to have validated their questionnaire first within a small sample before con-
ducting the actual study, which allowed them to make the necessary improvements
and guarantee better results.

On the other hand, challenges and limitations identified through the conducted
surveys were mainly related to the low obtained response rates or the impossibility
of determining them. In some cases, it was not possible to estimate whether the
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proportion of participating health personnel was representative of their professional
group or target study population, compromising the generalisability of their results.
Lastly, as reported by some authors, using a web-based survey also implied a possible
bias in obtaining answers from those with better technology management.

3.3 Final Considerations

In general, the central goals of surveys are to include the broadest possible sample
from the population of interest and to create generalisable results, minimising error
in responses. Survey research, therefore, must ensure that the survey can be accessed
and completed by a representative sample of the target population and can be easily
administered, accurately completed, and seamlessly collected. To fulfill these goals,
this review was able to find limited but helpful information regarding the procedures
and good practices to follow when applying and presenting surveys. Further studies
validating new methodologies for standardised application or suggesting improve-
ments on previous ones are recommended.

3.4 Limitations

In this work, some limitations were registered. Although intentional, only English-
based studies conducted since 2016 were included, excluding investigations written
in other languages or published before that period. In addition, limited evidence was
found on the application of some platforms and methodologies, which did not allow
a deeper analysis of their effectiveness and applicability. Thus, further studies in this
area are recommended, researching their benefits and disadvantages. Finally, it was
not possible to make a statistical analysis of the response rates of the different studies
since they included different sample sizes and target populations.

4 Conclusions

E-surveys and web-based surveys are a relatively inexpensive and effective way to
collect information from people for research purposes. Finding ways to overcome
their associated bias sources would improve the quality of health research. This
review summarised up-to-date studies conducting these surveys among health pro-
fessionals and characterised their main methodological and reporting aspects. Our
review found that few studies have been published addressing their adherence to
methodologies or procedures to conduct web-based or online surveys. Despite this
limited evidence, it was verified the application of various platforms for distribut-
ing questionnaires online. However, even with the easy use and applicability of these
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platforms, there is still the implication of a decrease in response rates. These response
rates can be affected by different factors. First, it should be noted that, although the
questionnaires are sent more frequently by email, it is not always easy to restrict
and control target population sizes. Second, participants do not always have time to
respond to online questionnaires. The fact that they are distant from the research team
makes the sample more indifferent to the study they were invited to participate in.
As a result, we consider that the present study allows evaluating the advantages and
disadvantages of using online questionnaires in health professionals. It verifies the
application of different methodologies and platforms and examines their response
rates. However, we believe it is necessary to carry out more studies, increasing the
number of investigations included and assessing the use of other work platforms and
methodologies applied to online questionnaires.
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Mask Use During the COVID-19
Pandemic: A Study with Civil Servants of
Education

Pedro Câncio Neto and Nívia de Araújo Lopes

Abstract Objective: investigate the respiratory protection care of civil servants at
the Instituto Federal de Educação, Ciência e Tecnologia (IFRN), in Brazil, during
the COVID-19 pandemic. Background: it is of fundamental importance to study the
respiratory protection of workers and the use of adequate masks in the context of the
COVID-19 pandemic. Method: Data collection was carried out with civil servants
through an online survey containing questions about the use of masks and behavior
related to Respiratory Protection. Results: the 525 survey respondents showed little
knowledge about the investigated aspects related to the use of masks. Until the period
of data collection, there was little contaminated with COVID-19 among the research
participants. Conclusion: the importance of carrying out training on respiratory pro-
tection was verified, including the use of behavioral change strategies with a focus on
collective benefit, recommended for this pandemic context. Application: reflections
and technical knowledge about respiratory protection for society in general.

Keywords Coronavirus infections · SARS-CoV-2 · Respiratory protective
devices · Disposable half mask · Filtering facepiece (FFP)

1 Introduction

Since the first centuries of the Christian Era, there is a need to protect the airways,
according to records by Gaius Plinius Secundus (23—79 AD) (TORLONI; VIEIRA,
2019). Nowadays, many workers wear breathing apparatus or respirators to protect
their health in the workplace all around in the world (HSE 2013).

Breathing apparatus (BA) provides clean air for the worker to breathe while the
Respirators filter the air to remove harmful substances. The BA’s can be of the types:
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Fresh air hose, Constant flow airline, and Demand valve. Respirators can be of the
types: Powered hoods/helmets, Powered mask, Full face mask—gas/vapour filter,
Full face mask—particle filter, Reusable half mask—gas/vapour filter, Reusable half
mask–particle filter, and Disposable half mask—particle filter (HSE 2013; TOR-
LONI; VIEIRA, 2019). These Personal Protective Equipment (PPE) are known as
Respiratory Protective Equipment (RPE) (HSE 2013).

The most used RPE’s are the disposable half masks or disposable masks. They are
designed to be discarded when they become unfit for use due to hygiene limitations,
excessive breathing resistance or physical damage (NIOSH 2018b).

In Brazil, disposable half mask are called Peça Semifacial Filtrante (PFF). They
are classified according to their contaminant filtration efficiency. Through laboratory
tests with NaCl certification aerosols, the masks are classified as PFF1 (80% filtration
efficiency), PFF2 (94% filtration efficiency) and PFF3 (99% filtration efficiency)
(ABNT 2011). The Brazillian PFF2 disposable half mask is equivalent to the North
American N95 disposable half mask (FUNDACENTRO 2020; TORLONI; VIEIRA,
2019).

For the use of BA’s and Respirators it is necessary to carry out a user seal check
whenever the respirator is used to ensure that a proper seal is obtained. Because people
come in different sizes and shapes, so these facial differences will mean that one type
of equipment probably won’t fit all (NIOSH 2018a). According to Health and Safety
Executive (HSE), the differences are even more significant between women, men and
people of different ethnicities, and if the equipment does not fit, it will not protect
the user (HSE 2013).

The RPE‘s are designed for protection against chemical, biological, radiolog-
ical, and nuclear (CBRN) agents (CDC 2012). Specifically regarding biological
agents, they can disperse in the air and be transmitted by bioaerosols (INSST 2021a).
Bioaerosols are airborne particles composed of living organisms or their derivatives
(ACGIH 2019).

The use of RPE‘s to protect workers from bioaerosols is recent. This need to use
RPE emerged with the outbreak of tuberculosis in the 1990s and was reinforced by
the Ebola virus epidemic between 2014 and 2016 in the United States (NIOSH 2019).

After COVID-19, caused by the SARS-CoV-2 virus, became a pandemic in March
2020 (WHO 2020a), the entire world population was required to acquire new patterns
of behavior: social distancing (Anderson et al. 2020; WHO 2020b), use of alcohol
and constant hand washing (WHO 2020a) and one of the most necessary: the use of
respiratory protection (CCOHS 2021; CDC 2020; FUNDACENTRO 2020; INSST
2021b; WHO 2020c).

Therefore, the objective of this study is to investigate the respiratory protection
care of civil servants at the Instituto Federal de Educação, Ciência e Tecnologia
(IFRN), in Brazil, during the COVID-19 pandemic.
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2 Materials and Methods

Civil servants from the Instituto Federal de Educação, Ciência e Tecnologia do Rio
Grande do Norte (IFRN), in Brazil, participated in this study, being Teachers and
Administrative Technicians.

Data collection was carried out in September 2020 through an online survey.
The survey contained 16 questions that investigated behavior related to respiratory
protection during the COVID-19 pandemic.

In addition, the survey also collected information about the participants’ knowl-
edge in the area of Occupational Safety and Health (OSH) and Respiratory Protection,
such as: types of masks and respirators used, work way, and whether they had already
been diagnosed with COVID-19.

Before applying the survey, the participants answered an written informed consent
form (WICF), in which they were informed about the research objectives and asked
for their agreement.

The results were analyzed using descriptive statistics. At the end of this study,
guidance is provided on respiratory protection and behaviors favorable to the use of
respirators.

3 Results

The sample included a total number of 525 participants, with a balanced number
of respondents: 50.9% of Teachers and 49.1% of Administrative Technicians. IFRN
civil servants from 19 cities in Rio Grande do Norte participated in this study.

Of the total number of participants, 76.8% were working online, 21.5% in a hybrid
way and 1.35% in a face-to-face way. Most survey respondents (81%) do not have
formal training in Occupational Health and Safety (OSH) (Fig. 1) and 93.7% do not
have specific training in Respiratory Protection (Fig. 2).

Only 4% of survey respondents do not wear the mask when leaving home and
16.8% partially wear the mask while away from home. Regarding the types of masks
used by the participants, it is observed in Fig. 3 that 76.6% use only the cloth mask,
3.0% use only the surgical mask, 1.5% use only the PFF2 Respirator, 0.8% use only
the PFF1 Respirator and 18.1% use more than one type of mask.

Of all survey respondents, 45 (8.6% of the total) use a respirator exclusively or
alternately with cloth masks and surgical masks. Of those who use a respirator, 21
(46.7%) do not perform or do not know what the user’s seal check; 9 (20%) perform
the verification of positive or negative pressure user seal check; 11 (24.4%) perform
the verification of the positive pressure user seal check; and 4 (8.9%) perform the
verification of the negative pressure user seal check (Fig. 4).

The number of times the 45 PFF users reuse (donned) their disposable half masks
before disposing of them are: 21 (46.7%) people donnings less than 5 times; 5 (11%)
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Fig. 1 OSH training

Fig. 2 Respiratory protection training

people donnings it 5 times; 12 (26.7%) people donnings over 5 times; and 7 (15.6%)
people were unable to answer this question (Fig. 5).

Of the entire sample, 20 survey participants (3.8% of the total) were diagnosed
with COVID-19 (Fig. 6). Regarding the type of mask used, 75% (15) of those diag-
nosed with COVID-19 make exclusive use of a cloth mask; 10% (2) of those diag-
nosed wear a cloth mask or surgical mask; 5% (1) of those diagnosed use a cloth
mask or PFF1 Respirator; 5% (1) of those diagnosed use a surgical mask or PFF1
Respirator; and 5% (1) of those diagnosed exclusively use the surgical mask.

The behavior regarding the use of respiratory protection, of the 20 survey par-
ticipants diagnosed with COVID-19, 75% (15) use respiratory protection during the
entire period they are out of their home and 25% (5) use it part-time. Only 1 (5%)
diagnosed claim to no longer use respiratory protection when leaving home. Regard-
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Fig. 3 Types of masks used

Fig. 4 User seal check

Fig. 5 Number of donnings
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Fig. 6 Respiratory protections used by those diagnosed with COVID-19

ing the way of working, of the 20 participants diagnosed with COVID-19, 80% (16)
of them work exclusively online and only 20% (4) work in a hybrid way (online and
face-to-face).

4 Discussion

According to the results obtained, most respondents do not have knowledge in the area
of Occupational Health and Safety (OHS) or in the area of Respiratory Protection.

Associated with this fact, the results also show that the majority (77%) of respon-
dents use cloth masks. Considering that the surgical mask (3%), the PFF1 (1%) and
the use of various types of masks (18%) used are also considered inadequate for pro-
tection against bioaerosols, 99% of the participants use a protection inadequate res-
piratory function for COVID-19. The cloth mask helps to limit the spread of droplets
and saliva (CCOHS 2021), the surgical mask is a barrier to the spread of droplets and
saliva (CCOHS 2021), whereas only PFF2 Respirators (CCOHS 2021; CDC 2020;
FUNDACENTRO 2020; INSST 2021b) or PPF3 Respirators (HSE 2021; INSST
2021b) protect from exposure to airborne particles, including bioaerosols containing
SARS CoV 2.

Of the participants who use PFF’s, 46.7% still need to improve the way the Res-
pirator is used by checking the seal. The User Seal Check is required to ensure a
proper seal every time the respirator is used (CDC 2020; NIOSH 2018a).

Still on the participants who use PFF’s, the majority (57.7%) reuse correctly, that
is, they donnings it 5 or less than 5 times (CDC 2020; Fisher and Shaffer 2014).

For participants infected with COVID-19, the mistaken behavior regarding the
use of masks is repeated, where all of them use inappropriate masks. That is, none of
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those infected with COVID-19 used PFF2 Respirators (CCOHS 2021; CDC 2020;
FUNDACENTRO 2020; INSST 2021b) or PFF3 Respirators (HSE 2021; INSST
2021b).

These results suggest the need for training in Occupational Health and Safety
(OHS) and specifically on the subject of Respiratory Protection, especially during
the COVID-19 pandemic, for all IFRN civil servants.

In addition to disseminating correct information about masks, respirators and
their correct use, it is also important to discuss how to make people adhere to a new
behavior, as it requires a certain flexibility in behavior and the need for change. In
other words, make sure that protective measures, and in this case, use of a mask, are
used regularly and correctly. Our results showed that some changes still need to be
made at the behavioral level. Behavioral sciences can contribute to public policies
to promote behaviors conducive to disease prevention, such as COVID-19 (Lunn
et al. 2020). The use of Respirators, if thought of from an individual perspective, is
relatively costly, and needs to be related to a motivation to act beyond the benefit
for oneself, but also for the collective. Studies show that in situations where there
is a need for cooperation, most people tend to conform to the collective, driven by
the needs of: belonging, understanding the world around them, creating trusting rela-
tionships with people and self-improvement (Van Vugt 2009). This compliance tends
to increase given the perception that other people are also cooperating and there is
also a concern if any action that generates social disapproval or punishment becomes
public (Chaudhuri 2011). Therefore, an important aspect in the communication of
cooperative behavior is to make evident the feeling of belonging and identity to a
group (Van Vugt 2009), and together they will manage to overcome any threat, which
must be done through a clear communication of the factors of risk and protection,
increasing the group’s compliance with the recommended behaviors (Carter et al.
2013), always considering the local culture and the important role of local authorities
in shaping the behavior of the public, always keeping up-to-date information on the
actions it will take and recommendations to the population (Carter et al. 2018).

These results point to a need to expand this research with a greater number of
participants, especially those diagnosed with COVID-19, in order to obtain more
robust results.

Another study that could be carried out is training on respiratory protection for a
group of civil servants, and then evaluating the impacts of this training, comparing
behavior and knowledge with untrained civil servants.

4.1 Limitations

Data analysis was performed using only descriptive statistics, which can reduce the
impact of the results obtained. The survey was conducted on a specific group of
workers, which does not allow for extrapolation to society in general.
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5 Conclusions

Therefore, it is concluded that there is a need to implement trainings for IFRN civil
servants with information on the purpose of different masks and respirators, correct
way of User Seal Check, maximum amount of times a respirator can be reused and
basic principles on the dissemination of bioaerosols.

In addition, to awaken a collective motivation for using the respirator, we can
make use of robust findings from behavioral research that indicate solutions for this
type of situation: the importance of continuously reinforcing the discourse of benefits
for all, clear and updated communication of risk and protective factors, strengthen a
group identity and create a signal of punishment or social disapproval if the individual
presents contrary conduct.
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Workers’ Lifestyle, Occupational
Workload and Their Relation to Work
Fatigue: A Short Review

Ana Sophia Rosado , J. Santos Baptista , and J. C. Guedes

Abstract Objective: This systematic review aims to analyse physical fatigue and the
main causes. Background: Fatigue results from physical and psychological overload,
mainly due to daily stress and lack of time to recover energy. Method: The review
was performed according to the Prisma Statement. It was accessed Scopus, Web
of Science, Science Direct, Pubmed. 26 keywords were screened using Boolean
operators. The first articles’ selection was made by abstract analysis. Articles that
considered interventions in healthy human beings were included. Results: Studies
have concluded that a great cause of fatigue is sleep deprivation, and it was observed
that shift workers have commonly felt excessive tiredness. The assumption is that shift
work disrupts circadian rhythm and impairs sleep quality. Conclusion: Bad sleeping
quality can increase the possibility of physical fatigue. The risk can be minimised
with well-planned strategies. Application: The review article raises awareness of the
importance of a healthy lifestyle and precautions in carrying out activities.

Keywords Physical exhaustion · Circadian rhythm · Shift-work · Healthy habits ·
Diet

1 Introduction

Fatigue is a physiological state of reduced mental and physical capability (Lock
et al. 2018). It reflects the disability for the continuity of activity and also for the
performance of physical efforts (Huang et al. 2018). The tiredness felt before the
onset of fatigue usually results from lack of sleep, mental or physical overload,
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and stress. Repetitive work, monotonous activity, and especially disrupted sleep can
increase the risk of fatigue (Caldwell et al. 2019).

The first symptoms of fatigue are physical exhaustion and muscular pain. Pain can
be defined as an unpleasant phenomenon associated with actual or potential damage
(Tang et al. 2020).

Physical fatigue can be recovered with adequate rest, which permits energy
restoration (Litwiller et al. 2016). Insufficient rest can be damaging for health since it
results in harmful consequences such as degradation of cognitive performance (Cald-
well et al. 2019) and cumulative trauma disorders (Kulkarni and Devalkar 2019),
directly affecting productivity private life. Other important symptoms are reduced
physical workability (Skovlund et al. 2020), loss of productivity, and sickness absence
(Silva et al. 2018).

Healthy diet habits are also vital to restore energy. According to Moore (2015), car-
bohydrates and protein are essential macronutrients to provide substrates to enhance
glycogen resynthesis and repair the skeletal muscle (Moore 2015).

Each person has a different response to the same stimulus, depending on personal
factors and individual conditions. However, for almost all of them, a prolonged period
of demanding physical, cognitive, or emotional activity leads to feelings of physical
and mental failure (Guan et al. 2017).

Tiredness has harmful consequences for workers’ health and generates a great
economic burden (Nagata et al. 2018). Factors leading to drowsiness should be known
by companies, as well as strategies to mitigate the risk must be implemented to
guarantee an efficient and productive workplace (Lock et al. 2018).

Corroborating the investigations against the negative consequences of fatigue,
studies have shown that insufficient sleep is the leading cause of fatigue since it
directly interferes with physical and psychological detachment. The importance of
the theme has been justified due to the costs concerning the harmful consequences
of physical fatigue. This systematic review aims to confront the relation between
circadian rhythm alteration and physical fatigue; and assess the causes of such a
harmful consequence for workers’ health.

2 Materials and Methods

This systematic review was performed according to the PRISMA Statement (Moher
et al. 2009), and the research was updated to March 2021. The research strategy
included the top electronic databases in the health and manufacturing industry, which
provided access to databases: Scopus, Web of Science, Science Direct, Pubmed.

The research was restricted to the following databases: Science Direct: only
the area of “Engineering” was accepted; Web of Science: the areas of “Engineer-
ing”, “Engineering Biomedical”, and “Ergonomics” were considered; Pubmed: only
“Humans” subject was recognised. The limitation avoided articles in unrelated areas.

The terms used in the search strategy were: activity AND measure AND phys-
iological AND variables; fatigue AND chronic AND “work shift”; fatigue AND
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“repetitive work”; “fatigue recovery” AND methods; fatigue + recovery AND shift
+ work; “fatigue recovery” AND breaks; “fatigue recovery” AND sleep; gait AND
“motion analysis” AND reliable; “muscle glycogen depletion” AND recovery; mus-
cular AND fatigue AND recovery; recovery AND fatigue AND “after work”; “sleep
loss” AND fatigue; “task rotation” AND fatigue; “work capacity” AND tiredness;
“work capacity evaluation” AND fatigue.

This literature review was done by analysing articles, which could be systematic
reviews and individual research. The analysis of each evaluated survey was verified,
on the first moment, by the title and abstract. If the abstract fulfills the goal, then a
careful reading was performed. The inclusion criteria for this review are limit articles
that considered healthy human beings; select works that included fatigue definition;
the main causes that increase fatigue, its consequences, and recovery methods. They
were also focused on experimental articles. Articles before 2015 were used due to
their importance in the subject (Fig. 1).

For the design of Figs. 2 and 3, the results exhibited in the articles were considered.
The percentage illustrated in the graphs was taken from the sum of all analysed reports
and was achieved by the following paths: (a) reading of each assessed article; (b)
isolate all the results obtained in each article; (c) organise by topics; (d) insert all
the results in excel; (e) subdivide in tables separately considering for each topic one
value; (f) design the figure; (g) calculate the percentage using the sum of each unit
value.

Fig. 1 Flow diagram of research, adopted from (Moher et al. 2009)
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Fig. 2 Factors that can generate fatigue in workers

Fig. 3 Harmful consequences of lack of sleep

For a better understanding, it must be emphasised that only one value was consid-
ered for each topic, i.e., the article concluded that insufficient sleep and shift-work
are directly related to fatigue; it was added one value to bad sleep and one value
to shift-work. Since most of the analysed articles did no exhibited the outcomes in
percentages, it was thought to be the best path to illustrate global research results.

3 Results

The investigation of the articles resulted in: summary of the collected articles with
37 689 articles pre-selected. Applying the exclusion criteria, 26 908 papers were
excluded by “date” (articles published in the period between 2015 and 2021 were
included); 7 206 were rejected by “document type” (only articles and systematic
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reviews were accepted); 1 article was excluded by “source type” (Journal was con-
sidered); 44 texts were refused due to “language” (only English was accepted).

The imposed limitations on the databases Science Direct, Web of Science and
Pubmed. excluded 2 155 articles. 1 341 articles were excluded because they are not
consistent with the goal of this short review. Finally, disregarding repeated articles
found in more than one database, 34 articles were used for analysis in this work.
Records identified from previous research relevant to the topic are considered in this
brief review.

This short review was done by analysing research articles that measured real
context (workers and environment). The evaluated articles measured the physical
exhaustion felt by the nurses, its schedules, naps and sleep routine, time for recovery,
as well as the main consequences of overwork and lack of proper rest. The results
can eventually differ from other professionals and work conditions.

Table 1 summarizes the assumptions of the 19 articles mentioned in Prisma State-
ment, which allowed the illustration of Fig. 2. Table 2, condenses the statements of
25 surveys used to demonstrate the Fig. 3. Figures 2 and 3 exhibit the results achieved
in the analysed articles. The percentage demonstrated in the figures reflects the sum
of each unit value comparing to the totality. The articles cited in Tables 1 and 2 were
also used to support this systematic review.

According to the analysed articles, the causes of fatigue are greatly due to lack
of proper rest, which is increased due to bad sleep quality and 12-hour shift work.
Improper relaxation can cause adverse consequences to the worker’s health. Tables 1
and 2 summarises the evaluated articles used to realize the risk factor of fatigue and
harmful consequences, illustrated in Figs. 2 and 3.

Assumptions of 19 articles mentioned in Table 1 mainly summarize the harmful
consequences of bad sleep, shift-work, and benefits of diet and physical activity.
Also highlight the consequences of unhealthy habits, as obesity. Table 2 underscore
25 articles that assess the causes and damaging effects of fatigue, acute and chronic;
and the importance of physical and psychological detachment. It is also emphasized
the effectiveness of occupational health and safety practices. The assess of the articles
allowed to design Figs. 2 and 3, which gives an overview of some factors that can be
detrimental to the workers’ health.

Figure 2 was designed using the results of the articles cited in Table 1. The assump-
tions of those surveys allowed to validate some factors that may increase the risk
of fatigue: bad sleep quality and length; long shift work; lack of inter-shift breaks;
physical activity; unhealthy diet. Recent studies agree that these factors raise the risk
of harmful conditions for health.

According to the results, physical fatigue can be associated with a lack of proper
rest and shift work, especially night shift work that impairs a good night’s sleep.
Approximately 20% of European workers perform shift work during the day or night.
The schedule with extensive hours, especially by night, harms worker’s health. Detri-
mental consequences are due to circadian cycle, sleep disruption, diet and exercise
habits (Brum et al. 2015) and lack of control over work (Johnston et al. 2019).

Shift workers tend to adopt damaging lifestyle habits (Brum et al. 2015), consum-
ing more unhealthy food, which increases the risk of overweight (Ulhôa et al. 2015).
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Table 1 Summary of the articles analysed in Prisma Statement, and used to illustrate Fig. 2

Sleep and shift-work Relaxation Healthy habits Obesity

Sleep deprivation,
circadian
desynchronization,
behavioral changes in
diet and physical
activity are associated
to night work and
metabolic disorders
(Brum et al. 2015)
Promote better sleep
can mitigate the
impact of fatigue and
sleep loss. (Caldwell
et al. 2019)
Sleep quality is
associated with health
and physical capacity
(Litwiller et al. 2016)
Shift work negatively
affect sleep and
contribute to
sedentarism,
unhealthy eating
habits, and stress
(Ulhôa et al. 2015)
The prevalence of shift
work disorders is
higher among
night-shift workers
(Vanttola et al. 2019)
Shift workers are
susceptible to shift
work disorder, which
is a circadian rhythm
sleep disorder
characterized by
excessive sleepiness
and insomnia
(Wickwire et al. 2017)
12-hour shifts increase
the risk of fatigue
(Johnston et al. 2019)

Decreased sleep
duration have relation
to fatigue (Lock et al.
2018)
Workers who reported
feeling refreshed after
sleep had significantly
less chronic and acute
fatigue and more
intershift recovery
(Sagherian et al. 2017)
Nocturnal work is
associated with a
reduction in attention
and concentration and
delayed response to
stimuli
It may compromise
health and quality of
life (Sanches et al.
2015)
A scheduled nap
provides an effective
countermeasure
against the negative
consequences of
night-time shift work
(Zion and Shochat
2019)

The ingestion of
carbohydrate and
protein have the
potential to accelerate
muscle glycogen
resynthesis and
increase functional
capacity (Alghannam
et al. 2018)
Dietary carbohydrate
and protein provide the
substrates to enhance
glycogen resynthesis
and remodel skeletal
muscle proteins
(Moore 2015)
Diet rich in protein has
the potential to be
used as a
fatigue-preventing and
recovery-promoting
(Huang et al. 2018)
Protein and
carbohydrates
supplementation did
not have positive
effect compared to
only carbohydrates
supplementation,
although this one
increase the risk of fat
(Kephart et al. 2016)
Physical activity is
negatively associated
with long term
sick-absence (Gupta
et al. 2020)
Factors related to
health, work, and
lifestyle were
associated with good
work ability (Pensola
et al. 2016)

Shift work can
increase the ingestion
of unhealthy food.
Increasing the risk of
obesity, metabolic
syndrome, diabetes,
sleep deprivation
(Brum et al. 2015)
Workers are more
susceptible to fatigue
in high-stress work
environments,
particularly those with
higher body mass
index, which can
increase the risk of
musculoskeletal
injuries (Mehta 2015)
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Table 2 Summary of the articles analysed in Prisma Statement, and used to illustrate Fig. 3

Fatigue Acute and chronic
fatigue

Psychological
detachment

Physical
detachment

Interventions and
economic burden

Fatigue is related to
reduced cognition,
occupational
accidents, and
injury (Lock et al.
2018)
Repetitive work
have impact on
fatigue, which
reduce the physical
capacity (McDonald
et al. 2019)
A total of 86.24% of
workers reported
musculoskeletal
discomfort, and
43% presented
fatigue. There are
association between
fatigue and
reduction of work
ability (Silva et al.
2018)
Workers impaired
by fatigue and lack
of sleep are not
aware of the risk of
accident and injury
(Dawson et al.
2021)

Acute fatigue is
directly related to
job demand, job
control, support at
work, and exposure
to hazards. Sleep
quality has direct
effect on acute
fatigue (Fang et al.
2012)
Shift work, job
demands, and
exposure to hazards
are direct predictors
of chronic fatigue.
Job satisfaction, job
control, and acute
fatigue are indirect
predictors (Li et al.
2019)
Sleepiness and
chronic fatigue
inhibited full
functioning both at
work and at home
(Wolf et al. 2017)
Physical activity
and sleep quality are
negatively
associated with
fatigue (Frone and
Blais 2019)
Workers with acute
and chronic fatigue
decrease physical
performance
(Sagherian et al.
2017)

Lack of sleep and
higher daytime
dysfunction
increase depression
and anxiety
(Bullock et al. 2019)
Job stressors are
related to
health-related
productivity losses
(Brunner et al.
2019)
High-job strain level
is related to burnout,
mental fatigue and
incidence of chronic
diseases (Guan et al.
2017)
Cardiometabolic
stress and cognitive
impairments are
increased by shift
work, and sleep loss
(Kecklund and
Axelsson 2016)
Psychological
detachment and
relaxation with
adequate sleep
restore physical
energy (Burke et al.
2009)

Disrupted sleep
results in accidents
and adverse mental
and physical health
(Caldwell et al.
2019)
Repetitive work,
without proper
muscle rest,
increases the risk of
the injuries and
strains (Kulkarni
and Devalkar 2019)
Physical
detachment after
work decrease
concentration
problems, emotional
exhaustion and
physical problems
(Jonge 2019)
Health
consequences of
shift work and
insufficient sleep
are very similar to
health (Kecklund
and Axelsson 2016)
Work involving
high demands are
detrimental to work
ability (Skovlund
et al. 2020)
Pain impact
workers’ health and
should be addressed
due to its impact on
reducing work
ability (Vieira et al.
2020)

Prevention and
management is
recommended to
minimise
unnecessary costs
(Azevedo et al.
2016)
Musculoskeletal
disorders are the
leading cause of
work disability.
There is limited
consensus on use of
occupational health
and safety practices
(Svendsen et al.
2020)
Pain affects physical
and psychological
well-being and
work performance.
Programs can help
to address the
critical problem of
pain (Tang et al.
2020)
Interventions can be
effective in reducing
absenteeism and
presenteeism
(Brunner et al.
2019)
Strategies can
increase health and
job satisfaction
(Baral et al. 2018)
Interventions may
prolong work
careers (Nielsen and
Midtsundstad 2020)
Cost burdens from
chronic illness is
related to mental
health conditions
and musculoskeletal
disorders (Nagata
et al. 2018)
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Obesity, in its turn, increases stress-related neuromuscular fatigue and consequently
musculoskeletal disorders (Mehta 2015).

It must be highlighted that the main causes of fatigue are related to each
other. Lack of proper rest is increased by shift-work, which reduces the qual-
ity of sleep. Inadequate relaxation reduces energy, which impairs physical activ-
ity and increases unhealthy habits. Interventions are vital to minimise the risk
(Nielsen and Midtsundstad 2020), as a well-planned work schedule ensures proper
rest (Litwiller et al. 2016). Suitable relaxation is achieved mainly with adequate
sleep, which is crucial to ensure the well-being and efficient body function (Burke
et al. 2009).

To minimise risk factors, companies must adopt procedures to raise awareness
of security and increase healthy habits (Brum et al. 2015) since stress, sleep depri-
vation, and obesity increases the risk of fatigue (Mehta 2015). It has been proven
that interventions improve the quality of life (Tang et al. 2020) and minimise harm-
ful consequences (Svendsen et al. 2020). There are effective measures that must be
evaluated according to the possibility and the reality of each establishment. In this
sense, Svendsen et al. (2020) conclude that an effective measure is to make field
observations; develop a pilot test; and workshop with occupational health safety
professionals. It could minimise the risk of harmful conditions in the workplace.

According to the articles cited in Table 2, can be assumed that the bad sleep
can lead to harmful inconveniences. Figure 3 illustrate the damaging consequences
described in the surveys.

Regarding physical health, sleep is vital to recovery energy and musculoskeletal
strength (Burke et al. 2009; Caldwell et al. 2019).

In terms of sleep length and sleep quality, adequate sleep is crucial to ensure psy-
chological well-being and efficient body function. It is recommended eight hours of
sleep per day. Otherwise, lack of sleep can affect normal activity caused by weari-
ness. Fatigue, in its turn, is a significant predictor of higher depression and anxiety
levels (Bullock et al. 2019), which makes good sleep the foremost path to achieve
adequate rest and minimise the eventual damaging consequences of work and daily
stress (Litwiller et al. 2016).

The causes of fatigue, analysed in this short review, are related to each other since
most causes impair proper rest and reduce life quality. These causes can result in
harmful consequences for the worker, related to physical and psychological illnesses.

4 Discussion

4.1 Fatigue Risk Factors

According to the results, bad sleep, quality and length, is an important cause to
lead to fatigue. However, it must be highlighted that the main causes of fatigue are
all related to each other and can be damaging to the workers’ health. Sleep is a
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biological need for survival, ensuring physical and mental well-being. During sleep,
regeneration of neurons and formation of new synapses occur (Sanches et al. 2015).
Adequate rest with a good night’s sleep minimises the incidence of fatigue, increases
alertness and levels of physical activity, and restores energy, improving performance
and well-being (Caldwell et al. 2019).

Daily stress and increased responsibilities can cause insomnia. Unfortunately, it
is not unusual in the working population, leading to private and professional life
consequences. Short sleep duration, poor sleep quality, and prolonged wakefulness
also compromise cognitive functioning (Zion and Shochat 2019). It is noteworthy
that adequate sleep is vital to ensure physiological well-being and efficient body
function and is a great ally to reduce the incidence of excessive tiredness.

Shift-work is one of the main causes of bad sleep quality and length in the working
population. Especially night shift workers suffer from sleep deprivation and circadian
desynchronization (Brum et al. 2015), which increase the risk of fatigue. It is owing
to disruption of the normal sleep-wake cycle (Kecklund and Axelsson 2016), also
called shift work disorder (SWD). It can be characterised by sleepiness and insomnia,
particularly those who work at night or on early-morning shifts (Wickwire et al.
2017). Approximately one-fifth of the European population performs shift work
(Brum et al. 2015). This way of working harms workers’ health due to the circadian
cycle, sleep disorders, diet, and exercise habits.

Jobs that demand 12 h shift-work should be scrutinised because it leads to many
consequences, such as disruption of circadian rhythm, inter-shift (leisure and rest
time), bad sleep, especially night and rotating shift work, unhealthy diet. These
factors decrease energy and reduce vitality in physical activity.

Despite eventual damaging outcomes, long periods at work have been adopted
in many companies due to productivity and profit. To minimise this negative effect,
industries can implement the possibility of taking a nap. Besides the importance
of effective rest after the workday, a nap also has benefits especially considering
circadian rhythms (Caldwell et al. 2019). Studies have demonstrated the beneficial
effects of a scheduled rest and its efficacy against the adverse effects of night work
and shift work, reducing sleepiness and improving cognitive performance (Zion and
Shochat 2019).

Shift-work can be damaging for human health as it prevents adequate sleep,
increases the prevalence of various pathologies, and is aggravated by overwork
(Litwiller et al. 2016). Otherwise, shift workers who reported feeling refreshed after
sleep had significantly less chronic and acute fatigue (Sagherian et al. 2017). It high-
lights the importance of a good night’s sleep.

It was verified that shift workers tend to adopt unhealthy lifestyle habits, con-
suming more fatty foods. Long hours at work also result in low energy to physical
exercise, which can be due to sleep deprivation, especially by night and rotating shift
work (Brum et al. 2015).

To minimise harmful effects of 12-h shift-work, breaks are important to restore
energy. A scheduled nap is especially beneficial for night shift workers (Zion and
Shochat 2019), mainly in consideration of circadian rhythms (Caldwell et al. 2019).
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Inter-shift is another risk factor since it is essential to recover the energy and
rest the musculoskeletal structure (Jonge 2019). Proper rest after the workday must
be obeyed because it is important to ensure physical and psychological detachment
(Bullock et al. 2019). Suitable inter-shift safeguard a good sleep quality and duration
(8-h a day) (Burke et al. 2009), which are important predictors for health.

Regarding these consequences, shift workers are more susceptible to overweight,
especially due to alteration in food intake, increasing the ingestion of unhealthy
food (Ulhôa et al. 2015). Obesity increases stress-related neuromuscular fatigue
and, consequently, the risk of musculoskeletal injuries (Mehta 2015).

Healthy diet provide the substrates to enhance glycogen resynthesis, remodel
skeletal muscle (Moore 2015) and increase functional capacity (Alghannam et al.
2018).

Concerning physical activity, there is a contradiction. Have been settled that leisure
physical activity (PA) promotes health, reduces the risk of chronic diseases, and
decreases in 20% the risk of long-term sickness absence. Contrary to leisure PA, a
high occupational PA increases the risk of long-term sickness absence (Gupta et al.
2020). The reason is not clarified in the researches. Still, it may be related to overwork
of the same muscle group for many hours.

Likewise, active recovery has also shown positive results, as physical activity
improves the physical conditioning of individuals. It must be highlighted that indi-
viduals respond differently to the same stimuli. However, performing moderately
vigorous short-term PA is effective in reducing the risk of absenteeism and increases
individual health, reducing unnecessary costs (Gupta et al. 2020). The practice of
physical activity must be careful since prolonged physical activity reduces muscle
glycogen stores, which can be an initial factor of fatigue. Concerning the loss of
energy, diet is crucial to recover vitality and maintain performance. Especially con-
sumption of carbohydrates is crucial to recuperating loss of energy since it is the
source that generates adenosine triphosphate (ATP) (Alghannam et al. 2018). Also,
protein is an important macronutrient. It improves glycogen resynthesis and also
repairs the skeletal muscle system (Moore 2015). Protein intake is essential because
this nutrient can reduce muscle soreness (Kephart et al. 2016).

As already concluded, the causes of fatigue mentioned in this short review are
related to each other. They can have harmful consequences if not treated combined.
Restore energy with proper rest, combined with physical activities and a healthy diet,
increases the life quality and, consequently, reduces the risk of muscular pain and
excessive drowsiness.

4.2 Physical Fatigue

Physical fatigue is the loss of muscle strength during the performance of the activity
due to energy depletion (Lock et al. 2018). As a consequence, it can be said that
the first symptom is physical tiredness followed by musculoskeletal pain, which is
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a common health problem felt by the general and working population (Tang et al.
2020).

Pain characterises the main cause of work disability (Vieira et al. 2020), and its
consequences are costly, especially due to medical and pharmaceutical expenses,
presenteeism, and absenteeism (Nagata et al. 2018).

Fatigue is harmful to physical and psychological health, giving rise to many dis-
eases. Exhaustion and pain are positively related to decreased work ability, turnover
intentions, depression, sickness absence, and disability retirement (Pensola et al.
2016). Drowsiness is a complex and current phenomenon among individuals in gen-
eral and has been usually felt by workers. The phenomenon has risen due to several
causes.

According to Johnston et al. (2019) research, mood disorders and bad sleep qual-
ity were found to predict fatigue. The physical exhaustion caused by lack of sleep
decreases work capacity and reduces risk awareness (Dawson et al. 2021).

A detrimental working environment propitiates physical problems, creating high
economic costs (Baral et al. 2018). Useful methods for recovery from physical
exhaustion, such as naps, good sleep, and healthy behaviour, such as regular exer-
cise and a balanced diet (Lock et al. 2018), can reduce the incidence of more severe
consequences.

Physical fatigue can be acute or chronic, with significant differences between
these two types, especially regarding consequences. Acute fatigue is a temporary
and reversible state that begins due to excessive physical and psychosocial overwork
(Sagherian et al. 2017). It can be dealt with promptly. However, if not properly treated
gives rise to chronic fatigue, which is the most severe stage of fatigue (Fang et al.
2012).

The chronic stage is often regarded as an illness related to the sleepiness that
impeded full functioning at work and home (Wolf et al. 2017). The importance
of caution is that it is directly related to job satisfaction, sleep quality (Li et al.
2019), work-related musculoskeletal disorder (WMSD) (Silva et al. 2018), turnover
intentions, depression, and other damaging consequences (Frone and Blais 2019)
that give rise to disease and monetary costs.

Musculoskeletal injuries can be caused by fatigue. Related to lost productivity
attributable to musculoskeletal disorder among people of working age in the Euro-
pean Union is approximately 2% of gross domestic product (GDP) (Svendsen et al.
2020). In Portugal, it is also estimated a cost “corresponding to 2.71% of the Por-
tuguese annual GDP” (Azevedo et al. 2016). It is a great cost especially considering
that it can be minimised with non-expensive and effective measures.

Lack of sleep and daytime dysfunction increase the incidence of fatigue (Bul-
lock et al. 2019), which can be detrimental to physical and psychological function.
Drowsiness directly reflect in emotional exhaustion, increasing the occurrence of
depression (Xu et al. 2020) and anxiety (Bullock et al. 2019).

Job stressors, that directly reflect on psychological health should have special
attention, because manifest in productivity losses due to illnesses (Brunner et al.
2019). Job exhaustion and job strain, in addition to developing fatigue, are the main
symptom of Burnout (Guan et al. 2017). Adequate relaxation is vital for workers,
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because it has positive effects for restoring energy and improving physical and psy-
chological health (Burke et al. 2009).

A high economic burden of health problems, physical and psychological, in the
workplace related to fatigue can be due to medical and pharmaceutical expenses,
absenteeism, and presenteeism (Nagata et al. 2018). Regarding the high expendi-
ture, there has been a growing interest in building sustainable organisations concern-
ing fatigue management, focusing on increasing the employees’ health, safety, and
productivity (Caldwell et al. 2019).

Fatigue risk factors can be minimised with effective strategies (Lock et al. 2018).
To ensure workers’ well-being, companies have increasing carefulness in improving
work conditions. The implementation of programs should be aimed at a better bal-
ance between job stressors and job resources. Studies have revealed that employees
working under a supportive supervisor showed less presenteeism and absenteeism,
reducing productivity losses (Brunner et al. 2019).

A dynamic workforce is a satisfied and productive team (Baral et al. 2018). To
implement preventive strategies to support workers, the involved professionals must
be aware of the necessary procedures to improve work conditions. Well-applied
interventions have been shown to reduce absenteeism and guarantee health promotion
at the workplace, which may prolong work careers (Nielsen and Midtsundstad 2020).

Limitations This study was not exhaustive, which makes it difficult to general-
ize the results to real conditions. Young and healthy health care professionals were
evaluated. Future studies should focus on identifying health professionals with and
without musculoskeletal disorders and at different schedules. A wider range of arti-
cles should be evaluated to conclude on the main causes of fatigue and paths to
minimise risk factors.

5 Conclusions

The high workload is negatively related to physical and psychological conditions
because it leads to physical fatigue. Demanding jobs require attention in the non-
working period, mostly to ensure adequate sleep and energy restoration.

Fatigue arises predominantly from sleep disruption, which is related to daily stress
and shift work schedules. These schedules reduce sleep quality and the rest, leading
workers to become more susceptible to acute fatigue symptoms, physical fatigue, and
lack of energy—consequently increasing work-related accidents and musculoskeletal
disorders.

Long work periods also have consequences in risk factors such as lack of energy,
physical activity, unhealthy food intake, and obesity. These factors raise muscular
pain and excessive tiredness. Fortunately, the risk can be mitigated with effective and
mostly non-costly strategies.

Guarantee proper rest and energy recovery are non-expensive and efficient mea-
sures that benefit the employees and minimise the incidence of fatigue.
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Companies should recognise these factors as an important ally to workers’ health.
To mitigate the risk of fatigue, strategies must be implemented by the involved pro-
fessionals to ensure an efficient and productive workplace, and reduce unnecessary
costs to employees and companies.
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Sleep Quality and Quality of Working
Life Among Brazilian University
Professors in Telework

Tânia Crepaldi , José Carvalhais , and Teresa Cotrim

Abstract Objective: The main objective of this study was to assess the quality of
sleep and the quality of working life in teleworking professors from two Brazilian
universities during a period of pandemic caused by COVID-19. Background: The
fast pace of life that professors are subjected to affects their private life, and con-
sequently their sleep. The teleworking conditions imposed by the pandemic could
lead to some change in their sleep routine, influencing their quality of life at work.
Method: Data collection, with a sample of 220 professors, was performed through
an online questionnaire, integrating three instruments: Demographic, occupational
and habits and lifestyle variables assessment questionnaire, Pittsburgh Sleep Qual-
ity Index, and Quality of Working Life Questionnaire. Results: Most of the studied
teachers (82.7%) are teaching their classes through telework during the pandemic
period and 55.8% have good sleep quality. Application: The Quality of Life at Work
was considered satisfactory, as well as the Quality of Sleep. The correlation between
them was statistically significant in all domains studied: physical and health, psy-
chological, personal and professional, and good sleep quality positively influences
the Quality of Life at Work.
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1 Introduction

Given the social vulnerability that the pandemic has generated, a key point for fighting
it is reducing the circulation of people on the streets and in collective public spaces.
Data from the research by Bezerra et al. (2020) showed that most respondents are con-
tributing to this purpose, as they believe that the isolation strategy will be effective
to avoid the collapse in hospital care and the reduction in the number of victims of
COVID-19. The lockdown has transformed people’s routines, forcing them to quickly
assess and redraw the balance in their lives, work, family and sleep. These exact cir-
cumstances raise an obvious question: How did people change their sleep during the
lockdown (Kantermann 2020) and what was the influence of quality of sleep in quality
of working life? Teachers are an extremely important professional class in a society’s
development. However, they are exposed to several adverse conditions, which directly
influence the reduction of leisure and rest time (Mazon et al. 2008). Often, they sacri-
fice the time that would be devoted to sleep by doing extra tasks that are required by the
profession, having the habit of depriving themselves of hours of sleep that would be
essential. It is noteworthy that in a previous study one in three teachers were identified
with excessive daytime sleepiness (Amaro and Dumith 2018).

With the COVID 19 pandemic, teachers had to adapt to a new remote work rou-
tine. Neither schools nor teaching networks were able, at first, to develop comprehen-
sive plans and produce clear guidelines on how teachers should proceed. Teachers’
accountability tends to strengthen the intensification and self-intensification of work,
increasing teacher exhaustion, creating a difficult balance between continuing teach-
ing activities and managing the current moment that has generated stress and anxiety
(Saraiva et al. 2020).

A study that included people from all macro regions of Brazil confirmed that,
among adults who had no sleep problems before the pandemic, 43.5% started to
have problems and, among those who reported a previous history of sleep problems,
48% had the problem aggravated (Almeida et al. 2020).

Amaro and Dumith (2018), in a study carried out with teachers, show that the
accelerated pace of life these professionals are subjected to may be related to daytime
sleepiness; in this period they must prepare and teach classes, give extra attention to
their students, prepare, apply and correct tests, produce academic articles, prepare
research papers, guide students, among countless other activities. This often requires
an extra workload, which ends up interfering in the private lives of teachers and
especially in their sleep. So, often, they sacrifice time that would have been dedicated
to sleep, doing the extra tasks that are required by the profession, having the habit
of depriving themselves of hours of sleep that would be essential. These may have
been aggravated by greater demands due to virtual work, and all the learning that
was required from these professionals in a short adaptation time.

Thus, this study aimed to assess the quality of sleep in teleworking professors
at two Brazilian universities during a COVID-19 pandemic period, in an attempt
to further assist in the development of strategies to improve sleep in this class of
professionals. Also, it aimed at analyzing the relations between quality of sleep and
quality of working life.
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2 Materials and Methods

This was an observational, descriptive and analytical study, as the characteristics of
the studied population were analyzed, establishing correlations between variables.
The research project was approved both by the Ethics and Research Committee of the
University of Rio Verde (CEP—UniRV), Brazil, on December, 2019 (CAAE number:
25835719.3.0000.5077) and by the Ethics Council for Research of the Faculty of
Human Kinetics, Portugal, on July, 2020 (CEIFMH No.: 22/2020).

The target population consisted of 508 professors, involved only with teaching
functions, from two Higher Education Institutions in the city of Rio Verde, Goiás,
Brazil: Universidade de Rio Verde (UniRV) and Instituto Federal Goiano (IF Goiano).
The calculation of the sample size was performed in GPower 3.1, with a significance
level of 5%, effect size of 0.35 and test power of 0.80, totaling a minimum number
of 101 (one hundred and one) participants (Faul et al. 2009).

The questionnaire included the following three instruments: Questionnaire to
assess demographic, occupational and habits and lifestyle variables, and the Brazilian
Portuguese versions of the Pittsburgh Sleep Quality Index—PSQI (Bertolazi et al.
2011) and Quality of Working Life Questionnaire (QWLQ-bref) (Reis Junior et al.
2008), as well as an Informed Consent Form.

The PSQI assesses sleep quality over a one-month period. The questionnaire con-
sists of 19 self-rated questions and 5 questions that should be answered by bedmates
or roommates. The latter questions are used only for clinical information. The 19
questions are categorized into 7 components, graded on a score that ranges from 0
to 3. The PSQI components are as follows: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medi-
cation and daytime dysfunction. The sum of scores for these 7 components yields
one global score, which ranges from 0 to 21, where the highest score indicates worst
sleep quality. A global PSQI score greater than 5 indicates poor sleep quality with
major difficulties in at least 2 components or moderate difficulties in more than 3
components (Bertolazzi et al. 2011).

The QWLQ-bref is an abbreviated version of QWLQ-78, a WHOQOL-based
questionnaire that was developed to assess quality of life at work. It is a self-
administered questionnaire, composed of 20 questions that are also divided into
four domains: physical, psychological, personal and professional. The higher the
score (from 0 to 100) the better the quality of life at work. Indices below 45 are con-
sidered unsatisfactory, while indices between 45 and 55 are considered intermediate
and indices above 55 are considered satisfactory or very satisfactory (from 77.5 to
100) (Cheremeta et al. 2011).

The questionnaires were transported to the SurveyMonkey online platform. A link
was sent via e-mail to all professors on all UniRV Campus and to IF Goiano, from
October, 2020 to March, 2021. A recall was performed each two weeks. Individuals
were able to answer the questionnaires calmly and voluntarily, according to the best
convenience in terms of time and place for each one. Only one questionnaire per
email was allowed to be filled in.
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Questionnaires that were not completely filled out were eliminated. Of the 508
professors, we obtained 220 complete responses, 163 from UniRV and 57 from IF
Goiano, corresponding to a response rate of 43.3%. Three participants were excluded
because they did not answer all the items of PSQI, so the final sample was 217
subjects.

Data analysis was performed using the SPSS Statistics 25 software. Initially,
descriptive analysis was made with the characterization of nominal and ordinal vari-
ables through absolute and relative frequencies, and the description of quantitative
variables performed through central tendency parameters (mean and median) and
dispersion (standard deviation, minimum and maximum). Using Spearman’s cor-
relation coefficient, the relationship between quantitative variables was analyzed.
Values of p less than or equal to 0.05 were considered significant.

3 Results

The 220 individuals had an average age of 40.5 years [±8.2], ranging from 25 to
64 years old (77.2% in the range of 31 to 50 years old). Most were married (57.7%),
53.2% (117) were male; 67.6% had dependents at home (minors, elderly or disabled),
and most of them had 2 dependents (28.2%), or 1 dependent (23.5%). The highest per-
centage of respondents were overweight according to the Body Mass Index (62.6%
of individuals fall into the overweight, moderate or severe obesity categories). The
teaching time ranged from 1 to 40 years, with an average of 12.5 years, and most
have been teaching for more than 5 years (86.3%). Most professors have a weekly
workload of 40 h per week (66.8%), working an average of 36.6 [±10.1] hours in
the studied institutions (UniRV or IF Goiano) and 43.2% work in the morning and
afternoon periods, while 90.5% do not work as professors in other institutions.

The vast majority of university professors studied (82.7%) were teleworking,
either exclusively or partially. Most work in the health area (44.5%), on campuses
located in the city of Rio Verde (92%); 83.1% have a civil service employment
contract; and 88.6% had undergone professional improvement in the last 12 months.

Of the respondents, 75% reported the habit of drinking coffee, ranging from 1 to
15 cups a day, and the average consumption was 2.7 cups a day. Regarding smoking,
87.3% do not smoke, 10% are former smokers and only 2.7% declare themselves
smokers. Regarding alcohol consumption, 41.8% do not consume alcohol and 34.1%
consume less than 15 glasses a week. However 14.5% consume 15–21 glasses a week
and 9.5% consume 22 or more glasses. Most (60.1%) do not practice physical activity,
34.4% declare themselves anxious and 11.6% report depression.

Most of the professors studied showed great satisfaction with the relationships
between co-workers (78.1%), with students (75.9%) and with immediate superiors
(74.6%). The frequency of problems or difficulties occurring in telework was not very
high, with the most reported difficulties being with physical and material resources
(32.7%), in adapting to distance classes (21.8%) and lack of skill and/or knowledge
with the required technologies (29.1%). The number of hours slept ranged from 4 to
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Table 1 Pittsburgh sleep quality index, total and by gender: frequency and percentage

Sleep quality level Total (%) Men (%) Women (%)

Good 121 (55.8) 72 (63.2) 49 (47.6)

Bad 74 (34.1) 34 (29.8) 40 (38.8)

Sleep disorders 22 (10.1) 8 (7.0) 14 (13.6)

Total 217 (100) 114 (100) 103 (100)

Table 2 Pittsburgh sleep quality index, total and by age group: frequency and percentage

Sleep quality level Total (%) Until 40 years (%) Over 40 years (%)

Good 121 (55.8) 71 (65.14) 50 (46.30)

Bad 74 (34.1) 31 (28.44) 43 (39.81)

Sleep disorders 22 (10.1) 7 (6.42) 15 (13.89)

Total 217 (100) 109 (100) 108 (100)

10 h per night with an average of 7.07 h. Through the Pittsburg instrument, most of
the studied teachers had good sleep quality (55.8%). However, about a third (34.1%)
has poor sleep quality and 10.1% were classified as having a sleep disorder (Table 1).

Women have worst sleep quality than men with more cases of bad sleep and sleep
disorders. However, differences were not significant with Pearson’s chi-squared test:
χ2 (2, N = 217) = 5.952; p = 0,051. It was also observed that age influences sleep
quality, with a reduction in sleep quality being more common among older individuals
(over 40 years old), with significant differences using Pearson’s chi-squared test: χ2

(2, N = 217) = 8.495; p = 0.014 (Table 2). The median value (40 years) was used to
define the two age groups.

The Quality of Working Life (QWL) of the professors participating in this study
(Fig. 1) was considered satisfactory with an index of 72.66%, since according to
Cheremeta et al. (2011) indexes ranging from 55 to 75% are considered satisfactory. It
is also important to highlight the Physical/Health (68.81%), Psychological (73.60%),
Personal (78.55%) and Professional (69.68%) domains.

Using Spearman’s coefficient, correlations between Quality of Working Life and
the Pittsburgh Sleep Quality Index were analyzed. Correlations were significant for
all 4 domains of QWL (p< .001): physical and health, psychological, personal and
professional (Table 3). All correlations were negative meaning that as sleep quality
gets better the QWL also improves.

All correlations between the 7 components of the PSQI and QWL were also
significant and negative (Table 4), meaning that the improvement of this components
contributes to a better QWL.

There was a statistically significant correlation between Quality of Working Life
and Sleep Quality, with QWL being better in those with better subjective sleep quality
(p< .001); in those with lower sleep latency (p< .001); in those with longer sleep
duration (p< .001); in those with better sleep efficiency (p< .001); in those who use
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Fig. 1 QWL and its domains among university professors at UniRV and IF Goiano

Table 3 Spearman’s ρ correlation of the PSQI with QWL and its 4 domains (N = 217)

QWL domains Correlation coefficient Sig.

Quality of work life –0.551** <.001

Physical and health domain –0.608** <.001

Psychological domain –0.417** <.001

Personal domain –0.408** <.001

Professional domain –0.479** <.001

**The correlation is significant at the 0.01 level (2-tailed)

Table 4 Spearman’s ρ correlations of the 7 PSQI components with QWL (N = 220)

PSQI components Correlation coefficient Sig.

Subjective sleep quality –0.528** <.001

Sleep latency –0.358** <.001

Sleep duration –0.317** (N=217) <.001

Sleep efficiency –0.276** (N=217) <.001

Sleep disorders –0.408** <.001

Use of sleeping medication –0.348** <.001

Daytime dysfunction –0.431** <.001

∗∗The correlation is significant at the 0.01 level (2-tailed)

medication to sleep (p< .001); and worse in those with sleep disorders (p< .001)
and in those who show daytime dysfunction (p< .001).

4 Discussion

A study by Silva and Oliveira (2019), with 179 university professors from private
institutions, showed a sample with a slight majority of females (50.3%), not very
different from our sample (46.8%), with a similar age average of 39.9 years old
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(40.5 years in our data), with an also similar average teaching time of 11.4 years
(12.5 years in our study). They differ in the number of weekly hours worked, almost
half of our sample, dedicating an average of 20.48 h weekly.

The average sleep time considered optimal is 7 to 8 h per night, but the period,
duration and structure of sleep vary between individuals and their age. In our study,
the number of hours slept per night (7.07 h) is within the recommended average by
the authors (Santos et al. 2014). A study among general consumers in Brazil (Arruda
et al. 2009) reveals that 83.3% of respondents consume an average of 3.75 cups of
coffee a day, a result higher than that of the present study (2.72 cups).

Regarding smoking, 87.3% of our sample does not smoke, a result similar to that
of Oliveira Filho et al. (2012) with 90.8% of non-smoking teachers. Santos et al.
(2020) demonstrate that smokers and former smokers had an 11% increase in poor
sleep quality when compared to non-smokers.

Barros et al. (2020), during the COVID-19 pandemic period, found that among
those who did not have sleep problems, 43.5% started having them, while 48% of
those who had the problem, it was aggravated. According to Ferreira et al. (2015), only
9.5% of the professors studied by the authors report having depression and 31.4%
report having anxiety, similar data to this study (11.6% and 34.4% respectively).
Anxiolytics, antidepressants and sleep inducers, in the last 12 months, were used by
less than 16.1% of our sample and, in the last 7 days, less than 14.2% used these
types of medications.

Studies by Ehlers et al. (2010) suggest that alcohol use disorders are significantly
associated with poorer sleep quality in a population of young adults. Not confirmed
in a study by Antunes and Costa (2019), where it was not possible to establish a
statistically significant correlation between alcohol consumption and sleep quality
levels.

Unlike what was found in this study (55.8% with good sleep quality, 34.1% with
poor sleep quality and 10.1% having a sleep disorder), Santos et al. (2019), in a survey
carried out with professors of a higher education school in the health area, showed
that most of them (56%) had poor sleep quality, one of them with a score indicating
sleep disturbance and only 44% had good sleep quality, factors attributed to long
working hours, lack of time for oneself, multiplicity of educator tasks, bureaucracy
of activities, lack of satisfactory remuneration, excessive dedication time required and
lack of administrative recognition of the professional. In our study, age and gender
were also important factors with worse quality of sleep for women and people over
40 years old.

Sanchez et al. (2019) demonstrated, with respect to sleep assessment, that it was
considered good or fair by most of the teachers assessed and that sleep quality was
also reflected in Quality of Life (QL) and QWL. In this same study, it was found that
teachers who reported having very good sleep had a significantly better perception of
QL and QWL, compared to those who reported having regular or poor sleep quality,
as well as those who reported having good sleep quality had significantly better QL
compared to those with regular sleep and poor sleep. Therefore, they conclude that
poor sleep quality contributes to a worse QL and QWL. These results corroborate
those found in this study.
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5 Conclusions

In this study, where most teachers (82.7%) were teleworking, the Quality of Life
at Work was considered mostly satisfactory, as well as the Quality of Sleep. The
correlation between them was statistically significant in all domains studied: phys-
ical and health, psychological, personal and professional, since good sleep quality
positively influences the Quality of Life at Work. Despite this, an important group of
professors have poor sleep quality (34.1%) or even sleep disorders (10.1%). Thus,
it is necessary to investigate the causes of poor sleep or even sleep disorders and to
develop strategies to improve sleep in this class of professionals. It is also important
to pay attention to risks and prevention strategies related with teleworking during the
COVID-19 pandemic and considering the post-pandemic future where is likely to
see a permanent increase in the prevalence of teleworking (Broughton and Battaglini
2021).

The presented results are still preliminary and the analysis will proceed with the
integration of occupational variables. Also, this study is part of a longitudinal project
that will continue with a new data collection, scheduled for the end of this year.
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