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Les facteurs de risque de troubles musculo-squelettiques (TMS) tels que les facteurs physiques, organisationnels
et psychosociaux sont un défi commun pour les industries de I'assemblage automobile qui entrainent des effets
indésirables sur le systéme et les humains. L'ergonomie a déja été intégrée dans les systémes de production de
ces industries pour la prise en charge de la prévention des TMS. La question est de savoir si I'approche
ergonomique actuelle des industries automobiles, sur la base de normes a l'entreprise et des méthodes
d'observation, peut fournir une connaissance partagée des facteurs ergonomiques pour les divers intervenants et
pour faciliter I'amélioration des conditions de travail.

Cette étude aborde la problématique du positionnement des différents méthodes d'évaluation (utilisées par les
différents intervenants) et compare les résultats et apports de chaque méthode d'évaluation. Cette thése propose
que la procédure actuelle d'évaluation des risques de TMS ne favorise pas une connaissance partagée entre les
intervenants dans les industries automobiles. On constate que les évaluations par auto-questionnaire
(opérateurs) sont significativement différentes de celles issues des méthodes d'observation (ergonome) et des
mesures directes (analyse biomécanique). Cependant, les opinions et jugements des opérateurs concernant les
facteurs ergonomiques sont importants pour faciliter la réussite d'une approche ergonomique. Un entretien
structuré et systématisé, basé sur des données objectives (Video-observations ou de mesure directe) liées aux
activités et stratégies des opérateurs, pourrait étre une procédure appropriée pour faire progresser |'ergonomie
des situations de travail.

Enfin, la connaissance tirée de cette thése souligne que la variabilité des taches dans I'industrie automobile
nécessite une approche ergonomique qui partage les connaissances des risques entre les intervenants. Dans
cette approche, les attitudes et les comportements des opérateurs sont pris en compte dans les projets
d’amélioration continue. De plus, la participation des intervenants devrait étre intégrée afin d'améliorer la prise
en compte de I'ergonomie dans la production. Une synthése de cette thése en Frangais a été fournie dans
I'annexe premiere.

mots-clés : Ergonomie, Troubles musculo-squelettiques (TMS), Facteurs de risques physiques, Evaluation de
I'exposition, Méthode d'observation, Auto-questionnaire, Mesure directe, Représentation partagée, Intervention,
Variabilité, Usine de fabrication de camion.

Musculoskeletal risk factors such as physical, organizational and psychosocial factors are a common challenge for
the automotive assembly industries and result in adverse human and system effects. Ergonomics has already
been integrated in the production systems of such factories to eliminate work-related musculoskeletal disorders
(WR-MSDs). The issue is whether the current ergonomic approach of car industries, based on corporate
standards and observational methods, can provide a shared knowledge of ergonomic factors for various
stakeholders and facilitate ergonomic improvement.

This study focuses on the positioning of the different assessment methods (used by various stakeholders),
agreement between their results in evaluation of physical risk factors and the influence of intervention and
improvement following ergonomic assessment. This thesis proposes that the current procedure of risk factor
assessment cannot provide a shared knowledge and representation of risks between stakeholders in
manufacturing industries. It was found that the operators’ assessments of risk factors (self-reported
questionnaire) were significantly different from those assessed by observational methods (ergonomist) and direct
measurement. However, the operators’ opinions and judgments of ergonomic factors of a job are of particular
importance to the success of an ergonomic approach. A structured interview based on objective data (video-
observation or direct measurement) linked the activities and strategies of at risk operators might be an
appropriate procedure to advance ergonomics.

The knowledge gained from this study emphasizes that the variable nature of tasks in manufacturing industries
needs an ergonomic approach which shares knowledge and representation of risks between stakeholders. In such
an approach, attitudes and behaviors of operators are taken into consideration in developing new intervention
processes, organizational and technical remedies. Moreover, involvement of stakeholders should be integrated
and this should result in improving production ergonomics. A summary of this thesis in French is provided in
Appendix 1.

keywords : Ergonomics, Work-related musculoskeletal disorders, Physical risk factors, Exposure assessment,
Observational method, Self-reported questionnaire, Direct measurement, Shared representation, Intervention,
Diversity, Truck manufacturing plant
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1. Introduction

The manufacturing industry needs to be competitive in the marketplace due to increases in the quantity of
products. Manufacturing success in the competitive industrial world depends on developing employee health,
productivity, and quality (Falck and Rosenqvist, 2012; Tornstréom et al., 2008). The automotive industries and
heavy manufacturing plants are physically strenuous (Fredriksson et al., 2001). The operators in these
industries usually perform cyclical/repetitive tasks and they are exposed to high physical workloads.
Furthermore, psycho-social factors (high psychological demand, low decision latitude and lack of social support)
and work organization (such as workstation content, inherent tasks, cycle time, work-rest cycle) can influence
human well-being and the production system in the automotive industries (Vandergrift et al., 2012). Previous
studies have proved that the integration of ergonomics in @ manufacturing production system can improve work
situation and reduce occupational diseases such as musculoskeletal disorders (Morken et al., 2003; Morse,
2013; Tornstrom et al., 2008). Work-related musculoskeletal disorders (WR-MSDs) that develop due to
exposure to risk factors represent one third of all diagnosed work-related diseases in many countries (Chiasson
et al., 2012). They are the main causes of disability and impact on quality of life which lead to more
absenteeism and early retirement than other work-related illnesses (Punnett and Wegman, 2004; Roquelaure et
al., 2006b). WR-MSDs also have significant financial and social consequences which result in more than 40% of
occupational costs such as medical charges, lost work time, workers’ compensation claims and absenteeism
(Speklé et al., 2010). Many industries in France have experienced increases in the number of workers’
compensation claims in recent decades (Riviére et al., 2014; Roquelaure et al., 2006b). In the USA, 29% of
lost-time workplace injuries are reported to be due to WR-MSDs (Chiasson et al., 2012). Furthermore, the
effects of WR-MSDs risk factors are not only illness and social costs (human effects), but also system
performance (quality and productivity) can be influenced (Falck et al., 2010; Neumann and Dul, 2010; Zare et
al., 2015).

WR-MSDs risk factors have to be eliminated in manufacturing industries in order to improve system and human
performance. The procedures available that ensure ergonomic improvement are management policy,
stakeholders’ involvement, shared representation of risk factors and risk identification tools (such as screening
tools, code of practice, etc.). Depending on the manufacturing context, different stakeholders may have various

viewpoints on the risk factors/exposure and they might consequently believe in different control strategies
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(Berlin, 2011). A modern ergonomic approach needs the contributions of various stakeholders to provide shared
knowledge and a shared representation of work activity for ergonomic improvement.

The tools available (observation, interview, questionnaire and direct measurement) that might be used to
identify and monitor ergonomic problems in a manufacturing industry depend on contextual factors (such as
production volume, organization culture, stakeholders’ involvement and the presence of an ergonomist). The
observation approach is frequently used in the manufacturing industry. An ergonomist or a trained employee
uses this approach to assess the ergonomic situation. Many observational methods (tools) have been developed
and several automotive industries possess their own observational tools related to their risk factors. The issue
that needs to be considered is whether an observation procedure provides sufficient accurate data on the
exposure to risk factors. Can the observational procedure (that is based on the assessment of a trained
individual) supply a shared representation of the work activity? Should observational information be
supplemented by other methods such as questionnaires or direct measurement? These are the issues that are
seldom reported in the scientific literature.

This thesis was designed at the Laboratory of Ergonomics and Epidemiology in Occupational Health (LEEST) in
response to the above questions. It is based mainly on field studies conducted at the Angers SCANIA truck
assembly plant. In this research, various ergonomic risk assessment methods (an in-house observational
method, a self-reported questionnaire and the direct measurement method) were used to analyze WR-MSDs
risk factors in an automotive industry. The problem studied is divided into several parts. Firstly, WR-MSDs risk
factors were evaluated by an ergonomist, estimated by operators (self-reported questionnaire) and measured
by the quantitative method (a method widely accepted by engineers). Then, the agreement between these
methods was explored for identification of physical risk factors. Finally, following the ergonomic assessment, an

ergonomic intervention was implemented with the contribution of stakeholders.

1.1. Work-Related Musculoskeletal Disorders (WR-MSDS)

Definition: Work-related musculoskeletal disorders (WR-MSDs) of the upper limbs and back are responsible for
pain, discomfort, disability and difficulty in performing work tasks in industry and service workers (Leclerc et
al., 2001). WR-MSDs include both peripheral nerve entrapments, mainly carpal tunnel syndrome (CTS) and
ulnar tunnel syndrome, and peripheral enthesopathies, mainly shoulder tendinitis, lateral epicondylitis and
hand-wrist tendinitis (Sluiter et al., 2001). Numerous non-specific musculoskeletal pain disorders can also be

included under this term.
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Epidemiology: The prevalence of WR-MSDs has been reported to be high in developed and developing
countries (Widanarko, 2013). Eurostat (2004) reported that approximately 45 million employees in Europe
experienced WR-MSD symptoms (Parot-Schinkel, 2012). In France, WR-MSDs are the main cause of
occupational disease and they represented 87% of all diagnosed occupational diseases in 2013 and 86% in
2011-2012 (CNAM-TS, 2013; Parot-Schinkel, 2012). The total cost of occupational disease was €2250 million in
2011 of which 45% (€1006 million) were related to WR-MSDs (Parot-Schinkel, 2012). In Sweden, the total
costs of all occupational diseases and absenteeism were more than 110 billion SEK in 2003 and it was
estimated that half of this cost was related to WR-MSDs (Neumann, 2004). Musculoskeletal disorders are the
main cause of absenteeism and work related disabilities in many developed countries such as the US, UK and
Canada (Coté et al., 2013). The costs of WR-MSDs accounted for $12.75 billion (U.S.) in the USA in 2009 and
similarly in Canada the cost of WR-MSDs was $20 billion (CND) in 2005 (Lowe et al., 2014). In addition to
direct costs due to medical treatment, loss and compensation, there are various indirect costs such as mental
effects in the workplace, training new employees and time losses. Indirect costs might have greater social and
economic impact than direct costs but they are often ignored by decision makers (Neumann, 2004; Oxenburgh
and Marlow, 2005). The prevalence of musculoskeletal disorders in heavy and light vehicle industries is four
times higher than the general occurrence of WR-MSDs (Punnett and Wegman, 2004). Nur et al (2014) reported
a high prevalence of WR-MSDs (67%) among automotive company operators (Nur et al., 2014). In a cohort
study in a large French employee population, Roquelaure et al (2006) reported a high prevalence of WR-MSD
symptoms for cyclical jobs (under time pressure) and repetitive tasks (Roquelaure et al., 2006b). Industrial
workers, farmers, artisans and low-skilled workers of the service sectors are the main working population
exposed to WR-MSDs (Ha et al., 2011). The prevalence rate for at least one WR-MSD symptom for men in the
automotive and transport industries was 20% higher than for the other occupational sectors in a cohort study in
France (Roquelaure et al., 2006b).

As shown in the ergonomic literature, WR-MSDs risk factors can cause various types of musculoskeletal
disorders, particularly in the automotive industries. Physical risk factors still remain an important adverse
element for WR-MSDs, although the contribution of other ergonomic factors (organizational and psychosocial)

to the development of WR-MSDs is considerable.
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1.1.1. Risk models for WR-MSDs

Ergonomic discipline involves several domains of human activity such as physical, cognitive, psychosocial,
organizational and environmental dimensions. Ergonomic practices that include these dimensions might
improve the workplace situation and have positive effects on system and human performance (Coté et al.,
2013; Fuller et al., 2011; Widanarko, 2013). Indeed, a successful ergonomic approach has to include a broad
aspect of work in order to provide a better understanding of work characteristics. According to the International
Ergonomics Association (IEA), ergonomics refers to “the scientific discipline concerned with the understanding
of the interactions among humans and other elements of a system, and the profession that applies theoretical
principles, data and methods to design in order to optimize human well being and overall system performance”.
As underlined by Falzon (2005), this definition mentions the two fundamental goals of ergonomics, on one hand
performance-centered goals -which can be translated into efficiency, productivity, reliability, quality, etc.- and
person-centered goals - which translate into health, safety, stress and workload, comfort, ease, satisfaction,
interest of work, etc. Others say, “ergonomics practice sets out a fundamental challenge: the challenge to
satisfy simultaneously performance-centered goals and person-centered goals, as far as possible” (Falzon,

2005).

a) Physical Ergonomics
Physical risk factors such as Repetitive Work, Work Posture, Lifting and Material handling/Packaging, Workload
and Energy Consumption, and Tooling are common in various jobs and industries, but some of them are found
specifically at car assembly workstations (Falck et al., 2014). Furthermore, some factors such as the frequency
of actions per minute, lack of recovery time and duration of repetitive tasks over a working day can intensify
the impact of physical risk factors (Sociali, 2012). The Ergonomics literature has demonstrated that physical
risk factors are the required elements for development of WR-MSDs (Widanarko, 2013). Widanarko (2013)
reviewed nine studies and reported that manual material handling, awkward posture, and whole-body vibration
are the main causes of low back pain. Heavy physical work was also reported to be a risk factor for low back
pain in six review papers (Widanarko, 2013). Manual material handling and bending/twisting of the back were
reported to be work-related risk factors for back pain in several review articles (Lotters et al., 2003; Pehkonen,
2010). Some studies showed that repetitive work and hand-intensive tasks increase the risk of hand/wrist
disorders such as epicondylitis, tendinitis, and carpal tunnel syndrome. Handling load >20kg and repetitive

work >2h/day were reported as the risk factors for lateral and medial epicondylitis. Furthermore, the risk of
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epicondylitis rises considerably with high gripping force (van Rijn et al., 2009). Van der Windt et al. (2000)
identified repetitive movements, abducted/adducted arms and arm elevation as risk factors that contribute to
the development of shoulder disorders (van der Windt et al., 2000). Furthermore, different studies showed that
awkward neck and trunk posture, prolonged arm posture and arm elevation were related to neck and shoulder
pain (Coté et al., 2008; Palmer and Smedley, 2007). Most studies have shown that repetitive and hand-
intensive tasks amplify the effects of awkward posture on wrist/hand disorders (Pehkonen, 2010). Vandergrift
et al. (2012) reported that psychosocial factors were related to WR-MSDs only among employees who had
exposure to physical risk factors (Vandergrift et al., 2012). A study among German nurses showed that
psychosocial factors had greater adverse effects on WR-MSDs if there was greater exposure to physical risk
factors (Hollmann et al., 2001). The literature has highlighted the role of physical risk factors in WR-MSDs.
Identification and analyses of physical risk factors are therefore the important aims of ergonomics in

manufacturing industries.

b) Work-Related Psychosocial Risk Factors
Several studies have shown that psychosocial risk factors at work can contribute to a range of work related
disorders, particularly WR-MSDs (Cooper, 1998). The role of psychosocial factors and their interaction with
other WR-MSDs risk factors have been given more attention recently (Hoogendoorn et al., 2000). Work-related
psychosocial factors are defined as the interaction between work and individual characteristics such as job
content, capacity, needs, cultures, interpersonal relationships etc. They can influence human well-being and
system performance (Cooper, 1998). Some studies have classified psychosocial factors in terms of
organizational factors but many studies have emphasized the need to distinguish between them. Organizational
factors represent structural characteristics of a system (which is more objective) while psychosocial factors
represent perceptions of employees concerning work characteristics, particularly organizational factors

(subjective aspects) (Carayon et al., 1999; Huang et al., 2002).

c) Factors Related to Work Organization and Management Practices
Work organization influences the production system via policy and procedures of a company, distribution of
tasks, cycle time, work-rest cycle, etc. Previous studies have revealed the relationship between WR-MSDs and
factors related to work organization. Petit et al. (2015) found a significant association between CTS and work

organizational factors such as payment on a piecework basis and work pace dependent on automatic rate (Petit
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et al., 2015b). In view of the major challenge of competition between international automotive companies,
different organizational strategies are used such as lean production (Krafcik, 1988), just-in-time (Abegglen and
Stalk, 1985) and total quality management (Deming, 1982) to improve productivity and decrease waste (non-
added value tasks, time, costs). In recent years, the lean strategy has been integrated into many car
industries, and the organizational structure of these industries rationalized to achieve “zero waste” and “zero
deviations”. This can lead to work intensification such as reduction of the cycle time and small repetitive task
series (Kazmierczak et al., 2005). Changes in process organization on the basis of the lean concept without
considering human factors can have adverse effects on employees and quality/productivity. Some studies have
therefore proposed an integrated approach of lean strategy with ergonomic principles so that the system and
employees can benefit (Morse, 2013; Zare et al., 2015). Integrating a lean strategy with ergonomic principles
should reduce wastage and the potential for accidents/injuries in the production system. Nahmens (2011)
reported success with an integrated approach using ergonomics and lean principles in the organization of the
industries investigated (Nahmens and Ikuma, 2011). Several companies such as Toyota and Honda have
successfully used lean principles and ergonomics in an integrated manner and reduced waste and non-added
value time, particularly after ergonomic interventions (Morse, 2013). However, few studies have investigated
whether the integration of a lean strategy and ergonomics can improve work organization and significantly
reduce WR-MSDs. Different theories are explained in the following section that describes the effects of the

above mentioned work characteristics on WR-MSDs,

1.1.2. Theoretical Models

Several theoretical models have been proposed in the ergonomics literature concerning elements contributing
to the development of WR-MSDs (Armstrong et al., 1993; Carayon et al., 1999; Davis and Heaney, 2000;
Karsh, 2006; Kumar, 2001; Kuorinka et al., 1995; Sauter and Moon, 1996). The models developed before 1999
such as Armstrong et al. (1993), Hagberg et al. (1995), Sauter and Swanson (1996) considered physical risk
factors to be a main cause of WR-MSDs, and other factors (organizational and psychosocial) as intermediate
and mediating variables. Karsh (2006) and Widanarko (2013) developed models that took into account many
mechanisms and factors in addition to physical workload as elements contributing to the development of WR-
MSDs (Karsh, 2006; Widanarko, 2013). These models showed the importance of work organization that can
influence physical exposure. Roquelaure (2014) proposed a model that explains the effects of different factors

on WR-MSDs (Figure 1). This model describes company policy and organization and managerial practice that
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determine the organization of a job (workplace) and physical exposure. These elements can subsequently cause

WR-MSDs in combination with other components such as psychosocial and individual factors.
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Figure 1: Conceptual model of factors contributing to development of WR-MSDs
(Adapted from Roquelaure 2014)

Facteurs psychosociaux

The models described above explain the effects of ergonomic elements on WR-MSDs (human effects) while the
system effects of WR-MSDs risk factors were ignored. Many studies have demonstrated that these risk factors
can cause adverse effects in a manufacturing industry system (Neumann and Dul, 2010). A conceptual model
was therefore developed in this study taking into account several elements of ergonomics that can influence not
only humans (WR-MSDs) but also production systems (Figure 2). As shown in this model, ergonomics are
subcategorized into physical, organizational, cognitive and psychosocial factors in a production system which

separately or interactively affect both humans and the system.

1.1.3. The Effects of Ergonomics Approach on A System

The role of ergonomics is changing from a tool only for prevention of WR-MSDs to a method of cost reduction.
Although some survey studies have shown that managers of automotive industries still consider ergonomics as
a way of decreasing WR-MSDs and absenteeism (Thun et al., 2011), awareness related to the effects of
ergonomics on reducing costs is increasing. To explore this issue, we performed a wide literature review on the
relationship between ergonomics and system effects, particularly in terms of product quality. The first paper in

this thesis represents this literature review study. Twenty-five empirical studies were reviewed and evidence of
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the effects of WR-MSDs risk factors was demonstrated in relation to quality errors, mainly in the automotive

industry (Appendix 2).
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Figure 2: Conceptual model showing the impact of ergonomic approach on a system

1.2.

Prevention of WR-MSDs

A substantial proportion of WR-MSD could be prevented by workplace ergonomic interventions (Roquelaure et

al., 2009). According to recent literature (Driessen et al., 2010; Kennedy et al., 2010; Rivilis et al., 2008; Shaw

et al., 2008), multidimensional and participatory ergonomics interventions are more effective in preventing WR-

MSDs than simple interventions on the workstation or on the operators (e.g., training sessions).

The most efficient interventions combine actions at three levels of prevention:

¢ Primary prevention, essentially to limit the incidence of WR-MSDs by risk reduction at the

source

e Secondary prevention, to avoid worsening of pain and difficulties at work, by means of early

detection and appropriate management
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o Tertiary prevention, to facilitate remaining at work and/or early return to work of workers

experiencing chronic pain and disability.
Combination of the three levels of intervention should increase the efficacy of the prevention, since even in job
situations in which primary interventions are ineffective, the severity of disorders can be decreased and their
prognosis can be improved by integrated preventive actions at all stages of WR-MSDs (from acute to chronic
WR-MSDs). Such a global and integrated strategy of WR-MSD prevention is in line with the WHO global plan of

action on workers’ health (Organization, 2007). Health promotion actions conducted at the workplace could be

used to inform workers of good practice in WR-MSD prevention and to promote some preventive interventions
at work (e.g. stretching program) and/or at home (e.g. diet or exercise programs) (Petit et al., 2015a).

The large manufacturers in Europe such as SCANIA, Volvo Car Corporation (VVC), Volkswagen (VW), Fiat Group
and Peugeot-Citroen (PSA) have developed their own ergonomic prevention practices which have often focused
on the first level of prevention. This means that WR-MSDs risk factors are evaluated by ergonomists or trained
employees (technicians) by means of an in-house observational method (check-list and video-observation) and
reactive or sometimes proactive measures (mainly technical/engineering remedies or designing of workstations)
are put in place to limit the incidence of WR-MSDs at source (Falck et al., 2010; Hagg, 2003). These corrective
measures basically represent the views of ergonomists/engineers related to workplaces which are based on
their experience, knowledge and corporate or national standards (use as a baseline for analyzing jobs).
Nevertheless, the other characteristics of a job and coherence between other stakeholders regarding WR-MSDs
risk factors and preventive measures are less often considered. Berlin (2011) explained this problem as:

"The issue that should be resolved is whether to associate ergonomics assessment with human operators or
with product- or production-related parameters (e.g. product construction features, workstations, equipment or
materials).”

This means that different stakeholders might believe in various control strategies (reactive; such as
modification in the workstation and reducing workload or proactive; such as giving feedback to production
designers and changing process design) (Berlin, 2011). Furthermore, another issue that is less often considered
is the operators’ perceptions of risks and preventive measures. Operators are the important stakeholders who

are directly involved with the work and are influenced by WR-MSD risk factors.
The success of preventive interventions depends on the evaluation of risk factors and considering “work”

representation from the viewpoint of different stakeholders. Ergonomic intervention is complex because of the
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various components included. Developing and reproducing an intervention is thus difficult (Campbell et al.,
2000). Ergonomic interventions have often been unsuccessful, particularly when only based on physical risk

factors identified by observational tools. Westgaard et al (1997) reviewed 92 ergonomic intervention studies in

which 20 studies reported mechanical exposure interventions. Although these studies claimed positive
outcomes for the preventive actions, the evidence was not sufficient to show effective ergonomic intervention.
Review of 32 intervention studies on production system and 39 intervention studies on maodifiers (such as
physiotherapy, health education, exercise, relaxation training, work technique and multiple measures) showed
that the chance of success increased when risk factors and problems had been identified accurately and when
various stakeholders actively supported intervention studies (Westgaard and Winkel, 1997).

In a review study, Denis et al (2008) reported that intervention approaches used for prevention of WR-MSDs
are diverse, and classical intervention models based on observational evaluation and technical remedies are not
necessarily effective. According to the scope of the intervention, the complexity of WR-MSDs should be
considered and sufficient details have to be provided, particularly about the diversity and specificity of the
workplace, risk factors and preventive measures (Denis et al., 2008). Silverstein and Clark (2004) reviewed 20
randomized control studies, 17 semi-experimental studies with a control group and 36 case studies of
ergonomic interventions to reduce WR-MSDs. The evidence in these studies showed that, although individual
technical remedies or administrative controls can be useful, combinations of measures after a comprehensive
job analysis would be more effective (Silverstein and Clark, 2004). Gathering information from different sources
increases the quality of evaluation and intervention (Silverstein and Clark, 2004).

Effective intervention is required that can first reduce the risk of WR-MSDs and then facilitate the process of
return to work and rehabilitation of injured employees. More effective ergonomic intervention might be
achieved by comprehensive assessment of risk factors and developing a new procedure that provides a joint
process of decision making by various stakeholders (shared representation). This procedure is based on
unambiguous information on the potential risk factors of jobs and can significantly contribute to developing
effective preventive measures. The next section describes the current methods and procedures that have been

developed to identify and monitor WR-MSDs risk factors.

1.3. Ergonomic Risk Assessment
As mentioned above, the focus of this study was evaluation and analysis of physical risk factors in a

manufacturing industry. The precise and accurate evaluation that represents exposure to physical risk factors
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can play an important role in the success of ergonomic intervention. There is a common interest between
several stakeholders such as ergonomists, engineers and operators in measuring physical risk factors as a basis
for ergonomic intervention (David, 2005). Traditional ergonomic programs in the manufacturing industries have
been based on ergonomists’ assessments, and then engineers’ solutions. The ergonomists are often considered
as expert advisors or internal consultants who, placed between operators and mangers, analyze jobs and help
the engineers who are improvement agents to find solutions for ergonomic problems (Berlin, 2011). There are
often misunderstandings between ergonomists and engineers in this process because engineers communicate
with numbers and metrics while the ergonomist’s methods (observational methods) for identifying the problems
are subjective and qualitative (Berlin, 2011). Moreover, the operators are usually ignored in this process.
Various methods have been developed to evaluate physical risk factors and they are often categorized in three
main classes: Observational Methods, Self-reported Questionnaires and Direct Measurement Methods.
Ergonomists and practitioners often used observational methods. Numerous observational methods have been
developed that measure different physical risk factors. They are often qualitative/semi-qualitative, and
ergonomic programs in car manufacturing industries are usually based on using these methods. Risk
assessment by observational methods might be performed by ergonomists, trained employees (technicians or
engineers) or workers themselves.

Self-reported questionnaires, on the other hands, are used to collect data on exposure to physical risk factors
from the operators’ viewpoint. These methods are widely used in epidemiological studies to find dose-exposure
relationship for WR-MSDs. Moreover, they provide data for other ergonomic elements such as psychosocial and
organizational factors. Direct measurement methods rely on sensors to measure physical risk factors. These
methods give precise numbers and metrics which engineers trust. It is possible sometimes to use two or
several methods for data collection, depending on the resources available (David, 2005; Pehkonen, 2010). The
observational method, self-reported questionnaire and direct measurement method are described in the

following sections.

1.3.1. Observational Methods

Several observational methods have been developed to evaluate physical risk factors in workplaces. These
methods have advantages and limitations for risk assessment (Chiasson et al., 2012; Denis et al., 2000;

Hignett and McAtamney, 2000; Juul-Kristensen et al., 1997; Kee and Karwowski, 2007; Punnett, 2000; Punnett
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et al., 2000; Stanton et al., 2004; Takala et al., 2010). Table 1 presents the characteristics of the most

common observational tools appearing in ergonomics literature.

Table 1: Characteristics of the most common observational risk assessment tools appearing in the ergonomics

literature

Risk assessment
methods

Description

Assessment Criteria

Available

OWAS: The Ovako
Working Posture
Analysis System

Tool for whole body posture
analysis

Posture, Force

http://www.iosh.co.uk/~/media

/Documents/Books%?20and%20

resources/Musculoskeletal%20d
isorders/OWAS.pdf?la=en

PLIBEL: Plan fér
identifiering av
belastingsfaktorer

Checklist measuring physical risk
factors

Posture, Force,
Movement

http://www.ttl.fi/en/ergonomics

/methods/workload_exposure_

methods/table_and_methods/D
ocuments/PLIBEL.pdf

QEC: Quick exposure
check

Tool for whole body assessment of
exposure for static and dynamic
tasks

Posture, Force,
Movement

http://www.Ini.wa.gov/Safety/S
prainsStrains/pdfs/QECReferenc
eGuide.pdf

VIDAR: Video- och
datorbaserad
arbetsanalys

Video-based tool in which operator
participates and evaluates physical
workload and perceived exertion
force (combination of Borg scale
and QEC)

Posture, Force,
Movement

http://www.ttl.fi/en/ergonomics

/methods/workload_exposure_

methods/table_and_methods/D
ocuments/VIDAR.pdf

LUBA: Postural loading
on the upper-body
assessment

Method to evaluate sitting and
standing posture

Posture

http://www.ttl.fi/en/ergonomics

/methods/workload_exposure_

methods/table_and_methods/D
ocuments/LUBA. pdf

posture, force,

http://ergo-plus.com/wp-

REBA: Rapid entire body Assessment tool for evaluating movement, content/uploads/REBA-A-Step-
assessment whole body posture repetition, and by-Step-Guide.pdf
coupling

Back-EST: Back
Exposure Sampling

Tool for physical risk assessment of
back exposure that is applicable for
wide range of jobs

Posture, Force,
Vibration

http://www.ttl.fi/en/ergonomics

/methods/workload_exposure_

methods/table_and_methods/D
ocuments/BackEST.pdf

AET: Ergonomic Job
Analysis Procedure

Checklist providing wide description
of work characteristics including
stress analysis, task and demand
analysis

Posture, Movement,
Vibration

http://www.ttl.fi/en/ergonomics

/methods/workload_exposure_

methods/table_and_methods/D
ocuments/AET.pdf

Analysis of hand wrist by
Stetson

Observational method used to
analyse hand exertion during
gripping, using tightening machine,
using palm as a tool etc.

Posture, Force,
Vibration

http://www.ttl.fi/en/ergonomics
/methods/workload_exposure_
methods/table_and_methods/D
ocuments/Stetsonschecklistforh
andandwrist.pdf

ACGIH TLV for low back
risk

Tool for analyzing repeated lifting
tasks. The location, frequency and
daily duration of lifting tasks
determine the TLV for weighting
the loads

Posture, Force

http://www.ttl.fi/en/ergonomics
/methods/workload_exposure_
methods/table_and_methods/D
ocuments/ACGIHLIftingTLV.pdf

ACGIH TLV for Hand
Activity Limit (HAL)

A tool for evaluating risk factors for
hand wrist and forearm by using
peak hand force and hand activity
level. It is appropriate for jobs with
>4 hand repetitive tasks

Movement, Force

http://www.ttl.fi/en/ergonomics
/methods/workload_exposure_
methods/table_and_methods/D
ocuments/ACGIHTLVforHandAct
ivityLevel_HAL_.pdf

ARBOUW, guidelines on
physical workload for
the construction industry

Analyses five area of physical
workload including lifting,
pushing/pulling, carrying, static
workload and repetitive movement.
It uses traffic light method for
prioritization of WR-MSDs risk
factors

Posture, Force

http://www.lhsfna.org/files/ARB
OUW_Guidelines.pdf x
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HARBO: Hand Relative
to the Body

Method for assessment of exposure
applicable for all types of job. The
postures of body segments are
evaluated based on hand position.
It can be used for epidemiological
study or ergonomic prevention and
intervention program

Posture

http://www.ttl.fi/en/ergonomics

/methods/workload_exposure_

methods/table_and_methods/D
ocuments/HARBO.pdf

OCRA: Occupational
repetitive actions

Tool for assessing workload in
upper limbs due to repetitive
movements

Posture, Force,
Vibration

http://www.epmresearch.org/u
serfiles/files/Revised%200CRA
%20Checklist%?20Book.pdf

HSE Upper Limb risk
assessment method

Two-stage tool used as the first
step to determine the situation
under risk by filter analysis and
then high risk jobs are analyzed in
detail by risk assessment
worksheet

Posture, Movement,
Force, Vibration

http://www.ttl.fi/en/ergonomics
/methods/workload_exposure_
methods/table_and_methods/D
ocuments/HSEUpperlimbriskass
essment.pdf
http://www.hse.gov.uk/msd/pd
fs/worksheets.pdf

MAC: Manual Handling
Assessment Chart

A tool for practitioner to evaluate
risk factors of manual handling
tasks (lifting, carrying and team

handling). It uses traffic light
model for prioritization of tasks

Posture, Force

http://www.hse.gov.uk/pubns/i
ndg383.pdf

Revised NIOSH Lifting
Equation

Tool for analyzing repetitive lifting
tasks.

Posture, Force

http://www.cdc.gov/niosh/docs
/94-110/pdfs/94-110.pdf

PEO: Portable Ergonomic
Observation

Observation computerized tool to
calculate cumulative exposure
directly from workplaces. Physical
exposure related to several tasks
obtained with this method

Posture, Movement,
Force

http://www.ttl.fi/en/ergonomics

/methods/workload_exposure_

methods/table_and_methods/D
ocuments/PEQ.pdf

Postural Workload
Evaluation System by
Chung

Tool to assess body postures
according to Discomfort score

Posture

http://www.ttl.fi/en/ergonomics
/methods/workload_exposure_
methods/table_and_methods/D
ocuments/Posturalworkloadeval
uationbyChung.pdf

RULA: Rapid Upper Limb
Assessment

Tool for upper limb assessment

Posture, Force

http://ergo.human.cornell.edu/
ahRULA.html

SI: Strain Index

Simple tool evaluating risk level for
developing a disorder of the distal
upper extremities. It evaluates
hand exertion

Posture, Fore

http://ergo.human.cornell.edu/
Pub/AHquest/JSIWorksheetbw.
pdf

Washington State
Ergonomic Checklist

Tool for identification of WR-MSD
risk factors

Posture, Movement,
Force, Vibration and
Contact force

http://www.Ini.wa.gov/SAFETY/
SPRAINSSTRAINS/TOOLS/DEFA
ULT.ASP

SES: Scania Ergonomic
Standard

In-house observational tool used to

assess ergonomic workload in truck

assembly plant. It uses traffic light
method to prioritize risk factors.

Posture, Movement
and Force

Contact Scania Group

METEO: The Work and
Organization
Assessment Method

In-house method developed by PSA
to evaluate biomechanical,
psychosocial and organizational
risk factors

Posture, Movement,
Force, Cycle time

Contact Peugeot-Citroen Group
(PSA)

EAWS: European
Assembly Worksheet

Tool adapted for automotive
industries. Widely used by big
companies such as VW

Posture, Movement,
Force, Manual
Handling

http://www.tandfonline.com/do
i/abs/10.1080/1463922X.2012.
678283

By using these methods, an observer (ergonomist/expert) follows the work process either in the field or from

recorded videos and evaluates risk factors on the basis of a checklist or grid (David, 2005; Hignett and

McAtamney, 2000; Juul-Kristensen et al., 1997). Magnitude, duration and frequency of risk factors are
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determined qualitatively or quantitatively. Various observational methods measure different types of physical
risk factors. In addition to posture assessment, that is a prevailing risk factor in observational methods, force,
movement and manual material handling frequently appear in many observational methods (Pehkonen, 2010).
Selection of an observational method for a workplace is always difficult due to the large number of methods,
different purposes and needs, and validity/reliability of methods. Literature reports propose the criteria for
selecting a method such as objectives, characteristics of a job and users, and resources available (time, costs
etc.) for data collection (David, 2005; Takala et al., 2010). David (2005) divided observational methods into
simple and advanced methods. The simple observational methods included 15 paper-based ergonomic tools
that assess exposure and record on a sheet/grid (OWAS (Karhu et al., 1977), PLIBEL (Kemmlert, 1995), QEC
(David et al., 2008), REBA (Hignett and McAtamney, 2000), ergonomic checklist (Keyserling et al., 1992), RULA
(McAtamney and Corlett, 1993), NIOSH Lifting Equation (Waters et al., 1993), The Strain Index (Steven Moore
and Garg, 1995), OCRA (Occhipinti, 1998), Manual Handling Guidance (Handling, 1998), FIOH risk factor
checklist (Ketola et al., 2001), ACGIH TLVs (Potvin et al., 2001), LUBA (Kee and Karwowski, 2001), Upper Limb
Disorder Guidance HSG 60 (Hobson, 2002), and MAC (Monnington et al., 2003)). The advanced observational
tools included various video-based or computerized observational techniques the results of which are analyzed
by software. It was concluded that the methods covering a wide range of risk factors are probably usable across
different jobs. Observational methods are suitable for practitioners in industries but they should be aware of the
constraints of the techniques and features of the situation under study. However, there is no a single tool that
is applicable for different workplaces, and a combination of methods provides more reliable results (David,
2005).

In a systematic review study, Takala et al (2010)identified 30 observational tools in the ergonomic literature.
These methods were categorized under three headings according to the focus and objectives of the methods:
measurement of general workload, upper limb activity and manual material handling. The main dimensions of
physical workload, including posture, force, duration and frequency, were measured in most methods reviewed.
Most of these methods had been compared with other methods such as direct measurement and their validity
had been reported. Furthermore, inter-observer repeatability for these methods was moderate to good. The
authors concluded that none of the observational methods can comprehensively evaluate and analyze jobs and
that it might be useful to apply several methods in a field. The importance of having a shared representation of

risk factors was emphasized by using the techniques such as interview and considering operators' perceptions
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(Takala et al., 2010). Wells et al (1997) suggested a toolbox that allows the practitioner to select one method
or combinations of the methods, depending on the workplace under assessment (Wells et al., 1997).

Village et al (2009) aimed to develop a comprehensive tool measuring physical risk factors for the back that
would be suitable for a wide range of workplace and epidemiological studies. The Back-EST tool was designed
comprising 20 measurement criteria such as posture, manual handling and whole body vibration. The authors
reported good validity for this tool compared to the direct measurement method and a high percentage of inter-
rater reliability both in the laboratory and in the field. Although the researchers tested this tool in a wide variety
of heavy industries and claimed that it is applicable for a variety of jobs, this tool only measured back risk
factors and it included many variables that made its usability difficult in practice. Furthermore, its results should
be validated in comparison to operators’ perceptions (questionnaire or interview) (Village et al., 2009).

In a survey study among 308 Certified Professional Ergonomists in the US, Dempsey et al (2005) showed that a
wide variety of practitioners used video-based techniques. Observational tools such as RULA, NIOSH lifting
Equation, Biomechanical model, Psychophysical material handling data and body discomfort map were applied
by more than 50% of the practitioners who participated in the study. The aim of this survey was to provide
information for developing an ergonomic toolkit for widespread use. The authors concluded that video
recording, manual material handling tools and direct measurement tools (such as hand force and push/pull
measurement) and body discomfort chart should be included in any ergonomic toolkit (Dempsey et al., 2005).
The authors therefore proposed a combination of tools that could provide a shared representation of risk factors
in the workplace. Kilbom (1994) emphasized using other sources in addition to observation (Kilbom, 1994).
Observational methods also have some limitations such as inter-rater variability, low reliability and variety of
ways of sampling. Bao et al (2009) investigated inter-rater reliability between different observers who assessed
a job from video recording. They reported a low precision between different observers and better reliability was
observed for evaluation of the large body parts. Furthermore, a wider angle interval (30° angle intervals)

provides appropriate reliability (Bao et al., 2009).

a) In-house observational ergonomic methods
The automotive industries are pioneers in ergonomics of the workplace and they integrate ergonomics in their
production systems (Hagg, 2003). Several in-house ergonomic methods have been specifically adapted to
automotive industry work tasks. Companies such as SCANIA, PSA, VW, Renault and the Fiat Group have

developed their own in-house methods for evaluation of WR-MSDs risk factors. The risk assessment tools used
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in automotive companies usually have a similar structure. The issue is whether the current ergonomic approach
of car industries, based on corporate standards and observational methods, can provide a shared
representation of ergonomic factors.

Engineers often disagree with the results of observational methods and the operator’s perception is usually not
considered in the evaluation. Moreover, the validity and reliability of most companies’ tools are not assessed.
Among the companies’ tools reviewed, the BME model of Volvo Car Corp (Térnstrdom et al., 2008) and the
EWAS (Schaub et al., 2013) are the published methods although their validity and reliability were not reported.
Another issue is highly variable nature of assembly tasks (diversity between/within individuals). The
observational tools in the automotive industries assess a workstation for a standard model of vehicle and an
experienced operator. This means that variations (different models of vehicle) and diversity (various strategies
of operators when performing the same tasks) in a workstation are overlooked. Moreover, most car
manufacturing industries use technicians or operators to evaluate workstations by observational methods.
These individuals have received training to use these methods but their ergonomic knowledge is often poor. As
shown in previous studies, the quality and reliability of the results of observational methods depend on the
training and experience of the evaluator (Denis et al., 2000). Ergonomic assessment that is conducted by
evaluators such as technicians or operators is therefore questionable in terms of the quality of evaluation. All
these limitations increase the need for a new procedure to represent WR-MSDs risk factors in car manufacturing
industries. The in-house methods of automotive industries are presented in the following section.

SCANIA Ergonomic Standard (SES)

The SES production method is used to evaluate assembly operations and work cycle in the manufacturing
process. It is an observational screening tool originally developed by the SAAB group and Scania bought the
license to use it. Part of the material in the SES method comes from North America, Industrial Engineering,
Manufacturing Ergonomics Lab General Motors, USA. Other parts are based on individual experience and
literature studies. The tool fulfils the load ergonomics requirements set by General Motors International
Organization (GMIO) as well as Swedish legislation in this field and Scania’s Health and Work Environment
Policy. It evaluates WR-MSDs risk factors in four areas including awkward postures, repetitive movements,
energy consumption and material handling. Each area has subsections (criteria) that evaluate specific types of

risk factors, and finally 20 risk factors are evaluated by different criteria in the SES method. This method is

ZARE Mohsen | Shared Representation Of Ergonomic Risk Factors OOSC) 16



explained in detail in Chapter Two and its grid is provided in Appendix 3. Figure 3 showed how the results of the

SES method are illustrated in the factory.

L- N uonejon - (g3s) snbisAyd aBieln i
== ===
5 ST == === = T=[=[====
2l o
_.eBnousseunsfisiuiod op siguon | slolz|zlz|elelolz| (ool
G P o e ot = e e ) o v I ) I e e
B ) e e e e e e e o e e e e o B g B e ) = e e o o e e R e T
.aune[, siujod ap aiquoN
G o e el = e ) e e [ e el e = R ) AR
|enuBW jano ‘abedlas ap 9|dnNoD gr's| —|=l=|=|=|==|=|— —|=
Jaquiefus § Jadwiie §'p'g]
{snupuos sed) sjualLaANOW b'b'C | -
TS == == - = ===
D0AE UO[JOE} JUILLDSEIDD ‘0gssnod £ gl
E selq ‘ujew uopoey f @gssnod ep svlod Zp el |~ —| — - — - =
@ L |
b=y
£ [19pue sdioo uoporyy 99ssnod ep 92404 L pgl —| === SRR s o w
=T
i upew sun g sbeas zee|—[—|—[— |~ -~ -] - == |- -] -]~ |-
g suew z e sBeas| ‘aBeas| ap MOUT L'E'E SI7E
s 10UBlod - [IeARI] 8p alnjsod |L'Z'E]
L2 s gz selq = o
_g ‘gined3 - enbpeis [[eael 3P 2IMsod OL'Z'E|
g ss=nog - anbnels eaen ap sumsod 62 gl e e — =, = et = -
=
g‘ sazs0(Q - anbess peany ap oimsog gz el — [~ [~ = | ==l |-|-|- - —|=1 |-
I.I‘i Juesodulos np UsNAINSIP [ Bl L 'Z'E)] ffes - JHN NGNS S [N R I R .
- uo|ssald 9P 90BLINS IDELINS 2P JUOZ 9Z L]
=
_g uopuainuew ep esublea sze|—[—(=[= L L L | L L[ —|=|=~|-]- ST e =
ﬁ sujew so| inod eaey op voeds3 pzgl
ﬁ s|gno
no g3B1op; suew inod juawafefag g'2'cl
'
w anbseL aBe|quIasse 'S0y Z'Z'E]
L
77} lIBARI] Bp 881MS0d L'Z'g]
suonnadon Loef e e o [ e cuf e I P ] o o e
2inay ‘uopejel FP F|jealaiu)|c o o o~ o~ o o~ o~ o~ o~ o~ o oo o~ o~
9010z - (%) uopedde,p xney| Sl (£ (& |& |8 |8 (B8] |& 2 1z lzlzl |2 |2l8 |8 |z
aunal| red sa|a4a ap alquiopn |~~~ ~ ~ ~ ~ ~ ~ ~ ~ <t <t [~ ~ r~|r= ~ ~
adzusped| || o o < o B o o w = R & Rl = b
«
T 1
8 2%
= eeq =41
3 B | &
[3]
o abBeas| sp uonenb - HSOIN
=
ﬁ AJUEBLIEA B| Bp INBINOD
& (535) enbisAud sbieus
b 2 - i s
- = x = = = = = = 13 = a £ g |E B = =
@ 2 ' | B | B | B E|E|E|E| B 2 Blg|=|3 2| 2|2
% g A | & | & | & A& | & |&| A o S| a| e |E A& | A
& A =
] o u% i
5| B z
o 5 %} = =1
3 b ] . | &
€| oy g8 w2
- o G| @ | & | B e E & |2
ol = i= % i B 8 g =3 [} = 2 o | B
= 8 g g 2ls5| 8|8 a 2 = 2 5=
~ =2 E | = o | a|a|als @ b} o | B |
= @ & = =1 =1 = = o0 = = =
B = g [ T = = 3 €| £
= = g & | 8 | B2 o s | &
oo, o~ = o
D |’ o
=
8 - o - - o = ~ o - = o o] =

Figure 3: Visualization of the results of the SES method in the factory.
The green shows the minimum risk of WR-MSDs, the yellow is moderate risk and the red/violet represent

excessive risk of WR-MSDs

SCANIA has another observational tool for the design stage that is used by design engineers. This tool assesses

single articles/components in the first phase of production. It can evaluate also certain operations in the

ZARE Mohsen | Shared Representation Of Ergonomic Risk Factors [c9&E) 17



planning stage such as sealing, welding, pressing. Three separate evaluations are conducted when using this
tool. The first evaluates the design and shape of the product. The second evaluates the prerequisites of the
work and the third the manual material handling.
PSA Group (Peugeot-Citroen)
The PSA group replaced the OCRA method with the Work and Organization Assessment Method (METEO) to
analyze workstations at production sites in 1998. This method evaluates physical and physiological workload,
and psychosocial and organizational aspects of a workstation. The METEO includes five areas, i.e. physical and
physiological workload, cognitive workload (information processes and operators’ attention), organizational
factors, ergonomic structure of workstation (distance, visibility and control of the machine) and workplace
physical conditions (noise, lighting, temperature, etc.). Each area is divided into subsections and finally 22 risk
factors are evaluated by different criteria. This method uses a traffic light model and classifies the identified
risks into three categories:

e Green: Score to 2.5

e Yellow: Score between 2.6 and 3.5

e Red: Score between 3.6 and 5
Renault Group
The Ergonomic Analysis Sheet (FAE) is an observational method that evaluates physical, cognitive and
organizational factors at production sites of the Renault Group. This method has the same structure as the
METEO.
Volvo Car Corporation
Volvo Car Corporation developed an observational method known as the Ergonomic Assessment Model (BME
model). This model is specifically adapted to assembly tasks and standardizes the risk assessment procedure.
Posture, force and frequency are the criteria that used to assess each work task. This method evaluates the
tasks that are only characterized as added value. Multiplying three criteria grades provides the final risk score
(based on the cube model) (Sperling et al., 1993). The risk score interpretation is as follows:

o Green work task: Risk score 1-4.4

o Yellow work task: Risk score 4.5-7.5

e Red work task: Risk score >7.6
A risk score is calculated for each car model, each work task and for a number of work tasks in a line using this
method (Térnstrém et al., 2008).

Fiat and Volkswagen Group
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These two automotive industries use the European Work Assessment Sheet (EWAS) to analyze workstations.
This observational tool only analyzes physical risk factors, which are subdivided into five areas: Force, posture,
exertion, manual material handling and repetitive movements. The final risk score is calculated according to
sum of values of the different criteria and the traffic light method is used to prioritize the risk potential. The

scores between 0-25 are green, between 26-50 yellow and >50 red (Schaub et al., 2013).

1.3.2, Self-reported Questionnaires

Various self-reported methods have been developed to collect data (i.e. worker diaries, interviews and
questionnaires). A more recent method of self-reporting is self-evaluation of videotapes of work tasks (Kadefors
and Forsman, 2000), known as self-confrontation and divided into simple or cross-confrontation. This method
is widely used in France (Clot, 2005). Self-reporting provides operators’ own views and asks directly for
information. Workers’ perceptions of ergonomic factors in a workplace can be obtained by self-reporting
methods. A self-reported questionnaire provides operators’ evaluation of risk factors such as physical workload
in a workplace.

Many studies have used self-reported questionnaires to identify physical risk factors such as postural situations,
subjective force exertion and musculoskeletal symptoms (pain, numbness, etc) (Roquelaure et al., 2006a;
Roquelaure et al., 2009; Roquelaure et al., 2002). A self-reported questionnaire can ask about many variables
such as physical, organizational, cognitive and psychosocial factors as well as pain perception. Moreover,
retrospective data on exposure over a long period of time can be gathered by questionnaire, particularly when
objective data are not available (histories of exposure) (Stock et al., 2005). To establish a dose-response
relationship of WR-MSDs, a large population of subjects is needed. The self-reported questionnaire makes it
possible to survey a large population and it is the principal method used in epidemiological studies of WR-MSDs
(Roquelaure et al., 2006b). It can evaluate general exposure to WR-MSD risk factors of many job titles, a wide
variety of workstations and occupational tasks.

However, some disadvantages have been reported for application of the self-reported questionnaire. The
validity of the self-reported questionnaire is a matter of debate in the literature. The respondents are not
always truthful and the answers are related to their own feelings, and this might be different for various
subjects (Barrero et al., 2009). Self-reported questionnaires use different questions to measure similar physical
risk factors due to different cultures, languages and attitudes (Barriera-Viruet et al., 2006). Furthermore,

having severe musculoskeletal pain or psychological pressure regarding work situation or individual life probably

ZARE Mohsen | Shared Representation Of Ergonomic Risk Factors OSG) 19



impact on reporting WR-MSDs risk factors (Balogh et al., 2004; Barrero et al., 2009; Viikari-Juntura et al.,
1996). Balogh et al (2004) reported that musculoskeletal complaints led to higher estimation of exposure to
physical risk factors (Balogh et al., 2004). The same results were reported by Hansson et al (2001) and
Barriera-Viruet et al (2006) (Barriera-Viruet et al., 2006; Hansson et al., 2001a). Stock et al (2005) explained
some possible reasons to explain low validity of self-reported questionnaires such as operators’ knowledge
about WR-MSDs risk factors, capacity to judge, respondents’ comprehension of the questions, response scale
and methodological limitations of the studies which determine the validity of a questionnaire (Stock et al.,
2005). The reproducibility of questions was low for the duration and frequency of specific body postures (neck,
wrist, trunk and shoulders) and kneeling, squatting and jumping or climbing. Furthermore, the agreement of
these questions with reference methods such as observational and direct measurement methods was poor.
However, questions on general body postures such as sitting, standing and walking, and questions on material
handling, physical effort and vibration exposure had good reproducibility (Barrero et al., 2009; Stock et al.,
2005; Takala et al., 2010). Agreement for questions about material handling was related to the response scale.
Narrow intervals and different ranges of weights provided poor agreement with reference methods (Stock et al.,
2005). In a review study, Barriera-Viruet et al (2006) reported low-to-moderate agreement between
assessment by the direct measurement/observational method and the self-reported questionnaire for force
duration and frequency. However, critical appraisal of the studies reviewed showed that several confounding
factors influenced the results. Descatha et al (2009) reported that the questionnaire was more sensitive to
identify high physical exposure than observational assessment using a checklist (Descatha et al., 2009).
Barrero et al (2009) reported the difficulty of validity evaluation of self-reported questionnaires with current
validity assessment research. They mentioned that the current view about low to moderate validity of self-
reported physical risk factors should be changed. Furthermore, validity assessment of self-reported methods
against observational method should be considered cautiously because the validity of observational methods is

still arguable (Barrero et al., 2009).

1.3.3. Direct measurement methods

Various direct measurement methods such as electromyography (EMG), inclinometers, goniometers and
accelerometers have been developed that use sensors attached to body segments and measure physical
exposure (David, 2005). All these methods are used with synchronous recording and computer analysis. An

electro-goniometer measures the angles of wrist and elbow directly across articulating joints while an
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inclinometer measure the inclination of specific body segments. Goniometers are not suitable to measure
movements of multiple joints with dynamic axes (Vieira and Kumar, 2004). The sources of error for the
goniometer were instrument problems, rater errors, inconsistency among raters and variation/diversity of
subjects. A mean error of 8° and 14.16° was reported between various measurements (same rater) and various
raters, respectively (Vieira and Kumar, 2004).

Most studies used two inclinometers to measure a specific body segment because one inclinometer, for
example, to measure spin movements provides the sum movements of spin, pelvis and hip. However, using two
inclinometers provides the specific movements of spin by subtracting the value of the lower inclinometer from
the value of upper one (Vieira and Kumar, 2004). We used two inclinometers in this study to measure the
specific angles of the neck (Chapter Four). Viera and Kumar reported low intra and inter-rater agreement for
inclinometer measuring spin movement (Vieira and Kumar, 2004) but Hansson et al and Trask et al in several
studies reported a good validity and reliability for inclinometer measurement of neck and shoulder movement
(Hansson et al., 2010; Hansson et al., 2006; Trask et al., 2014; Trask et al., 2010).

The tri-axial accelerometer is suitable for calculating the movements and postures of body segments. Various
studies have used the tri-axial accelerometer for posture and movement evaluation. Hansson et al (2001b)
reported that the tri-axial accelerometer is suitable for objective assessment of posture over the whole working
day. However, rotation around the line of gravity for the back and neck cannot be assessed.

"For example, in the upright position, the neck flexion/extension and lateral flexion, but not the neck rotation, can be
calculated from the data for the head and the back, whereas, in a 90° forward bent position (of both the head and the

back), the neck flexion/extension and rotation, but not its lateral flexion, can be calculated” (Hansson et al., 2001b).
Moreover, it is not possible to distinguish flexion/extension from abduction during arm evaluation by a tri-axial
accelerometer (Amasay et al., 2009; Bernmark and Wiktorin, 2002).

Direct measurement methods provide quantitative and accurate data on exposure variables such as postures,
movements and velocity. Engineers rely on this kind of data more than on the results of observational methods
and self-reported questionnaires. Some studies have compared the results of direct measurement methods and
other physical exposure assessment tools. Spielholz et al (2001) reported better measurement of duration of
flexion/extension and repetition for the wrist by a goniometer. Furthermore, forearm rotation, repetition, grip
force and velocity were better assessed by goniometer and EMG. However, the duration and frequency of wrist
deviation were less accurate than the video-observation method. The authors reported the poor measurement
of physical risk factors by self-reported questionnaire (Spielholz et al., 2001).
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Although direct measurement methods have been accepted as precise and accurate methods that provide a
large quantity of data for exposure to physical risk factors, these methods have many limitations. Application of
these methods is difficult in industrial settings and they inconvenience operators in performing their tasks.
Furthermore, operators might change their behaviors due to the new materials attached to the body, and being
followed by video recording is known to produce the “hawthorn effect” (Campbell et al., 1995). It is very
difficult to gather data from a large population because of the time, costs and skills needed to apply these
methods. Moreover, the data collected might not be a sample of exposure to risk factors (particularly for jobs
with much variation/diversity) because direct methods measure only a short period of time (Rkesson et al.,

2012; Arvidsson et al., 2012; David, 2005; Takala et al., 2010).

1.3.4. Analysis Method of Physical Risk Factor INRS Reference 6161

The French National Institute for Occupational Health (INRS: Institut National de Recherche et de Sécurité pour
la prévention des accidents du travail et des maladies professionnelles) has proposed an approach for physical
workload analysis and preventive measures including four phases (INRS, 2014):

o Identification and prioritization of physical workload in a company

¢ Analysis of physical workload with regard to five elements (physical effort, design, time,

environmental characteristics and organization)

o Looking for preventive measures

o Evaluation of the preventive measures
This method is based on ergonomic principles that help to identify the risks, analyze them, provide the solution
and finally evaluate the efficacy of improvement measures. Figure 4 shows the four phases of this method.
This method can be implemented by different stakeholders in industries such as managers, technicians,
engineers, safety and health practitioners, workers union members, workers’ representatives, external

inspectors and professional organizations.

1.3.5. Hierarchical Methods

As shown before, a wide range of methods for physical risk assessment has been identified by recent
systematic reviews, including self-reporting, observational methods and direct measurement (David, 2005;
Malchaire et al., 2001; Takala et al., 2010). However, the selection of an appropriate method or combination of
methods that might be routinely used remains a challenge since the available literature is not sufficient to select

one method in particular.
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Figure 4: Four phases of implementing of INRS method reference 6161

The French good practice guidelines for management of the risk of low back pain among workers exposed to
manual material handling (Petit et al., 2015c) proposed a hierarchical strategy of risk assessment of work
situations based on:

e Participatory ergonomics in order to promote a global approach to work-related risks and
preventive interventions

¢ A stepwise strategy to assess the risks of low back disorders related to manual handling. For
this purpose, the assessment should be based on a clear definition of the objectives and
resources required for risk assessment, with stepwise combinations of risk assessment tools,
and be regularly adjusted in response to changes in the company and job characteristics.

¢ A systemic approach to the job situation (including organizational and psychosocial
characteristics) and risks (posture, vibration, etc.), due to the multiplicity of types of
occupational exposure”.

The guidelines recommend following “a three-level stepwise approach in line with the recommendations of the
Belgian "SOBANE" strategy of occupational risk management (Malchaire, 2007):

e First level: Systematic detection at company level of work situations associated with of low
back disorders. To achieve this, it is recommended that i) job characteristics are analysed in
order to identify those work situations with confirmed (high level of low back pain) or
potential (high levels of reported low back constraints) risks of low back disorders, ii) tools
that can be routinely applied by company personnel, including analysis of existing risk

assessment documents (company dispensary logs, insurance records, workers’ compensation
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records, accident reports, absentee records, etc.) and analysis of the difficulties (and
complaints) reported by workers in performing certain tasks.

e Second level: Analysis of work situations considered to be potentially associated with high
risk of low back disorder. To achieve this, it is recommended that i) dangers are identified
and the risk level of each work situation estimated, and ii) a risk assessment strategy is
defined using readily available tools (Table 2), including self-reporting methods and tools
(interviews, questionnaires, etc.), observational methods and tools (checklists, worksheets,
etc.) and workload self-assessment tools (visual analogue scale, Borg’s scale, etc.). Such
analyses require the participation of workers and the technical expertise of the
multidisciplinary occupational health team.

e Third level: In-depth analysis of complex situations. When the risk level cannot be
determined by the preceding steps, experts in ergonomics and in-depth analysis methods
should be called upon (Table 2) to conduct a detailed analysis of the job characteristics and
work situation”.

Finally, the guidelines recommended that “the above risk assessment of work situations should be combined
(when possible) with the combined health surveillance data provided by medical examinations of exposed
workers to estimate the risk level for low back disorders related to MMH". However, “the risk assessment must
not delay the search for preventive solutions when a high level of exposure to low back risk is obvious and must
allow measurement of the efficacy of any preventive solutions implemented based on direct feedback from
management and workers”.

The strategy and methods proposed could improve the understanding of the working activities of the
workers/patients of all the practitioners involved in both the prevention of WR-MSDs in the workplace and the
clinical management of WR-MSDs. The tools suggested have been selected on their practicability and potentially
wide diffusion in the French speaking occupational health community, without selecting any particular tools in
order to leave the choice to the OHS and practitioners. Such methods and tools could increase the reliability of
the representations of their workers/patients’ work situation and, finally, to ensure the consistency of the
prevention messages delivered by the numerous practitioners involved in the multidisciplinary management and

prevention of WR-MSDs. The main recommendations of these guidelines are the hierarchical method of risk
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assessment based on participatory ergonomics and the suggested assessment tools that can be used routinely

by both occupational health specialists and workers themselves and their supervisors.

Table 2: Methods and low back risk assessment tools related to MMH

Stepwise evaluation of risks related to MMH

STEP METHODS TOOLS

Company dispensary logs

Analysis  of  company | Insurance and workers’ compensation
health and safety | records

documents Accident reports

Absentee records

Global analysis of the | Feedback from workers and supervisors
difficulty of performing | reporting pain  or difficulties in
certain tasks performing certain tasks

Quick check-lists

Check-list ~ with  scoring  methods
(Monnington et al., 2003)

Systematic detection
of confirmed or
1st level | potential work
situations with risk of
low back disorders

Risk identification Observational methods

nd Estimation of the risk International standards

level for the work | Self-assessment methods Borg scale (RPE, CR10) (Borg, 1990)
level . . X ,

situations selected at | - physical workload Visual Analogue Scale

level 1

- risk factors Interviews , Questionnaires
Ergonomic job analysis

3rd level Analysis of complex Detailed job analysis Heart rate monitoring

situations NIOSH lifting equation

Biomechanical modelling

1.4. CASE STUDY: Introduction to SCANIA Production Plant

SCANIA is an international company producing trucks, buses and industrial/marine engines. This company has
various production sites around the world and this thesis is based on intervention in the truck assembly site of
SCANIA in Angers, France. This factory started its production in 1992 and employs around 620 people. It
assembles 45 trucks per day in one shift. The production volume depends on customer demand and this has
varied between 35 to 56 trucks per day over the past years. Approximately, one and a half days are required
for the assembly of a truck. Various models of vehicle are assembled on the same production line.

SCANIA's industrial process is based on a Production System (called SCANIA Production System), which
includes values, principles and methods. It is represented as a “house” (Figure 5). The main purpose of this
system is to ensure continuous improvement in order to reach better quality and productivity. It also includes

personnel development because the improvement process is based on stakeholders’ involvement. The
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“standardized working method” principle is related to the Lean manufacturing concept. The following sections

describe the SCANIA assembly line process.

Scania
Production System

Continuous improvement

L
E Priorities g % E
£ 1. Safety/Health/Environment =8 A
£ 2. Quality Ea b
= 3. Delivery 2E
2 4. Cost SE E
5
= R
Normal situation - Standardised working method (3
Standardiaation Takt '-"""g":" Eﬂmm Visual | Rsat tims H
Respect for Elimination of 1
e the individual Waste P

Figure 5: SCANIA Production System (SPS)

1.4.1. Production Plant and Assembly Line

The SCANIA assembly process is based on a continuous flow, and the rhythm is governed by customer demand.
It defines the cycle time (referred to as the takt time in the factory). The production site is organized around a
main assembly line (on-going conveyor) and pre-assembly areas (fixed working positions). The truck assembly
line is divided into 16 responsibility sectors (referred to as clusters in the factory). Each sector corresponds to
the specific assembly of components or truck functions, including work stations on the line and pre-assembly
work positions. The present study was performed in sector F.A 4.1 (P42). The parts assembled in this sector
were: Air filter, cab tilt cylinder, Selective Catalytic Reduction (SCR) tank, front bumper, left/right boarding
steps and left/right front and rear mudguards. Furthermore, there were three pre-assembly areas in which the
air filter, cab tilt cylinder, bumper and SCR tank were prepared. Each assembly sector ends up with quality
control. Figure 6 presents a diagram of the sector under study (this organization of the sector is related to the

current situation of the cluster and some differences occurred over the time of the study; see Chapter Four).
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Figure 6: Current organization of the sector under study
(Some differences occurred in this organization compared to that at the time of performing this study; see

Chapter Four)

1.4.2. Organization of the Sectors

Each sector (“cluster”) is considered as a small factory including several workstations. Each has a manager who
is in charge of assembly, quality, safety and ergonomics, work improvement, resources required, etc. Each
“cluster” is then divided into several Improvement Groups (IGs). An improvement Group (IG) is a small working
group that allows industries to increase the commitment of people in a specific area for continuous
improvement (Liljedahl and Muftic, 2012). The purpose is to develop and educate the operators in order to
improve safety, quality and productivity. Every IG has its own team leader (TL) who is the responsible for
planning the daily operations, training new operators and supporting the group in handling deviations or errors
(referred as Andon in the factory). Each operator is a member of a specific IG and is responsible for improving
the assembly process (to ensure about quality and productivity) and working conditions (including safety and
ergonomics). The IG is composed of four to seven team members. They rotate between the same number of

workstations (referred to as work positions in the factory) in that specific area.

Each cluster (and IG) is supported by two technicians i.e. a process technician and a product technician. The

Process technician is responsible for designing the workplace (balanced workload, tools, and work instructions
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including safety and ergonomics standards). The Product technician is responsible for coordination of product

changes between SCANIA's Research/development department and the process technician.

1.4.3. Standards and Element Sheets for Workstations

Many standards have been developed and used in the assembly line. The number and sequence of assembly
tasks for each workstation are formulated in the “Position Standard” and the operators should follow this
standard during assembly operation. Information such as the name of the workstation, types of assembly tasks
(added-value tasks or non-added value tasks), assembly sequence tasks, time required for performing each
task, and the tasks for variant models of a truck are presented for a Position Standard. The aim of this standard
is to reduce diversity and provide a guideline to support assembly operation and avoid deviations and errors.
Balancing of the workload in a workstation is performed by the sector’s manager, process technicians and the
Team Leader. Change in the production volume (the cycle time) causes substantial variations in the distribution

and sequence of the tasks in a workstation. An example of a Position Standard is presented in Appendix 4.

1.4.4. Cycle Time (Takt Time)

Cycle time is defined by the volume of trucks to be produced each day. The number of tasks that an operator
should perform at a specific workstation depends on the number workstations in a sector, the number of
operators and the time needed to perform each task. These tasks are documented sequentially in the “Position
Standard” and the detail of each task (how to perform a task to guarantee safety and quality) is described in
the “"Elementary sheet” (see Appendix 5). There is often a time interval for recovery after finishing the tasks of
a workstation before starting the new cycle time. The cycle time in the factory under study is referred to as the
takt time. It may change due to variations in the mid- or long-term market demands. Changing the cycle time
affects the organization of a sector in different ways such as task sequences, the distribution of tasks between
workstations and the number of operators. Well-balanced workstations in terms of ergonomic workload reduce
physical and mental stress: overloading the number of assembly tasks and ignoring recovery time create
stressful (physical and mental) workstations. During our study, the cycle time was changed from 8 minutes to
11 minutes. There are three breaks during the day: two short breaks (morning and afternoon) lasting 10
minutes and a break for lunch lasting fifty minutes. The operators rotate between workstations in an area (IG)

after each break. This means that each operator works at three different workstations over one work shift.
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1.4.5. Production Mix

Several variant models of truck are assembled on one assembly line. The pre-assembly areas are meant to
absorb part of the production mix and also balance the work according to the cycle time. During a work shift,
the type and quantity of truck models that should be assembled in one workstation is complex. Each
workstation has several “Position Standards”, describing the most frequent main truck variants. Leveling the
production mix is performed during the planning phase, in advance, on the basis of the main bottle necks in the
process (technical or organizational) in relation to the cycle time. A “reasonable” number of complex trucks in
the line may be assigned during a work shift, with suitable intervals in order to cope with the extra assembly
time needed over the cycle time. The organizational solution is to plan extra resources for those complex
trucks, which are referred as “variant positions” in each sector.

Furthermore, “Call Assistant” or “Andon system” supports the process in order to correct the deviations
(errors), as soon as possible, or help an operator at a workstation to finish his/her tasks during a cycle time.
The number of calls for Andon shows the difficulties in performing all the operations of a workstation within a
cycle time. Moreover, other types of deviation (i.e. poor quality of parts, lack of training on rare truck models,
delay in delivery of parts to the assembly workstation, etc.) increase the number of calls for Andon. The

“Andon” is one of the key roles of the Team Leader.

1.4.6. SCANIA Safety, Health and Environment (SHE) Standard

In order to achieve safe workplaces, well-being and minimal environmental impact SCANIA has developed a
corporate standard for Safety, Health and the Environment (SHE). It includes 16 SHE requirements that are
essential to work at a SCANIA worksite. The requirements introduced in this standard are as follows:

Responsibilities, Legal compliance, Management of change, Diversity, Workplace design, Psychosocial work
environment, Machines, Work equipment, Lifting safety, Ergonomics, Chemicals, Accidents and near-accidents,
Emergency preparedness, Work adaptation and rehabilitation, Lifestyle, Traffic safety and business travel,
Resource efficiency, and Emissions and waste handling. In this standard, it is noticeable that ergonomics has a
specific heading. Furthermore, the importance of ergonomics is emphasized by the development of standard
ergonomic methods for improvement of ergonomic situations. Appendix 6 shows the corporate standard for

Safety, Health and the Environment (SHE).

ZARE Mohsen | Shared Representation Of Ergonomic Risk Factors OSG) 7g



1.5. Representation of risk factors for WR-MSDs

Ergonomics is a motivation for investment in the manufacturing industry, particularly by relating it to quality
and productivity that help companies to reduce costs and survive in a competitive market. As pioneers in the
development of industrial aspects such as ergonomics, automotive industries started to establish/integrate
ergonomic approaches in company production systems. Automotive assembly lines involve various WR-MSDs
risk factors including physical, organizational and psychosocial/cognitive factors. An effective ergonomic
approach that can provide a shared representation of risk factors by involvement of stakeholders is thus
essential for improving work situations. Although ergonomics has already been integrated in the production
system of such factories, a limited amount is known regarding representations of risk factors from the
viewpoints of various stakeholders. The challenge of a current ergonomic approach is whether it would be able
to provide a valid representation of the WR-MSDs risk factors of a job.

Representation reflects thoughts, beliefs and attitudes of a person regarding an issue (Coutu et al., 2011).
Representations of WR-MSDs risk factors are constructed on the basis of thinking, knowledge and information
obtained through education, observation and practice. Employee representation of ergonomic issues may reflect
attitudes, social interactions, and perceptions of a job. Ergonomists’ representations are generally based on
knowledge and are conveyed through discussion and observation of a job (evaluation of a job by observational
tools). Representation of ergonomic problems in a workplace might be different for various stakeholders such as
ergonomists, employees and engineers, as well as the healthcare personnel who are involved in rehabilitation
and return to work of injured employees (Petit et al., 2014). Similarly, the control strategies (intervention
remedies) might be different for various stakeholders.

A shared representation of WR-MSDs risk factors can provide convergence and coherence between stakeholders
in their perception of a job (Coutu, 2008) and would helps to achieve an effective ergonomic intervention. A
shared representation can reduce gaps in understanding and beliefs between ergonomists and other
stakeholders, particularly employees. Typical ergonomic programs often focus on analysis of a job by
ergonomists. In other words, ergonomists identify and prioritize WR-MSDs risk factors (mostly physical risk
factors such as movement, awkward posture, force, etc.). However, operator representations and those of
other stakeholders such as engineers, occupational therapists and occupational physicians are overlooked. It is
therefore essential to develop a systematic approach that can take into account the complexity of various risk

factors from the viewpoint of different stakeholders.
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The manufacturing industry under study (SCANIA Truck Production) has already integrated ergonomics in their
Production System (SPS). An in-house ergonomic observational tool (SCANIA Ergonomic Standard) has been
used in this factory by ergonomists to identify and analyze physical risk factors. On the basis of this ergonomic
analysis, remedies and preventive projects were proposed and managed by technicians and engineers. Finally,
the remedies were implemented to improve working conditions and reduce WR-MSDs. In other words, problems
were identified by one individual (ergonomist), solved by another stakeholder (engineer) and applied by the
operators. Although sometimes the problems and the solutions were discussed in the meetings by engineers or
operators, these procedures were not systematic and were performed without exchange of information and
discussion of preferences between stakeholders. The decision to accept interventions therefore included
uncertainties and there were sometimes conflicts between stakeholders that caused failure of the proposed
preventive actions.

This study was designed to develop the concept of shared representation in manufacturing industries. Indeed,
the aim of this study was not to propose a new method or procedure for achieving shared representations of
risk factors (which might be the next stage of this study) whereas the purpose, at the initial step, was to
question current methods and procedures that are widely used in manufacturing industries. We hypothesized
that there was a significant difference between an ergonomist’s analyses of the workplace by observational
tools and employees’ estimations of risk factors, often evaluated by self-reported questionnaire. The effects of
the interventions proposed and managed by engineers following the ergonomist evaluation were also
investigated.

This study comprises several sub-studies; in the initial stage, an ergonomist analyzed the workstations using
the SCANIA Ergonomic Standard (SES) tool (results presented in Chapter Two). Then a self-reported
questionnaire, including physical risk factors, organizational and psychosocial factors was used to evaluate the
viewpoints of operators regarding their jobs (Chapter Three). These two evaluations of ergonomic factors were
then compared and agreement between them was investigated. Finally, to determine the accuracy of each
method, direct measurement methods were developed and applied to measure physical risk exposure directly.
The results of the SES method and self-reported questionnaire were then compared with the real measurement
method to demonstrate their agreement. The common factors between the different methods were compared,
as a questionnaire can investigate extensive ergonomic factors including physical, organizational and

psychosocial factors but observational method and direct measurement often evaluate only physical risk
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factors. Direct measurement methods measure fewer variables due to their limitations in the field and
difficulties in data processing and analysis.

The aim of second part of the study (performed in parallel with the first part) was to present the results of
ergonomic analysis to stakeholders (managers, engineers and operators) and to implement
technical/engineering interventions. Furthermore, organizational interventions such as changes in the
organization of workstations (workplace redesign) and the distribution of tasks (workload) were implemented.
The effects of technical/engineering remedies and organizational interventions on physical risk factors were
subsequently investigated.

The focus of this thesis was more to assess physical risk factors and less to investigate organizational and
psychosocial factors. Nevertheless, some organizational and psychosocial factors were evaluated and the results
are provided in Chapter Three. Furthermore, the effects of change in the cycle time of the assembly line on
physical risk factors were taken into account. The cycle time, in many car industries often vary due to the
design of new products, customer demands and new technology. This was the case in the factory under
investigation. These changes influence physical ergonomics, and thus we performed our experiments in two

different cycle times.

1.6. Research Aims
The general aim of this study was to perform a comprehensive risk assessment to investigate the potential risk
factors of WR-MSD in an automotive industry and compare the results of risk assessment Methods. The
secondary aim was to implement preventive measures to reduce the identified risk factors.
The specific objectives of this study were as follows:
a) To identify and understand exposure to WR-MSD risk factors in a truck assembly plant using an
observational method and to determine the variation and diversity of risk factors (Paper 2)
b) To evaluate subjective estimation of operators regarding physical exposure and, organizational and
psychosocial factors by self-reported questionnaire (Paper 3)
c) To develop biomechanical methods and protocols for direct measurement of physical risk exposure in
real assembly workstations (Paper 4)
d) To develop a quantitative method for evaluating head movements in the sagittal plane (Paper 5)
e) To quantify the duration of exposure to physical workload for the head, arms, back and wrists for truck

assembly operators (Paper 6)
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f) To determine the agreement between the results of the observational method and the self-reported
questionnaire (Paper 7 & 8)

g) To compare the results of the observational method and self-reported questionnaire with the direct
measurement method when assessing the risk factors for the upper limbs and the back in truck
assembly operators (Paper 9)

h) To recommend and realize preventive measures, i.e. technical and organizational interventions, with

the contribution of the stakeholders (Paper 10)

1.7. Thesis Structure

This thesis comprises six chapters and several journal papers are included based on the gaps in knowledge and
the aims of the study. Chapter One explains the rationale for analysis of exposure to WR-MSD risk factors and
preventive measures in automotive industries. The costs and consequences of the prevalence of WR-MSDs are
discussed. The effects of risk factors on poor quality of products are reviewed. The results of this review have
been published as Zare M, Crog M, Arabi FH, Brunet R, Roquelaure Y. (2015). Does Ergonomics Improve
Product Quality and Reduce Costs? A Review Article. Human Factors and Ergonomics in Manufacturing & Service
Industries Journal (Appendix 2). Moreover, risk assessment methods with a focus on automotive industries are
described and an overview of the SCANIA Production group is provided. At the end of the introductory Chapter,

the research aims and the thesis structure are presented.

Chapter 2 comprises two sections. Section 1 addresses physical risk factors on the assembly line for the initial
cycle time assessed by Scania Ergonomic Standard (SES) tool (observational method). The manual handling
tasks were also evaluated by NIOSH equation method. The results of investigation by the observational
methods have been accepted for publication as Zare M, Malinge-Oudenot A, Héglund R, Biau S, Roquelaure Y.
Evaluation of physical risk factors in a truck manufacturing plant: case study in SCANIA Production Angers,
Industrial Health Vol. 54, No. 2, March 2016. The second section of this chapter addresses variation and

diversity of risk factors at a workstation in assembly line.

Chapter 3 describes self-reported estimation of physical risk factors evaluated by the questionnaire.
Furthermore, organizational and psychosocial factors are addressed. The results for both cycle times are
presented and are compared with the reference data of a French cohort study. This chapter has been published

as Zare M, Bodin J, Cercier E, Brunet R, Roquelaure Y. Evaluation of Ergonomic Approach and Musculoskeletal
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Disorders in Two Different Organizations in a Truck Assembly Plant. International Journal of Industrial
Ergonomics. 2015: 50, 34-42. The published paper for this chapter has been provided in Appendix 7 the

questionnaire used to evaluate WR-MSDs risk factors is presented in Appendix 8.

Chapter 4 presents biomechanical measurement in this study. This chapter comprises three sections. The first
section addresses the development of the biomechanical method for direct measurement of physical risk
exposure. The paper has been published as M. Zare, S. Biau, M. Corq, Y. Roquelaure. (2014) Development of A
Biomechanical Method for Ergonomic Evaluation: Comparison With Observational Methods. International Journal
of Social, Management, Economics and Business Engineering. 8(1):223-227. The published paper for this
chapter is provided in Appendix 9 Section 2 of this chapter presents a quantitative analysis method to measure
head movements in the sagittal plane. The manuscript has been published as M. Zare, S. Biau, R. Brunet, A.
Gourlay and Y. Roquelaure. (2015) A comparison of neck bending and flexion measurement methods for risk
assessment. The International Journal of Occupational Safety and Ergonomics (JOSE). The published paper for
Section 2 is presented in Appendix 10 Section 3 addresses quantitative measurements of the physical risk
factors for the upper limbs and lower back at different assembly workstations in the second cycle time. The
proportion of time in awkward posture was measured by the biomechanical methods described in the other two
sections of this chapter. The manuscript has been submitted for publication as Zare M, Biau S, Roquelaure Y.
Quantification of physical ergonomic work load in truck assembly operators: Neck, back, arms and wrist. Data
processing of the direct measurement by the sensors and electronic devices was performed by an engineer of

signal processing and the report of the analysis is presented in Appendix 11.

Chapter 5 presents the comparison between risk assessment methods. This chapter comprises two sections.
Section 1 addresses the comparison between SES method (observational method) and the self-reported
questionnaire. These methods were compared in both cycle times. The findings of the initial cycle time are
presented in this section and the manuscript has been submitted for publication as Zare M, Norval M, Bodin J,
Roquelaure Y. Are There Differences Between the Results of Risk Assessment Tools? Self-Reported
Questionnaire and Observational Method. The results of the second cycle time are presented in Appendix 12 of
this thesis in French. The manuscript has been submitted for publication as Zare M, Norval M, Bodin J,
Roquelaure Y. Comparaison de deux outils d'évaluation des risques ergonomiques dans la prévention des

troubles musculo-squelettiques : de I'auto-questionnaire a la méthode d’observation. Section 2 addresses the
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comparison between three methods i.e. the SES, the self-reported questionnaire and the direct measurement.
These methods were compared in both cycle times. The manuscript has been submitted for publication as Zare
M, Biau S, Brunet R, Roquelaure Y. Comparison of three methods for evaluation of risk factors in a truck

assembly plant: observational method, self-reported questionnaire and direct measurement method.

Chapter Six describes preventive interventions including technical/engineering remedies and organizational
interventions that were implemented following the observational evaluation by the SES method at the initial
cycle time. This section also presents the involvement of stakeholders for implementation of preventive
measures. Risk exposure changes that were evaluated by the SES method in the second cycle time are
reported. The manuscript has been submitted for publication as Zare M, Guibert F, Hunault G, Roquelaure Y.

Ergonomic intervention program to improve work conditions in SCANIA truck manufacturing plant.
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2. Assessment of physical risk factors by Observational
methods

2.1. Evaluation of physical risk factors by the SES method and the
NIOSH equation method

As discussed in the previous Chapter, WR-MSDs risk factors are common in automotive assembly plants and
little is known about ergonomic evaluation from a practitioner’s viewpoint. This Chapter represents the
ergonomic evaluation using an in-house ergonomic method (SES method) and the NIOSH lifting equation in a
truck assembly plant. The following table summarizes the gaps, aims and findings of Article 2 in which the

evaluation of physical risk factors in a truck assembly line are clarified.

Gaps Aims Findings

Awkward trunk posture, hand/wrist

o o To assess ergonomic physical risk factors and awkward shoulder
Little is known about physical risk _ _ .
] . exposure in a truck assembly line posture were common ergonomic
factors in a truck assembly line _ )
with the SES method and the workloads in the truck assembly

NIOSH lifting equation plant.

The SES method was biased
There are few studies reporting

) . To compare the results of both towards sensitivity and over-
risk factors by an in-house _ _ o . .
methods for material handling estimation of material handling
observational method
tasks risks

o These results could be re-used by
The sensitivity of the SES method . _
S _ o practitioners to perform a valid and
to identify material handling risks . . _
reliable ergonomic evaluation of
is a matter of debate _
the assembly workstations

Furthermore, inter and intra individual diversity that was assessed by the SES method is reported in the second
section. Following the risk evaluation conducted in the first section, we questioned the diversity of risk factors in
similar situations. Diversity was observed between and within operators for the same workstations. The
diversity was greater in the workstation with high ergonomic workload than for the workstation with lower

ergonomic workload.

2.1.1. Article 2: Evaluation of physical WR-MSDs risk factors in a truck manufacturing plant: case
study in SCANIA Production Angers

Zare M, Malinge-Oudenot A, Héglund R, Biau S, Roquelaure Y. Evaluation of physical risk factors in a truck manufacturing

plant: case study in SCANIA Production Angers. Ind Health, vol. 54 No. 2, Mar 2016. doi={10.2486/indhealth.2015-0055}
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Abstract

The aims of this study were 1) to assess the physical risk factors from practitioner’s viewpoint in a truck
assembly plant with an in-house observational method and the NIOSH lifting equation, and 2) to compare the
results of both methods and their differences. The in-house ergonomic observational method for truck assembly
i.e. the SCANIA Ergonomics Standard (SES) and the NIOSH lifting equation were applied to evaluate physical
risk factors and lifting of loads by operators. Both risk assessment approaches revealed various levels of risk,
ranging from low to high. Two workstations were identified by the SES method as high risk. The NIOSH lifting
index (LI) was greater than two for four lifting tasks. The results of the SES method disagreed with the NIOSH
lifting equation for lifting tasks. Moreover, meaningful variations in risk patterns were found for various truck
models at each workstation. These results provide a better understanding of the physical ergonomic exposure

from practitioner’s point of view in the automotive assembly plant.

Keywords: Ergonomics, Workload, Variability, Assembly Manufacturing plant
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Introduction

The prevalence of work related musculoskeletal disorders (WR-MSDs) is high in the automotive industry® 2.
Many tasks have to be performed in an automotive assembly line including tightening, picking up, lifting and
material handling. These operations involve physical risk factors such as repetition, forceful exertion, awkward
postures, vibration etc. Furthermore, short cycle time and insufficient recovery time related to assembly line
have often accumulative effects on exposure to the risk factors® *. A dose-response relationship between
exposure to physical risk factors and the prevalence of WR-MSDs has been reported in the automotive assembly
operations® ©,

Measurement of physical risk factors in different occupations has been a challenge for ergonomists/practitioners
and managers. They need to assess physical risk factors accurately to establish priorities for ergonomic
interventions”. Many scientific methods are available for assessing physical risk factors, including observational
methods, subjective or self-reported assessment and direct measurement techniques® ®. Due to constraints of
time and resources in most industries, practitioners prefer observational methods. A number of observational
methods (such as RULAY, REBA!®, OCRA!Y, QEC!?, the NIOSH equation'® etc.) have been developed in the
ergonomic literature® ** ), Kee and Karwowski (2007) applied REBA, RULA, and OWAS in various industrial
sectors and compared their results'®. Chiasson et al (2012) compared eight methods including QEC, FIOH,
RULA, REBA, HAL, JSI, OCRA and EN 1005-3 standards over four years at 224 workstations'®. However,
automotive companies have created in-house observational method which is customized to their own risk
factors!”). Few literatures involved have addressed applied researches that assess ergonomic workloads with
the in-house ergonomic method'® 7). Térnstrém et al. (2008) reported factors supporting and hindering the
implementation and application of an in-house ergonomic method'®). Berlin et al. (2009) compared Swedish
national legislation with an in-house ergonomic method in an automotive corporation to determine whether
they are equivalent'”. To our knowledge, few research studies have reported risk factors with an in-house
method from a practitioner’s perspective and most of existing studies are research-oriented on the base of
expert’s perspective”). Furthermore, no research has compared an in-house ergonomic method with commonly
used methods such as the NIOSH equation. The aim of this study was therefore to assess WR-MSDs risk factors
in a truck assembly plant from practitioner’s viewpoint by use of an in-house ergonomic method. A further

objective was to compare the results of its lifting component with the NIOSH lifting equation.
Methods

Workplace Descriptions

Eleven workstations (known as work position in the factory) were selected from one sector (known as cluster)
of a truck assembly plant for data collection. The workstations studied involved various assembly tasks.
Seventeen operators worked in these workstations, and the mean age and the length of work experience in the
current job were 42.0 (£7.6) years and 15.2 (£7.2) years, respectively. The factory created smaller groups of
operators (Improvement Groups (IGs)) in the sector under investigation to achieve continuous improvement.
The operators rotated between the workstations of each group every two hours. Table 1 presents three IGs and

the number of workstations and tasks.
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Table 1: Workstations, truck types, approximate number of tasks performed, task description and

predominant risk factors for each workstation

Workstations

Truck types

Number
of tasks

Task description

Principle risk factors

Improvement Group 1 (IG;)

Preparation of air Standard Air filter, air pipe, heat cover | Awkward posture,
filter and cab tilt Other model (High air 60 and cab tilt cylinder pre- forceful exertion,
cylinder intake) assembly material handlings
e Standard - i .
Air filter and cab Air filter, air pipe, heat cover Heavy material
tilt cylinder Other model (Air Pipe) 28 and cab tilt cylinder handling, repetitions,
mounting Other model (High air assembly space restriction
intake)
. Assembly of left and right ,
Boarding ste;?s and boarding steps + Assembly He_avy materlgl
mudguards; left Standard 40 , handling, repetitions,
. of left and right rear o
and right s vibration
mudguards with side lamps
L o Heavy material
Hydraulic kit 9 Hydraulic kit assembly handling
Workstation 22 : handling, repetitions
Y mudguards Assembly of Y mudguards !
Additional boarding steps 7 Assembly of boarding steps Repetition

Improvement Group 2 (IG,)

Picking up Bumper

Picking up Equipment

Preparing kit for bumper;
Placing bumper beam in

Heavy and light

Picking Area Sun Visor 29 sequence; material handling,
Preparing sun visor; bending and twisting
Rear Bar Picking up rear beam
Standard
Preparation Othelg moclj:el (Heavy 33 Bumper pre-assembly and Force exertion,
Bumper 1 uty Front) washer container assembly awkward posture
Other model
(Protruded)
Standard Bumper pre-assembly near Force exertion
Preparation Other model (Heavy 17 '

Bumper 2

Duty Front)

the line

awkward posture

Bumper Assembly
on Truck

Standard

Other model (Heavy duty 27

front)

Other model (Protruding)

Finishing bumper pre-
assembly, filling washer
liquid, placing bumper on
the chassis

Force exertion,
awkward posture,
bending, twisting,

vibration

Improvement Group 3 (IGs)

Mounting Selective Standard SCR Tank assembl Force exertion, heavy
Catalytic Reduction Other model (Euro 6 38 reparation of lightin ybox material handling,
(SCR) Tank SCR) prep ghting repetitions
Preparation SCR Othersn:zZiTr(dEuro z 73 SCR Pre-assembly and '?;Vrlz\gfirldeggftt;rne’
Tank SCR) sequencing movement
L - Heavy material
Variant Hydraulic kit 9 Hydraulic kit assembly handling
Workstation Lighting Box 13 Preparation front lighting Awkward posture

box
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Given the variations in truck models for each workstation, there are extra or different tasks which cause
variations in physical risk factors. We therefore considered significant variations in truck models as well as
standard trucks, and finally 28 assessments were performed. The cycle time (known as takt time in the factory)
for each workstation was 11 minutes, which included the time for performing the assigned tasks plus recovery
time. The production volume of the factory was based on the cycle time and 35 trucks were daily produced. The
reasons for studying these workstations were either operators’ complaints or the amount of absenteeism.
Ergonomic assessments were performed with both the SCANIA Ergonomic Standard method (SES) and the
NIOSH lifting equation. Assessment was undertaken for one operator for each workstation. Where a workstation
needed more than one operator, e.g. middle mudguard assembly, two operators were assessed.

Data Collection

A checklist was filled out to collect descriptions of workstations (tools, constraints etc.) before the ergonomic
assessment. Weights of objects (dynamometer), magnitude of forces (dynamometer), and handle diameters
(calliper) were measured and recorded. Video recording was performed for all workstations assessed, and the
ergonomist attempted to position a mobile camera in order to record the whole body throughout video
recording. The recordings allowed the researcher to perform a more precise evaluation of the workstations. The
study was performed from September 2012 to March 2013 as the majority of workstations were observed and
assessed several times. Changes in the workstations were therefore taken into account over this period. An
ergonomist analysed workstations using the SES method and recorded movies, and in some cases two
ergonomists discussed and decided the assessment scores. If workstations evaluated with the SES method
involved high risk lifting tasks, they were analysed more precisely by the NIOSH revised equation method and
the results of the NIOSH equation were taken into account to determine the final evaluation of each
workstation.

Concept and background of the SES method

The SES is an in-house observational method which was implemented by SCANIA group to identify the potential
of physical risk factors in the truck manufacturing plant. This screening tool was developed by Saab Automobile
and adapted to Scania conditions according to the ergonomic requirements of Swedish legislation and Scania’s
health and work environment policy. By assessing multi-tasks workstations on the line, it evaluates the
postures of the whole body or body region, manual force exerted, and manual handling. The SES method
includes 20 criteria which are classified in four categories; including repetition, work posture, lifting and energy
consumption (Table 2). The evaluation index of this method is not only based on subjective assessment, but
also on measurable factors such as weight, mechanical forces (measured by dynamometer), object diameter
and distance. The results are sorted into zones for prioritization of each assessment. Green or normal zones
have minimal risk of musculoskeletal disorders, and these are acceptable. Yellow zones have moderate risk of
musculoskeletal disorders, and workstation assigned yellow might need some improvement in the future. Red
indicates an action zone with considerable risks of musculoskeletal disorders, and changes are required as soon
as possible. Finally, double red zones have potentially excessive risks. Tasks assessed as double red should be

stopped immediately and a solution found to eliminate or reduce the risk. While the operator was working, each
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criterion (in reality and again on video) was evaluated in the SES template, either as Green, Yellow, Red or DR

(Double Red) depending on risk factor arising (Table 2).

Table 2: Risk factors taken into account by both the SES and NIOSH equation methods

Risk factors

SES component (prioritization: Green, Yellow, Red, Double red)

NIOSH equation

Repetition

Repetition per hour

< 150 rep/hour Green
150-300 rep/hour Yellow

> 300 rep/hour Red

>600 rep/hour Double red

Frequency
Duration of lifting

period (time/min )

Occurrence of

work posture

Work postures during the operation

Standing/walking/sitting Green
Uncomfortable/twisted position while standing/sitting Yellow
Lying, kneeling, squatting, reclining on one side or back, standing on

one leg Red

Horizontal lifting
distance (H)

Vertical lifting height (V)
Asymmetry (A)

Vertical travel distance

(D)

Access, hidden

Access hidden by obstructions in the workspace

Top or front Free access, no obstruction Green
assembly . NAt
Side Workplace Yellow
Under or behind Red
Clearance for manual fitting of parts
Clearance for hand | Hand distance Finger distance NA
and finger >2,5cm Green >1,0cm Green
<2,5cm Red <1,0cm Red
The workspace (box) in which the hands must be held during
the operation
Hand workspace NA
In box Green
Outside box Red
Quality of handgrip, diameter/thickness of the tool
] @ >2-4 cm. Even and not slippery Green o
Hand grip Gripping (C)
@ 0,6-2 cm or > 4-7 cm Yellow
@ < 0,6 or >7 cm Sharp edges, slippery or hot surfaces Red
Accessible surface of a part which fingers has contact during
activity (> 1 kg)
Surface area for
Finger Palm NA
pressure
@=15cmor A=1,7cm2 @=>23,0cmorA=7cm2 Green
@< 1,5cmor A<1,7 cm? @<3,0cmorA<7cm? Red
Component size when handling: (Size (mm) = Length +
Height + Width)
- <1000 mm Green
Component size NA
- 1000-2000 mm Yellow
- > 2000 mm Red
- >4000mm Double red
Static work posture = 5 seconds - Back
0 - 20° bending forward Green
Back posture 20 - 45° bending forward/ 20° - 45° sideways/rotation Yellow NA

> 45° bending forward or > 45° sideways/rotation or bending
backward Red
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Static work posture = 5 seconds - Neck

0-20° bending forward Green

Neck posture 20-45° bending forward or 20-30° sideways/rotation Yellow NA
> 45° bending forward or > 30° sideways/rotation or bending
backwards Red
Static work posture = 5 seconds: Shoulder/Arm bending
movement forward/outward movement

Shoulder posture < 45° upper arm lifting Green NA

45°-90°upper arm lifting Yellow
> 90° upper arm lifting Red
Work posture - Wrist
Neutral wrist Green

Wrist posture Non-neutral wrist Red NA

30° bending upward, 45° bending downward, > 10° bending

sideways

The torque for a two handed lift: Weight (kg) x Horizontal
distance (m) x 10 N = Lifting torque (Nm)

Lifting torque - < 10 Nm Green Lifting Index

Two-handed lifts 10-35 Nm Yellow High risk >1.6
> 35 Nm Red
>70 Nm Double red
The weight of the object being lifted or held in one hand
< 2 kg Green

One-handed lifts 2-5 kg Yellow NA
> 5 kg Red
>10 kg Double red
Force required for pushing/pulling
Initial force (starting) Continuous

Whole Body Push < 100 N <50N Green NA

/Pull Force 100-150 N 50-110 N Yellow

> 150 N > 110N Red
>300 N >220 N Double red
Force required to insert/remove an object, fastener, tighten
with a torque wrench, etc., using the palm or the whole of one
hand/arm.

Hand pushing and Neutral wrist Non-neutral wrist NA

pulling <45N < 10N Green

45-90 N 10-45 N Yellow
>90 N > 45N Red
>180 N >90 N Double red
The force required to squeeze/insert/remove an object,
fastener, connector, seal, hose, etc., using a finger or holding
an object using fingertips and thumb in a pinch grasp.

Pushing, pulling Neutral wrist Non-neutral wrist

with fingers < 10N <5N Green NA

10-45 N 5-25 N Yellow
> 45N > 25N Red
>90 N >50 N Double red
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Number of continuous steps taken within the workspace
1-10 cont. steps Green

Movement NA
11-30 cont. steps Yellow

> 30 cont. steps Red

Total distance of steps up and down over one minute:

stepping / climbing up or down from raised floors, ramps,

trucks
Climbing /
< 0,6 m/min Green NA
stepping over
0,6 - 1,5 m/min Yellow
> 1,5 m/min Red
>3m/min Double red

Rotational force needed to achieve a specified tightening

torque
Two hand grip One hand grip
Angle machine Pistol machine

Tightening torque, El Pneumatic El Pneumatic

hand and power <20 Nm <10 Nm <4 Nm <2Nm Green NA
tools 20-50 Nm  10-40 Nm 4-8 Nm 2-6 Nm  Yellow

> 50 Nm > 40 Nm > 8 Nm >6 Nm Red
Straight machine < 3 Nm without reaction bar Green

> 3 Nm without reaction bar DRV

"NA: Not applicable

When the evaluation was performed and the template was completed, a risk colour is calculated for each
workstation according to the number of yellows, reds and double reds identified (Table 3). The worst colour
being considered the final evaluation of the workstation. These color coding was extracted from the Toyota
method of visualization and the Swedish legislation for Ergonomics?.

NIOSH lifting equation

This method assesses the risk of musculoskeletal disorders in repeated lifting tasks. Seven factors including
load (L), horizontal lifting distance (H), vertical lifting height (V), vertical travel distance (D), asymmetry (A),
duration of lifting period (F) and gripping (C) are entered into the equation and multiplying them provides a
recommended weight limit (RWL) for the task (Table 2).

The ratio of the actual weight lifted to the RWL yields the lifting index (LI). The NIOSH lifting equation assumes
that non-lifting manual activities are minimal, but assembly jobs include many non-lifting tasks such as
pushing, pulling, carrying and walking during one cycle time. To customize the NIOSH equation results to the
assembly process, it was decided to consider an action zone for a lifting index >1.6, the reason being that there
were other tasks such as pushing, pulling, climbing and carrying in the assembly process besides lifting
tasks13, 19). Thus, when the lifting index value was less than one, the task was considered to be a green or
safe zone, when it was between 1-1.6 the task was regarded as a yellow or risk zone and the task was
considered to be a red or action zone for a lifting index of more than 1.6 (Table 3). The NIOSH equation was
calculated both at the origin and destination of the material handling tasks and the worst lifting index was

recorded.

ZARE Mohsen | Shared Representation Of Ergonomic Risk Factors OSSO 44




Table 3: Prioritization of risk factors by both methods

Methods Evaluation Criteria Green Yellow Red
Number of Yellowst 0-8 9-16 > 17

Ergonomic Standard Number of Reds 0-6 7-9 > 10
method (SES) Number of Yellows + Reds 0-16 - > 17
Number of Double Reds 0 - 1-32

NIOSH Lifting Equation Lifting Index <1 1-1.6 >1.6

"The worst colour dictates the final evaluation of the workstation

Comparison between Methods

Table 2 shows the risk factors assessed by both methods used in this study. The SES method assessed lifting
tasks by taking into account the weight and the distance from the body. The torque for two handed lifting was
calculated and then evaluated according to a four-point colour scale (Table 2). Lifting torque > 35 Nm was
considered to be red and lifting torque > 70 Nm was double red. These components of the SES method were

compared to the results of the NIOSH equation.
Results

Out of 580 components of the SES method evaluated, 2.9% were assessed as having excessive risk (double
red), 25.1% as high risk (red) and 34% as moderate (yellow). Most of the excessive risks were related to two-
handed lifting tasks. The results of the SES method showed that 41.4% of lifting tasks were double red (torque
for two-handed lifting tasks > 70 Nm), 20.7% red (torque for two-handed lifting tasks > 35 Nm) and 24.1%
yellow (torque for two-handed lifting tasks > 10 Nm). The NIOSH equation method was therefore used to
reassess these lifting tasks and the results of the NIOSH equation were taken into consideration to calculate the
final colour of the workstations. Table 4 provides a summary of the NIOSH equation results for 20 lifting tasks.
The lifting index varied between 0.2 for the additional boarding step lifting task to 2.8 for the hydraulic kit
lifting task. The mean lifting indices for these tasks at origin and destination were 1.14 (£0.6) and 1.12
(£0.66), respectively. Out of the tasks evaluated, 35% had a lifting index higher than 1.6 (red), 20% had a
lifting index between 1-1.6 and 45% had a lifting index of less than 1. Four lifting tasks in which the objects
lifted weighed more than 14 kg were assigned LI> 2. Manipulation of the hydraulic kit was identified as the
highest risk task, the lifting index of which was 2.6 at origin and 2.8 at destination. The results showed that
assessment of the SES component for lifting loads disagreed with the NIOSH equation and the lifting tasks were
assessed as higher risks by the SES method compared to the NIOSH equation method (Table 4).

More red assessments were identified at two workstations (‘Preparation of Air Filter and Cab Tilt Cylinder’ and
‘Boarding Steps & Mudguards’, 40% and 38% of SES components, respectively) than at the other workstations
(Table 5). The principle high risk tasks (40% of red assessments) at the ‘Preparation of Air Filter and Cab Tilt
Cylinder’ workstation were manual lifting and carrying the Selective Catalytic Reduction (SCR) tank, cab tilt
cylinder and air filter. The other tasks, including tightening and carrying small parts, were assessed as yellow
(25%) and green (35%). The main tasks which were evaluated as high risk in the ‘Boarding Steps &
Mudguards’ workstation consisted of connecting the electrical cables, picking up and placing boarding steps,

handling and positioning mudguards. The main risk factors at this workstation were manual lifting of two
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mudguards (15.2 kg) which was evaluated as red for the left side and yellow for the right side by the NIOSH
equation.
Table 4: Evaluation of lifting tasks by NIOSH equation and SES method

NIOSH equation SES method
. . Horizontal | Vertical | | ... Lifting
Lifting Tasks V\I(T‘('g;t distance | distance li'nfggf Color Torque Color
g (cm) (cm) (Nm)
Lifting completed air
filter (end of pallet) 12 80 108 1.9 Red 96 Double red
Lifting C‘f)”Tepr'eted ar |3 40 122 | 1.1 |Yellow| 52 Red
Lifting cab tilt cylinder 10 50 140 1.2 | Yellow 50 Red
Lifting Air intake 5.9 85 140 1.1 | Yellow 50.1 Red
Lifting and carrying |5 , 40 104 | 1.2 | Yellow| 62.4 Red
right mudguards
Lifting and carrying left | 58 105 | 17 | Red | 87.9 | Double red
mudguards
Lifting i{gpbs"ard'”g 2 63 70 | 02 |Green| 136 Yellow
Lifting SCR tank 12 90 70 2.1 Red 108 Double red
Lifting beam cable 5 50 40 0.5 | Green 25 Yellow
Lifting light box 5.3 60 160 0.8 | Green 31.8 Yellow
Lifting socket 7.4 50 80 | 0.7 |Green| 368 Red
screwdriver 1
Lifting socket 6.4 53 80 | 06 |Green| 318 Yellow
screwdriver 2
Lifting pallet lid 6 58 147 0.8 | Green 36 Red
Hiting paliet id ofsun |~ 45 60 120 | 2.3 | Red 90 | Double red
Lifting plastic box 9.5 44 128 0.9 | Green 41.8 Red
Lifting plastic box 8.4 40 105 0.6 | Green 33.6 Yellow
Hiting assembled SCR | 145 57 100 | 17 | Red | 826 | Double red
Lifting heat shield 4.6 65 104 0.6 | Green 52.2 Red
Lifting assembled SCR 13.7 40 80 1 Yellow 90.2 Double red
tank (small)
Lifting hydraulic kit 14.5 90 110 2.8 Red 129 Double red
Lifting middle 14 70 12 | 26 | Red 98 | Double red
mudguard

The operators were also exposed to repeated actions for more than 30% of the cycle time (Table 6). The
duration of exposure to awkward back, shoulder, and wrist postures for this workstation was 18.8 minutes per

two hours. The same pattern of exposure to risk factors was observed for left and right workstations (Table 7).
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Table 5: Ergonomic evaluation for different workstations evaluated by SES methods and NIOSH

equation
Occurrence Double red Red Yellow )
. Rate of truck Ly Ly .+ | Final colour of
Workstation Truck type ; . evaluations’ | evaluations' | evaluations oy
in the line 0 0 0 workstation
(%) n(%) n(%) n(%)
Working Group 1
Preparation of air Standard 35 0 8 (40) 5(25) Yellow
filter and cab tilt Other (H|gher Air
cylinder Intake) 19 0 8 (40) 4(20) Yellow
Standard 35 0 7 (33.3) 8 (38) Yellow
Air filter and cab —
tilt cylinder Other (Air Pipe) 5 0 7 (35) 7(35) Yellow
mounting Other (Higher Air
Intake) 20 0 7 (33.3) 8(38) Yellow
Boarding steps Right 100 0 8 (38) 8 (38) Yellow
and mudguards;
left and right Left 100 0 7 (33.3) 9 (42.8) Yellow
Middle Mudguards 10 0 5(25) 6 (30) Green
W Viritantt Y Mudguards 4 0 3 (15) 4 (20) Green
orkstation —
Additional
Boarding Steps 4 0 5(23.8) 5(23.8) Green
Working Group 2
Picking up Bumper 100 0 2 (10) 6 (30) Green
- Picking up 100 0 4(20) 6(30) Green
Picking area Equipment
Sun Visor 100 0 6 (28.5) 5 (23.8) Green
Rear Bar 7 0 2 (10) 6 (35) Green
Standard 80 0 3(14.3) | 12(57.1) Yellow
Preparation Other (Heavy Duty
Bumper 1 Front) 6 0 6 (30) 6 (30) Green
Other (Protruded) 12 0 4 (20) 8 (40) Green
Preparation Standard 80 0 4 (20) 7 (35) Green
Bumper2 | Other (Heavy Duty 6 0 4 (20) 8 (40) Green
Front)
Standard 80 1(4.8) 5(23.8) 8 (38) Red
Bumper Assembly | Other (Heavy Dut
Tk (Front)y Y 6 0 420) | 6(30) Green
Other (Protruded) 12 1(5) 7 (35) 5(25) Red
Working Group 3
Catalytic Other (SCR Euro
Reduction (SCR) 6) 4 1(5) 7(35) 7(35) Red
Tank Other (SCR 50 Lit) 3 1(5) 6 (30) 6 (30) Red
Preparation of SCR . hStarédCe:{rdE 65 0 3 (15) 8 (40) Green
Tank ther (6) uro 4 0 5 (25) 6 (30) Green
Variant Hydraulic Kit 4 0 4 (20) 9 (45) Yellow
Workstations Lighting Box 100 0 1(5) 6 (30) Green

"The results of the SES method and the NIOSH equation
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At the 'Air Filter & Cab tilt Cylinder Mounting’ workstation, 33.3% of the SES components were red, 38% of the
components were yellow and 28.7% were green. The lifting the air filter (LI=1.9) and the cab tilt cylinder
(LI=1.2) from trolley, carrying and mounting, and connecting the cables and hoses were identified as high risk
tasks at this workstation. At this workstation, the pattern of risks for variations in truck models was
substantially different from that for standard trucks, while the number of red and yellow assessments was
approximately the same (Figure 1). Awkward back and shoulder postures were reported for other truck models

while these risk factors were minor for standard truck model (Table 7).

Table 6: number of tasks requiring repeated action in workstations evaluated

Number of Repetition per repetition per Total colour of
Repeated tasks | articles per cycle cycle time for P h P o
. . our repetition
time each article
i 0
Inserting 9 4 180 Yellow (>_30 % of
mudguard screws cycle time)
Inserting cab tilt 13 2 130 Green
nuts and screws
Tightening nuts of 9
cab tilt on the 16 2 160 Yellow (>30% of
) cycle time)
chassis
i 0,
Inserting bolts for 10 4 200 Yellow (>.30 % of
bumper cycle time)
Fitting cable tie
with a stripe 12 - 60 Green
pistol
i 0,
.Push!ng aljd 17 ? 170 Yellow (>'30 % of
inserting clips cycle time)
Tightening screws 0
with screw 30 - 150 Yellow (>30% of
dri cycle time)
rivers

The 'Bumper Assembly on Truck” and '‘Mounting SCR Tank’ workstations were found to be the highest ergonomic
physical workload workstations. At the '‘Bumper Assembly on Truck’ workstation, the unlocking lifting tool task
was assessed as double red, the positioning and tightening of bumper tasks were red (30% of SES component),
the bumper movement and preparation tasks were yellow (40%) and the other tasks were green (25%). The
overall colour evaluation of this workstation was red. The total number of repeated actions for this workstation
was 200 similar actions per hour that were related to inserting screws for mounting the bumper on the chassis
(Table 6). The risk factors for other truck models were different at this workstation as 20% of the SES

component was red for the Heavy Duty Front truck model, and the double red task did not exist.
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= Air filter Standard = Air filter Higher Air Intake

Repetition
Tighteningtorque 7 __ Work posture
Climbing 6 Hidden assembly
i .
Movement 1 _ Clearance for hand/finger
Fingerpush/pull [ \ Handworkspace

Hand push/pull —— 1 Handling Grip

Whole body push/pull 7 ~/ Areaforpressure

One handedlift Component size

Two handed lift — ]\ ? Back posture

Wrist posture """ Neckposture
Shoulderposture
Figure 1. Pattern of risk factors at ‘Mounting Air filter and cab tilt cylinder on chassis’ workstation for standard

and variant (higher air intake) trucks

The hose connecting task was assessed as double red at the 'Mounting SCR Tank’ workstation because it
required excessive whole body and arm force. Furthermore, lifting (LI=1.7) and mounting the SCR tank,
tightening and cabling were the high risk tasks (30% red points of SES component) at this workstation.
Squatting and awkward wrist postures were found at this workstation for standard trucks though the duration of
exposure every two hours was six minutes. The overall ergonomic evaluation score for the '‘Mounting SCR Tank’
station was red. At the 'Sun Visor Preparation’ workstation, manipulation of the box lid, as shown in Table 4,
was evaluated by the NIOSH equation as a red lifting task (LI=2.3). A significant number of red (28.5%) and
yellow (23.8%) tasks were identified at this workstation by the SES method (Table 5). Red evaluations were
related to picking up and handling tasks as well as positioning the sun visor. The inserting clips task was
repeated 170 times per hour and was assessed as a moderate risk factor. Moreover, the force that was required
to squeeze and insert clips by fingers and thumbs was 70N (red).

The results of the SES evaluation for each component (criterion) are presented in Table 8. Exposure to high risk
factors for wrist postures was observed at 86% of the workstations. High risk shoulder postures and awkward
work postures (lying, kneeling and squatting) were found at approximately 45% of the workstations. Moderate
exposure (yellow) to different risk factors (SES components) was observed more frequently than excessive
exposure (red and double red). Eighty percent of the workstations were exposed to moderate risk of hand grip

and using screwdrivers (excessive torque) (Table 8).
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Table 7: Duration of exposure for trunk, back, neck, shoulders and wrists in each cycle time (11

minutes) for different workstation assessed by SES method

© . . Duration of
Truck § x| Work Sbtaact:(c Snt:Cth i:gu::ﬁqr Wrist exposure for
Workstation Types = 3| posture’® b c 4 | posturee awkward
3® posture” | posture® | posture
O (S) (S) (S) (S) (S) postures per 2
© hours (min )
Preparation | Standard | 66 NAt NA 15 NA 24 4
of air filter Hiaher A
and cab tile | TIINECAIT ) 5, NA NA 45 NA 45 3
cylinder Intake
calp (tjilt Air Pipe 5 21 10 NA 59 41 1
cylinder . .
mounting H'f’nht‘;[(ﬁ'r 2 | 51 10 NA 20 55 5
Boardin?j Right 100 NA 10 6 29 68 18.8
steps an
mudguards; Left 100 6 29 NA 27 51 18.8
left and right
Mu”g';j;? | 10| NA 30 NA NA 82 0.19
Variant Mudeuards 4 NA NA NA NA 54 0.04
Workstation Additional
Boarding 4 41 23 13 NA 28 0.07
Steps
Picking Area | _ "'KINg | 400 | NA NA NA 42 5 8
Equipment
Standard 80 NA NA NA NA 79 11
Preparation Heavy
Bumper 1 Duty Front 6 101 41 17 36 22 3
Protruded | 12 NA 56 10 NA 62 1
. Standard 80 NA NA NA 57 28 12
Preparation v
Bumper 2 DutsaF‘;’ént 6 9 NA NA 22 20 1
Standard | 87 51 10 NA NA 15 11
Bumper Heavy
Assembly on 6 11 NA NA 45 8 1
Duty Front
Truck
Protruded | 12 35 NA NA 18 5 1
Standard 65 13 NA NA NA 51 6
glCOFtlr']I:Eal:?( Euro 6SCR | 4 110 NA 43 NA 101 3
50 Lit SCR 25 NA 22 NA 67 0.19
Freparation | Euro 6 SCR | 4 0 14 49 56 34 2
Variant Hydraulic
Workstation Kit 4 0 0 25 0 18 0.29

®Lying, kneeling, squatting

®> 45° bending forward or sideways/rotation
> 45° bending forward or > 30° sideways/rotation or bending backwards

> 90° forward bending movement (flexion) or outward movement (abduction)

¢> 30° bending upward, > 45° bending downward, > 10° bending sideways
"Not applicable, this workstation had no awkward postures
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The levels of risk for standard vehicles and other models at an overall glance showed that the majority of
workstations (53.6%) were evaluated as moderate (yellow), 17.8% (5 stations) were classified as high risk

(red) and 28.6% as low risk (green).
Discussion

This study was designed to identify exposure to risk factors that might contribute to WR-MSDs in a truck
assembly plant. An in-house ergonomic method and the NIOSH equation were applied as screening tools to
evaluate workstations from practitioner’s viewpoint and the results were compared. Most of the workstations
(for standard trucks and other models) in the study were evaluated as having moderate exposure to risk
factors.

Table 8: Distribution of different risk factors at workstations

High risk (red and double | Moderate risk (yellow)
Risk factors red)
N % N %
Repetition 0 0 7 24.1
Work posture 13 44.8 7 24.1
Access, hidden assembly 11 37.9 7 24.1
Clearance for hand, finger or 9 31 0 0
tool
Workspace for hands 11 37.9 0 0
Surface area for pressure 3 10.3 0 0
Component size 6 20.7 13 44.8
Static back posture 10 34.5 17 58.6
Static neck posture 11 37.9 15 48.3
Static shoulder posture 13 44.8 13 44.8
Wrist posture 25 86.2 0 0
Lifting with two hands 9 31 4 13.8
(NIOSH method equation)
One-handed lifts 3 10.3 19 65.5
Pushing/Pulling Force - 9 31% 16 55.2
Whole Body
Pushing/pulling with the 6 20.7 6 20.7
hand, arm
Pushing, squeezing, and 6 20.7 11 37.9
pulling with fingers
Movement (continuous 1 3.4 7 24.1
steps)
Climbing / stepping over 0 0 1 3.4
Tightening torque, hand and 5 17.2 20 87
power tools

"Considerable exposure in bold

The disagreement was observed between the results of the SES method and the NIOSH equation. The main
reason is that the variables of exposure assessment were considered differently in each method. SES evaluates

lifting torque using weight of objects lifted and the horizontal distance from the body (based on Swedish
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legislation), while the NIOSH equation considers not only horizontal distance but also other lifting variables such
as vertical distance, coupling, asymmetry and frequency. According to the standard NIOSH equation method, a
lifting index >3 would be a significant risk for low back pain'¥, whereas we modified the prioritization scale and
a lifting index >1.6 was considered high risk in this survey. The reason for this modification was the
combination of other tasks such as pushing, pulling, climbing and carrying in the assembly process besides the
lifting tasks. Despite this modification and the increased sensitivity of the NIOSH method, the NIOSH approach
ranked most lifting tasks as moderate or low risk compared to the SES method. The results of the NIOSH
equation seem to be closer to reality because the SES component overestimated exposure to the risk, and even
loads weighing <5kg were assessed as moderate risk (Yellow). Horizontal distance had a significant effect on
the results of both methods, and precise measurement of horizontal distance is difficult in the real situation
when operators have to perform their tasks over a determined cycle time. A laboratory assessment showed that
frequency and horizontal distance had the greatest effect on the NIOSH results, although these parameters
were subject to high measurement errors®®, Using the NIOSH approach as a routine method would be
somewhat difficult for practitioners because it requires measurement of several variables and interferes with the
normal pace of the assembly process.

Awkward posture was a frequent risk factor at various workstations. The durations of exposure to awkward
work postures for operators at the ‘Boarding step and Mudguard’ workstation (left & right) were longest
compared to other workstations, the possible reason being the quantity of tasks (assembly of two main parts of
a truck i.e. mudguards (front and rear) and boarding steps) that had to be performed at this workstation.
Hidden access and obstructions in the workspace were the reasons for many awkward postures which forced
the operator to bend over the side of a truck or required turning to gain visual or manual access. At the air filter
workstation, tightening the air intake pipe in an obstructed workspace required awkward postures of the neck,
wrists and hands for which replacing current screwdrivers with new long nose ones was suggested. Unloading
parts from a pallet forced operators to work out of the hand workspace which caused awkward postures.
Changing the packaging of the pallet was recommended to reduce this risk factor. Tightening the screws below
the bumper (hidden access) required kneeling with awkward neck and back postures at the ‘Bumper Assembly
on Truck’ workstation (Figure 2). It is therefore suggested that another tightening tool should be developed to
avoid hidden access and facilitate tightening the screws below the truck chassis.

Hand/wrist risk factors such as wrist bending, hand/finger clearance, hand grip and excessive hand/finger force
were observed to be high or moderate in approximately for most of workstations. Furthermore, exposure to
moderate hand/wrist risk factors related to use of screwdrivers was relatively high for the workstations
analysed. The main reasons for finding high risk for the hand/wrist were the characteristics of truck assembly
jobs which required intensive hand activities. Activities and tasks in many workstations involved short clearance
between hand and parts/tools for manually assembled elements (small space). More force was therefore
required or there was a risk of catching/knocking the hand/finger in such tasks?". Operations for connecting or
removing hoses, small parts, fasteners, and electrical connectors involved forceful hand movements and wrist
bending. Unlocking the bumper lifting tool operation required such excessive force for fingers that these tasks
were evaluated as double red. Immediate improvement was therefore needed and changes were recommended

in the anti-lock system of the lifting tool in our further research. Furthermore, the majority of tasks at different
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workstations required using screwdrivers (weighing between 2-4kg) which were vibrating tools with sometimes
a forceful reaction at the end of tightening. All these operations increased the risk of musculoskeletal disorders
for the hand/wrist. The same risk pattern has been reported in other studies in the automotive industry®?.
Recent studies showed an association between high levels of hand force, wrist bending and vibration with the
incidence of carpal tunnel syndrome (CTS). In a cross sectional study a significant relationship was observed

between hand force and CTS?.

Figure 2: Tightening screws at ‘Mounting bumper on chassis’ workstation caused awkward trunk and neck
postures

Shoulder elevation (>90°) or abduction to the side were observed in most workstation and they are clearly risk
factors for shoulder disorders. The main reasons for awkward shoulder postures were picking up the parts from
the racks, assembling and mounting the parts high on the trucks and using screwdrivers suspended at height.
Furthermore, the gestures of some operators when tightening with screwdrivers necessitated excessive arm
elevation, whereas this was not the case for all operators for the same task. However, mild abduction was
observed for most tightening tasks with screwdrivers. In another study in an automobile assembly plant,
shoulder flexion was often recorded for the operation of hand-held tools*®). Organizational changes are
recommended to distribute high risk tasks for shoulders (red) to other workstations. This allows avoiding
several high risk tasks in sequence at one workstation. It is of note that, although the nature of truck assembly
requires excessive arm elevation due to the size of vehicles, a small number of single tasks required excessive
arm elevation for prolonged durations. The SES method did not have the criteria to measure left and right
shoulder risk factors separately and the static shoulder postures reported in this study were an accumulation of
assessments for both sides.

Approximately 35% of workstations were evaluated as high risk for back posture (bending back forward >45°
or rotation). This percentage was less than those for neck, shoulders and wrists. Nevertheless, back disorders
are common, particularly among truck assemblers. Other reasons such as lifting heavy objects and material
handling might be the main cause of the high prevalence of back disorders in truck assembly plants. Lifting

heavy objects was a routine task at most workstations due to the size of objects and parts related to truck
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assembly. Strong evidence found in recent studies showed that manual lifting and handling of heavy objects are
the main risk factors for low back pain®.

Highly repetitive tasks (>150 times/hour?®) were mostly observed for the inserting and tightening screws/bolts,
tightening with a torque wrench and turning the handle of an assembly wagon. Most workstations involved
inserting and turning screws, which was a repetitive action for wrists and fingers. Such repeated rotation in the
wrist might result in symptoms of CTS in workers®”. Studies have demonstrated increased incidence of CTS in
workers exposed to repeated wrist flexion, extension and rotation®, It is proposed in further research to
modify the design of the assembly wagon to reduce the amount of repetition.

The SES results assessing risk factors for other truck models generally indicated greater risk than for standard
trucks. Our findings prove that we have to take into account variations in truck models in workstations on the
assembly line and evaluate/analyse their risk factors. Most assembly manufacturers currently believe that
assessing the potential of risk factors for more frequent types of products is sufficient. However, we observed
that risk factors changed during eight working hours at one workstation or the pattern of risks was very
dissimilar for different products.

The final colour of each workstation was the indicator of risk factors for interventions and improvements in this
factory. However, the results of this study showed that two workstations with the same final colour (for
example yellow) did not always have the similar number of red or yellow risk factors (different ergonomic
workloads). It was a limitation of the SES method which considered a range of yellow or red evaluations as the
same final colour. It was therefore decided in the factory that ergonomists and engineers should take into
account not only the final colour of each workstation but also the numbers of double red, red and even yellow
evaluations. Another limitation of the SES method, and perhaps of many observational methods, was that the
duration of exposure and frequency of risk factors could not be measured. When using the SES method,
observers should estimate the angles of a posture and classify it in the three-color ranking scale. The ability to
identify neutral or non-neutral postures is sometimes a problem, particularly for micro-postures such as the
wrist and neck!®). This might be the source of variability and disagreement between the results of different
users of the SES. Moreover, postures such as twisting, extension, flexion and lateral bending were not
evaluated separately and a single item assessed all these risk factors for each body part. A red evaluation for
back, neck or shoulders might thus relate to flexion, extension, twisting or using two bad postures
simultaneously (flexion and twisting) except when the observer provided supplementary explanation in a note
(the SES method allows observers to provide supplementary notes). Awkward postures might therefore be
underestimated by combining several risk factors in one item.

In conclusion, the evaluation of the ergonomic physical exposure by an in-house ergonomic method (SES)
showed that awkward trunk postures, hand/wrist risk factors and awkward shoulder postures were the common
ergonomic workload in the truck assembly plant. Furthermore, comparing the results of the SES method with
the NIOSH lifting equation for lifting heavy objects (frequent tasks at most workstations) showed that the SES
method was biased towards sensitivity and over-estimation of material handling risks. However, application of

the NIOSH equation interfered with the normal pace of work process in the assembly plant.
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2.2. Variation in exposure to physical risk factors

2.2.1. Definition of variation and diversity

The scientific literature has generally reported that variation in exposure to physical risk factors can reduce the
risk of WR-MSDs (Mathiassen, 2006; Rissén et al., 2002). Researchers often recommend reduction exposure to
risk factors using variation (Fallentin et al., 2000; Wells et al., 2007). Exposure variation allows transmission of
workload to other muscles and increases utilization of different body region. A relationship between variation in
physical exposure and health can therefore be hypothesized as the risk of WR-MSDs decreases according to the
above mentioned theory (Mathiassen, 2006). However, very little empirical research has been reported on the
possible effects of variation in physical exposure on health promotion, and their results and suggestions are
vague. Furthermore, one important question is: how much and which kind of variation would provide sufficient
risk reduction?

The definition of variation of exposure to physical risk factors is also vague in the ergonomics literature and
hence for ergonomists, managers and engineers in the field. According to Mathiassen (2006), variation is
defined as “the change in exposure across time” (Mathiassen, 2006). “Variation” constitutes differences in
exposure between tasks, jobs and vehicle models. Manufacturers, scientific researchers and legislators
consensually believe that variation in physical exposure is beneficial for WR-MSDs and health. Most automotive
industries (such as the factory under study) use job rotation and production mix to increase variation in
physical exposure.

However, variation might be related to physical risk factors in individual exposure over time. Two similar and
consecutive cycle times, for example, might be different in terms of physical exposure (posture, force or muscle
activity) within and between subjects. Mathiassen (2006) has suggested the term “diversity” for this concept.
“Diversity” is therefore defined as “the extent that exposure entities differ” (Mathiassen, 2006). Although
“variation” is known as a useful tool to reduce physical risk factors and it is, for example, emphasized in the

ergonomic standard manual of the factory under study (following phrase) - this is not the case for diversity:

"It is important that work tasks vary during the day with possibilities to rotate between different positions

(workstations)”

Industrial companies indicate a tendency to eliminate “Diversity” particularly following implementation of the
lean principle. A trend in automotive industries points to standardization of the work and workstations by the
use of element sheets, position standards, and best practices (performing the tasks in the same way).
Furthermore, in-house ergonomic methods are often used to evaluate workstations and not individuals, and
intervention is then implemented based on the assessment for a workstation and an experienced operator. As
stated in the ergonomic standard manual of the factory under study:
"It is always important to base the assessment on the way an experienced operator does it. If there exist a

better ergonomic way/method of carrying out a particular job this should be discussed in the group and written

into the position standard/work instructions.”
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All of the above indicators suggest that automotive industries aim to achieve less diversity within and between
subjects. The goal is that all operators have to perform their tasks in the same manner. However, several
studies have shown that professional activities involve cycle-to-cycle diversity (Mathiassen et al., 2003; Mdller
et al., 2004; Roquelaure et al., 2001).

As current risk assessment methods do not consider diversity for assessing a workstation (assessment for an
experienced operator and a standard truck), the questions are whether diversity presents in truck assembly
workstations? Is it useful or should it be reduced? And the current assessment that overlooks diversity can be a
representation of physical exposure in the truck assembly plant. The aim in this section is therefore to
investigate the diversity within and between operators when performing the same task. Cycle-to-cycle diversity
for performing identical tasks for an individual was assessed. In parallel, physical exposure diversity between

operators for performing the same tasks was also investigated.

2.2.2. Measuring diversity within and between operators

Although many methods have been developed for measurement of physical exposure (see Chapter 1; section
1.3), a standard method for measuring diversity and variability is rare (Mathiassen and Christmansson, 2004).
The SES method was used to evaluate two workstations several times for all the operators who worked at those
workstations. These workstations were selected following the results of Section 1 (Article 2 of this thesis). The
first workstation was “Mounting SCR tank” where four permanent operators assembled the SCR on trucks in
rotation. The potential of physical risk factors was identified to be highest at this workstation. The second
workstation selected was “Preparation of bumper workstation 2” in which the potential of physical risk factors
was lowest. Each operator who worked at these two workstations was evaluated several times in order to
determine diversity between and within individuals. To avoid factors that may bias the results, the evaluations
were conducted during the same period of the day. All observations were performed between 10am and 12am
several times for each subject. In total, seven subjects (four operators at the "Mounting SCR tank” workstation;
three operators at the “Preparation of bumper workstation 2”) were investigated and 30 observations were
performed at both workstations. Each operator was observed at least two times and four operators were

studied more than four times.

2.2.3. Diversity between operators identified by the SES method

Four operators were assessed at the “Mounting SCR tank” workstation. The diversity of exposure to risk factors
was investigated between operators based on 20 risk factors of the SES method. As shown in Table 3, six risk
factors (including Access: hidden assembly, Back, Neck, Shoulder posture, Two-handed lift, Hand pushing and
pulling) were different between four operators of this workstation. Furthermore, “Pushing/pulling with fingers”
and “Movement” risk factors were slightly different between the four operators that we did not take into
account. The “Hidden assembly” risk factor was low for operator 1, moderate for operators 2 & 4, and high risk
(red) for operator 3 at the “Mounting SCR tank” workstation. The same results were observed for the “back

posture” and “Hand pushing and pulling” risk factors (Table 3).
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Table 3: Assessment of WR-MSDs risk factors at the "Mounting SCR tank” workstation by the SES method

(Four operators were observed on several consecutive cycle times)

Risk factors Operator 1 | Operator2 | Operator 3 Operator 4
Repetition
Work posture
Access, hidden assembly
Clearance for hand, finger or tool
Workspace for hands
Hand grip
Surface area for pressure
Component size
Static back posture
Static neck posture
Static shoulder posture
Wrist posture
Two handed lifts (NIOSH method)
One-handed lifts
Pushing/Pulling Force - Whole Body
Pushing/pulling with the hand, arm
Pushing/pulling with fingers
Movement (continuous steps)
Climbing / stepping over
Tightening torque

The same investigation was conducted at the “Preparation of bumper workstation 2” at which the workload was
lowest. Three operators were observed several times. Table 4 presents the results of exposure to risk factors of
WR-MSDs for each operator based on the SES method. Five risk factors (including Access: hidden assembly,
Clearance for hand and finger, Back, Neck posture, Pushing/Pulling-Whole Body) were different between the
three operators (Table 4). The neck posture was analyzed at two different risk levels. The activity of operators 1
& 3 was assessed as moderate risk level and operator 2 was rated as high risk level (Table 4). Overall, diversity

for this workstation was lower than for the "Mounting SCR tank” workstation.
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Table 4: Assessment of WR-MSDs risk factors at the “Preparation of bumper workstation 2” by the SES method

(Three operators were observed on several consecutive cycle times)

Risk factors Operator 1 Operator 2 Operator 3
Repetition
Work posture
Access, hidden assembly
Clearance for hand, finger or tool

Workspace for hands
Hand grip
Surface area for pressure
Component size
Static back posture
Static neck posture
Static shoulder posture
Wrist posture
Two handed lifts (NIOSH method)
One-handed lifts
Pushing/Pulling Force - Whole Body
Pushing/pulling with the hand, arm
Pushing/pulling with fingers

Movement (continuous steps)

Climbing / stepping over
Tightening torque

2.2.4. Within-operator diversity by the SES method
To observe the diversity of risk factors for a single operator at a workstation, the analysis was performed in
seven cycle times for the same operator at the "Mounting SCR tank” workstation. Table 5 shows the results of

observation of an operator over seven cycle times for the within-individual diverse risk factors.

Table 5: Within-individual diversity of risk factors at the "Mounting SCR tank” workstation assessed by the SES
method

(Operator 1 was observed on seven consecutive cycle times)

Cycle Cycle Cycle Cycle Cycle Cycle Cycle

Risk factors time 1 time 2 time 3 time 4 time 5 time 6 time 7

Access, hidden assembly

Static back posture

Static shoulder posture

Pushing/pulling with the hand, arm

Movement (continuous steps)

Five risk factors, including Access hidden assembly, Back posture, Shoulder posture, Hand pushing and pulling,
and Movement, were diverse in the similar and consecutive cycle times for the operator under study. Indeed,
different levels of risk were observed in similar situation. The access assembly risk factor, for example, was
assessed as low risk (Level 1) over four cycle times and moderate risk over three other cycle times. Similar
results were observed for the other risk factors (Table 5).

The study was conducted in the same manner with another operator in order to increase the validity of our
results. Operator 2 was observed during activity at the "Mounting SCR tank” workstation over eight cycle times.
Five risk factors were diverse within-operator over several consecutive cycle times (Table 6).
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Table 6: Assessment of WR-MSDs risk factors at the "Mounting SCR tank” workstation by the SES method
(Operator 2 was observed on seven consecutive cycle times)

Cycle

Risk factors time 1

Access, hidden assembly

Static shoulder posture

Pushing/pulling with hand, arm

Pushing/pulling with fingers

Movement (continuous steps)

Cycle
time 2

Cycle
time 3

Cycle
time 4

Cycle
time 5

Cycle
time 6

Cycle
time 7

Cycle
time 8

2.2.5. Is diversity useful or should it be eliminated?

The aim of this investigation was to demonstrate diversity between and within operators in a truck assembly
plant. The results revealed the wide diversity between and within operators for performing the same assembly
tasks, particularly for posture risk factors in the consecutive cycle times. The results are consistent with those
of reported by Roquelaure et al (2001) that confirmed wide diversity between the strategies of different people
in performing the same tasks (Roquelaure et al., 2001). Different work strategies that each operator chose to
undertake his tasks result in diversity. The results of current assessment methods are often the representation
of one work strategy in automotive industries because these methods usually evaluate an experienced operator.
Although some strategies cause over exposure to risk factors, previous studies showed no relationship between
operators’ strategies and increasing the risk of WR-MSDs in similar jobs (Roquelaure et al., 2001). It is a matter
of debate in the literature whether “diversity” (the extent that exposure entities differ) can be useful for
reducing workload. Roquelaure et al 2001 concluded the importance of diversity for reducing WR-MSDs, but in a
review study Mathiassen (2006) revealed little empirical evidence (Mathiassen, 2006; Roquelaure et al., 2001).
It can be concluded that diversity is a part of work activity and it is essential to provide sufficient flexibility for
the operators to select the best strategy that would be appropriate with their personal characteristics. However,
manufacturers believe that standardization and less diversity allow less error in work activity and improve
quality and productivity. “It is not possible to let the operators work as they want and they should follow the
strategies defined by the factory”; declared a middle manager in one automotive industry. The main challenge
is to find an appropriate balance between standardization which assure the quality and productivity and the
diversity which is naturally a part of different operators’ activities. It is essential to perform further research,
particularly in the automotive assembly plant, to investigate what optimal diversity and flexibility should be

considered.
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3. WR-MSDs risk factors assessment by self-reported
questionnaire
3.1. Physical, organizational and psychosocial risk factors evaluation

by self-reported questionnaire

Self-reported questionnaire as discussed in the first chapter is useful to obtain WR-MSDs risk factor information
from operators’ perspectives. It allows collection of a large number of data from a large population. Workers'
self-reporting of physical risk factors (workload) is an important method, particularly in epidemiological studies
to report dose-response relationships of WR-MSDs. Article 3 addresses the operators’ self-reporting of physical,

organizational and psychosocial factors of the assembly line. The following table summarizes the gaps, aims

and findings of Article 3 in which the operators reported WR-MSDs risk factors in a truck assembly line.

Gaps

Aims

Findings

Operators’ perspectives regarding
WR-MSDs risk factors are less
considered in automotive

industries

Little is known about the effects of
reorganization and
technical/engineering intervention
on operators’ feelings on

ergonomic factors

Evaluation and control of
psychosocial factors are less
considered in the truck assembly

line

To assess physical, organizational
and psychosocial risk factors from
operators’ perspectives in a truck
assembly line (operators’ self-

reports)

To study the likely changes in the
ergonomic factors from operators’
perspectives after reorganization
and technical/engineering

intervention

To assess psychosocial factors and

how to reduce job strain

Potential physical risk factors were
significant for the upper limb and
WR-MSD symptoms were reported
to be high for elbows, shoulders,
hands/wrists, and lower back in

assembly plant operators

The subjective assessment of risk
factors for new cycle time was
better because of organizational
changes and technical/engineering

improvement

Low decision latitude and high
psychological demand were
common factors among assembly
operators but good quality of social

support reduced job strain

3.1.1.

Different Organizations in a Truck Assembly Plant

Article 3: Evaluation of Ergonomic Approach and Musculoskeletal Disorders in Two

Zare M, Bodin J, Cercier E, Brunet R, Roquelaure Y. Evaluation of ergonomic approach and musculoskeletal disorders in two
different organizations in a truck assembly plant. International Journal of Industrial Ergonomics. 2015;50:34-42 (the
published version of this paper is appeared in Appendix 7).
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Abstract

The aim of this study was to assess the ergonomic physical exposure, organizational and psychosocial factors in
a truck assembly plant for two different cycle times (11 minutes and 8 minutes). A self-reported questionnaire
was applied to evaluate subjective physical exposure, organizational and psychosocial factors by operators in
two organization of an assembly process. The initial cycle time was 11 minutes (system A) and the new was 8
minutes (system B). The same work and assembly tasks had to be completed in both systems. However, the
organization and distribution of the tasks and workstations were reorganized. The results of the questionnaire
showed that subjective estimation by the operators regarding musculoskeletal risk factors was better in the new
organization and self-reported WR-MSDs symptoms were fewer. However, exposure to risk factors and WR-
MSDs symptoms was not statistically different between two cycle times. The findings provide better
understanding of how organizational changes can modify ergonomic exposure in manufacturing assembly
industries. Effective interventions are thus not only engineering solutions but also organizational and
administrative adaptations.

Keywords: Ergonomic, Cycle time, Assembly plant, Self-reported questionnaire
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Introduction

Manufacturing success in the competitive industrial world depends on employees’ wellness and reducing costs
[1, 2]. Although ergonomics is integrated in the production system of many industries to improve human
wellbeing and to prevent work related-musculoskeletal disorders (WR-MSDs), these disorders are still the main
cause of occupational disease in many countries [3, 4]. Claims for WR-MSDs have increased and it is estimated
that 40% of occupational costs are related to WR-MSDs [5]. Forty-five million employees are affected by WR-
MSDs in Europe, and in France 46,537 of all occupational claims in 2012 (86%) were for WR-MSDs [6, 7]. In
addition to the effects of WR-MSDs on business performance, they have considerable impact on human quality
of life as they are the main causes of discomfort and pain in the workplace. WR-MSDs present serious
ergonomic problems, particularly in the automobile industry due to the wide variety of ergonomic high risk
tasks including tightening, picking up, lifting, material handling, as well as the characteristics of assembly line
work [8]. Several dimensions of ergonomics such as physical, organizational and psychosocial risk factors may
be reasons for disorders among assembly operators. Physical risk factors, including repetition, awkward
postures, forceful movements and heavy lifting can increase the risk of WR-MSDs [9-11]. Organizational risk
factors such as time constraints, work rate and workload also have a role in the prevalence of WR-MSDs.
Furthermore, psychosocial risk factors such as low decision latitude, high psychological demands, and low social
support may influence these disorders. Recent studies have shown that these factors may independently
increase the risk of musculoskeletal disorders or the interactive effect between them may cause WR-MSDs [10,
12]. Huang et al (2003) showed that the odds of WR-MSDs for physical risk factors and time constraints
(organizational risk factors) was 2.61, while the independent effects of these risk factors was less than one
[13]. In a study in a large population, Widanarko et al (2014) showed that physical, organizational and
psychosocial risk factors were independently associated with WR-MSDs. Moreover, the combined effects of
these risk factors significantly increased the risk of WR-MSDs. However, good conditions of organizational and
psychosocial factors can reduce the adverse effects of high physical workloads [10-12].

In order to adjust work situations and reduce WR-MSDs, there are many physically oriented intervention studies
in manufacturing assembly industries. However, few studies have investigated organizational changes and their
consequence for WR-MSDs. The effects of long and short cycle times were investigated by Johansson et al in a
truck manufacturing company, and musculoskeletal symptoms were similar in both systems. However, fewer
physical risk factors were reported for the long cycle time [14]. Fredriksson et al (2001) reported that changing
from a line out system with a long cycle time (20 minutes) to a line system with a short cycle time (90 seconds)
decreased physical risk factors significantly [9]. However, musculoskeletal symptoms and perceived physical
exertion increased. It was concluded that psychosocial factors and poor organization design could increase
musculoskeletal disorders although the new organization had improved physical working conditions. A new
designed flow-line process increased the prevalence of musculoskeletal symptoms for fish-filleting plant
operators. The authors concluded that all dimensions of work characteristics should be taken into account to
reduce musculoskeletal symptoms [15]. Some advantages of a long cycle time were reported if physical and
psychosocial aspects were considered in the design of the production line. The complex nature of
musculoskeletal disorders means there is a need to evaluate the various elements of the ergonomic approach

and consider them as a principle for designing new organization [14, 16, 17].
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Reorganization of workstations for the reason of increase of production volumes were undertaken in a truck
assembly plant in France. The cycle time was decreased from 11 minutes to 8 minutes and over this
reorganization ergonomic approach was considered. Furthermore, technical improvements were implemented in
the reorganized production line in order to reduce the physical ergonomic workload. The purpose of this study
was both to investigate ergonomic approach elements in truck assemblers including physical, organizational and
psychosocial factors from operator’s viewpoint and to evaluate the likely changes in the ergonomic factors after
reorganization in the new cycle time. Our hypothesis was that fewer physical risk factors and musculoskeletal
symptoms should occur in the new system because of reorganization of the high workload tasks between

different workstation, technical ergonomic changes and reduced working at the hard workstations.

Materials & Methods

Workplace Description

This study was carried out as a follow up investigation into two production cycle times of a truck assembly plant
in France. The cycle time (known as takt time in the factory) is defined as time for performing the assigned
tasks in addition to recovery time. The initial cycle time was 11 minutes (system A) and the second cycle time
was 8 minutes (system B). Eleven workstations (known as work position in the factory) from one sector of the
truck production plant were selected for data collection and each workstation included a number of sequential
assembly tasks. For production reasons the factory decided to change the cycle time from 11 minutes to 8
minutes. The organization of the workstations was therefore changed and some tasks were transferred between
workstations and certain new posts were created. Furthermore, extra operators joined a variety of
workstations. However, the main tasks of most workstations remained unchanged. In system A, the “Selective
Catalyst Reduction (SCR) tank” workstation included unloading and transferring the support by means of a
lifting tool. The principle components of the SCR support tank were then assembled in sequence and finally the
completed assembly was fed up the line by wagon. The changes regarding system B at this workstation were
almost entirely organizational. As the layout and the zone of SCR support assembly was changed, many non-
necessary movements which related to picking up components were eliminated. Furthermore, another operator
was added to this area to perform the extra tasks so that the tasks at this workstation in the new cycle time
were the same as the former system. Completed SCR support tanks were assembled in the truck chassis at
another workstation on the line. In system A, this post included tasks such as assembling and tightening the
reservoir, and connecting hoses and cables. In the new system connecting two hoses, tightening hose clamps
and finishing cable rooting on the top of the SCR tank were performed by another operator. The third
workstation in system A was preparation and picking up the air filter, air pipe, heat cover, SCR tank, cab tilt
cylinder and straining cylinder. One operator performed these tasks in three cycle times. In system B, this post
was broken down into two posts i.e. “picking up the SCR tank and cab tilt cylinder” as well as “preparation and
picking up air filter, air pipe, and heat cover”. Furthermore, the straining cylinder task was transferred to
another post (assembling air filters in the line) but some extra tasks were added into “picking up the SCR tank
and cab tilt cylinder” workstation because of changes in the production. Some modifications were also

performed in the layout and organization of this zone.
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Preparation and integration of the bumper on the chassis was performed in the zone near the assembly line in
system A and it included four workstations in which one operator worked (11 minutes for each post). The main
tasks of these series of workstations were preparation of the washer tank, fog lamp, cab tilt pump, picking up
bumper and sun visor, preparation of the bumper, assembly of light box, and bumper assembly on the chassis
and tightening. In system B, this workstation was divided into five workstations (8 minutes for each post). The
tasks in this zone were almost the same as the initial system but two tasks including picking up the bumper and
sun visor were transferred to other sectors of the factory. The “air filter assembly on the chassis” workstation
included assembling the air filter, air pipe, cab tilt cylinder, heat cover and connecting hoses on the chassis in
the initial system. In system B, the heat cover assembling task was transferred to the right mudguard
workstation and the cylinder straining task was added to this post. Two workstations, i.e. boarding steps and
mudguards left and right on the initial system, were distributed to four workstations (i.e. boarding steps left
and right and mudguards left and right). Fitting together the air pipe and the inlet pipe task and heat cover
assembly task were added to these workstations. Overall in system B, two tasks (picking up the bumper and
sun visor) were eliminated (transferred to other parts of the factory) and one task (Fitting together air pipe and
inlet pipe) were transferred to this zone. System A comprised eleven workstations and system B fourteen
workstations (Table 1).

Procedures and Subjects

The first part of the study for initial cycle time was performed before the summer vacation in July 2013. The
new system and organization were then established during the holiday. The second part of study was carried
out in March 2014 seven month after changing the cycle time, when the operators had adapted to the new
conditions. The operators in the initial and second phase were the same but extra people were employed at the
new workstations. System A, therefore, comprised 17 workers and system B included 24. Fifteen and 21
operators from systems A and B participated in this study, respectively, and twelve were in both cycle times.
The reasons that two people from system A and three people from system B did not participate in the study
were either unwillingness or absence. Data collection was performed by the ergonomist with the help of
industrial engineers and technicians. Each subject in the two cycle times answered the self-reported
questionnaires about physical ergonomic exposure, organizational/psychosocial factors, and musculoskeletal
symptoms. Furthermore, interviews using the Borg scale were performed to measure perceived physical
exertion in both cycle times.

Reference Group

French surveillance data were used as reference group. We selected the subjects from a cohort study named
COSALI [18, 19]. The aim for this cohort was to assess the prevalence of WR-MSDs and their risk factors in the
working population in France’s Pays de la Loire region. This cohort included 3710 workers, among them 362
were blue-collar operators in the manufacturing and assembly industries, and these were chosen as reference
group. The results of self-reported questionnaires for the variables used in our study were compared. The mean
age of the reference group was 39.6 (£10.1) and the length of work experience for 43% of them was more

than 10 years.
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Table 1: Changes in the workstations and task distributions in the new organization (system B)

Workstations (System A) Changes in system B

Preparation and assembly of SCR tank
Preparation of Selective Catalyst Without changes in tasks, another operator

Reduction (SCR) Tank was added
Connection of two hoses, tightening hose
Mounting SCR Tank clamp, and finishing SCR cable performing in

another position

Bumper Zone

. . Picking up bumper and sun visor tasks were
Picking up bumper, sun visor, rear .
transferred to another section, pump, washer
bar, pump, washer tank and fog : :
. tank and fog lamp preparation merged in the
lamp preparation X .
following work station
Bumper preparation station 1 (pump
preparation was added, bumper cable rooting
Preparation Bumper 1 was transferred to station 2, putting bumper
P P on the beam was eliminated)
Bumper preparation station 2 (bumper cable
rooting, washer tank preparation)
Bumper preparation station 3 (Fog lamp
assembly, front right assembly)
Preparation Bumper 2 Bumper preparation station 4 (washer tank
filling, light cable rooting, tightening light
box, fog lamp cable rooting)
Bumper assembly and tightening Station 5
Bumper Assembly on Truck (washer tank filling, tightening light box,
front light cable rooting transferred)
Filter Preparation and Assembly

Preparation of air filter and cab tilt Air filter, air pipe, heat cover preparation
cylinder Picking and preparation SCR, cab tilt cylinder
Air filter and cab tilt cylinder Ass_embly of Air filter, air pipe, cab tilt
. cylinder, pump and hoses (heat cover
mounting

assembly task was transferred)
Boarding Step and Mudguard Assembly zone

Boarding step assembly and right rear

Right Boarding steps and mudguard bracket
Mudguards Right Mudguard assembly (fit air pipe to air
inlet pipe)

Boarding steps assembly and rear mudguard
bracket left
Right Mudguard assembly (heat cover
assembly task transferred)

Left Boarding steps and Mudguards

Self-reported Musculoskeletal Symptoms

Musculoskeletal symptoms in the neck, shoulders, elbows/forearms, hands/wrists, back and lower limbs were
evaluated by a modified version of the Nordic Musculoskeletal Questionnaire [20]. The prevalence of
musculoskeletal symptoms was defined as pain, numbness or stiffness for different parts of the musculoskeletal
system. We asked the operators to determine their pain or discomfort in each region of the body at the moment

of filling out the questionnaire on a 0-10 scale. Pain intensity > 5 at the time of filling out the questionnaire was
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considered as a musculoskeletal symptom. We did not compare the results with reference data because the
reference group reported symptoms experienced during the preceding 12 months.

Self-reported Physical and Organizational Risk Factors

The second part of the questionnaire evaluated subjective estimation of physical ergonomic exposure. This
section was developed according to the European consensus criteria on WMSD risk factors in the upper limbs
[21]. One question including repeated actions/gestures asked about repetition. Two illustrated questions
evaluated the duration of neck flexion/extension. Work with the arms >90° and between 45° to 90° as well as
rotation of the arms were illustrated to assess shoulder postures. Seven illustrated questions assessed wrist and
forearm risk factors. Finally, to evaluate material handling and push/pull activity, five questions asked about the
weight of loads to be lifted or carried during the working day. Physical exposure was assessed by a four-point

AN\ n”now

scale, i.e. “never”, “sometimes”, “often” and “always”. If the operators answered “often” or “always”, it was
defined as 2 hours/day and 4 hours/day exposure to risk factors, respectively. We also interviewed operators to
evaluate perceived physical exertion on the RPE Borg scale [22]. The interview was performed by an
ergonomist using the Borg scale in two periods of time, the Friday afternoon and Monday morning. The aim was
to evaluate the difference between perceived physical exertion at the end of the week and after resting over the
weekend. The original Borg method with the scale ranging from 6 “very very light” to 20 (very very hard) was
used in this study. We considered the third quartile (score >15) as high perceived physical exertion for both
cycle times.

We asked employees to report organizational constraints in the workplace. Two categories of questions were
defined including workload (working hours, attention and high load activities and etc.) and work rate which are
related to organizational factors (technical constraints, dependence to the others, mandatory procedures,
monitoring and etc.). As for self-reported physical risk factors, the four-point scale was used to rate
organizational risk factors.

Psychosocial Factors

Work psychosocial factors were evaluated by the French version of Karasek Job Content Questionnaire [23, 24].
This questionnaire includes 26 questions categorized into three dimensions. The first dimension involves
decision latitude which includes questions such as control over work, and work stimulus. The second dimension
involves psychological workload and the third dimension social support at work, defined as supervisor climate
and relationships with colleagues. To determine the prevalence of job strain and iso-strain in the study
population, the scores for low decision latitude, high psychological demand and low social support were
dichotomized according to the median of the French Medical Surveillance of Occupational Risk Exposure
(SUMER) study. High psychological demands and low decision latitude were thus two dimensions which
determined job strain and high psychological demand and low decision latitude and low social support together

provided iso-strain.
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Results

Self-reported Musculoskeletal Symptoms

All the subjects in this study were men, with a mean age of 42.0 (£7.6) years for cycle time A and 38.1 (£8.7)
years for cycle time B. The mean length of work experience in the current job was 16.0 (£6.6) years for cycle
time A and 13.0 (£8.1) years for B.

Table 2: Musculoskeletal symptoms for two cycle times in truck assembly workers at the time of

filling out the questionnaire

All respondents Same respondents
Cycle time A Cycle time B Cycle time A Cycle time B
(n=15) (n=21) (n=11) (n=11) P-

value*

n % N % n % n %
Neck, VAS** > §5 5 33 2 10 3 27 1 9 0.63
Shoulders and arm, VAS > 5 10 67 7 35 6 55 4 36 0.63
Elbows and forearms, VAS > 5 8 53 8 40 5 45 4 36 1.00
Wrist and hands, VAS > 5 7 47 8 40 4 36 3 27 1.00
Fingers, VAS 2 5 5 33 4 20 2 18 2 18 1.00
Upper back, VAS > 5 5 33 5 25 5 45 2 18 0.25
Lower back, VAS > 5 7 47 7 35 5 45 3 27 0.50
Hip and thigh, VAS > 5 4 27 2 10 3 27 1 9 0.63
Knee and leg, VAS > 5 3 20 6 30 3 27 3 27 1.00
Ankle / Foot, VAS > 5 4 27 4 20 3 27 2 18 1.00

* Mac Nemar exact test for 11 operators who responded for both cycle times

**Visual analog scale for pain

Table 2 shows the prevalence of musculoskeletal symptoms among the study population in both cycle times.
The prevalence of symptoms for the shoulders, elbows and wrists was 67%, 53% and 47%, respectively, for
cycle time A. In cycle time B, the prevalence of shoulder, elbow and wrist symptoms was reported as 35%,
40% and 40% respectively. The prevalence of symptoms in the lower back was also reported to be as high as
47% for subjects in cycle time A and 35% for subjects in cycle time B. The study population in cycle time A had
higher prevalence of symptoms in the upper limbs, back and lower limbs compared to cycle time B (except for
knee symptoms). Analysis of differences regarding prevalence of musculoskeletal symptoms showed no
significant difference between cycle times A and B.

Subjective Assessment of Physical and Organizational Ergonomics Workload

Table 3 shows organizational ergonomic characteristics related to work rate and workload for both cycle times.
More than 70% of the operators reported technical constraints (mandatory use of tools and devices) imposed
by work rate in both cycle times. Dependence on other operators’ activities increased in cycle time B by 67%,
compared to 47% in cycle time A. However, Mac Nemar exact test between the same respondents for this
factor showed non-significant differences in both cycle times (P-value=0.38). Other organizational
characteristics imposed by work rate were reported to be high in both cycle times (Table 3). Organizational
characteristics due to the workload were less often reported by operators. Fifty-two percent of operators

reported “working outside normal hours” in cycle time B more than the percentage reported in cycle time A
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(33%). Working too fast for precise operation was reported to be 47% in cycle time A versus 25% in cycle time

B. The difference between organizational risk factors was measured with Mac Nemar exact test for the same

respondents in both cycle times. None of the organizational characteristics were significantly different between

the two cycle times.

Table 3: Organizational ergonomic characteristics for two cycle times reported by truck assembly

workers

All respondents

Same respondents

Cycle time A Cycle time B . .
(n=15) (n=21) Cycletime A Cycle time B p-
value
n % N % N % n %
During a typical workday, work rate
imposed by:
Technical cqnstralnts (mandatory 12 80 15 71 9 75 8 67 1.00%
screwdriver, or tools etc.)
Immediate dependence on the work of one 7 47 14 67 6 50 9 75 0.38*
or more colleagues
Inter-se.ctlon activity (m_ter working group, 9 60 13 65 v 64 8 73 1.00%*
inter cluster, logistics, etc.)
Following safety procedures 15 100 17 81 12 100 9 75 NA*
Following production procedure 14 93 19 100 11 100 11 100  NA**
Permanent (or at least Qa|ly) monitoring or 6 40 8 40 4 33 5 47 1.00%
control by hierarchy
Following or momtormg computerized 8 53 11 59 8 67 8 67 NAX
process (Production Process)
Workload necessities
exceeding normal hours 5 33 11 52 4 33 7 58 0.38*
Shortening or skipping a meal 3 20 0 0 2 18 0 0 NA**
Missing a break 1 7 0 0 1 9 0 0 NA**
Working too fast _for an operation that 7 47 5 25 5 45 3 27 0.63%*
requires care
Abandoning a task to_dp another 3 20 ? 11 ? 18 5 18 NA**
unplanned activity
NOT completing an activity 3 20 2 10 2 18 1 9  1.00%*

* Mac Nemar exact test for 12 operators who responded for both cycle times.
** Mac Nemar exact test for 11 operators who responded for both cycle times.

NA : Not Applicable

Table 4 shows biomechanical risk factors reported by assemblers. Back risk factors (back flexion >2hours) were

reported by 100% of operators in cycle time A and 75% in cycle time B. In the reference data from other

industries in France, 55% of the operators reported back flexion. However, truck assembly operators reported a

low percentage of back flexion >4hours, that was similar to reference data. Shoulder risk factors including

abducted arms and arms working above shoulder level were reported by 53% and 33% in cycle time A, while

for cycle time B they were 52% and 24%, respectively.
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Table 4: Subjective assessment of physical risk factors for two cycle times reported by truck

assembly workers

All respondents Same respondents ngi;ilie
Cycle time A Cycle time B . . N
(n=15) (n=21) Cycle time A Cycle time B p. (n=362)
N % N % N % n op VAl N %
Repeating same action (24—, 57, 3 4 2> 17 2 17 1.00% 139 39
h/day)
Neck flexion (>4h/j) 3 20 2 10 2 17 1 8 1.00* 137 38
Neck extension (>4h/j) 0 0 0 0 0 0 0 0 NA* 8 2
Arms at or above shoulder %
level (2 2 h/day) 5 33 5 24 3 25 2 17 1.00 55 15
Arms abducted (= 2 h/day) 8 53 11 52 5 42 4 33 1.00* 81 22
Holding the hand behind the *
trunk (2 2 h/day) 0 0 2 10 0 0 2 17 NA 21 6
Elbow flexion/extension (224, g5 43 ) 9 75 7 58  0.63* 173 48
h/day)
Pronation/supination 9 64 8 38 6 55 3 27 038%* 95 26

movements(= 2 h/day)
Putting elbow on the rigid "
surfaces (2 2 h/day) 1 7 2 10 1 8 1 8 NA 83 23
Wrist bending in extreme
postures (= 2 h/day)
Pressing with the base of the %
palm (2 2 h/day) 5 33 1 5 4 33 0 0 0.13 48 13

Holding tools or objects in a

7 47 1 52 5 42 5 42 1.00%* 188 53

X
oinch arip (2 2 h/day) 11 73 9 43 8 67 5 42 0.25 104 29
Use of vibrating hand tools (= 6 40 8 38 4 33 4 33 1.00% 84 23
2 h/day) '

Back F'e"ir‘]’/“d/tw;sung (22 45 100 15 75 11 100 8 73 NA¥ 198 55
ay

Back Flexion/ twisting (= 4 ? 13 0 0 2 18 0 0 NAK* 41 11
h/day)

Carrying 1- 10 kg (= 4 h/day) 4 27 3 14 3 25 2 17 1.00% 31 10

Carrying 10 - 25 kg (2 4 2 13 0 0 2 17 0 0 NA 9 3
h/day)

Handling 1 - 4 kg (2 4 h/day) 7 47 6 29 5 42 3 25  0.50% 64 20

Handling loads > 4 kg (= 4 3 20 3 14 1 8 1 8 NA* 36 11
h/day)

Push pull (> 2 h/day) 3 20 2 17 2 17 2 17 1.00% 76 21

* Mac Nemar exact test for 12 operators who responded for both cycle times

** Mac Nemar exact test for 11 operators who responded for both cycle times.

**x* Data from epidemiologic study among blue-collar operators in the manufacturing and assembly
industries in a French region (Pays de la Loire)

NA : Not Applicable

Elbow and wrist risk factors were also reported to be high for both cycle times. The subjects reported higher
exposure to elbow flexion (cycle time A=80% and B=62%), pronation/supination movements (cycle time

A=64% and B=38%), pinch grip (cycle time A=73% and B=43%), and hand-arm vibration (cycle time A=40%
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and B=38%) compared to reference data on French blue-collar operators in the manufacturing and assembly
industries. However, blue-collar operators in the French reference data had higher percentages of repeated
actions than in our study (Table 4).

Component handling was mainly related to weights below 4 kg, and 47% of the subjects in system A and 29%
in system B reported exposure to material handling below 4kg. Exposure to material handling was reduced in
cycle time B, although the difference between the two cycle times was not significant. Relationships were
studied between physical risk factors and musculoskeletal symptoms in operators in truck manufacturing. In
general, there were no significant relationships between the symptoms for each body section and physical risk
factors. Table 5 shows the percentage of perceived physical exertion for three types of working day on Friday
and Monday. More than 60% of the operators reported perceived physical exertion equal or greater than 15
(hard) for high workload days on Friday and Monday for both cycle times. There was no significant difference

between perceived physical exertion on Friday and Monday. The situation was similar for both cycle times.

Table 5. Perceived physical exertion force215 according to Borg scale reported by truck assemblers
on Friday and Monday for three types of working day workload

Friday Monday
Low : High Low . High
workload VJka'gaa' workload workioad  YPI®  workioad
workday y workday workday y workday
n % n % n % n % n % n %
Cycle Time A (n=15) 1 7 3 20 9 60 0 0 3 20 10 67
Cycle Time B (n=20) 1 5 2 10 12 60 0 0 2 13 12 75

One subject was absent at the time of interviews for cycle time B.

Psychosocial Factors

Table 6 presents psychosocial factors, including high psychological demands, low decision latitude and low
social support. In this study, 79% of operators in cycle time A and 90% of the subjects in cycle time B reported
low decision latitude. Psychological demands were also reported to be relatively high in both cycle times.
Therefore the job strain that was derived from these two dimensions was 43% for cycle time A and 62% for
cycle time B. Figure 1 shows the patterns of job strain between study populations in both cycle times. It was
shown that 40% of the people in cycle times A and 62% of them in cycle time B were classified in the high
strain zone (lower right), 33% in cycle time A and 29% of people in cycle time B in the passive zone (lower
left), 13% and 10% of people in cycle times A and B in the low strain zone (upper left) and 7% in cycle time A

in the active zone (upper right). None of operators in cycle time B were classified in active zone.
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Table 6: Subjective assessment of psychosocial risk factors for two cycle times reported by truck

assembly workers

All respondents Same respondents Reference

. . Xk X

Cy?f:{?f A CyELe=t2|T)e B Cycletime A Cycle time B P- (Dna=ta362)

n % N % n % n % value n %

High psychological demands 8 53 13 62 6 50 8 67 0,69* 147 41
Low decision latitude 11 79 19 90 9 75 11 92 0,50* 249 70
Job strain 6 43 13 62 5 42 8 67  0,38* 98 28

Low social support 8 53 5 25 5 45 5 45 NA** 170 48
Isostrain 3 21 2 10 2 18 2 18  1.00** 52 15

* Mac Nemar exact test for 12 operators who responded for both cycle times

** Mac Nemar exact test for 11 operators who responded for both cycle times.

*** Data from epidemiologic study among blue-collar operators in the manufacturing and assembly
industries in a French region (Pays de la Loire)

NA : Not Applicable

Low decision latitude and high psychological demands of reference data were reported by 70% and 41%,
respectively. Another dimension investigated was social support. Twenty-five percent of subjects in cycle time B
reported low social support whereas 53% of operators in cycle time A complained of low social support. Iso-
strain was reported by 10% of subjects in cycle time B and 21% of subjects in cycle time A. Mac Nemar’s exact
test did not show any difference between the two cycle times. Low social support was reported to be higher in
reference data than in cycle time B (48% of people complained low social support). Iso-strain was therefore

higher in the reference data than in truck assembly operators for cycle time B.

Discussion

The purpose of this study was to evaluate subjectively three dimensions of the ergonomic approach in a truck
assembly manufacturing plant. Physical, organizational and psychosocial risk factors were evaluated by self-
reported methods for the two cycle times (11 minutes and 8 minutes). The operators also reported their
musculoskeletal symptoms. The results of the study showed that musculoskeletal symptoms were more
frequent in the upper limbs (shoulders/elbows /wrists) and lower back. The prevalence of symptoms in the
lower limbs was low. Although the operators reported fewer symptoms in cycle time B (8 minutes) than in cycle
time A (11 minutes), the results were not significantly different for the same respondents in the two cycle
times. The reason might be related to the low number of subjects who were included in the study. Upper limb
and lower back symptoms were frequent complaints in other studies in automotive assembly industries.
Johansson et al reported that the neck, shoulders, lower back and hands were complained of frequently by
truck assemblers although the symptoms for short (6 orl2 minutes) and long (20 or 45 minutes) cycle times
were reported to be similar [14]. Engstrom et al reported a high prevalence of musculoskeletal symptoms in the
Volvo manufacturing industry, with the exception of the lower limbs [17]. Widanarko et al showed that
neck/shoulder, wrists, arm/elbow and lower back were most common areas of complaint in a study of 3000
participants with different occupations [10-12]. All these results are consistent with our findings and indicate

the prevalence of upper limb musculoskeletal disorders in manufacturing assemblers.
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Figure 1. Job strain derived from psychological demand and decision latitude dimensions for two Cycle times

Exposure to shoulder risk factors is common in automotive manufacturing assembly, particularly in the truck
assembly industries. When comparing this study with epidemiologic reference data in France, shoulder risk
factors were more frequent in our study. This was to be expected because the tasks to be accomplished in truck
assembly require elevation of the arms in excess of 60° depending on truck size. In the study by Johansson et
al, 39% of truck assemblers reported arm elevation above shoulder level [14]. Engstrom et al reported that
35% of assembly operators were exposed to arm elevation above shoulder level two hours or more per day
[17]. In his ergonomic evaluation by direct measurement methods for forty-three types of work, Hansson et al
reported the highest levels for shoulder risk factors (arm elevation) among automotive assemblers [25]. All of
these results are consistent with our results as the study population reported 33% and 24% arm elevation
(>90°) for cycle times A and B, respectively. Arm abduction (<90°) that represents moderate exposure to
shoulder risk factors was reported by more than half of the operators in both cycle times. To our knowledge
there are few self-reported studies reporting moderate exposure to shoulder risk factors. However,
accumulation of moderate and high workload shoulder risk factors will generate shoulder disorders.

Exposure to elbow and hand/wrist risk factors was also common, although it was reported less frequently for
cycle time B. Elbow flexion and pronation/supination of the forearm were relatively high in both cycle times.
Many tasks in assembly workstations required the use of electrical or manual screwdrivers and these actions
involved pronation/supination of the elbows. Furthermore, the elbow is usually bent during assembly tasks.

Bending the wrist usually happened when operators used hand-held power tools to tighten screws and nuts.
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Other tasks such as pushing a wagon also involved wrist bending. The operators usually gripped light and thin
objects (1-2 kg) such as supports, pumps etc with pinching or squeezing actions. These activities contain main
risk factors for elbows/hands/wrists and more than half of the subjects reported exposure to these risks.
Exposure to elbow and hand/wrist risk factors in reference data was as frequent as our findings in truck
assemblers, but pronation/supination movements and pinching grip were less often reported. Other studies
reported a high prevalence of elbow/hand pain in automotive assemblers because of workloads and few
attempts to reduce elbow/hand risk factors. When using screwdrivers routinely, the screwdriver’'s weight and
reaction forces produced at the end of tightening were reported to be the main reasons for elbow/hand/wrist
complaints in previous studies [17, 26, 27]. Other reasons for the high prevalence of elbow/ hand/wrist
disorders might be related to accumulative working with hands during the working day. Most claims involving
musculoskeletal illness in an European truck assembly plant over the last 20 years were related to elbow
disorders.

Back flexion for more than two hours/day was reported by all subjects in cycle time A and more than half of the
operators in cycle time B. Although extreme back flexion occurred less frequently for truck assembly, the
operators habitually bent their backs forward slightly, along with exertion force for performing their tasks. Back
risk exposure reported by the operators was fairly high and it seems that they overestimated their exposure.
However, the prevalence of lower back symptoms was also high in the study population and in the reference
data. A possible reason for back risk factors is handling heavy parts and components. In our study the
operators usually handled components ranging from 5kg to 15kg, depending on the workstation. About half of
the operators in both cycle times handled materials or tools for more than 4 hours/day. The percentage of
material handling was reduced in the new cycle time, although the difference was not significant. As reported in
other studies, handling heavy components, frequent standing/walking with little opportunity to sit down are
other reasons for the high prevalence of low back disorders among truck assemblers that we also observed in
our study [9, 14, 17]. Perceived physical exertion force was relatively similar in both cycle times. However, for
a typical workday perceived exertion force (215) was reported more frequently in cycle time A than in cycle
time B. Other studies showed that the Borg rating is not only an index of physical activity but also an indicator
of psychological factors [22, 28]. Our hypothesis in this study was that operators might perceive an increase in
physical exertion on Fridays compared to Mondays. However, we found that the perceived physical exertion was
identical on Fridays and Mondays for both cycle times. The exertion perceived on high workload days was much
more than on other types of work day. A high load workday was defined in this study as a day when the
operators had to assemble difficult truck options. Therefore, the distribution of truck options in the assembly
line should be more carefully considered by engineers. Loading up the line imbalance by truck options might
expose operators to extra perceived physical exertion (fatigue).

The operators in cycle time B reported less exposure to physical risk factors than those in cycle time A.
Statistical tests did not show a significant difference, which might be related to the small numbers in the study
population. The possible reasons why the operators’ subjective assessment decreased in the new cycle time
might be related to the technical/engineering improvements, reorganization and new design workstations. Four
new workstations were created in the new system and high risk tasks were distributed between different

workstations. Furthermore, some technical improvements such as using a lifting tool at the mudguard station
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and changing the design of the unlocking system in the “bumper assembly on chassis” station were
incorporated which also reduced risk factors in the new system. Although the new cycle time reduced the
content of each workstation because of shorter time, performing fewer unacceptable tasks (high risk) meant
that the operators had felt better in the new cycle time. Furthermore, the new concept was not completely
changed and most alterations were related to balancing, reorganization and modification.

In this study organizational characteristics were evaluated according to two main categories, i.e. work rate and
workload. The assemblers reported more complaints regarding work rate compared to workload. Operators
reported a high percentage of work rate imposed by mandatory use of tools, screwdrivers, lifting devices, etc,
in both cycle times. In an assembly plant, assemblers must use different tools (sometimes more than 8
screwdrivers and torque wrench during one cycle time) and this causes extra movement and memorization of
use of the right tool. Furthermore, following the standards and assembly procedures was reported by nearly all
of the operators in both cycle times. For each workstation there were approximately three truck options with
different assembly procedures that the operators had to follow. Each assembler worked in at least four different
workstations during the day, and therefore had to memorize and follow many instructions regarding each truck
option and workstation. The combination of these organizational constraints with physical risk factors could
increase the risk of musculoskeletal disorders [10, 11]. However, the organizational factors that were imposed
by workload such as exceeding normal hours of work, working too fast and unplanned activity were reported to
be low in both cycle times. In contrast to another study where time constraints were reported by assemblers, in
our study the operators were satisfied with the time organization as few subjects reported missing break,
having short meals or skipping meals, working too fast, etc. The possible reason for this was the structure and
organization of the assembly line in our study in which each workstation had its own support post (known as
variant position in the factory) for helping the operators [10, 14].

Various reports have shown an association between psychosocial risk factors at the workplace and
musculoskeletal symptoms [10-12, 14, 17]. In our study the operators in both cycle times reported high levels
of psychological demand and low decision latitude. The reference data also showed that low decision latitude
and high psychological demand were common psychosocial factors in blue-collar operators in France. However,
the percentage reported was less than in our study. In the assembly line, there is naturally a low possibility for
active learning or motivation for creativity and developing new behaviors. Operators’ stress and strain is
therefore increased due to low decision latitude and high psychological workload. Job stress and strain in the
workplace could influence musculoskeletal disorders due to muscle tension and result in behavior changers as
workers might report more musculoskeletal symptoms [29, 30]. On the other hand, social support, another
dimension of psychosocial factors, was reported to be satisfactory by more than 70% of the subjects in cycle
time B. This dimension was developed in the new cycle time and it was better compared to reference data. It is
interesting to note when this dimension was considered, the final calculated percentage of iso-strain decreased
significantly and it was lower than the reference data. It can be concluded that it is possible to reduce strain by
good social support, although, due to the nature of operations and processes in the assembly plant, it is difficult
to match high decision latitude and to decrease psychological demands. In general the importance of managing

psychosocial risk factors is highlighted in other studies because the combination and interactive effect of this
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risk factor along with high physical workload not only increase the risk of musculoskeletal outcomes but also

influence productivity and the quality of products [1].
Conclusions

The findings of this study showed that potential physical risk factors mainly involving the upper limbs were
significant among truck assembly operators. Most subjects reported risk factors for elbows, shoulders and
hands/wrists, and the percentages of WR-MSDs symptoms reported in the upper limbs were also considerable.
Perceived physical exertion increased on the high workload working day. However, it was not considerable on
the typical and low workload working days. Perceived physical exertion was not different for Mondays and
Fridays for assemblers. Our results showed that, although low decision latitude and high psychological demands
were common psychosocial risk factors among our subjects, good quality social support reduced the strain.
Reorganization with taking into account ergonomic approach reduced musculoskeletal symptoms and physical

risk factors in the new cycle time but the difference from the initial concept was not significant.
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4. Assessment of physical risk factors by direct measurement
methods (biomechanical methods)

4.1. Development of biomechanical methods for direct measurement

of Physical risk factors

Direct measurement might reveal more reliable data that could be the evidence of exposure dose for awkward
body/limb postures. This measurement provides the proportion of time exposure to awkward postures, the
degree of flexion/extension, the precise amount of variation and diversity which are not often measurable by
other methods (i.e. observation, interview and self-reported questionnaire). Furthermore, quantitative
measurements are required in epidemiological studies to establish dose-response relationships for WR-MSDs.
This Chapter addresses the quantitative measurement of awkward postures by direct measurement methods.
Before workplace measurement with biomechanical methods, the right protocol should be developed showing
what sensor should be used and how the measurement should be done. The first section of this Chapter (article
4) therefore presents developing a correct protocol for biomechanical measurement in a manufacturing

assembly plant. The following table addresses the gaps, aims and findings of article 4.

Gaps Aims Findings

Accelerometer on the arms and

back could be used instead of

A reliable protocol is required to
measure physical risk factors in a

real assembly plant

This protocol should be tested and
compared with other common
methods before applying in the
field

To develop the right protocol for
biomechanical measurement in
SCANIA assembly line.

To test this protocol over

performing four simulated tasks

To compare the results of direct
measurement with the results of
two observational methods (SES
and RULA) for simulated tasks

inclinometer and would provide
data such as movement angle and
velocity, motion symmetric and
repetition. Attention must be paid
to for reference position when
using inclinometer and goniometry
for evaluating the neck and wrist
posture.

The three methods provided the
similar results although the direct
measurement method showed
more precise data. However,
inconsistency was observed for

neck and wrist posture evaluation.

4.1.1.

with observational methods

Article 4: Development of a biomechanical method for ergonomic evaluation: comparison

Zare M, Biau S, Crog M, Roquelaure Y. Development of a Biomechanical Method for Ergonomic Evaluation: Comparison with

Observational Methods. International Journal of Social, Management, Economics and Business Engineering. 2014;8:223-7.

(the published version of this paper is appeared in Appendix 9).
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Abstract

A wide variety of observational methods have been developed to evaluate the ergonomic workloads in
manufacturing. However, the precision and accuracy of these methods remain a subject of debate. The aims of
this study were to develop biomechanical methods to evaluate ergonomic workloads and to compare them with
observational methods.

Two observational methods, i.e. SCANIA Ergonomic Standard (SES) and Rapid Upper Limb Assessment (RULA),
were used to assess ergonomic workloads at two simulated workstations. They include four tasks such as
tightening & loosening, attachment of tubes and strapping as well as other actions. Sensors were also used to
measure biomechanical data (Inclinometers, Accelerometers, and Goniometers).

Our findings showed that in assessment of some risk factors both RULA & SES were in agreement with the
results of biomechanical methods. However, there was disagreement on neck and wrist postures. In conclusion,
the biomechanical approach was more precise than observational methods, but some risk factors evaluated with

observational methods were not measurable with the biomechanical techniques developed.

Keywords: Ergonomic, Observational Method, Biomechanical method, Workload
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Introduction

AS discussed in various studies, work-related musculoskeletal disorders are widespread in the manufacturing
industries and they are known as multi-factorial occupational diseases for which physical workload,
psychosocial, organizational and individual factors are the most important causes [1], [2]. Physical risk factors,
including forceful exertion, awkward postures, lifting, manual material handling and vibrations are considered to
be the obvious risk factors contributing to Work Musculoskeletal Disorders (WMSDs) [3]-[5]. To manage and
control physical risk factors, several methods have been developed for assessment of exposure and estimation
risks of injury in various occupations [1]. Paper-based observational methods such as RULA, OCRA, REBA, etc,
are the most common applied techniques by ergonomists for posture assessments [6]. Strain Index and ACGIH
hand level activity are the methods for measuring forceful exertion. Manual material handling is evaluated by
the NIOSH equation, MAC (UK), ManTRA (Australia), and New Zealand code [7]. Although many studies have
applied these methods to analyze job stations, their validity is still a matter of debate. Furthermore, many
industrial companies have developed their own internal methods for ergonomic analysis, and a few research
articles have addressed the efficacy of using in-housing methods [6]. It is essential for ergonomists and
manufacturers that the accuracy and precision of the methods should be applicable for workplace analysis. Risk
management policies related to WMSDs are unsuccessful without accurate risk assessment [1].

In addition to observational methods, biomechanical methods (direct measurement) have been developed that
rely on sensors for recording body movement [8]. Goniometry, inclinometry, accelerometry, and
electromyography are the most popular straightforward methods to measure postures, movements and force
exertion. A large quantity of precise data related to exposure variables can be provided by biomechanical
procedures, and developing the right protocol for applying them is vital. Comparing the results of
straightforward methods with observational techniques would provide the opportunity to improve the validity of
observational methods. Developing an accurate protocol showing which sensors should be used and how the
measurements should be performed is necessary, before workplace analysis with biomechanical methods.

The aim of this study was therefore to develop an appropriate protocol for biomechanical measurement in
manufacturing assembly. Testing this protocol and comparing it with two observational methods, i.e. SCANIA
Ergonomic Standard (SES) and RULA, were the other aims of our study. SES is an in-house observational
method that is used for measuring posture, force, lifting and repetition, and RULA is a common method for

posture assessment.

Methods

Biomechanical measurement

The first step in our study was selection of sensors to measure the repetition, movements and postures of body
regions. An electronic measurement system included acquisition software, sensors (inclinometer, accelerometer
and goniometer) and a data logger (CAPTIV system, TEA, France) was used. Inclinometers were used to
measure the inclination of body regions such as the head and upper back in a recent study [8]. To measure
neck posture, information was sampled using loggers as well as two inclinometers placed on the occipital bone

(a saucer-shaped membrane bone situated at the lower back of the cranium) and on the cervico-thoracic spine
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at the C7-Th1l level. The accuracy of the inclinometer was 1° if <15° and 2° if >15°. Its resolution and
frequency were 12 bits and 16 Hz, respectively. The total number of times when the head posture was more
than 10° forward or backward compared to the upper back were characterized as head postures.

Two triaxial accelerometers were placed along the upper arms in the middle of the humerus. The line from the
rounded head of the acromion to the lateral epicondyle was measured and divided into two for the placement of
accelerometers on the humerus. They were fixed laterally on both hands with their Y-axes on the vertical. Arm
elevations as well as hand repetitions were therefore calculated. Another accelerometer was placed on L3 of the
lumbar spine to assess back posture. Recordings were performed between +1g and -1g, with the frequency of
128 Hz and the resolution of 3mag.

Biaxial electro-goniometers were used to measure flexion and extension deviations of the right and left wrists,
the flexion and extension of the wrist being characterized in this study as hand postures. All sensors were small
and placed on the body with double-sided adhesive tape (Fig. 1). The accuracy and frequency of measurement

by goniometer were 2° and 32 Hz, respectively.

| -|, 1
Al

'{\I H‘(}/ Inclinometer neck
A ~

/ lm Inclinometer dorsal
|

Triaxial Accelerometers (right & left
1 "s‘ I arms)

oniometers (right and left
wrists)

Fig. 1 Sensor placement for measurement of body movements

The zero positions for the head and upper back were defined at the first data recording when the subjects were
standing upright in their usual postures and looking at a point of eye height. The reference positions for the
upper arms and lower back were established when the subjects stood upright with their arms hanging at the
side of the body. Once the wrists were relaxed alongside the body, this was taken as the reference position of
the wrist.

The experiment was performed on one subject. All the postures and movements were recorded by data logger
and camera recorder either in reference positions or during performing four simulated tasks. All the data were
then transferred to the computer and actions were synchronized between movie and logger data. The two job
stations selected were Air Component & Tie Wrapping which are simulated job stations in truck manufacturing

for operator training. They include following tasks:
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Tightening with hand and tool (duration 296 seconds)

Placing tubes and wrapping with Plastic Strap (duration 462.5 seconds)
Loosening with hand and tool (duration 148 seconds)

Other actions to test limits of sensor (duration 70 seconds)

D WN -

Observational methods

The first observational method to evaluate the potential risk in the simulated job stations was SCANIA in-house
Ergonomic Standard method (SES). This method is adapted to the risk requirements in assembly manufacturing
and designed to evaluate multi-task work stations. SES not only assesses postures but also evaluates force and
lifting tasks. Twenty parameters are classified in 5 categories to define its ergonomic criteria. To prioritize the
assessments, the results are sorted in the following order: Green or normal zone which shows minimal risk of
WMSDs, and these kinds of risk are acceptable. Yellow shows the zone which has moderate risk of WMSDs.
Yellow tasks and job stations might need some improvement action in the future. Red is an action zone where
there are considerable risks of WMSDs for workers, and changes are required as soon as possible. Finally,
double red (DR) shows the potential for excessive risk for the tasks assessed as DR, so they should be stopped
immediately and the solutions found. The numbers of yellows, reds and DRs are then added and the colors of

workstations are determined. The worst color is considered to be the final evaluation of the workstation.

TABLE I: Comparison of Risk Prioritization by RULA and SES Methods

Category RULA Score  SES Color Definition

Level 1 1-2 Green Acceptable

More investigation
Level 2 3-4 Yellow needed

Modification needed
Level 3 5-6 Red soon

The other observational method used in this study was The Rapid Upper Limb Assessment (RULA). This method
is widely used by ergonomists and researchers in various occupations to assess the risk of upper limb disorders.
RULA measures risk based on postures, weight, duration and frequency, and then provides a score showing the
risk of injury for the tasks evaluated. The scale rate for posture assessment varies from one to seven, one
showing the best and seven the worst. In RULA the body is divided in two zones, A and B, of which A includes
the upper arms, lower arms, and wrist positions, and group B the neck and trunk. Table I shows the
categorization of the scores generated by SES and RULA. The observational methods were undertaken by an
experienced ergonomist and were analyzed by Excel. MATLAB software was used to analyze biomechanical
data.
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Wrapping with plastic strap

The task duration in which all the different actions were performed was approximately 8 minutes. The RULA
score for neck posture for 51% of the task time was 2 (10° < neck flexion < 20°) and for 19% of the task time
was 3 (20° < neck flexion). The overall score for the neck was 4 because sometimes the neck was bending to
the side during this task. The SES method showed red (45°< neck flexion and sideways/rotation> 30°) for neck
posture for just 10 seconds of the whole task time (2% of task time), while for most of the task duration the
neck posture was assessed as yellow. Since the worst color governs the final evaluation in the SES method, the
final color for neck posture was red. The direct method showed the neck was in flexion of 10° and 20° for 26%
of the task time (Table II). In this study side bending of the neck posture was not assessed with the
inclinometer. The results of observational methods were in conflict with the inclinometer recording for this task.
The RULA score for 70% of the task time for back posture was 3, defined as back flexion more than 20° and
less than 60°. Trunk twisting and side bending were not observed in this task. Trunk posture was assessed by
SES as yellow, which shows bending forward between 20° and 45°. The accelerometer at L3 showed lower back
flexion between 20° and 45° for 68% of task duration, and for 13% of the task time the trunk posture was
more than 45°. The three methods provided similar results for back posture for this task (Table II).

The RULA score for the upper arms was 4 (upper arm lifting > 90°) for less than 5 seconds of total task time
whereas for 95% of the task duration this score was 2 (20°< upper arm lifting < 45°). Static posture of the
shoulders and arms was assessed by SES as green (upper arm lifting < 45°). The left and right arm positions
were evaluated at more than 40° by the direct methods for only 1 % of the task time, and this was consistent
with the other methods (Table II).

Wrist postures were assessed as 3 by RULA, showing flexion or extension of more than 15°, and the result on
SES for this task was red. Electro-goniometry demonstrated that the wrist postures were more than 15° for
65% of the task period. The overall RULA score in this task was 5 and the final color for the SES method was

green, as for the tightening task (Table II).

Changing the action during task 1

Repetition i
P Repetition

‘- Tightening by torque wranch Tightening by hand

Acceleration (g)

Time '

Fig. 2 Cyclic accelerations of the arm for two consecutive tasks: The lower signals are vertical accelerations
(green), the upper signals are longitudinal accelerations (blue) and the middle signals are lateral acceleration
(red)
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Loosening with Hand/Tools and Other Actions

The results of posture assessments during the loosening task were the same as the tightening task, especially
for the neck, back and upper arms. However, the duration of awkward postures was shorter for the tightening
task and the numbers of repetitions were also different. Table II shows the results of observational methods

and the direct method for these tasks.

TABLE II: Comparison of Ergonomic Risk Assessment by RULA, SES and Direct Method

RULA SES color Direct method
score
Neck
Neck 4 Red flexion<20°
Tightening _ Back 2 Green Back flexion<20°
Task Arm 2 Green Arm lifting<40°
Wrist 1 Green flexions a>n1d5§xten5|on
Neck 4 Red Neck flexion<20°
Wrap with _ Back 3 Yellow Back flexion>45°
plastic Arm 2 Green Arm lifting<40°
stra i i
p Wrist 3 Red flexions a>n1d5§xten5|on
Neck 4 Red Neck flexion<20°
Un- Back 2 Green 20°<Back flexion<45°
tightening  Arm 2 Green Arm lifting<40°
task i i
Wrist 1 Green flexions a>n1d5§xten5|on
Neck 1 Green Neck flexion<20°
Other Back 4 Red Flexion>45°
tasks Arm 5 Red Arm lifting>40°
Wrist 3 Red flexions inldsgxtensmn

The two accelerations with the left and right arms provided further information about hand movements and the
symmetry of the body movements. As shown in Table III, although the tightening task involved the same
amount of work, with both tools and hands, acceleration between the two hands for these actions was not the

same. Tightening with a tool was more symmetric for both arms compared to tightening by hand.

TABLE III: Asymmetric Movements of the Arm during Manual Tightening Compare to Tightening with a Tool
Calculated by Acceleration (G)

Action type Arm RMS RMS
Right 0.77
Manual Arm 0.57 1.34
Left 0.95 1.23
Arm 0.3 '
Right 0.82
Tool Arm 0.49 131
Left 0.93 126
Arm 0.33 '
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Discussion

This study was undertaken to develop a biomechanical method which allows measurement and calculation of
movements and positions in assembly and manufacturing plants. We compared the results of biomechanical
measurements with two observational methods. Overall, we did not find a great difference between the three
methods. For most parts of the body all methods demonstrated the same results, although the biomechanical
method provided more precise information. However, some inconsistencies were observed, especially in
assessment of the neck and wrists. As explained, for tightening and loosening tasks the results of both
observational methods for the neck were in the action zone and further changes should be proposed as soon as
possible, whereas the inclinometer measured neck angles of less than 20° in these tasks which is in the normal
zone and acceptable. One reason for this conflict is probably that the observers looked at the neck in terms of
an anatomical straight line while the inclinometer provided the neck angles in relation to upper back position.
Evidently, neck bending accompanies upper back bending.

Furthermore, some differences were found between the methods for assessing wrist postures. In contrast to
neck posture, the electro-gonimeter provided angle values for both wrists that were much worse than the
results of observational methods. The reference positions for the wrist when measuring with the goniometer
might be the reason for these differences. Goniometers measure the flexion and extension of a functional
position of the hands.

The direct method would provide the possibility of measuring exactly how many repetitions occurred during an
individual task. In addition, symmetry of movement is another criterion which we could never assess with the
observational method. However, further investigations are required, particularly in real workplaces, to confirm

the results of this study.

Conclusions

In conclusion, our results showed that sensors were more precise than observational methods as they decrease
raters’ errors. Accelerometers on the arms and back should be sufficient to assess postures instead of
inclinometers which also provide complementary information about movement speeds, symmetry and

repetitions.
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4.2. Development of a quantitative method to evaluate head
movements in the real workplace

Measuring head flexion is an important part of gesture evaluation. Direct measurement has been widely used to
measure the magnitude of movement of the cervical spine for clinical purposes. Measurement of head
movements in workplaces is a matter of debate in the literature. Some previous studies have used head
bending compared to the vertical axis from the reference position (known as Method 2 in our study) to report
head movement. The issue is whether measurement of head bending compared to the vertical axis could
provide reliable measurement of neck posture. Article 5 therefore addresses evaluation of forward/backward
bending of the head relative to the vertical axis compared to evaluation of flexion/extension of the head in the
sagittal plane in the real work situations. The gaps, aims and findings of Article 5 are presented in the following
table.

Gaps Aims Findings

Method 1 (flexion/extension of the head in
To test and compare two
the sagittal plane) measures head
quantitative methods, i.e.
inclination in relation to C7/T1. Evaluation
measurement of bending with an
of forward and backward bending of the
inclinometer attached to the
head relative to the vertical line (Method
head, and measurement of . .
_ _ _ 2) should be avoided because it overlooks
flexion/extension by wusing an
inter-individual differences leading to
additional inclinometer located at o .
Little is known about the 7Tt over-estimation of the risks
methods to measure head

movements quantitatively The observation method did not consider
the reference position. An observation

To compare these two method to evaluate neck posture is

quantitative methods with a questionable because there is a

qualitative video observation discrepancy between the very precise

method angles and the inherent limitations of the

human eye, and practical limitations of

observing workers in real work situations.

4.2.1. Article 5: A comparison of neck bending and flexion measurement methods for assessment
of awkward neck posture

Zare M, Biau S, Gourlay A, Brunet R, Roquelaure Y. A comparison of neck bending and flexion measurement methods for

assessment of ergonomic risk. International Journal of Occupational Safety and Ergonomics (JOSE) 2015a; Vol. 21, No. 3,

330-335. http://dx.doi.org/10.1080/10803548.2015.1081772 (the published version of this paper is appeared in Appendix

10).
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Abstract

Head movements of workers were measured in the sagittal plane in order to establish a precise and accurate
assessment method to be used in real work situations. Measurements were performed using two inclinometers
connected to an embedded recording system. Two quantitative analysis methods were tested, i.e. measurement
of bending with an inclinometer attached to the head, and measurement of flexion/extension by using an
additional inclinometer located at C7/T1. The results were also compared with a video observation method
(qualitative).

The results showed that bending measurements were significantly different from those of flexion/extension for
angles between 0° and 20°, and angles > 45°. There were also significant differences between workers for
flexion > 45°, reflecting individual variability. Additionally, several limitations of observational methods were

revealed by this study.

Keywords: ergonomic, flexion, bending, head, cervical spine.
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Introduction

Both the duration and frequency of postural constraints can be risk factors for musculoskeletal disorders. It is
therefore important to detect these risk factors in real work situations, and then evaluate them in order to
reduce and balance workstation loads. Many studies have examined direct measurement methods for posture
assessment, but most have been undertaken in the laboratory and cannot easily be adapted to actual work
situations. Measuring head flexion is an important part of gesture evaluation.

Authors have studied head movements using different methods such as video observation, motion analysis and
direct measurement. Non-invasive, direct measurement devices such as electro-goniometers (1), Polhemus
fastrack 3D (2), ultrasound using the Zebris system (3), and potentiometers with the CA6000 system (4) can
be used to measure head movements more precisely. Furthermore, forward head posture can be measured by
the craniovertebral (CV) angle. This angle is defined as a horizontal line drawn through the seventh cervical
(C7) vertebra and a line joining the C7 vertebra with the tragus of the ear. It can be quantified by a Head
Posture Spinal Curvature Instrument (HPSCI) or Electronic Head Posture Instrument (EHPI) (5). However, the
craniovertebral angle is highly variable and thus a static posture that qualifies head flexion and extension is
preferred (6). Many studies have used direct measurement methods for clinical purposes and to measure the
maximum magnitude of the cervical rachis in standing and seated positions. However, few studies have applied
direct measurement methods in the work situation because of size and long setup times. Results can be widely
different because of inter-individual variability, variability between methods, and context differences (laboratory

vs. field situation).
Reference position

The reference position is an important factor for direct measurement of head movements. The French
organization for standardization (AFNOR) advises using the +/- 10° forward-facing horizontal field of view.
Anatomically, the reference position describes the human body in a standing position, feet together, arms
beside the body and palms facing inwards. Some authors have allowed each measured individual choose their
own reference position, which has be to reproducible without age-related changes (7). Some authors have even
considered that the variability in reproducing the neutral position is an indicator of the proprioceptive state of
the cervical rachis (8). This approach is advantageous in that it takes into account morphological and functional
differences between individuals. We believe that this is an essential requirement for a study that evaluates work
activities during different cycle times and task distributions. Other authors have chosen to physically set the
reference position at the zero position of inclinometers and goniometers (9). Taking into account the reference
position for each recording makes it possible to correct positioning errors, especially for the head inclinometer
which is placed in a position that is much harder to locate reproductively than the C7/T1 inclinometer.

Using this reference position, flexion indicates a forward movement in the sagittal plane, and extension
indicates a backward movement in the sagittal plane. In this study head movements were exclusively evaluated
in the sagittal plane.

The purpose of this study was, in one hand, to compare two quantitative methods for evaluating head
movements in the real work situations, i.e. evaluation of flexion/extension of the head in the sagittal plane and
evaluation of forward and backward bending of the head relative to the vertical line. On the other hands, we

compared these two quantitative methods with a qualitative video observation method.
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Material and Methods

Recording process (Table 1)

This is a case study in which four workers on a truck assembly line were included. They worked in four
workstations where their main tasks were preparing and installing bumpers on chassis. Rotation was applied
through all stations and the workers changed workstations every two hours. The operators therefore worked in
all stations that were recorded except for one operator who did not work at station four. Finally 16 data
recording were performed. Each station has 20-30 elementary tasks (such as tightening, wiring, headlight
installation, pushing/pulling carts, and fitting the bumper on the chassis). Each worker spent 11 minutes at
each station, except for station 4 which required 33 minutes. Only actual work time was taken into account in

the measurements. All workers were filmed with a digital camcorder.

Table 1: Arrangement of recording for 4 operators (age= 44.5£11 years; size= 178+£8 cm; weight= 70+14 kg;
length of work=15£6 years) for 4 stations, the exception is operator AB who did 3 stations.

Operator  Stl1 St2 St3 St4
DA X X X X
CH X X X X
LA X X X X
AB X X X

Inclinometers

Head movements were evaluated using an inclinometer kept in place by a strap at the back of the head that
measured the bending of the head in the sagittal plane compared to the vertical axis (Figure 1). Another
inclinometer was taped to the skin at C7/T1 to measure bending of the upper back in relation to the vertical
axis. The inclinometer's margin of error was 1° for angles < 15°, and 2° for angles > 15°. The signal was
sampled at 16Hz. Angles measured by the two inclinometers could be used together to evaluate
flexion/extension relative to C7/T1. Positive values represented flexion, and negative values extension.

The reference position was defined as “standing up straight, arms beside the body, eyes looking straight ahead”.
This position as recorded before and after videoing each station for each operator. If the two reference positions
before and after finishing the station were different, the recording was excluded from the study.

Three methods for evaluating head movements in the sagittal plane
1. Evaluation of flexion/extension of the head (M1)

M1: flexion/extension of the head compared to C7/T1 angle from the reference position (in
degrees)

Flexionpeag = Angleneas — Referenceneas — (Anglec; + Referencec;)
2. Evaluation of forward and backward bending of the head (M2)
M2: head bending compared to the vertical axis from the reference position (in degrees)

Bendinghesq = Angleneaq — Referenceneaq
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Zero VAT (T

Figure 1: Reference position for each individual «standing, right up, arms beside of body, looking at forward».
For this person, zeroc;=38 © et zerone,q= 9°. Zeroneaq= Value of the inclinometer placed in the behind of the

head in neutral position ;Zero.;= Value of the inclinometre placed in C7/T1 in neutral position

The results of both methods were classified into five categories. The thresholds were extracted from the
observation method:

Extension > 30°

Extension between 0° and 30°
Flexion between 0°and 20°
Flexion between 20° and 45°

Flexion > 45°

The results are presented as percentages of the whole work duration. To compare the difference between two

quantified methods, we used Analysis of variance (ANOVA) statistical test.

3.

Video Observation method:

Workers were filmed while performing their work using a digital camcorder. An ergonomist then analyzed the

tasks at each station and determined the neck posture. The neck postures of each subject at different stations

were graded according the following criteria. These criteria were derived from an in-house observational

method in a truck assembly plant (10):

Red if the worker spent more than 5 seconds in flexion > 45° or extension > 30°.

Yellow if the worker spent more than 5 seconds in flexion between 20 and 45°.
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¢ Green for flexion < 20° and extension < 30°.

Results
The results from the three methods for all four stations and four operators are shown in Table 2. To compare
M1 and M2 results with the observation method, a color was also attributed to them using the same criteria.
33% of the results from the observation method differed from the biomechanical measurements (yellow for the
observation method versus red for biomechanical evaluation).
The results of M1 and M2 were statistically different for two categories:

¢ Flexion between 0° and 20° (p=0.0427)

¢  Flexion > 45° (p=0.0005)

Moreover, workers were significantly different (p=0.01) for flexion > 45° with the M1 method.

Table 2: The percentage of the time exposure to risk factors over data recording for methods M1 and M2. Four
stations were performed by each operator (15 data recording). The colors show risk zone classification by each
method; the red is high exposure to risk factors and the yellow is moderate exposure

. . . . Flexion
. Extension>30° 0°<extension  0° <flexion 20°<flexion o
Nom  Station Method (%) <30°0(%)  <20°(%) <45 (%) oo
M1 0 7 49 43 0
ST1
min)
Observation Yellow (20-45) >5 second
M1 0 7 75 18 0
ST2
(10:09 M2
min)
Observation Yellow (20-45) >5 second
OP1
M1 0 29 48 23 0
ST3
(15:03 M2
min)
Observation
M1
ST4
(25min) M2
Observation
M1
ST1
(9:07 M2
min)
Observation
0P2
M1
ST2
(9:28 M2
min)

Observation
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Yellow (20-45) >5 second

Yellow (20-45) >5 second

Yellow (20-45) >5 second

M1
ST3
(17:15 M2
min)
Observation
M1
ST4. (33 M2
min)
Observation
M1
ST1_ (10 M2
min)
Observation
M1
ST2
(12:18 M2
min)
Observation
OP3
M1
ST3_ (11 M2
min)
Observation
M1
ST4
(23:18 M2
min)
Observation
M1
ST1
(10:00 M2
min)
Observation
M1
ST2
OP4* (8:52 M2
min)
Observation
M1
ST3
(7:17 M2
min)
Observation

Yellow (20-45) >5 second

Yellow (20-45) >5 second

*Data recording was performed for Operator 4 over three stations

Discussion

The aim of this study was to evaluate head movements in the sagittal plane by various methods and compare

the results. Head movements cause movement of the cervical and superior-dorsal rachis, and even sometime
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the lumbar rachis. It is thus difficult to evaluate the exact mobility of the head, particularly by eye. Observers
usually evaluate head movements compared to the vertical axis (11), without taking into account the workers'
characteristics (particularly their reference position). A high value for the reference position of C7/T1 can
significantly affect and decrease the flexion percentage or increase the extension percentage. For the same
tasks, M2 led to a high percentage of flexion > 45° whereas M1 classified them in the 0° to 20° flexion
category. Hence, M2 was stricter than M1: head bending in the sagittal plane was higher than flexion. High
bending values (M2) are caused by trunk bending and head inclination not being separated. Workers had two
options when looking toward their work, bending the neck or bending the back. The C7/T1 inclinometer
measures the back's contribution. It therefore takes into account inter-individual variability, which explains the
statistically significant difference between M1 and M2 for flexion > 45°. Some tasks displace the back to
greater or lesser extent depending on the worker. Posture measurement of dentists has indicated high levels of
inclination of the head due to bending of the back (15°) and head flexion (39°) (12). For the same task,
workers select a preferred motor control strategy that can depend on age, sex and morphological parameters
such as weight (13) and physical fitness (14). This variability can be exhibited for similar activities (15); (16);
(7). Although the four workers recorded in this study came from a homogeneous group, they still displayed
different strategies for the same tasks. This inter-individual variability suggests that different workers are
exposed to different levels of risk, and has to be taken into account to improve risk evaluation. The M1 method

specifically evaluates risk factors of the cervical rachis, whereas M2 evaluates risk factors of the rachis overall.

100
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50

I 0° < flexion < 20°
40 385 . flexion > 45°

Duration in %

30 |- 28.3 |

20 16.5

10

0 T
M1 M2

Method

Figure 2: The mean of duration (percentage of total time of station) in flexions <20° et >45° for method M1
and method M2.

In the video observation method (method most commonly used by ergonomists and practitioners in industries),
the observer has to evaluate head movements by eye according to very precise values indicated in the method.

Indeed, most observational methods specify both durations and thresholds for flexion/extension of the neck,
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e.g. the worker should not spend more than 5 seconds within a cycle time in flexion > 45° or extension > 30°.
However, results obtained by direct measurement method (inclinometer) showed that the 5-second threshold
was sometime exceeded regardless of the method used (M1 or M2). This explains the red ratings for M1/M2
whereas the observation method rated the station yellow. The observer underestimates the time spent in the
awkward postures. Despite the instructions for the observation method, the observer does not have the visual
capacity to evaluate a worker's movements precisely and compare them to the limits. Indeed, head movements
are complex because they are three-dimensional. Human eyes cannot extract movement in a plane from a
single point of view. Furthermore, the observer's mobility is constrained by work situation limitations. The
observer is not always in a favorable position to evaluate movement in the required plane, especially since they
have to evaluate magnitude, frequency and duration at the same time (Figure 2). As a result, this study
indicates that the observation method under-evaluates movements, which is in accordance with the literature
(17). However, Juul-Kristensen (18) compared head bending evaluated by both observation method and
inclinometer. Their results showed that the observation method reported longer durations of flexion > 20° than
the direct method.

This study was performed in the real field which the lack of participants were the main limitation. Furthermore,
time and technical constraint relating to assembly line caused difficulties over the measurement. Hawthorn
effect might be the confounding factor in our study as operators may change their behavior when they are
recorded or observed. However, we asked them to perform their tasks in a usual way as much as possible.

Several data recording that performed for one operators in this study can also reduce this effect.

D TV N
Two inclinometers ™
placed on the body \

Figure 3: Operator in the workstation with two inclinometers placed at the behind of the head and adhered to
C7/T1. This picture shows the difficulty of the observer to assess the movements of head from just one

viewpoint as it is constrained by the actual work situation inappropriate for evaluating head bending
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We recommend evaluating head movements in the sagittal plane using the M1 method. This method measures
head inclination in relation to C7/T1, i.e. the flexion/extension of the head. For risk factor analysis, the M2
method should be avoided when evaluating head bending since it does not take into account inter-individual
differences, leading to an over-estimation of the risks. As for the observation method, it does not take into
account the reference position, and there is a discrepancy between the very precise angles and the inherent
limitations of the human eye, along with the practical limitations of observing workers in real work situations.

Therefore, using an observation method to evaluate neck risk factors is questionable.
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4.3. Quantitative measurement of physical risk factors in the
assembly line

After developing the protocol and selecting the right method for direct measurement in the assembly line, the
assessment was performed for different body segments. Article 6 addresses the results of measurement of
head, arm, back and wrist postures and movements in truck assembly operators for the second cycle time.
Data processing and analysis of direct measurement by electronic devices were performed by a signal
processing engineer. The report of the data processing is presented in Appendix 11. It provides how the data
was treated and other details such as sampling rate, specifications of the sensors, etc. The following table

shows the gaps, aims and findings of this investigation in the truck assembly line.

Gaps Aims Findings

_ _ o _ The findings revealed precise
Few studies have reported physical To measure quantitatively physical

information about time exposure,
exposure workload for truck workload for head, arm, back and

o o variability and potential risk factors
assembly operators quantitatively.  wrist in truck assembly operators

which occur in the real workplace

Dose-response relationship for WR-  To calculate the duration of

o _ The result is helpful to improve the
MSDs and variability of exposure to exposure at each workstation and

. o methods that evaluate individual
risk factors are vague among truck explore variation based on

assembly operators. workstations and Improvement EXPOSUTE
Groups (IG)

Precise measurements provide

objective data that facilitate the

discourse about work strategies,

movements and posture for a

group of operators performing the

same or similar tasks

4.3.1. Article 6: Quantification of physical ergonomic work load in truck assembly operators:
Neck, back, arms and wrists

Zare M, Biau S, Roquelaure Y. Quantification of physical ergonomic work load in truck assembly operators: Neck, back, arms

and wrists. Under review by Applied Ergonomics.
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Abstract

Objectives: To investigate the potential risk factors of musculoskeletal disorders in automotive industry,
physical workload was measured for head, arm, back and wrist for truck assembly operators. We quantified the
proportion of time in postures above set thresholds for each workstation.

Background: Quantitative measurements are useful to address all aspects of the job that might cause the
development of WMSDs. These data provide insight into the range of awkward postures experienced by
automotive assembly operators.

Methods: Fourteen work positions (13 individuals) of a truck assembly plant were selected for the study and
seven sensors including tri-axial accelerometers for the arms and back, inclinometers for the neck and electro-
goniometry for quantifying flexion/extension of the right and left hands were fixed to the body segments of
each operator.

Results: The proportions of time in moderate awkward postures (yellow) were high at all workstations. Neck
exposure to moderate and high risks was greater than for the other body segments and the percentages of
flexion/extension of the wrist (left and right) were also high. The percentages of exposure to risk factors
(moderate and high) for the right arm were higher than for the left arm although they were correlated.
Conclusion: The findings provide objective and quantitative data about time exposure, variability and potential
risk factors in the real workplace which are appropriate for estimating the risk of musculoskeletal disorders.
Application: Quantitative measurements in the field provide objective data of the body postures and

movements of work tasks that can be helpful in the WMSDs prevention program.

Keywords: Quantitative measurement, Flexion/extension, Body parts, Automotive assembly plant
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Introduction

Ergonomic workloads are currently a challenge for many automotive industries (Zare et al., 2015). Physical
workloads can lead to work-related musculoskeletal disorders (WR-MSDs), poor product quality and productivity
(Falck, Ortengren, & Hogberg, 2010; Pereira Da Silva, Amaral, Mandagara, & Leso, 2014). This industry
involves tasks with many risk factors such as awkward postures and movements, and hand-intensive tasks
(Hagg, 2003). The car industry thus needs strategies and approaches to control physical workloads and reduce
WR-MSDs. Ergonomic programs have been developed, most of which focus on physical ergonomics (Hagg,
2003; Neumann, 2004; Neumann & Village, 2012). In contrast to other adverse occupational risk factors,
assessing physical workloads is mostly qualitative. Qualitative/semi-qualitative methods are useful as screening
tools for identifying major risk factors and visualizing the ergonomic situation, but quantitative measurements
might provide more reliable information that manufacturers need to create new improvement strategies.
Current risk assessment methods used in the automotive industry in general reveal little evidence of exposure
dose for awkward body/limb postures and they are unable to show variability. Furthermore, the precise time of
exposure to risk factors and the degree of flexion/extension, particularly for micro postures (such as neck and
wrist postures), are not often measurable by video observation methods (Takala et al., 2010). Qualitative
methods often ignore duration of exposure to moderate risk factors (yellow level) in one task when high risk
exposure (red level) is identified in this task. However, recent studies have shown that moderate risks might
intensify the effects of high risk exposure (Falck et al., 2010; Zare et al., 2015). Furthermore, quantitative
measurements are needed in epidemiological studies to establish dose-response relationships for WR-MSDs
(Akesson, Balogh, & Hansson, 2012).

The study presented here focused on quantitative measurement of movements and postures of truck assembly
operators who are susceptible to the development of musculoskeletal symptoms, particularly in the upper limb
and the back (Hussain 2004). Few studies quantified exposure of different body segments to awkward postures
in the truck assembly industry. However, it is valuable to have quantitative data obtained from live workers
performing real work, which provide insight into work postures of operators for completing their tasks. Hansson
et al examined the usability of an inclinometer based on a triaxial accelerometer and a goniometer in a series of
laboratory studies in three standardized assembly tasks (Balogh et al., 2009; Hansson et al., 2006). They have
then measured the quantitative physical workloads of the head, arms and wrists in a wide variety of real work
tasks (Hansson et al., 2010). Norman et al (1998) measured biomechanical back risk factors in the automotive
assembly industry and reported the strong association with the risk of low back pain (Norman et al., 1998).
McClellan et al (2009) and Punnett et al (2000) have quantitatively reported biomechanical shoulder loading in
the automobile assembly plant (McClellan et al., 2009; Punnett et al.,, 2000). However, the present study
reports quantitative values of head, arm, back and wrist postures and movements in a truck assembly plant.
The aim of this study was therefore to quantify the proportion of time in awkward posture for a series of truck
assembly workstations. The specific purpose was to provide quantitative information of body segments’

postures experienced by operators.
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Materials and Methods

Workplace description

Quantitative measurement of body movements was performed on operators in a truck assembly plant in
France. One sector of this factory with 14 workstations (known as work positions in the factory) was selected
(Figure 1). Some workstations were broken down into several positions in order to facilitate data collection.
However, we tried to record data as close as possible to a usual working day. Each workstation had its own
group of operators who often worked in this area. The assemblers rotated between workstations in this area
every two hours. Many companies create smaller groups of operators to achieve continuous improvement within
a working area (Liljedahl & Muftic, 2012). The factory studied applied this principle and there were three
Improvement Groups (IGs) in the sector under investigation (Figure 1). The roles of each IG and the number of
workstations and operators were as follows:

¢ Improvement Group 1 (IG1): Assembly of left/right boarding steps and left/right mudguards (four

workstations, 6 operators)
¢ Improvement Group 2 (IG2): Pre-assembly and assembly of bumper (five workstations, 7 operators)

e Improvement Group 3 (IG3): Pre-assembly and assembly of Selective Catalytic Reduction (SCR)

system, pre-assembly of air filter, cab tilt cylinder and material picking (five workstations, 8 operators)
(Figure 1).

WS, WS, WS,
Right Right Boarding Mﬂunhng
Mudguards p cylinder
ws,
WS, WS, Bumper assembly Production line
. on Truck
Left Left Boarding
Mudguards Steps ws,
PA Bumper
ws,
PA Bumper : W5,
? Picking up Picking up
Product airfilter SCR
ws ~ : :
TECHNICIEN 2 ([ Broken down: ([ Broken down:
PA Bumper Picking up air Picking up cab
filter and tilt cylinder and
PROCESS ws, . heating cover SCR tank
TECHNICIEN
PA Bumper
RESPONSIBLE .
OF CLUSTER LOGISTIC

Figure 1. Organization of Workstations (WS), IG1 (Improvement Groups1) - black, IG2 - white (PA: Pre-
assembly), IG3 - grey (two models of truck - SCR Euro 5 & 6 - were assembled at WS1 & WS2 of IG3).
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This sector had 21 operators, 13 of whom participated in our study (IG1=4; 1G2=5 and IG3=4 operators).
Temporary operators without enough experience and operators with the history of musculoskeletal disorders
were excluded from the study. All the participants were men, and the mean age was 39.0 (£8.7) years and the
mean length of work experience in the current job was 13.9 (£7.3) years. The mean of weight and height of
the participants were 175.5 (£5.9) and 72.8 (£8.8), respectively. All subjects consented to participate in the
investigation. The cycle time for each workstation was 8 minutes. The cycle time, known as takt time in the

factory, was adapted according to production volume and customer demand in the assembly plant.

Measurement

We used a measurement system that included acquisition software, seven sensors and a data logger (CAPTIV
system, TEA, France). Data logger (attached to the operator’s belt) was configured with sensors wirelessly and
it recorded each measurement and stored in a memory. After the measuring period, the data logger was
connected to the computer and the CAPTIV software was used to read out the data and display the
measurement signals over time. Operators were filmed throughout measurements in order to obtain a visual
reference and the movies were synchronized with exposure recordings.

The sensors included accelerometers, inclinometers and goniometers were fixed with double-sided adhesive
directly on the skin and additional straps used to ensure their position remained fixed. The sensors were placed
on the participants according to the previous study (Hansson et al., 2010; Kazmierczak et al., 2005). Two tri-
axial accelerometers were placed in lateral side of the right/left arms in the middle of the humerus (the Y-axis
was vertical). The line from the rounded head of the acromion to the lateral epicondyle was measured and
divided into two for the placing of accelerometers on the humerus. Another accelerometer was placed with the
vertical Y-axis at L3 on the lower back. Each accelerometer measured between +1 g and -1 g, with the
frequency of 128 Hz and the resolution of 3mg. To measure the neck posture, data were sampled using two
inclinometers placed on the occipital bone (a saucer-shaped membrane bone situated on the lower part of the
cranium) and on the cervico-thoracic spine at C7-T1. This method of calculation of head posture has been
published in comparison with other methods (Zare, Biau, Gourlay, Brunet, & Roquelaure, 2015). The accuracy
of the inclinometer was 1° if <15° and 2° if >15°. Its resolution and frequency were 12 bits and 16 Hz,
respectively. Biaxial electro-goniometry was used to measure flexion/extension of the right and left hands. Two
goniometers were fixed over the third metacarpal bone of the hand and to the distal dorsal side of the forearm.
The accuracy and frequency of measurement by goniometer were 2° and 32 Hz, respectively. The inclinometer
provided one signal that represented the angle of flexion/extension, sampled at a frequency of 16 Hz,. The
goniometer provided one signal representing the angle of hand flexion/extension, sampled at a frequency of 64
Hz,. The accelerometer provided three signals which represented the acceleration (g number, acceleration of
earth gravity) at three orthogonal axes of the sensor, sampled at a frequency of 128 Hz.

During the field data collection, all operators who worked at a workstation were recorded (at least four/five
work cycles for each workstation). Data were recorded continuously and the average data collection time was
41 min, 38 min and 97 min for IG1, IG2 and IG3, respectively. The records were then broken down into single
workstation using CAPTIV software where the results for several cycles were averaged to evaluate the mean

exposure per cycle for all the operators. The participants were recorded in the morning or afternoon at the start
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of a shift. A total of 126 recordings were made for 13 operators and 14 workstations (each workstation was

recorded at least four cycles).

Data Processing

All data processing was carried out in Scilab (free open-source alternatives to Matlab) (Enterprises Scilab,
2012). The primary aim of the data processing was to obtain the right/left arm and back posture from
acceleration signal, the angle between head and upper back, i.e. flexion/extension of the neck and
flexion/extension of the wrist from zero position (corresponding to the wrist posture in alignment with the
forearm). All sensors were calibrated to ensure that the z-axis accelerometers and inclinometers corresponded
to the vertical, and the goniometers corresponded to the perfectly aligned position of joints being measured.
Inclinometers and goniometers provided angular data which required no special pre-treatment, but several
processes such as calculation of angles and filtering of signals (to eliminate vibrations and micro-movements)
were required. Measurement of angles based on a tri-axial accelerometer was performed according to the
literature (Hansson, Asterland, Holmer, & Skerfving, 2001). The accelerometer measures the magnitude (p),
inclination (¢) and direction (8) of the body segment acceleration. The position of the sensor is described by
the spherical coordinates (p, ¢, 6). However, each sensor comprises three uni-axial accelerometers that were
mounted orthogonally according to x, y and z axes. The initial signals have to be converted from orthonormal
vector of the sensor into spherical coordinate system, via the change of basis of the vectors:
x=p sin(B) cos(@); y= p sin(8) cos(p); z= p cos(6)
p>=0;0°<06<180;-180° < p <£180°

During static conditions, p corresponds to gravitation (p ~ g ® 9.81ms-2), @ represents the extent of inclination
relative to vertical and 6 provides the direction of inclination. According to the literature, it is assumed that the
conditions are quasistatic, or at least that the dynamic acceleration component do not influence the calculation
of inclination (¢) (Hansson, Asterland, et al. 2001). To convert Cartesian coordinates into spherical, the

following equation was used:

(pztan‘l( y )
Vx2 + 72

A low-pass Butterworth filter of 4th order with cutoff frequency of 5 Hz (Hansson et al. 2001, Bernmark, and

Wiktorin 2002) was used to distinguish periods of activity/rest of a body segment (Figure 2).
Reference position

One challenge in measuring operator movements was the selection of reference positions. Absolute zero
inclination (compare to vertical, in most cases) is the actual reference used when the sensors are calibrated,
but this is seldom a real zero reference position. The reference position, anatomically, is described as the
human body upright, feet close together, the arms beside the body and the palms facing inward. Recent
literature cites the importance of taking into account the morphological and functional differences between
individuals (Hansson et al., 2006; Kazmierczak et al., 2005; Zare et al., 2014; Zare et al., 2015). The reference
position of each operator was therefore recorded in this study at the beginning and the end of data recording
for each workstation, while the operator maintained his own reference position for about 5 seconds. The mean
over 5 second measurement was used as a reference position to calculate the angles of movements of body

parts.
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Figure 2: A low-pass Butterworth filter used to distinguish periods of activity/rest of a body segment

Classification of physical workload

Angle measurements were classified in several categories according to predetermined thresholds (the
thresholds of the in-house observational method used in the factory under study). These thresholds were
similar to those were reported in pervious study (Lowe et al. 2014, Lowe 2004a, Lowe 2004b) and in ISO
11226: 2000. If a static awkward posture for a body segment lasted for at least five seconds in a cycle time (8
minutes), it was considered as risk factors (yellow or red):

¢ For the arms: angles from 0° to 45° were considered without risk (green ), 45° to 90° moderate risk
(yellow), and >90° extreme risk (red).

e For the back: the thresholds of these risk categories were defined as: 0° to 20° flexion non-risk
(green), 20° to 45° moderate risk (yellow) and >45° extreme risk (red)

e For the neck: angles between -30° (extension) and 20° (flexion) were considered without risk (green),
20° to 45° moderate risk (yellow), and inclinations> 45° or <-30° high risk (red)

¢ For the wrists: angles <-30° (extension) and >45° (flexion) were considered as high risk (red) and the
other angles were without risk (green).

The percentage of time that the angles of body segments fell in the defined risk zone as well as the 9th and

91st percentiles were calculated.
Results

Final analysis of the data was performed for the workstations in each IG and the proportion of the time in

awkward postures during one cycle time are presented in Tables 1 and 2.
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Proportion of the time in awkward posture in IG1

The right arm was in the red zone for 3.3% of cycle time for workstation one (right boarding step) and 5.2% of
cycle time for workstation two (left boarding step). The mudguards were assembled in workstations three &
four, and exposure to high risk posture (red) for the right arm was less than 1% (Table 1).

The risk for the lower back was red for less than 1% of the cycle time, except at workstation Four (more than

2%). The neck was in moderate flexion/extension (yellow) for more than 30% of the cycle time for workstations
one to four.

Table 1: the proportion of the time in awkward postures for workstations (WS) over one cycle time for
Improvement Groups one (IG;) and two (IG;) for different risk levels

Body Risk IG2
segment  ZON€  yoxy  ws2 WS 3 WS4  WS1  WS2  WS3 WS 4 WS 5
Right Left Right Left Bumper Bumper Bumper  Bumper  Bumper
Boarding Boarding mudguard mudguard pre- pre- pre- pre- assembly
steps steps assembly assembly assembly assembly
Right Arm Green 73.3 683  79.8 799 811 732 743 764 827
(0) " vellow 234 265 197 198 179 260 232 231 17.1
Red 3.3 5.2 0.5 0.4 1.0 0.8 2.6 0.4 0.2
Left Arm  Green 84.7 768 897 861  89.1 814 842 855 855
(%) Yellow 134 198 102 139 109 180 151 140  13.9
Red 1.9 35 0.1 0.1 0 0.6 0.8 0.5 0.6
Lower Back Green 87.9 939 742 747 817 90.6 835 844  85.0
(%) vYellow 11.6 60 250 233 179 9.0 164 147  13.1
Red 0.4 0.1 0.9 2.1 0.4 0.4 0.2 0.9 2.0
Neck  Green 53.3 68.6  57.1 553 581 471  69.9  59.9  50.1
e';'te:rizi”o/n Yellow 43.8 29.2  35.1 385 402 498 281 377  37.1
(%) Red 2.9 2.2 7.8 6.2 1.7 3.1 2.0 2.3 3.8
Right wrist Green 83.7 847 849 841 83 973 956 968  96.1
(%) Red 163 153 151 159 117 2.7 43 3.2 3.9
Left wrist Green 89.4 954 892  90.6  89.7 832 934 839  83.9
(%) Red 10.7 4.6 10.8 9.4 104 168 6.6 162  16.1

*Workstation

Workstations one and two were red for the right wrist for 16.3% and 15.3% of the cycle time. Although the
assembly operation was similar at workstations one and two (assembly of boarding step), high exposure to
awkward posture was significantly different for limbs between these two workstations. A similar pattern was

observed for workstations three and four (Table 1).

Proportion of the time in awkward posture in 1G2

There were wide differences in exposure to awkward posture between IG1 and IG2. The risks for the right arm

were red for 1% and 2.5% of the cycle time at different workstations while for the left arm were red for less
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than 1% of the cycle time. Exposure to moderate risk (yellow) was high for all workstations, varying between
17% and 25% of the cycle time (Table 1). Exposure to red levels of risk for the lower back was low. However,
exposure to yellow levels of risk was considerable. Neck flexion/extension at red levels was almost 3% at
different workstations. In contrast, exposure to yellow levels of risk for neck posture was significantly higher
(more than 30% of cycle time). There was a considerable difference between left and right wrist exposure to
red levels, and the proportion of time in awkward posture (red level) was high for the left wrist at workstations
two to five.

Proportion of the time in awkward posture in IG3

Right arm exposure to red levels was low at most workstations (about 1% of cycle time). However, the
proportion of time in moderate risk for the right arm was high. The same pattern of exposure was observed for
the left arm. Exposure to awkward neck postures was significant. We found extreme neck flexion/extension for
14.9% of the cycle time for assembly of the Euro 5 SCR tank on the chassis, while extreme neck
flexion/extension occurred in 6.2% of the cycle time for the new generation of SCR tank. The proportion of time
in awkward posture increased for assembly of the new generation of SCR tank (high and moderate risk was
more than 50% of the cycle time) (Table 2).

Table 2: The proportion of time in awkward postures for workstation (WS) in an assembly plant over one cycle

time for Improvement Group three (IG3) for different risk levels

Body Risk WS1* WS 2 WS 3 WS 4 WS5
segment zone SCR tank Pre- SCR tank assembly Picking up air  Picking up SCR
assembly assembly of air filter tank

filter

Euro5t Euro6t Euro5 Euro6 air filter heating SCR cab tilt

cover tank cylinder

Right Green 72.5 67.9 80.5 74.6 69.6 71.9 69.8 79.6 69.5
Arm

Yellow 566 315 198 250 278 267 274 192 27.0

Red 09 06 03 04 2.6 14 28 12 36

Left Arm Green 75.4 77.5 769 84.0 743 779 78.0 81.0 73.2
Yellow 232 21.6 224 156  23.0 205 20.8 17.5 24.0

Red 1.5 09 07 03 2.7 16 13 15 27

Lower Green 88.8 842 769 79.6 793 78.0 73.6 78.9 77.3
Back  vellow 109 154 220 194 189 192 246 20.1 209
Red 03 04 1.2 1.0 1.7 28 18 1.0 18

Neck Green 66.3 38.6 49.1 46.6 656 56.7 629 39.4 48.0
ef('fexr:‘s’i”o/n Yelow 29.3 57.0 36.0 473 309 40.1 32.6 547 46.3
Red 44 45 149 6.2 3.5 32 45 59 57

Right Green 83.1 81.3 845 872 832 81.8 66.1 579 81.9
Wist  ped 169 187 155 128 168 182 339 421 18.1
Left wrist Green 89.9 90.7 91.6 89.8  89.9 90.8 90.0 86.7 92.6
Red 93 93 84 102 101 11.0 100 133 74

* Workstation
t Two types of Selective Catalytic Reduction (SCR) tank were prepared and assembled at these workstations.
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Workstation three in IG3 involved assembly of the air filter on the truck chassis. Right and left arms showed
similar patterns of exposure to awkward postures, as they were exposed to red levels of risk for 2.6% and
2.7% of the cycle time. The proportion of time in yellow exposure for the right arm was greater (27.8% of cycle
time) than for the left arm (23%). Lower back exposure to high and moderate risk levels was 1.7% and 19.9%
of cycle time, respectively. The proportion of time to red risk levels for the neck and wrists were high (i.e. 3.5%
of cycle time for the neck, 16.8% for the right wrist and 10.1% for the left) (Table 2).

The level of risk for the right arm was red for 2.8% of the cycle time at the SCR picking up workstation and
3.6% of the cycle time for the “picking up heat cover” workstation. The left arm was exposed to high risk for
more than 2% of the cycle time only in the “picking up heat cover” workstation. Exposure to moderate risk was
roughly similar for left and right arms, and it was more than 20% at most of the picking up workstations. Lower
back exposure to awkward postures was high for moderate flexion while extreme flexion represented about 1 or
2% of the cycle time in the picking up workstations. A level of risk for the neck posture existed for more than
60% of the cycle time in moderate or extreme flexion/extension in the picking up/preparation of cab tilt
cylinder workstation. The right wrist was at the red level for 33.9% and 42% of the cycle time in the picking up
SCR workstation and picking up/preparation of cab tilt cylinder workstation, respectively. In contrast, the risk
for the left wrist was red for less than 10% of the cycle time in the picking up workstations except for the

picking up/preparation of the cab tilt cylinder workstation (13.3% of the cycle time).

e 5151 percentiles fior the left arms 91st percentiles for the right arms

e Oth percentiles for the leftarms  sssbiess Oth percentiles for the right arms

100
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Figure 3. The right and left arms angle values for 91st and 9th percentiles for different workstations in a truck
assembly plant. See Figure 1 for description of the workstations.

Movement of Body Segments

The highest and the lowest values (91st and 9th percentiles) for the right and left arms are illustrated in Figure
3 for all workstations. The highest angle value for arm elevation (mean approximately 70°) was for the

assembly of left and right boarding step systems, preparation of the bumper, picking up the SCR and assembly
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of the air filter on the truck chassis. Elevation of the right arm was in general higher than the left arm (Figure
3).

The highest value for the 91st percentile for back flexion angles was for assembly of the right mudguards and
picking up the SCR. The average back flexion angle for the 91st percentile was 25.4° (Figure 4). The average
values of neck angles for the 91st and 9th percentiles were 35.9° and -4.70°, respectively.
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Figure 4. The back angle values for 91st and 9th percentiles for different workstations in the truck assembly
plant. See Figure 1 for description of the workstations.

We did not observe any wide difference between the mean neck angles for the 91st (flexion) and 9th

(extension) percentiles at various workstations. The difference was very particularly small for the workstations
within the IGs (Figure 5).
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Figure 5. The neck angle values (91st and 9th percentiles) for different workstations in the truck assembly
plant. See Figure 1 for description of the workstations.
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There were wide differences in right/left wrist angles between workstations for the 9th percentile (extension),

although it was similar for the right wrist angles for workstations of IG1 (Figure 6).

wgmes 3th percentiles of the left wrist 91st percentiles of the left wrist
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Figure 6. The right/left wrist angle values (91st and 9th percentiles) for different workstations in the truck
assembly plant. See Figure 1 for description of the workstations.

Discussion

This study was designed to quantify the proportion of time in awkward postures of operators in a real assembly
plant. Our measurements showed a range of exposures to awkward postures for each body segments over
operations. The percentages of exposure to moderately awkward postures (yellow) were much higher than for
exposure to high risk awkward postures (red). However, exposure to moderately awkward postures increased
when the percentage of exposure to red risks was high at one workstation. Neck exposure to moderate and
high risks was greater than for the other body segments and the percentage of exposure during one cycle time
was more than 50% at some workstations. The percentages of flexion/extension of the wrist for both sides
were also high, although for the wrist we considered two risk levels (i.e. no risk (green) and high risk (red)).
The proportion of time in risk (moderate and high) for the right arm was higher than for the left arm although
they were correlated.

We used a tri-axial accelerometer as an inclinometer to measure arm elevation and lower back movement.
Several studies have shown that this is a valid method with little error (Hansson et al., 2010; Hansson et al.,
2001). However, this method has limitations because the accelerometer cannot separate rotation from
flexion/extension, i.e. back flexion with rotation or abducted/adducted arm cannot be distinguished from arm
flexion/extension (Hansson et al., 2010). We filmed all the workstations measured and synchronised the
recordings with the measurements. This enabled us to distinguish rotation from flexion/extension for the
assembly tasks, although rotation could not be quantified with this method.

The type of work investigated in this study was real truck assembly work and the most frequent activities were
tasks such as tightening with electrical/hydraulic pistol grip screwdrivers or angle nutrunner, lifting/handling of
parts and assembly of wires, cables and strips. These tasks were distributed between different workstations and

repeated every 8 minutes according to production volume. These tasks were repetitive and sometimes required
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force and awkward postures. Although the nature of the truck assembly work was similar at various
workstations, we found a significant difference in physical workload between different workstations. The
operators had to perform almost identical tasks at workstations assembly of right and left boarding steps in
IG1. Despite the identical tasks, we observed that the workloads were different. The reason for this might be
that operators’ gestures were not the same on the right and left sides. Furthermore, although we measured
right/left workstations on the same day, there were some variations in performing the same tasks between
different cycle times. These variations were related to production, deviations and intra operator variability.
Hansson et al reported such variations as “between-minute” variations which indicate varied work and might
decrease the risk of WMSDs (Arvidsson et al., 2012).

Head posture was more constrained than other body segments at most workstations. The percentages of
exposure to moderate risk for the neck were extremely high. Neck postures were less constrained for the
assembly of new generation SCR on trucks but the exposure to yellow levels of risk in the SCR preparation
workstation was higher for the new generation than for the Euro 5 SCR (Table 2). The reason might be related
to increased frequency of tightening with screwdrivers that required moderate neck bending. Although the
exposure time for the neck was high among assembly operators, they did not report high levels of pain or
disorders in the neck. Hansson et al (2010) showed that the neck flexion for the 90th percentile was high in
repeated industrial work and was about 30° for car assembly operators (Hansson et al., 2010). In another
laboratory study by Hansson et al (2006), the mean of the 90th percentile for neck flexion was between 30° to
50° for three standard assembly tasks (Hansson et al., 2006). We observed similar results in our study as the
mean neck flexion for the 91st percentile was 35.9°. On the other hand, neck extension (9th percentile) was -
4.7° for truck assembly workers. There have been wide ranging reports for neck extension for different types of
industrial work. Hansson et al (2010) reported neck flexion between 0° to 40° for repeated industrial work.
Shoulder posture was a red risk at all workstations although the percentage of exposure was low. The high
exposure of right and left arms in IG1 was related to assembly of the boarding steps, the main reasons for arm
elevation being cabling and tightening to the side of the truck and over the boarding step. In IG2, assembly of
the lighting box on the bumper required arm elevation of more than 90° and the duration was about 3% of
cycle time. The height of the wagon for carrying the bumper, and mounting the lighting box on the top of the
bumper required excessive right arm elevation. The percentage of moderate arm elevation was markedly higher
than for extreme arm elevation, as the mean exposure to yellow risk was 17.5% of cycle time versus 1.2% for
red. Hansson (2010) et al reported high arm elevation in a few industrial types of work, and arm elevation was
moderate in most types of work in that study (Hansson et al., 2010). Although exposure to high risk was not
frequent at most workstations in our study, the main musculoskeletal disorders in operators in the factory were
related to the shoulders. These results therefore demonstrate the importance of taking into account not only
exposure to high risk awkward posture but also moderate exposure among truck assembly operators,
particularly in the shoulders and upper arm in order to reduce musculoskeletal disorders. Nordander et al
(2013) reported an increase in the prevalence of complaints with different types of work due to increases in
arm elevation, angular velocity and muscular activity (Nordander et al., 2013). The mean upper arm elevation

for the 91st percentile in our study was 62° and 57° for right and left arms, respectively, and similar results
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were reported in Hansson et al’s study as the 99th percentile for upper arm elevation was between 60° to 100°
for various types of repeated industrial work (Hansson et al., 2010).

Lower back flexion was moderate for most workstations (mean exposure to moderate flexion: 17% of cycle
time). The picking up air filter workstation had the highest exposure to red levels of risk because picking up the
air filter from the pallet required extreme back flexion. The back was also in a awkward posture at the
mudguard workstation because of the light cabling on the rear of the mudguard. The mean for the 91st
percentile for back flexion was 25° in this study. Hansson et al (2006) reported that the means for the 90th
percentile for upper back flexion were 14° for standard light/heavy assembly tasks and 35° for picking up
equipment (Hansson et al., 2006). Burdorf et al (1991) reported that the mean for trunk posture was 12.3
(£8.4) for workers with activities such as welding, pipe-fitting, repairing and assembling (Burdorf & Laan,
1991). On the basis of work features, task types and people characteristics, the mean for back flexion would
probably be different in various workplaces, as we observed in this study compared to other similar research.
Although back flexion was not identified as a major WR-MSDs risk factor for assembly operators in this study,
the symptoms of low back pain were relatively high. There might be other reasons such as material handling
and heavy physical activity, combined with moderate or extreme back flexion that increase back symptoms.
Some literature reports have indicated a strong association between heavy lifting, back flexion and low back
pain (Walsh, Varnes, Osmond, Styles, & Coggon, 1989). However, other studies have shown that occupational
lifting is not an independent causal agent for back disorders (Wai, Roffey, Bishop, Kwon, & Dagenais, 2010) and
the mixed effects of leisure time activities, heavy physical work load, vibration, trunk flexion/extension/twisting
and heavy lifting on back disorders remain to be established (Bakker, Verhagen, van Trijffel, Lucas, & Koes,
2009).

Wrist flexion/extension was more frequent for picking up the SCR and preparation of cab tilt cylinder tasks. The
mean exposure to red levels of risk was 14.8% for the right wrist and 10.2% for the left for the whole study
population. Wrists/hands were involved in many tasks such as tightening, picking up and assembling in the
truck assembly operations and these tasks often required extra force. The combination of awkward postures,
force and repetition might therefore increase WMSDs in the hand/wrist. Hand/wrist symptoms were relatively
high in the population under investigated. Balogh et al (2009) reported mean angles of right and left wrist
flexion/extension to be -16° and -14°, respectively, for standardized assembly tasks in the laboratory, i.e. more
than in our study in a real assembly plant (right wrist: -10.1° and left wrist: -8.9°) (Balogh et al., 2009). There
are usually differences between measurements in real workplaces and in simulated work tasks. Furthermore, in
real workplaces there are day-to-day differences in ergonomic workload because of variation in work tasks,
products (truck models) and individual strategies for performing tasks. These variations are more apparent for
micro postures such as wrist and neck flexion/extension. In this study, the right wrist was generally more
exposed to risk, with means of flexion/extension for 9th and 91st percentiles of -33.1° (versus -28.7° for left
wrist) and 12.8° (versus 9.4° for left wrist), respectively. Similar results were reported in Hansson et al’s study
of various types of work (Hansson et al., 2009, 2010). However, the proportion of time in awkward postures
was higher for the left wrist in IG1 and 1G2. The main reason for wrist flexion/extension was tightening using
screwdrivers and performing tasks that required extra force such as connecting hoses and pushing/pulling

wagons.
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The number of subjects under investigation was the main limitation of the study. It was difficult for the
operators to perform their tasks with the sensors placed on their bodies. Therefore, we could not conduct the
experiments on a large population. We propose measurement of the risk factors in the assembly plant with a
larger population for further study, taking into account WMSDs symptoms and their relationships with risk
factors. Furthermore, real manufacturing workplaces have many constraints that possible confounding factors
lead to bias in the measurements. The main constraints were time limitations (operators had to perform their
tasks over determined cycle times) and line stops (because of technical problems) which sometimes caused the
operator change his strategy to perform work tasks. The Hawthorn effect might also have occurred in our
results as the operators’ behaviours were probably influenced when measurement equipment was placed on the
body and he was followed and filmed in his work tasks. However, we had several meetings with the operators
during this study and the purposes were explained to them and they volunteered to participate in the
experiments. Furthermore, we measured several operators for each workstation which should have reduced the
confounding factors.

The findings revealed precise information about time exposure, variability and potential risk factors which occur
in the real workplace. However, such a biomechanical approach might not be applicable for large populations
because of the time required and the costs, but these results may be used to improve the methods that
evaluate individual exposure. Furthermore, precise measurements provide a discourse about work strategies,
movements and posture for a group of operators performing the same or similar tasks. In other words, self-
confrontation and discussion between stakeholders might be more successful and effective for continuous

improvements if they were performed on the basis of these quantitative measurements of exposure.
Key points

¢ Quantitative measurement of physical risk factors provides critical data for WMSDs prevention and
effectiveness of ergonomic intervention, but time and cost constraints limit the ability to apply in
manufacturing industry.

e On the basis of a quantitative measurement, we can measure a dose-response relationship of

musculoskeletal disorders for car assembly operators.

e Objective data of a quantitative approach are fundamental for convincing different stakeholders to
implement ergonomic improvement programs. The proportions of time in awkward postures are
different (diversity) for performing similar tasks which opens the efficient discussions between

operators that could finally lead to change in their work strategy and reduce exposure to risk factors.
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5. Comparison of Risk Assessment Methods for evaluation of
WR-MSDs risk factors

5.1. Comparison of the SES method with the self-reported
questionnaire

Automotive industries often use observational methods (such as SES method) mainly for evaluation of physical
risk factors. The question is whether this evaluation is valid and could represent WR-MSDs risk factors (that are
the primary reasons of WR-MSDs). Furthermore, the other stakeholders’ viewpoints (operators and engineers)
regarding WR-MSDs risk factors are not considered in this approach. This Chapter therefore addresses the
agreement between the results of frequently used risk assessment methods such as observational methods
(ergonomist perspective), self-reported questionnaires (operator perception) and direct measurement methods
(engineer method). The first section of this Chapter presents the comparison between the SES method (an in-
house observational method) and a self-reported questionnaire performed at two different cycle times of a truck
assembly plant. The following table shows the gaps, aims and findings of Article 7 which addresses the
comparison between these two methods for the initial cycle time (11 minutes). The results of the second cycle
time (8 minutes) are similar to the first one. Article 8 which is in French provides the results of the 8 minute

cycle time (Appendix 12).

Gaps Aims Findings

_ To compare the results of the in- The observation and self-reported
Few studies have assessed the . _ _ . .
. house observational method (SES  questionnaire represent different risk

agreement between an in-house _ . .

method) and the self-reported evaluation as they disagreed in the
observational method and a self-

questionnaire which are frequently  analysis of certain characteristics of
reported questionnaire

used in the field. the activity.
Analysis of each of the two tools

There is a diversity of conclusions could not reveal that one is more

To investigate the agreement ]
on the agreement and . _ powerful than the other. However, it

_ between these physical risk factor . .
complementarity of the data raises the question whether two
_ assessment methods

obtained by such tools methods had the complementary

effect for estimation of WR-MSDs.

5.1.1. Article 7: Are There Differences Between the Results of Risk Assessment Methods? Self-
Reported Questionnaire and Observational Method

Zare M, Norval M, Bodin J, Roquelaure Y. Are There Differences Between the Results of Risk Assessment Methods? Self-

Reported Questionnaire and Observational Method. Under review by Human Fctors.
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Abstract

Purpose: The importance of ergonomic job analysis tools for prevention of musculoskeletal disorders
persuades us to investigate the agreement between two physical risk factors assessment methods in the
industrial setting. The objective of this study was to compare the results of the in-house observational method

and self-reported questionnaire, which are frequently used in the fields.

Methods: For data collection, a sample of operators who worked on eleven assembly workstations was selected
from a truck manufacturing plant. Different tasks of these workstations were analyzed for a cycle time of 11
minutes. The risk assessment of the activity was carried out both by observation and by a self-reported

questionnaire. The agreement between the two methods was realized with the Kappa coefficient.

Results: Our finding shows that the observation and self-reported questionnaire represent different risk

estimation as they are disagree in the analysis of certain characteristics of the activity.

Conclusion: This analysis of each of the two tools does not reveal that one is more powerful than the other.
However, raising the question whether two methods had the complementary effect for estimation of work

related musculoskeletal risks.

Keywords: Observation, self-reported questionnaire, comparison, assembly line
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Introduction

Work-Related Musculoskeletal Disorders (WR-MSDs) are in their nature multi-factorial, as they are due to
several reasons (Vézina 2001). These disorders are most commonly observed in the French industrial sector. In
2013, they represented 87% of all occupational diseases, at a cost of more than €865 million in France (CNAM-
TS 2013). Evaluation of job characteristics constitutes a major challenge to identification of levels of exposure
to WR-MSDs risk factors. Practitioners need to evaluate the risk factors for WR-MSDs precisely in order to define
priorities for ergonomic interventions (Van der Beek et al. 2005). Several methods have been developed to
assess exposure to risk factors, including direct measurements, observational methods, questionnaires,
interviews (David 2005; Takala et al. 2010).

The precision of risk assessment remains controversial due to numerous possible biases related to data
collection methods. Previous research has shown that direct measurement methods provide more reliable data
than observation or self-reported questionnaires. However, direct measurement methods are time-consuming
and require special support and skills (David 2005). Two methods are commonly used to obtain ergonomic data
on workers' activity: observational methods and self-reported questionnaires. Several previous studies have
used observational methods to assess the risks of WR-MSDs. Paper-based observational tools such as RULA
(McAtamney and Corlett 1993), OCRA (Habibi et al. 2013; Occhipinti 1998), REBA (Chiasson et al. 2012;
Hignett and McAtamney 2000) and QEC (Chiasson et al. 2012; David et al. 2008) are widely used to address
physical risk factors. Moreover, many large industrial companies have adapted their in-house observational tools
to identify the risk factors specific to their sector. Automotive industries such as Volvo Car Corporations (VVC),
Peugeot-Citroen (PSA), SCANIA and General Motors developed an in-house tool for their ergonomic program
(Hagg 2003; Sociali 2012; Toérnstrom et al. 2008). Furthermore, European Assessment Worksheet (EAW) is
used by big company such as Fiat, Bosch and Volkswagen (Schaub et al. 2013). However, engineers and
ergonomists need reliable and valid data on WR-MSDs risk factors, taking into account variation and diversity of
both job and individual. These data have to share common “work” representation of the different stakeholders’

perception.

Self-reported questionnaires are widely used in epidemiological studies, and are recognized as screening tool for
estimation of job-related WR-MSDs risk factors by the operators (Roquelaure et al. 2006b; Stock et al. 2005).
Self-reported questionnaires and observational methods have been used in various studies (Barrero et al. 2009;
Stock et al. 2005). However, few studies have assessed the agreement between an in-house observational
method and self-reported questionnaire. Published studies also differ in terms of their methodology, and as they
do not all present the same results, their conclusions are not unanimous. Trask et al (2010) and Spielholz et al
(2001) showed that the questionnaire was weak relative to observational methods for risk identification
(Spielholz et al. 2001; Trask et al. 2010). In contrast, Descatha et al. reported that self-reported questionnaires
were more reliable and sensitive tools than observational methods (Descatha et al. 2009). Stock et al (2005)
and Barrero et al (2009) mentioned that current studies on self-reported questionnaire cannot show the validity

of self-reported exposure methods because of limitations in the study design.

The diversity of conclusions on physical risk assessment tools encouraged us to conduct our own study on the

agreement and complementarity of the data obtained by such tools in the industrial sector. A pilot study was
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conducted among truck assembly operators in France. The aim was to compare the results of two risk
assessment tools, i.e. an in-house observational tool for automotive industry and the self-reported

questionnaires.

Materials and Methods

Workplace description

This study was performed in a truck manufacturing company. The cycle time was 11 minutes in which the
operators performed a series of tasks in a workstation, along with recovery time. Seventeen operators who
worked in eleven assembly workstations were included in the study. All the subjects were men, and the mean
age and length of work experience in the current job were 42.0 (£7.6) years and 15.2 (£7.2) years,
respectively. The assembly workstations were distributed in three Improvement Groups (IGs) and several
variant models of truck were assembled at each workstation. Most variant models in truck assembly were
evaluated in this study and each model were considered as a workstation, and thus, 8, 12 and 9 workstations
were defined for 1G;, IG, and IG;, respectively. The common tasks performed at these workstations were
assembly of truck parts, wiring, hose connection, picking up objects from a pallet, lifting and carrying parts
(manually or with devices), tightening with screwdrivers, and pushing/pulling wagons. The operators rotated

every two hours between the workstations of each IG.

Data Collection

Observational method

An in-house ergonomic observational method (SCANIA Ergonomic Standard (SES) method) with a video
recording was used to analyze all the workstations. Finally 29 evaluations (10 workstations plus 19 variant
models of truck) in three IGs were conducted. The SES method evaluates 20 ergonomic risk criteria, which are
grouped into four categories including repetitiveness, working posture, manual handling and energy
consumption (Table 1). Weights of objects, magnitude of forces (dynamometer), and handle diameters (calliper)
were measured and recorded in the SES method. Manual handling and lifting of loads with two hands were
studied in more detail by means of the NIOSH equation (Waters et al. 1993). The results were classified
according to a colour coding scale: the normal or green level indicating an acceptable situation with minimal
risk of WR-MSDs; the yellow level indicating a moderate risk situation, which needs to be improved in the
future; and the red level corresponding to situations at high risk of WR-MSDs, which must be modified as soon
as possible. After studying each criterion of the SES method for each workstation, the numbers of green, yellow
and red criteria determined the final colour of that workstation (Table 2). This colour-coded method is based on
Swedish guidelines and it has been used in other observational methods particularly in the car industries (Berlin
et al. 2009; Tornstrom et al. 2008). Regarding the daily rotations of the various operators to all workstations in
an IG, we developed a colour-coded method of representation of the risk level for each criterion of an IG. This

method is based on the logic of colour attribution (mentioned above) to one workstation (Table 2).
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Table 1: Explanation of criteria evaluated by each method

Observational analysis data

(indicators: green, yellow, red)

Self-reported questionnaire analysis data

(never, rarely/often/always)

Repetitiveness Number of repeated movements per hour. Very precise repeated movements.
< 150 rep/hour Green Same movement for reasons of procedure or quality.
150-300 rep/hour Yellow Repetition of the same action more than twice a
> 300 rep/hour ed minute.

Whole body  Usual working position: Squatting or kneeling position

work postures Standing/walking/sitting Green
Uncomfortable/twisted position while
standing/sitting Yellow

Lying, kneeling, squatting, reclining on one side
or back, standing on one leg Red

Twisting or uncomfortable posture

Back posture

Fixed back posture while working:

0 - 20° bending forward Green
20 - 45° bending forward/ 20° - 45°
sideways/rotation Yellow

> 45° bending forward or > 45° sideways/
rotation or bending backward Red

Regular or prolonged anterior flexion or to one side.

Neck posture

Fixed neck posture while working:
0-20° bending forward

20-45° bending forward or 20-30° sideways/
rotation Yellow

Green

> 45° bending forward or > 30° sideways/
rotation or bending backwards Red

Regular or prolonged working position with one or both
arms abducted.

-4

Regular or prolonged anterior flexion movements of the
head.

Regular or prolonged posterior flexion movements of
the head.

&

Shoulder
posture

Fixed shoulder / arm posture while working:

< 45° ypper arm lifting Green
45°-90°upper arm lifting Yellow
> 90° upper arm lifting Red

Regular or prolonged working with one or both arms
above the shoulder level.

Holding the hand behind the trunk Regular or
prolonged working with one or both arms abducted

2t
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Wrist posture

Wrist working posture:

Full pronosupination movements or extreme wrist
bending posture

Neutral wrist Green
Non-neutral wrist Red z I(*
» 30° bending upwards
> 45° bending downwards Pressing with palm base or holding tools/objects in a
pinch grip
» > 10° bending sideways :
Effort of palms Pressure zone area > 1 kg (> 1 kg) Pressing with palm base
of hands A21.7cm?orA 27 cm? Green '%
A <1.7cm?or A < 7 cm? Red
Force and Force of whole body pushing/traction Pushing or pulling.
effort of the " , .
whole body Initial force (starting) Continuous ;ﬁ-
<100 N <50N Green :‘%
100-150 N 50-110 N Yellow :
> 150 N > 110 N Red Mgnual handling of very large and cumbersome objects
with the arms outstretched.
Manual handling of objects that are difficult to hold,
unstable or without handles
&
Handling Size of component handled (Size (mm) = Length  Handling very large and cumbersome objects with
+ Height + Width) arms outstretched.
< 1000 mm Green
1000-2000 mm Yellow
> 2000 mm Red
Two handed  Evaluation by revised NIOSH equation method Manual handling of a load weighing 1 to 10 k
Manual . .
handling of <10 Nm Green Manual handling of a load weighing 10 to 25 kg
loads (lifting  10-35 Nm Yellow Manual handling of a load weighing more than 25 kg
with two
hands) > 35 Nm Red
One handed  Lifting with one hand: Manual handling of a load weighing 1 to 10 kg
Manual . . I
handling of < 2Kkg Green Handling of a tool or an object weighing 1 to 4 kg
loads (lifting  2-5kg Yellow
with one
hand) > 5 kg Red
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The following five thresholds were therefore defined:

Threshold; (T;) was defined as the number of yellow points for one criterion in an IG resulting in a

yellow final colour: T; = (N+2) +1  N= The number of measurements in IG

e Threshold, (T,) was defined as the number of yellow points for one criterion in an IG resulting in a final

red colour: T,= N+1

e Threshold; (T3) was defined as the number of red points for one criterion in an IG resulting in a yellow
final colour: T3= (N-1)+3

e Threshold, (T,;) was defined as the number of red points for one criterion in an IG resulting in a final

red colour T4= N+2

e Thresholds (Ts) was defined as the number of yellow points plus the number of red points for one

criterion in an IG resulting in a final red colour: Ts= 0.8 N

All definitions of thresholds were rounded down and the most severe colour decided the final colour of each

criterion for the IG.
Self-reported questionnaire

A self-reported questionnaire was widely used to evaluate the operators’ perceptions of physical exposure of
their jobs. Several recent ergonomic epidemiological studies in France applied this tool to evaluate physical
exposure dose (Descatha et al. 2007; Roquelaure et al. 2006a). This tool comprises a number of questions
designed to identify potential physical risk factors for WR-MSDs. It was developed according to the European
consensus criteria document for the evaluation of WR-MSDs (Sluiter et al. 2001). This questionnaire has been
used in various epidemiological studies conducted in France. The questions concern repetition, the neck,
shoulders, wrists/hands and back postures, material handling and force/effort for the whole body and wrists
(Table 1). The response scale for each question comprises four levels: Never/Rarely/Often/ Always. As shown in
Table 1, several questions were asked to assess one ergonomic criterion. To have a single answer for each
criterion, we therefore combined the responses of several questions. If, for example, the answer to any of the 3
questions was “always”, the final answer was then “always”. If the answer to one of the 3 questions was "often"

final answer was "often", otherwise, it was "never/rarely".

Table 2: Prioritization of risk factors by the SES method and the NIOSH equation method

Methods Evaluation Criteria Green Yellow Red
Number of Yellows* 0-8 9-16 >17

Ergonomic Standard i i

method (SES) Number of Reds 0-6 7-9 >10
Number of Yellows + Reds 0-16 - >17

NIOSH Lifting Equation Lifting Index <1 1-1.6 >1.6

*The worst colour dictates the final evaluation of the work position

Questionnaires were distributed on a Friday to allow operators to fill them out carefully over the weekend and

they were collected on Monday, ensuring a high response rate. Fifteen operators responded all of the questions
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and included in the final analysis. Informed consent was obtained for all of subjects. This study was performed
from September 2012 to August 2013. Analysis by the observational method was conducted from September
2012 to March 2013 but the results were reviewed again and revised on the basis of the video recordings in

August. The operators filled out the self-reported questionnaire in July 2013.
Comparison Criteria

We selected 11 criteria from both the SES method and the self-reported questionnaire for comparison (Table 1).
The “"manual handling of loads with two hands” and “one hand” criteria were studied at two different levels, as
the questions on the self-reported questionnaire concern manual handling of various loads and do not specify
whether these loads are handled with one or two hands. Two subgroups were therefore defined for these two
items of the questionnaire, i.e. manual handling with two hands allowing analysis of loads weighing between 1
to 10 kg and 10 to 25 kg and loads weighing more than 25 kg, and manual handling with one hand allowing
analysis of loads weighing 1 to 4 kg and 1 to 10 kg.

The criteria for effort/force of arms and the effort/force of the whole body corresponded to the same questions
in the self-reported questionnaire. The various criteria of the questionnaire and the observational method that

were compared are presented and defined in Table 1.
Statistical Analysis

The agreement between the criteria of two methods was assessed by Kappa coefficient (Bao et al. 2009;
Hansson et al. 2001; Stock et al. 2005). The unit of comparison between both methods was the operator. The
responses to the questionnaire (exposure to risk factors of different workstations in one IG) were compared
with the results of the SES method for the IG. “"Never/Rarely” of the questionnaire and “Green” of the SES was
considered as low risk; “Often” of the questionnaire and “Yellow” of the SES was moderate risk; and “Always” of

the questionnaire and “"Red” of the SES was high risk.

Results

Observational Method

Table 3 presents the results of the risk assessment for three improvement groups (IG;, IG, and IG3) according

to the SES method (the results of various workstations are shown in Appendix of this paper).

Whole body work postures, and back, neck, shoulder, and wrist postures were the main risk factors identified in
IG;. Awkward wrist posture was reported at all of the workstations. Exposure to risk factors such as one handed

manual handling and surface area for pressure was low in IG; (Table 3).

The results for IG, showed high risk exposure for the wrist and shoulder. Repetitiveness and manual handling
with two hands was low, while back and neck posture, manual handling with one hand and whole body
force/effort were moderate. Note that the final risk evaluation for back, neck, shoulder and wrist postures and
whole body force/effort for this IG was high (red). Awkward body posture was observed at most workstations in
IG; (see Appendix of this paper). In overall, wrist posture and manual handling with two hands were red at

many workstations while repetition and surface area for pressure were green.
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Table 3: Analysis of SES method and self-reported questionnaire of physical risk factors for the workstations in
the Improvement Groups 1, 2 and 3 (IG;, IG, and IGs) for 11 criteria of ergonomic risk factors (see Appendix of

this paper for details).

Self-reported questionnaire

Analysis of SES method® estimation of physical risk
factors (N=15)
ftem Final color® Never/
b  Often  Always
e e 1G; Rarely
! 2 n % n % n %
Repetitiveness Green Green Green 0 0 5 33 10 67
Whole body work postures Red Yellow  Yellow 3 20 9 60 3 20
Back posture Red Red Yellow 0 0 13 87 2 13
Neck posture Red Red Red 1 7 11 73 3 20
Shoulder posture Red Red Red 7 47 6 40 2 13
Wrist posture Red Red Red 2 13 9 60 4 27
Effort of palms of hands Green  Green  Green 10 67 4 27 1 6
(Surface area for pressure)
Force/effort whole body Red Red Yellow 1 7 9 60 5 33
Handling (Component size) Red Yellow Red 10 67 5 33 0 O
Manual handling 0 0 8 53 7 47
Two handced (NIOSH Red Green Red
method)
1-10kg ¢ 11 73 4 27 0 0
10- 25kg 13 87 2 13 0 0
>25 kg ¢ 15 100 0 0 0 0
One handed ¢ Yellow  Yellow  Yellow
1-4kg ¢ 8 53 7 47 0 0
>4kg * 12 80 3 20 0 O

®Eight workstations were evaluated at the Improvement Group;, 12 workstations at the Improvement Group,
and 9 workstations at the Improvement Groups (see the Appendix of this paper)

™Green” and “Never/Rarely” show low risk; “Yellow” and “Often” show moderate risk; “Red” and “Always” show
high risk

“The items of the SES method for two and one handed manual handling evaluation

4The questions of self-reported questionnaire for manual handling evaluation

Self-reported Questionnaire

Table 3 presents the results of analysis of the self-reported questionnaires. Analysis of the self-reported
questionnaires for all three IGs showed that 13 operators (87%) identified back postures as often present at
their work positions. Repetitiveness and awkward whole body work postures were identified as being “often”
present for 5 (33%) and 9 (60%) operators, respectively. Furthermore, 10 operators (67%) reported “always”

exposure to repetitiveness.
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Table 4: Comparison between observational method and questionnaire with calculation of kappa factor

Low Moderate High Proportion of Kappa
(Never/ Rarely; Green)  (Often; Yellow) (Always; Red) agreement  Coefficient
n % N % n %
Repetitiveness 0 0
Observational Method 15 100 0 0 0 0
Self-reported Questionnaire 0 0 5 33 10 67
Whole body work posture 47 0.05
Observational Method 0 0 9 60 6 40
Self-reported Questionnaire 3 20 9 60 3 20
Back posture 13 -0.29
Observational Method 0 0 4 27 11 73
Self-reported Questionnaire 0 0 13 87 2 13
Neck Posture 20 0
Observational Method 0 0 0 0 15 100
Self-reported Questionnaire 1 7 11 73 3 20
Shoulder Posture 13 0
Observational Method 0 0 0 0 15 100
Self-reported Questionnaire 7 47 6 40 2 13
Wrist Posture 27 0
Observational Method 0 0 0 0 15 100
Self-reported Questionnaire 2 13 9 60 4 27
Effort of palms of hands 60 0.14
(Surface area for pressure)
Observational Method 10 67 5 33 0
Self-reported Questionnaire 10 67 4 27
Force/effort whole body 47 0.10
Observational Method 0 0 4 27 11 73
Self-reported Questionnaire 1 7 9 60 5 33
Handling (Component size) 7 -0.05
Observational Method 0 0 5 33 10 67
Self-reported Questionnaire 10 67 5 33 0 0
Two-handed Manual handling
(oo, o s ® o o n @
(Sﬁ;';g‘fif]‘;rtle‘tjﬁ“oe;g“)o””a're 11 733 4 26,7 0 0,0 20,0 -0,06
fﬁ;‘;;ﬁigrtffocﬁ;;*s“o””a're 3 86,7 2 33 0 0,0 26,7 10,03
(Sﬁa”;(rjfif}%rtfgs%;f“'o””a're 15 1000 0 0,0 0 0,0 33,3 0,00
One-handed Manual handling
Observational Method 0 0 15 100 0 0
(S;;fn (l;elzi;:r)]c;rtlego%ukzs)t|onna|re 0 0 8 53 7 47 53 0
Self-reported Questionnaire 2 13 9 60 4 27 60 0

(handlina 1 to 10ka)
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All of the operators in IG; and IG, reported that they were often exposed to awkward back postures. More than
half of the operators in IG; reported that they were always exposed to manual handling; awkward wrist
postures and excessive effort/force of the body. For IGs, force and effort of the whole body were often or always

present. The great majority of operators reported “often” exposure to different risk factors (see Appendix of this

paper).
Comparison of the Observational Method and Self-Reported Questionnaires

Table 4 presents the results of comparison of data derived from the SES method and from the self-reported
questionnaire for three IGs. Both tools identified several risk factors, while the results for certain factors
differed considerably according to the method of analysis, especially items such as back (Kappa = -0.29),
shoulder, neck, wrist postures and repetitiveness (Kappa = 0). For the majority of criteria, the results of the
two tools were similar in the moderate risk range, but were very different for extreme situations (high risk and
no risk). The agreement between both methods for whole body effort/force as well as effort of palms of hands
was better than for the other criteria (Kappa; 0.1 to 0.14). The calculated Kappa factor for handling criteria
(component size) and two-handed manual lifting imply poor agreement between operators’ estimation and
ergonomist assessment in the material handling criteria (Kappa <0); however the match proportion of 53% and
60% have to be considered as show a moderate agreement between two methods for the one-handed manual

lifting criterion.
Discussion

This study compared the results obtained with two risk assessment tools: the in-house observational method
(SES) and the self-reported questionnaire. The agreement of these tools was investigated for identification of
physical risk factors in a truck assembly plant. This study shows that the SES method and the self-reported
questionnaire do not represent the same risk evaluation, and they provide contradictory results for the analysis
of certain physical risk factors. Several studies have undertaken this type of comparison and have reached
different conclusions. Descatha et al. (2009) concluded that the results of the self-reported questionnaire
differed from those of the observational method, and self-reported questionnaire was better predictor of the
incidence of future WR-MSDs. The study by Spielholz et al. (2001) showed that the operators’ perceptions were
very different from the results of reference methods (observation and direct measurement) and self-reported
questionnaire was unreliable. Hansson et al (2001) reported poor agreement between the direct measurement
method and self-reported questionnaire. Repetitiveness was analysed by these two methods, which gave
different results, as the observation tool revealed a low level of exposure, while the self-reported questionnaire
identified repetitiveness as a commonly present risk factor. Other studies have also reported poor agreement for
repeated movements evaluated by questionnaires and other reference methods (Juul-Kristensen et al. 2001;
Stock et al. 2005).

The results concerning working postures, neck postures and back postures varied considerably, as self-reported
questionnaires revealed a lower risk than the observational method. The low kappa coefficient for these criteria
indicated poor agreement between the two methods. Burdof reported that operators considerably
underestimated the trunk postures adopted at work (Burdorf and Laan 1991). Takala et al (2010) and Stock et
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al (2005) reported that micro-postures (the neck and wrists, and trunk rotations) are difficult for observers and
operators to diagnose. These differences in the results could be explained by difficulties that operators have to
represent their bodies in space, as it is difficult to take spatial representations into account while working
without involving a subjective component. For example, the position of the back in space is not a natural spatial

representation and it is therefore difficult for the operator to know the exact position of his back while working.

Observational analysis of shoulder postures revealed high exposure in all IGs, while only 13% of operators
identified these postures as being constraining on the self-reported questionnaire. The results for wrist postures
presented a similar tendency, with higher sensitivity for the observational study and less clear-cut results for
the self-reported questionnaire. Operators' reports often underestimate the postures adopted and tend to focus
on the pain experienced at a particular point in time. Some types of pain are experienced in a context of
overexposure and it is only at this time that the operator becomes aware of the posture adopted. Previous
studies reported inconsistent results regarding the presence of WR-MSDs and estimation of the exposure to risk
factors by the operators. Hansson et (2001) and Balogh et al (2004) reported the impact of WR-MSDs on
overestimation of the exposure (Balogh et al. 2004; Hansson et al. 2001) while Burdorf et al (1991) found no

relationship between WR-MSDs symptoms and over-exposure reporting (Burdorf and Laan 1991).

The self-reported questionnaire and the SES method did not provide concordant results for handling
characteristics. Few studies have compared the results of various analysis tools for this type of criterion.
Nevertheless, Stock reported a moderate correlation between the results of such tools for the handling of very
large objects (Stock et al. 2005).

Whole body force/effort was identified by both tools as being present during pushing/pulling actions or handling
objects. The kappa coefficient was 0.1 that reflects a slight agreement between two methods. The force/effort
required by a task was measured by a dynamo-meter and reported as the results of the SES method while the
questionnaire provided the general perceptions of the operators. Based on practice and experience, the
operators can identify exposure to effort. However, the operator may become so used to the working conditions
that he/she no longer accurately perceives the effort involved in carrying out an action. Working habits, each
individual’s experience and perceptions are important elements in identification of high-risk exposure, as the
level of sensitivity of an operator can result in different responses in relation to the same situation. Other
studies reporting the results of a similar comparison obtained a kappa coefficient as high as 0.66 for whole body
force/effort criterion (Stock et al. 2005). Low agreement was reported in four studies that compared assessing

push/pull forces by the questionnaires and observational methods (Barriera-Viruet et al. 2006).

The kappa coefficients for manual handling of loads with two hands and one hand were 0, although the
proportions of agreement were 20% and 53%, respectively. Despite certain limitations concerning the analysis
of these criteria, our results are in agreement with those reported by Stock et al (2005) who demonstrated poor
agreement, particularly for the questions about number of hours/working day spent lifting or carrying loads. In
our study, manual handling of loads with one hand corresponded to loads weighing less than 10 kg. In contrast,
manual handling of loads with two hands corresponded to loads weighing more than 10 kg and a question about
loads between 1 to 10 kg. Therefore, pooling of items, the factors selected and understanding of the questions

are all potential sources of error that must be taken into account.
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Several explanations can be proposed for the different results obtained with these two methods. First of all, a
low Kappa factor that was, generally, observed between compared criteria might not necessarily be related to
disagreement between the methods. A highly agreed estimation may receive a low Kappa factor because it is
influenced by other factors such as limited variability in the distribution of exposure in the categories (Hansson
et al. 2001). A small number of subjects and narrow distribution of exposure in different categories has
provided a falsely low Kappa factor despite the percentage of agreement being high (Stock et al. 2005).
Furthermore, although an ergonomist observed several times each workstation and analysed them by the SES
method (in some cases, two ergonomists discussed and decided the assessment scores), the reliability of
observational methods is the matter of debate in ergonomic literature (Denis et al. 2000; Kilbom 1994; Takala
et al. 2010). On the other hand, question formulation, the response scale, respondents’ pain, fatigue and
mental issues were the source of errors of examining by the questionnaire. In the current study, pictograms
were used to represent degrees of flexion/extension of each body segment in the questionnaire (Table 1) while
the categorical limit was used for observational methods. It could be criticized that we did not compare identical
variables. Nevertheless, providing categorical limits in the questionnaire might be a source of error, as operators
might estimate the degree of flexion/extension on a numerical scale incorrectly. However, the pictogram took
into account workers’ mental representations of the workload and provided meaningful measures. The time
interval to measure risk factors by each method was short in this study. We revised and modified the results of
the SES assessment by using videos recorded less than two months after the questionnaires were filled out by

the operators. The variations in the work situation were few over this short time interval.

Some limitations were countered during comparison of these two methods. The level of comparison of the two
methods is not the same, as one is based on analysis by workstation (observational method), while the other is
based on the responses of an operator who worked in an IG (self-reported questionnaire). Analysis by IG was
preferred in order to have the same unit of comparison for both methods. Moreover, the results of the
observational method are presented in the form of colours representing levels of exposure (Green, Yellow, Red),
while the results of the questionnaire are presented in the form of scale corresponding to the duration of
exposure to the risk (Never, Rarely, Often, Always). We considered “Never/Rarely” as Green, “Often” as Yellow

and “Always” as Red. This allowed comparison on a common basis, but decreased the power of the comparison.

This study did not analyze the validity of each of these two methods or demonstrate the superiority of one or
other of the methods. However, the findings raise a number of questions concerning the level of risk estimation
by the two common ergonomic methods in the field. Neither method can be considered to be superior to the
other, but the two methods provide different results, raising questions about the place of these two tools in risk
assessment and about which of these two methods’ results can be representative of the characteristics
associated with WR-MSDs risk. There remains the question regarding the level of precision of the risk
assessment provided by these two methods. We propose to extend this comparison to other tools used in risk
assessment, such as interviews and the direct measurement method, which would provide more information on
the validity and the place of each method during risk assessment in the workplace or for the purposes of

epidemiological studies.
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Conclusion

This study compares two methods that are used frequently in the field particularly automotive industry. It can
be concluded that the poor agreement was observed between the in-house observational method and the self-
reported questionnaire. These findings might be explained by the method inherent differences. This comparison
will enable us to recognize the positions and roles of these tools in representation of ergonomic work-related
risk factors and raising the question of the complementarity of observational tools and self-reported

questionnaires.
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Appendix

In this study, several workstations in a improvement group (IG) evaluated by the SES method and the detailed results for each criteria are provided in Table 1. This
table provides the number of workstation identified as exposed to risk in an IG. Table 2 provides the detailed results of self-reported questionnaire for each IG

separately. This appendix shows the percentage of risk exposure in various IG.

Table 1: Analysis of SES method for the workstations in the Improvement Groups 1, 2 and 3 (IG;, IG; and 1Gs) for 11 criteria of WR-MSDs risk factors

Improvement Group;® Improvement Group, Improvement Groups
Item Green Yellow Red Final Green Yellow Red Final Green Yellow Red Final
colour colour
n % n % n % colour n % n % n % n % n % n %
Repetitiveness 4 50 4 50 O 0 Green 9 75 3 25 0 0 Green 9 100 0 O 0 0 Green
Whole body work o 5 3 33 5 6 Red 6 50 1 8 5 42 Yelow 3 33 3 33 3 34 Yellow
postures
Back posture 0 0 4 50 4 50 Red 1 8 8 67 3 25 Red 2 22 5 56 2 22 Yellow
Neck posture 2 25 1 13 5 62 Red 1 5 9 75 2 10 Red 0 0 5 56 4 44 Red
Shoulder posture 2 25 1 13 5 62 Red 0 0 6 50 6 50 Red 1 11 7 78 1 11 Red
Wrist posture 0 0 0 0 8 100 Red 2 17 0 0 10 83 Red 1 1 0 0 8 89 Red

Effort of palms of hands

(Surface area for 8 100 0 © 0 0 Green 9 75 0 0 3 25 Green 9 100 0 O 0 0 Green
pressure)

Force/effort whole body 0 0 4 50 4 50 Red 1 8 8 67 3 25 Red 3 33 3 33 3 34 Yellow
Handling { 13 5 62 2 25 Red 8 67 1 8 3 25 Yellow 1 11 7 78 1 11  Red

(Component size)

Two handed Manual
handling (NIOSH 1 13 3 37 4 50 Red 11 92 0 0 1 8  Green 4 4 1 11 4 45 Red
method)

O”ehsgggﬁn"g"a”“a' 1 13 7 8 0 0 Yelow 4 33 8 67 0 0 Yelow 3 33 4 45 2 22 Yellow

®Eight workstations were evaluated at the Improvement Group;, 12 workstations at the Improvement Group, and 9 workstations at the Improvement Groups;
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Table 2: Self-reported questionnaire of physical risk factors in Improvement Groups 1, 2 and 3 (IG;, IG, and IG3;) for 11 criteria of WR-MSDs risk factors

Improvement Group; Improvement Group, Improvement Groups . _
(N=6) (N=5) (N=4) All of the subjeccts (N=15)
Item Never/ Never/ Never/ Never/
Rarely Often  Always Rarely Often  Always Rarely Often  Always Rarely Often  Always
n % n % n % n % n % n % n % n % n % n % n % n %
Repetitiveness 0 0 2 33 4 67 0 0 2 40 3 60 0 0 1 25 3 75 0 0 5 33 10 67

Whole body work
posture
Back posture

2 33 35 1 17 0 0 4 80 1 2001 25 2 50 1 25 3 20 9 60 3 20

0o 0 610000 0 O O 5100 0 0O O 2 5 2 5 0 0 1387 2 13

Neck posture 117 3 5 2 33 0 0 4 8 1 200 0 4 100 0 0 1 7 11 73 3 20

Shoulder posture 3 50117 2 33 2 40 3 60 0 0 2 50 2 5 0 0 7 47 6 40 2 13

Wrist posture 1 17 2 33 3 50 1 20 4 8 0 0 0 0 3 75 1 252 13 9 60 4 27

Effort palms of hands

(surface area for 3 50 2 3 1 17 3 60 2 40 0 0 4 100 0 0 0 0 10 67 4 27 1 6
pressure)
Force/effort 1 17 2 33 3 5 0 0 4 8 1 200 0 3 75 1 25 1 7 9 60 5 33
:22?"”9 (Component 3 5y 3 50 90 0 4 8 1 20 0 0 3 75 1 25 0 0 10 67 5 33 0 0
Manual handling
1-10kg 4 67 2 33 0 0 3 60 2 40 0 0 4 10 0 0 0 0 11 73 4 27 0 0
10- 25kg 5 831 17 0 0 4 8 1 20 0 0 4 100 0 0 0 0 13 8 2 13 0 0
>25 kg 6 1000 0 0 0 5 1000 0 0 0 4 100 0 0 ©0 0 15 100 0 0 0 0
1-4kg 2334670 0 3 60 2 40 0 0 3 75 1 25 0 0 8 53 7 47 0 0
>4kg 4 67 2 33 0 0 4 8 1 20 0 0 4 100 0 0 0 12 8 3 20 0 0
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5.2. Comparison of observational method, self-reported

questionnaire and direct measurement
Section 2 of this Chapter addresses the comparison between the SES method, the self-reported questionnaire
and direct measurement methods. As already explained, the SES method is an observational method that
represents the assessment of ergonomists regarding physical risk factors in a workplace. The self-reported tool
addresses the perception and estimation of the operators regarding WR-MSDs risk factors of their jobs. Finally,
the direct measurement method provides quantitative data on physical ergonomic workload which are more
reliable and acceptable, particularly by engineers. Article 9 of this thesis addresses the comparison between
these methods and the agreement between them. The following table summarizes the gaps, aims and findings

of this article.

Gaps Aims Findings

Little is known concerning the

To compare the results of three
extent to which ergonomists and The operators’ perceptions
risk assessment tools for the upper
operators agree about exposure to disagreed with the ergonomist’s
_ o limbs and back on the assembly
risks, whether they have similar _ . _ assessments of work postures and
line (A self-reported questionnaire,
evaluations of risk and which with the direct measurement
an observational tool and a direct
evaluation is closer to reality method.

measurement method)

Better agreement was observed

Lack of consensus in the literature
about the accuracy of

measurement methods

Few studies have compared these
methods for measurement of
exposure to awkward postures for
shoulder, back, neck and wrist in a

real field

between the SES method
(ergonomist assessment) and the

direct measurement method.

However, the validity and reliability
of the observational method and
the direct measurement method

are still a matter debate.

5.2.1.

Article 9: Comparison of three methods for evaluation of WR-MSDs risk factors in a truck

assembly plant: observational method, self-reported questionnaire and direct

measurement method

Zare M, Biau S, Brunet R, Roquelaure Y. Comparison of three methods for evaluation of WR-MSDs risk factors in a truck

assembly plant Under review by Ergonomics.
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Abstract

This study was performed to compare the results of three risk assessment tools for the upper limbs and back in
the workplace. A self-reported questionnaire, an observational tool and a direct measurement method were
used to measure exposure to the risk of truck assembly operators. One sector of a truck assembly plant which
included several workstations was selected for data collection and the study was performed in two different
cycle times (11 and 8 minutes). McNemar's test and Kappa factor were used to analyze the agreement between
methods. The results revealed moderate agreement between the observational tool and the direct
measurement method, and poor agreement between the self-reported questionnaire and direct measurement.
The Kappa factor showed fair agreement between the SES and direct measurement method for the arm (0.41)
and back (0.4) in the second cycle time. The Kappa factor for these methods was poor for the neck (0) and
wrist (0) but the observed proportional agreement (P,) was 0.65 for both body segments. The Kappa factor
between questionnaire and direct measurement showed poor or slight agreement (<0.2) for different body

segments in both cycle time.

Practitioner Summary

This study provides the results of risk assessment by different common ergonomic methods in the field. The
results help to develop valid measurements and improve exposure evaluation. Ergonomists could use these

findings to perform a valid and reliable ergonomic evaluation of assembly workstations.

Keywords: Observational Method; Self-reported Questionnaire; Direct Measurement Method, Truck Assembly
Plant
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Introduction

Musculoskeletal disorders (MSDs) are major problems in manufacturing industries (Sterud, Johannessen, and
Tynes 2014, Ostergren et al. 2005); their social and economic outcomes influence companies’ business success
(Zare, Croq, et al. 2015). Several aspects of a job such as physical, organizational and psychosocial risk factors
contribute to the development of MSDs (Widanarko et al. 2015). Physical risk factors, including awkward
postures, forceful exertion, repetitive movements, and manual material handling are frequent risk factors in car
manufacturing industries (McGaha et al. 2014, Vijayakumar et al. 2015, Hoozemans et al. 2014). The valid
measurement of physical risk factors that provides a shared representation of risks is therefore essential for
practitioners and decision makers (David 2005). Risk management policies related to MSDs will be unsuccessful
without cooperative action of all stakeholders to achieve accurate risk assessment and consequently

intervention strategies (St-Vincent et al. 2007, Denis et al. 2008).

Different stakeholders are involved in manufacturing processes: operators are physically engaged in the work
and perceive the risk factors; ergonomists analyze workstations and contribute to solutions in collaboration with
industrial engineers, and finally, industrial engineers and managers are often known as ergonomics problem
solvers with the contribution of ergonomists (Berlin et al. 2014). Physical risk factors are often evaluated by
ergonomists or engineers on the basis of observational methods, while the operator’s evaluation is usually
obtained by self-reported risk assessment questionnaire (David 2005, Takala et al. 2010). The extent to which
ergonomists and operators agree about exposure to risks, whether they have similar evaluations of risk and

which evaluation is closer to reality, are still a matter of debate in the literature.

Another category of methods, defined as direct measurement methods, can quantify exposure to physical risk
factors in the workplace more precisely. Some studies have considered direct measurement methods as
references for comparison with the results of observational methods and questionnaires (Burdorf et al. 1992, De
Looze et al. 1994, Village et al. 2009). Spielholz et al (2001) compared three measurement methods
(questionnaire/video-observation/direct measurement) to evaluate wrist exposure to risk factors (Spielholz et
al. 2001). Takala et al (2010) in a review study reported moderate agreement for body macro-postures for 19
methods that were compared either with expert evaluation from video recordings or direct measurements but
low correspondence for wrist/hand, neck and trunk postures (Takala et al. 2010). Stock et al (2005) reported
the usability of questionnaires (operators’ assessment) as a practical method for exposure measurement (Stock
et al. 2005) but Burdorf et al (1991) and Spielholz et al (2001) showed low accuracy of operators’ assessments
(Burdorf and Laan 1991, Spielholz et al. 2001).

There is a lack of consensus in the literature about the validity of measurement methods for upper limb risk
factors. Furthermore, there are very few studies that have compared these methods for shoulder, back, neck
and wrist risk exposure in a real field such as a truck assembly plant. The aim of this study was therefore to
measure risk factors for upper limb and the back disorders by self-reported questionnaire and an
observational/expert evaluation method among truck assembly operators, and then to compare these findings

with direct measurement method.
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Materials and Methods

Workplace description

This study was performed in a truck manufacturing company. The cycle time was 11 minutes in which the
operators performed a series of tasks in a workstation, along with recovery time. Seventeen operators who
worked in eleven assembly workstations were included in the study. All the subjects were men, and the mean
age and length of work experience in the current job were 42.0 (£7.6) years and 15.2 (£7.2) years,
respectively. The assembly workstations were distributed in three Improvement Groups (IGs) and several
variant models of truck were assembled at each workstation. Most variant models in truck assembly were
evaluated in this study and each model were considered as a workstation, and thus, 8, 12 and 9 workstations
were defined for 1G1, IG2 and IG3, respectively. The common tasks performed at these workstations were
assembly of truck parts, wiring, hose connection, picking up objects from a pallet, lifting and carrying parts
(manually or with devices), tightening with screwdrivers, and pushing/pulling wagons. The operators rotated

every two hours between the workstations of each IG.

Data Collection

Observational method

This study was carried out as a follow up investigation in two different cycle times of one sector of a truck
assembly plant. Production volume determined cycle time for each workstation and it was changed from 11
minutes to 8 minutes during this study to increase production. The investigation was therefore repeated in both
cycle times. The study workplace was the same for both experiments, but task distributions and workstations
were different. However, the main operation, design of the workstations and final products of the sector were
similar. The same protocol was followed at both cycle times. The main operations in the sector under
investigation were assembly of left/right boarding steps and left/right mudguards (two workstations in the initial
cycle time and four workstations in the second cycle time), pre-assembly and assembly of bumper (four
workstations in the initial cycle time and five workstations in the second cycle time) and pre-assembly and
assembly of the Selective Catalytic Reduction (SCR) system, pre-assembly and assembly of the air filter, cab tilt
cylinder and lighting box, and material picking (five workstations in both cycle times). The initial cycle time was
11 minutes (production volume; 35 trucks/day) and the second cycle time was 8 minutes (production volume;
48 trucks/day). Eleven workstations were included for data collection in the initial cycle time. In the second
cycle time, the organization of the workstations was changed and some tasks were transferred to other
workstations and certain new posts were created. Furthermore, extra operators joined a variety of workstations.
The number of workstations included for measurement in the second cycle time was 14, and in order to
facilitate data collection, some workstations were broken down into several positions. Therefore, there were 16
workstations in the second cycle time and 20 measurements were performed due to variant models of trucks in

certain workstations.
Research Approach and Participants

The first part of the study was performed from September 2012 to August 2013 in the initial cycle time.
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Analyses by the observational method were conducted by viewing work in person and on video during the study
from September 2012 to March 2013 but the results were reviewed again and revised on the basis of the video
recordings made of direct measurements (to avoid the possible changes might occur over the timeline of the
data collections by the SES method and direct measurements). The operators filled out the self-reported
questionnaire in July 2013. Finally, direct measurement by electronic devices was performed at the end of
August 2013 (approximately two months after the questionnaire analysis). A couple of month time interval
between the self-report and the other measurements was related to the constraints of the assembly line that
was impossible to perform the measurements altogether. The measurements were therefore repeated in a new
cycle time with as short as possible time interval. The new organization (cycle time) was established in the
factory. The second part of the study was then carried out from November 2013 to April 2014 several months
after changing the cycle time, when the operators had adapted to the new conditions. First, the workstations
were analyzed by observational method. The operators responded to the questionnaire in March 2014 and
finally direct measurements were performed in April 2014. The time interval between the measurements was
short and after measurement by one method, the next method was immediately applied. As for the initial cycle
time, the results of the observational method were revised by considering the video recordings made of direct
measurement to avoid bias of changes in the measurement conditions. Most of the operators in the initial and
second cycle times were the same. The initial cycle time comprised 17 operators, 9 of whom participated in all
phases of the study (observational method, direct measurement and questionnaire analysis). The second cycle
time had 24 operators, 13 of whom participated in the analysis by all three methods. Operators without enough
experience (temporary workers) and those who complained of musculoskeletal problems were excluded. All
operators consented to inclusion in the study. All the participants in both cycle times were men, and the mean
age for the initial cycle time was 42.0 (£7.6) and 39.0 (£8.7) years for the second cycle time. The mean length
of work experience in the current job was 15.2 (£7.2) and 13.9 (£7.3) years for the initial and second cycle
times, respectively. Data collection was performed by the ergonomist who was involved in the factory for three

years with the help of industrial engineers and technicians.
Comparison of three evaluation methods

Observational Physical Risk Evaluation Method

The Ergonomic Standard (SES) is an in-house observation-based method that is adapted to the WR-MSDs risk
factors in manufacturing assembly. SES includes 20 factors providing ergonomic analysis such as repetitive
movement, work posture, lifting and energy consumption. In this study, different workstations were evaluated
by the work posture factors (four factors including arms, back, neck, and wrist assessments) in both cycle times

(Table 1) and compared with the other two methods.

The theoretical basis behind the assessment using these factors in the SES method is similar to other common
observational methods applied in industry (QEC (David et al. 2008), RULA (McAtamney and Corlett 1993) and
EWAS (Schaub et al. 2013)), taking into account operator actions in one cycle time, and scores are based on

values for body posture angles and exposure duration (derived from ISO 11226: 2000 (ISO 2000)).
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method for different body segments

Table 1. Comparison criteria between observational method (SES), questionnaire and direct measurement

Body Observational method (SES) Self-reported questionnaire Direct measurement method
segments
Arm/ Static arm posture while working: Regular or prolonged working Static arm posture while working:
shoulder  exposure time> 5 seconds with one or both arms in the exposure time> 5 seconds
air (above the shoulders)
regularly or in a prolonged
< 45° upper limb elevation Green, manner. < 45° upper limb elevation  Green
45°-90°upper limb elevation Yellow® 45°-90°upper limb elevation Yellow
Regular or prolonged working
> 90° upper limb elevation Red* with one or both arms > 90°upper limb elevation Red
outstretched
Back Static back posture while working: Regular or prolonged anterior Static back posture while working:
exposure time> 5 seconds flexion or to one side. exposure time> 5 seconds
0 - 20° flexion Green 0 - 20° flexion Green
20 - 45° flexions Yellow 20 - 45° flexion Yellow
> 45°  flexion Red > 45°  flexion Red
or extension or extension
Neck Static neck posture while working: Regular or prolonged anterior Static neck posture while working:
exposure time> 5 seconds flexion movements of the exposure time> 5 seconds
head.
0-20° flexion Green 0-20° flexion Green
20-45° flexion Yellow Regular or prolonged  20-45° flexion Yellow
posterior flexion movements
> 45° flexion Red of the head > 45° flexion Red
or > 30° extension Red or > 30° extension Red
Wrist Wrist working posture: exposure Non-neutral wrist posture Wrist working posture: exposure
time> 5 seconds (flexion/extension or time> 5 seconds
abduction/adduction)
Neutral wrist Neutral wrist Green
Green
Non-neutral wrist Red Non-neutral wrist Red

> 30° extension
> 45° flexion

> 30° extension
> 45° flexion

@ Green: without/minimal risk of MSD
®Yellow: moderate MSD risk
“Red: high risk of MSD
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Each workstation was observed at least four times to reduce bias of measurement. Risk factors were assessed
for the workstations over one cycle time and given a rating of green meaning “without/minimal risk of MSD”,
yellow “moderate MSD risk” (may require improvement actions) or red “high risk of MSD" (always requires
action) (Table 1). If a static awkward posture for a body segment lasted for at least five seconds in a cycle time
(11 or 8 minutes), it was considered as risk factors (yellow or red). In addition to viewing work in person, video

recordings were also performed over the evaluations by the SES method.
Self-reported Questionnaire

The self-reported questionnaire evaluated subjective estimation of exposure to risk factors for arms, back, neck
and wrists over the days worked by the participants. This questionnaire was developed according to the
European Consensus Criteria for MSD risk factors for the upper limbs (Sluiter, Rest, and Frings-Dresen 2001).
This questionnaire is a valid and reliable tool that has been used for different epidemiological studies in France
(Roquelaure, Ha, and Sauteron 2002, Roquelaure et al. 2006). Each question asks about the probability to have
an awkward posture over the days worked. This awkward posture is visualized by a pictogram to supplement
written information and enhance operators’ comprehension of the question and the degree of flexion/extension
(Table 1). The response scale was categorized on a four-point scale, i.e. “never”, “rarely”, “often” and “always”.
If the operators answered “never/rarely”, this was defined as under-exposed or green, and “often” or “always”
responses were considered as exposure to moderate (yellow) and high (red) level of risks, respectively. To have
a single answer for several questions evaluated a risk factor, we combined the responses of these questions. If,
for example, the answer to any of the three questions was “always” the final answer was then “always”. If the

answer to one of the three questions was "often", the final answer was "often", otherwise, it was "never/rarely".
Direct Measurement Method

An electronic measurement system included acquisition software, sensors and a data logger (CAPTIV system,
TEA, France) was used to obtain quantitative data on arm, back, neck and wrist postures. Seven sensors were
fixed with double-sided adhesive tape to the body segments of each operator. Two tri-axial accelerometers were
placed as inclinometers in lateral side of the right and left arms in the middle of the humerus to measure the
upper limb (arm and forearm) movements. Another accelerometer was placed on the vertical Y-axis at L3 on
the lower back to assess back posture. Each accelerometer was recorded between +1 g and -1 g, with the
frequency of 128 Hz and the resolution of 3mg (Zare et al. 2014). Two inclinometers were placed on the
occipital bone and on the cervico-thoracic spine at C7-T1 to measure neck posture (Zare, Biau, et al. 2015). The
accuracy of the inclinometer was 1° if <15° and 2° if >15°. Its resolution and frequency were 12 bits and 16
Hz, respectively. Two goniometers were fixed over the third metacarpal bone of the hand and the distal of the
radius/ulna of each forearm to measure flexion/extension of the wrist (Figure 1). The accuracy and frequency of
measurement by goniometer were 2° and 32 Hz, respectively. All the sensors were connected (wireless) to a
data logger attached to the operator’s belt that recorded raw signals from the body segments while performing
assembly tasks (Zare et al. 2014). Data were recorded continuously for the operators who worked at all of the
workstations. These signals are then transferred from the logger to a PC using software and exported for

processing. Operators were also filmed throughout the measurements to obtain a visual reference of the actual

ZARE Mohsen | Shared Representation Of Ergonomic Risk Factors ©OOSC) 157



tasks undertaken at workstations. The same procedure was applied for both cycle times and 42 and 126

recordings were made for 11 and 13 operators for the initial and the second cycle times, respectively.

ol

a
Figure 1: Localization of seven sensors used to measure the body segment postures; (a) two gonoimeters on
the right/left wrists and one inclinometer on the head (occiptal bone); (b) two accelerometers on the right/left
arms in the middle of humerus, one accelerometer on the lower back (L3) and one inclinometer on the upper
back at C7-T1.

Data Processing

Recorded data were synchronized with the video to have the corresponded image for a signal at a given time.

Data processing was carried out in Scilab (Enterprises 2012) to calculate:
» The right/left arm and back posture from acceleration signal
» The angle between head and upper back, i.e. flexion/extension of the neck

» The angle flexion/extension of the wrist from zero position (corresponding to the wrist posture in

alignment with the forearm)

Measurement of angles based on a tri-axial accelerometer was performed according to the literature (Hansson,
Asterland, et al. 2001). The accelerometer measures the magnitude (p), inclination (¢) and direction (8) of the
body segment acceleration. The position of the sensor is described by the spherical coordinates (p, ¢, 8).
However, each sensor comprises three uni-axial accelerometers that were mounted orthogonally according to x,
y and z axes. The initial signals have to be converted from orthonormal vector of the sensor into spherical

coordinate system, via the change of basis of the vectors:
x=p sin(B) cos(Q); y= p sin(8) cos(®); z= p cos(B)
p>=0;0°<0 <180; -180° < ¢ < 180°
During static conditions, p corresponds to gravitation (p = g ® 9.81ms-2), ¢ represents the extent of inclination
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relative to vertical and 6 provides the direction of inclination. According to the literature, it is assumed that the
conditions are quasistatic, or at least that the dynamic acceleration component do not influence the calculation
of inclination (@) (Hansson, Asterland, et al. 2001). To convert Cartesian coordinates into spherical, the

following equation was used:

@ = tan‘l( / )
Vx2 + 72

A low-pass Butterworth filter of 4th order with cutoff frequency of 5 Hz (Hansson et al. 2001, Bernmark, and

Wiktorin 2002) was used to distinguish periods of activity/rest of a body segment (Figure 2).

Diszrete IR fiker, Butbersmomh ks pass, ot-off 5 He

Figure 2: A low-pass Butterworth filter used to distinguish periods of activity/rest of a body segment

The reference position (the human body upright looking at a point at eye level, feet close together, arms beside
the body and palms facing inward) of each operator was recorded at the beginning and the end of data

recording for each workstation, while the operator maintained his own reference position for about 5 seconds.

To have the similar category scales for comparison, the angle category scale of the SES method (Zare et al.
2015) were used to classify the direct measurements as green, yellow and red (Table 1). The percentage of
time that the angles of body segments fell in the risk zone was calculated for each operator and workstation.
The unit of comparison between the SES method and the direct measurement method was the workstation and
between the questionnaire and the direct measurement was the operator. The results of risk evaluation by the
direct measurement method for the right and left arms and wrists were combined to have a single
measurement for comparison. If, for example, the measurement for any of the left and right arms and wrists
was “red”, the final risk was “red”. If the measurement for any right/left limb was “yellow” the final risk was

“yellow”, otherwise, it was "green".
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Data Analysis

The results of posture evaluation by each method were classified into two categories, i.e. exposed and under-
exposed. In other words, the green rating by each method was considered as under-exposed and the
yellow/red ratings were considered exposed. McNemar's test was then applied to determine "marginal

homogeneity" on paired nominal data.

The agreement was calculated between the direct measurement method and the other two methods by Kappa
factor. The Kappa factor interpretation is presented in Table 2 (Viera and Garrett, 2005). SPSS 19.0 statistical
software was used for data analysis. The comparison between the SES method and the self-reported
questionnaire is under investigation in another study because the numbers of comparable risk factors evaluated

by the SES method and questionnaire are 11 criteria; much more than the direct measurement method.

Table 2. Interpretation of the Kappa factor

Kappa Agreement
<0 Poor agreement
0.01-0.20 Slight agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-0.99 Almost perfect agreement

Results

Comparison between methods in the initial cycle time

Table 3 shows the differences between the methods compared in the posture assessment of the arms, back,
neck and wrists for the initial cycle time. The McNemar test showed that the results of the questionnaire were
significantly different from the direct measurement method for the arms and wrists but they were statistically
similar for the back and neck. The results of the SES and direct measurement method were not statistically
different for various body parts, and the percentages of exposure to yellow/red rating identified by these two

methods were more than 80% (Table 3).

The Kappa factor for arm assessment was calculated as 0.1 for the SES and direct measurement method and
the observed proportional agreement (P,) was 0.45. The Kappa factor between the SES and direct
measurement method was poor for the back (-0.32), neck (0.05) and wrists (0) although P, for these body
segments were higher: 0.45, 0.27 and 0.82, respectively (Table 4). The Kappa factor and P, was poor and
showed disagreement between the risk assessment by the self-reported questionnaire and the direct

measurement method (Table 5).
Comparison between methods in the second cycle time

A significant difference was found between the questionnaire and direct measurement method for assessment

of the arms and wrists. Neck posture assessment by both methods showed similar results and 90% exposure to
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risk factors was identified by both methods (Table 3). Although back exposure assessment by the questionnaire
and the direct measurement method was not statistically different (p=0.06), the percentage of exposure to
yellow/red rating identified by both methods was 64%. Comparison did not show a significant difference in arm,
neck and back assessments between the SES and the direct measurement method. However, the results of

wrist assessment were different (p=0.007).

Table 3. Comparison between observational method (SES), questionnaire and direct measurement method by

McNemar statistical test for body segments in both cycle times

Direct Direct Observational

. . a _ C - C
measuremente  Questionnaire p-value” o asurement® method (ses)> P value
n o %d n % N % N %
Arm 9 100 3 33 0.01 11 100 9 81 0.25
Initial cycle Back 8 100 5 63 0.125 11 100 11 100 0.5
time®

Neck 9 100 8 89 0.5 11 100 10 91 0.5

Wrist 9 100 4 44 0.03 11 100 10 91 0.5

Arm 11 100 3 27 0.003 20 100 18 90 0.25

Second Back 11 100 7 64 0.06 20 100 17 85 0.125

H e

cycletime™ ook 10 100 9 90 0.5 20 100 18 90  0.25

Wrist 12 100 7 58 0.03 20 100 13 65 0.007

2Sample sizes (n) 9 and 13 in the initial and the second cycle times, respectively

® Number of measurements (workstations) 11 and 20 in the initial and the second cycle times, respectively

¢ Computed by McNemar test for two groups of exposed and under-exposed individual/workstation identified by
each method; p-value<0.05 represents significant

¢ percentage of exposure either yellow or red

¢ Initial cycle time was 11 minutes and second cycle time was 8 minutes

Agreement between the SES and the direct measurement method was 0.41 and 0.4 for the arms and back,
respectively (Table 4). P, was 70% and 65% for these body segments, and most matched cases were related to
exposure to high risk factors (red). P, was 65% for the neck and wrists by the SES method and direct
measurement method. However, the Kappa factor was zero (Table 4). The rate of agreement for the arms, neck
and wrists was poor for the questionnaire and the direct measurement method, as the Kappa factor was zero
(Table 5). The Kappa factor and P, were 0.15 and 0.55, respectively for the back measurement from both

methods.
Discussion

The risk factors for MSDs that were assessed by two methods, i.e. an observational method (SES tool) and the
self-reported questionnaire, were investigated in comparison with the direct measurement method. A common

procedure in manufacturing industries is for ergonomist/expert to evaluate using observational tools. Most
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ergonomic interventions and solutions that are implemented by decision makers in manufacturing industries are
based on observational method analysis. However, we hypothesised that this risk factor assessment was
different from the operators’ perception of ergonomic problems, and its agreement with real measurements was
a matter of debate in the literature. The results of the current study revealed moderate agreement between the
SES method and the direct measurement method and poor agreement between the self-reported questionnaire
and direct measurement method. The Kappa factor was poor for different body segments for both methods
compared to direct measurement, but the observed proportional agreement (P,) was high, particularly for the

SES method. Similar results were observed in the measurements over both cycle times.

Table 4. Comparison of direct measurement method and observational method (SES) for body segments, with

Kappa factor calculation in both cycle times

Initial cycle time ® Second cycle time ®
Direct measurement Direct measurement
method method
gZiﬁ;\éaEggg; Green Yellow Red Total Green Yellow Red Total
Arm Green 0 1 1 2 0 1 1 2
assessment Yellow 0 2 3 5 0 4 1 5
Red 0 1 3 4 0 3 10 13
Total 0 4 7 11 0 8 12 20
P, " 0.45 Kappa 0.1 P, 0.7 Kappa 0.41
P € 0.39 Pe 0.49
Green 0 0 0 0 0 3 0 3
ook Yellow 0 5 49 0 5 1 6
Red 0 2 0 2 0 3 8 11
Total 0 7 4 11 0 11 9 20
P, 0.45 Kappa -0.32 P, 0.65 Kappa 0.40
Pe 0.59 Pe 0.41
Green 0 0 0 0 2 2
asseN:SCn'ient Yellow 0 1 0 0 5
Red 0 0 0 0 13 13
Total 0 1 10 11 0 0 20 20
P, 0.27 Kappa 0.05 P, 0.65 Kappa 0
Pe 0.23 Pe 0.65
Green Red Total Green Red Total
Wrist Green 0 2 2 0 7 7
assessment Red 0 9 9 0 13 13
Total 0 11 11 0 20 20
P, 0.82 Kappa 0 P, 0.65 Kappa 0
Pe 0.82 Pe 0.65

® Initial cycle time was 11 minutes and second cycle time was 8 minutes
b Observed proportional agreement
© Probability of agreement chance
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A poor Kappa factor was found between methods in this study, although the observed proportional agreement

was moderate to high. The Kappa statistic has been used in other studies for investigating the agreement

between methods, providing moderate agreement, while other methods such as the interclass correlation

coefficient (used for continuous data) and percentage of agreement gave better results, depending on the body

segments assessed (Bao et al. 2009). Furthermore, a high observed proportional agreement may receive a poor

Kappa factor because it is influenced by other factors such as limited variability in the distribution of exposure in

the categories (Hansson, Balogh, et al. 2001).

Table 5. Comparison of self-reported questionnaire and direct measurement method for body segments, with

Kappa factor calculation in both cycle times

Direct measurement method

Initial cycle time ?

Second cycle time ®

Direct measurement method

Self-reported

. . Green  Yellow Red Total Green Yellow Red  Total
questionnaire
Arm Never/Rarely 0 1 5 6 0 4 4 8
assessment Often 0 1 2 3 0 1 2 3
Always 0 0 0 0 0 0 0 0
Total 0 2 7 9 0 5 6 11
P, ° 0.11 Kappa 0.04 P, 0.09 Kappa -0.04
P 0.07 Pe 0.12
Never/Rarely 0 2 1 3 0 2 2 4
Back
Often 0 3 2 5 0 6 1 7
assessment
Always 0 0 0 0 0 0 0 0
Total 0 5 3 8 0 8 3 11
P, 0.38 Kappa -0.02 P, 0.55 Kappa 0.15
Pe 0.39 Pe 0.46
Never/Rarely 0 0 1 1 0 0 1
Neck Often 0 0 7 7 0 0 8 8
assessment
Always 0 0 1 1 0 0 1
Total 0 0 9 9 0 0 10 10
P, 0.11 Kappa 0 P, 0.1 Kappa 0
Pe 0.11 Pe 0.1
Green Red Total Green Red Total
Wrist Never/Rarely 0 5 5 0 5 5
assessment  Often/always 0 4 4 0 7 7
0 9 9 0 12 12
P, 0. 44 Kappa 0 Po 0. 58 Kappa 0
Pe 0.44 Pe 0.58

® Initial cycle time was 11 minutes and second cycle time was 8 minutes

b Observed proportional agreement
¢ Probability of agreement chance
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A small number of participants and narrow distribution of exposure in different categories has provided a falsely
poor Kappa factor despite the percentage of agreement being high (Stock et al. 2005). Both the Kappa factor
and the percentage of agreement were therefore used in the current study to interpret the results. The
categorization of exposure to risk factors also had effects on the results of the comparison between the tools.
The difference between the results of both the SES and questionnaire method with the direct measurement
method was less when a two-category system (exposed and under-exposed) was used, and the McNemar
statistical test than a three category system (Green, Yellow and Red), making comparison for severity of
exposure. Moreover, the percentage of agreement for both methods was better for wrists where there was a
two-category system (Green or Red) for exposure to risk factors. This is consistent with other studies;

particularly epidemiological studies that often use two parts exposure parameters (Bao et al. 2009).

The SES method had a six-category scale for evaluating neck and back postures (three categories in flexion,
three in extension or torsion), a three-category scale for the upper limb (arm and forearm) postures and a two-
category scale for wrist postures (neutral/non-neutral).. The boundaries of these categorical systems are similar
to the boundaries have already used in previous studies and proposed by I1SO 11226: 2000 (ISO 2000, Lowe et
al. 2014, Lowe 2004a, Lowe 2004b, Juul-Kristensen, Fallentin, and Ekdahl 1997, Takala et al. 2010). There is
lack of standardization on the category limits for body postures and movement intervals set by different
exposure measurement methods. Misclassification of exposure is a limitation of observational assessment
methods. The misclassification occurs more frequently in a six-category scale, particularly for the wrist and
forearm but two or three category scale has lower precision (Lowe 2004b). The observed proportional
agreement for the wrist which has a binominal scale for the assessment was higher between all the methods

compared in this study than for the neck, back and arms.

The questionnaire did not have a category limit for assessment of postures and this might be a source of bias in
the measurements. However, operators’ perceptions in reporting angles of body postures accurately might be
systematically biased as the human capacity to remember and estimate body posture angles when performing
work tasks is limited (Stock et al. 2005, Spielholz et al. 2001).

The proportional agreement for arm postures by the SES method in the initial and second cycle times was high,
while it was less than 15% for the questionnaire in both cycle times. Better agreement was observed between
the SES and direct measurement method, but there was disagreement between the questionnaire and the other
methods for arm posture assessment. Previous studies have reported similar results (Stock et al. 2005,
Hansson, Balogh, et al. 2001). Lowe (2004) reported similar Kappa factor with this study for agreement
between ergonomist evaluation (in a three and six category scale) and direct measurement of shoulder posture
(Lowe 2004a). Trask et al in the study among airport baggage handlers reported a good precision of
observation evaluation for large body parts such as upper arms and trunk rather than the smaller body

segments (Trask et al. 2014).

Agreement between both methods and direct measurement for back posture evaluation was higher in the
second cycle time compared to the initial cycle time. The results of the SES method for back posture
assessment were more in agreement with the direct measurement method than with the self-reported

questionnaire. Other studies reported moderate to poor agreement between questionnaire and other methods,
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i.e. consistent with our results. Stock et al reported a poor correlation between the questionnaire that focused
on duration/frequency of back flexion and the results of other methods (Stock et al. 2005). In our study, the
self-reported tool also questioned operators how often they expose to awkward postures, which might be one

reason for poor agreement between the questionnaire and the other methods.

Operators’ estimation of neck postures disagreed with the direct measurement method for both cycle times.
Other studies have reported disagreement between questionnaires and other reference methods for neck
assessment (Hansson, Balogh, et al. 2001). However, depending on the questions asked, some studies showed
moderate agreement for neck assessment by questionnaire compared to other reference methods (Stock et al.
2005). Better agreement was observed by the SES method for neck postures. However, the results of the two
cycle times for the SES method were different, as the P, between the SES method and direct measurement for
the initial cycle time was 27% compared to 65% for the second cycle time. This can be explained by the low
repeatability of the observational methods (Takala et al. 2010). Furthermore, day-to-day variations in the work
tasks due to changes in production and inter- or intra-individual diversity of work postures might influence the

results of the SES method. Nevertheless, this situation was the same for both cycle times.

Concordance for wrist exposure was better for both questionnaire and SES methods compared to direct
measurement. Although the Kappa factor was zero for the questionnaire, the P, was about 50% in both cycle
times. These results are consistent with those reported by Hansson et al, as the percentage of agreement
between questionnaire and direct measurement was about 50% for wrist risk factors, but a low Kappa factor
was reported (Hansson, Balogh, et al. 2001). In their review study, Stock et al reported one study that had
tested hand/wrist posture questions compared to a reference method and showed fair agreement (Stock et al.
2005). The P, of the SES method for the initial and second cycle times was 82% and 65%, respectively, and the
kappa factor was zero. Spielholz et al reported moderate disagreement between video analysis and direct
measurement. However, they did not report the Kappa factor or percentages of agreement (Spielholz et al.
2001). In general, it was difficult for an observer to assess the flexion/extension of the wrist when operators
were assembling trucks. Fast movement and the flexion/extension that was near the border line of the category
limits set for the SES method were the main reasons for difficulties in the estimation of wrist posture. Other
studies have reported the difficulty of accurate estimation of small body segments with fast movements such as
the wrist and neck (Lowe 2004a, Leskinen et al. 1997)

To reduce measurement errors using the SES method, an ergonomist (observer) analysed the workstations in
both cycle times. He was involved in this sector of the factory for three years. Video recordings were made to
obtain a more precise posture evaluation of all workstations. The majority of tasks at each workstation were
observed several times. In some cases, two ergonomists discussed and decided the assessment scores.
However, the degree to which stable and consistent results can be provided by observational methods is the
matter of debate in the ergonomics literature. Denis et al (2000) reported good reliability in a critical review of
observational methods as presented by Kilbom (1994) in a review of 19 grids and Takala et al (2010) in a
systematic review of observational methods (Takala et al. 2010, Denis, Lortie, and Rossignol 2000, Kilbom
1994). Nonetheless, the quality of measurement is highly dependent on the skills and training of the observers

and the limitations of the workplace such as constraints in the time and observation of a job. In the current
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study, random errors such as restrictions in the observation of micro-postures and estimation error of the
observer regarding the angle of body parts and systematic errors due to inter/intra operator diversity of work
postures might have influenced the repeatability of the SES method (findings of the initial cycle time compared
to the second cycle time). The questionnaire results might have been influenced by measurement errors such
as question formulation, respondents’ mood (pain, fatigue and mental issues) and work task variability.
Previous studies also reported these sources of errors by questionnaire measurement (Stock et al. 2005).
Operators’ capacities in recalling micro postures of the neck/wrist which had occurred in a short period of the
time were limited. Formulation of the questions (operators’ comprehension) and the response scale that define
the duration of exposure might be other sources of measurement errors. Pictograms were used to represent
degrees of flexion/extension of each body segment in the questionnaire (Table 1) while the categorical limits
were used for observational and direct measurement methods. It could be criticized that we did not compare
identical variables. Nevertheless, providing categorical limits in the questionnaire might be a source of error, as
operators might estimate the degree of flexion/extension on a numerical scale incorrectly (Stock et al. 2005,
Barriera-Viruet et al. 2006). However, the pictogram took into account workers’ mental representations of the

workload and provided meaningful measures.

The time interval to measure risk factors by each method was a source of bias in previous studies of method
comparison. The SES assessment was performed by viewing work in person but its results were revised and
modified by using videos recorded throughout direct measurement. It can be claimed that there was no time
interval between evaluation by the SES method and direct measurement in both cycle times. It might be
criticized that viewing work on video is a potential limitations of these results. However, the measurements,
video recordings and analyses of both methods (the SES and direct measurement) were performed by unique
evaluator as the workstations were viewed in person several times. The participants answered the questionnaire
less than two months before direct measurement in the initial cycle time and variations in the work situation
were few over this time interval. However, the measurements were repeated in the second cycle time and the
direct measurement was performed immediately after data collection by the questionnaire. Measurement by

three methods at the same time was impossible because of assembly line limitations.

The SES method and the self-reported questionnaire underestimated the exposure of body segments to
awkward postures compared to direct measurements, particularly for exposure to moderate risk factors. Other
studies have reported different results according to the study population. Trask et al found underestimation of
the observational method among baggage handlers, while the observational method overestimated the angles
of arm postures in a study of hairdressers (Trask et al. 2014). Spielholz et al reported overestimation of
extreme wrist postures by questionnaire compared to observation and direct measurement for counting, loading
and sawing jobs (Spielholz et al. 2001). The main reason for underestimation by the questionnaire and
observational methods in the current study might have been related to measurements of small movements by
the inclinometer and goniometers over one cycle time and accumulating them as the exposure to
moderate/high risk factors. However, we did not compare the results of observation and questionnaire with the

extreme angles (90th percentile) being measured by the direct measurement method.

The direct measurement methods had some limitations, particularly during measurement. The main limitation

ZARE Mohsen | Shared Representation Of Ergonomic Risk Factors OS0! 160



of using these methods is the difficulty to have a large sample size, particularly in a real field measurement.
Moreover, task variations and measurement device error such as measurement in a short period of a work task,
reference position and sensor movement on the skin are the other limitations of using direct measurement
methods. The usability of the direct measurement method as a gold standard and reference method is therefore
a matter of debate in much ergonomic literature (Stock et al. 2005, Takala et al. 2010, Hansson, Balogh, et al.
2001).

It can be concluded that the operators’ perceptions of work postures disagreed with the direct measurement
method. Better agreement was observed between the SES method (ergonomist assessment) and the direct
measurement method. However, the observational method and the direct measurement method measure
exposures to risk factors over a short period of the time and considering only these measurements for whole
workday, week or month is limited, particularly for the jobs with high exposure variability such as automotive
assembly tasks (Stock et al. 2005). Valid measurements of exposure to risk factors that take into account the
perception of operators and contribution of other stakeholders are essential in manufacturing industries to
improve the coverage of evaluations and to avoid missing potential risk factors. Ergonomic researchers must
therefore carry out further studies to develop new procedures for risk representation. This procedure should
take into account not only different stakeholders’ perceptions and assessments regarding exposure to risk

factors but also individual variability and daily/seasonal variations in jobs.
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6. Prevention of WR-MSDs

6.1. Ergonomic intervention in SCANIA truck manufacturing plant

An effective ergonomic intervention can substantially prevent WR-MSDs. An ergonomic intervention was
therefore implemented in the SCANIA assembly line which included technical/engineering remedies and
organizational changes. The technical/engineering remedies were proposed and implemented by the
ergonomists and engineers. The organizational intervention was performed following the mandatory change in
the production volume (cycle time) of the factory and it was mainly re-distribution of the tasks and change the
content of workstations. We tried to involve the stakeholders in the intervention process, particularly managers
and operators in. Article 10 addresses the intervention procedure to improve work condition. The following table

shows the gaps, aims and findings that are presented in this article.

Gaps Aims Findings

The automotive industry has not
) A combination of ergonomic

usually documented or published _ _ _

o _ . _ measures including technical and
their intervention strategies and To evaluate the effectiveness of o _

) . ] ) . organisation intervention can
there are few reports in the literature  engineering ergonomic o .
o ) ] significantly reduce physical work

describing the intervention processes measures

demands.
and the associated degree of success
More studies are required to _ _ Musculoskeletal symptoms
_ . to involve the stakeholders in _ .

recognise the efficacy, advantages decreased after interventions
ergonomic organizational

and disadvantages of ergonomic although the effects of
interventions including

strategies, and particularly the interventions on ultimate WMSDs
redesigning the workplace and

overall impact on WMSDs in were ambiguous.

balancing the work tasks
automotive industries

Providing feedback for different
stakeholders can substantially
improve the success of

intervention programs.

6.1.1. Article 10: Ergonomic intervention procedure to improve work conditions in SCANIA truck
manufacturing plant

Zare M, Guibert F, Hunault G, Roquelaure Y. Ergonomic intervention procedure to improve work conditions in SCANIA truck
manufacturing plant. Under review by applied ergonomics.
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Abstract

This study was design to evaluate the effectiveness of intervention ergonomic program including the
involvement of the stakeholders, organisational and engineering changes of the workplaces in a truck assembly
plant. This is a pre-post cross-sectional study that was performed over three years. The study plant was one
sector of a truck assembly plant. Five engineering/technical ergonomic controls were implemented and
organisational interventions were considered at the time of a production rate change (cycle time) of the factory.
The organisational interventions consisted mostly of transferring and redistributing the tasks i.e. ergonomically
balancing and redesigning of the work positions. In order to encourage the involvement of the in the
stakeholders in the intervention program, the findings were presented at several meetings throughout the
study. This study showed that a combination of ergonomic measures including technical and organisation
intervention can significantly reduce physical work demands. Musculoskeletal symptoms decreased after
interventions although the difference was not significant. Providing feedback for different stakeholders can

substantially improve the success of intervention programs.

Key words: Intervention program, Stakeholders, organisational change, truck assembly plant
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Introduction

Work-related musculoskeletal disorders (WMSDs) cause many problems in industry, particularly in the
automotive manufacturing industry. The real effects of these problems are not fully understood. However,
musculoskeletal disorders represent one-third of all diagnosed work-related diseases in many countries
(Szabova et al., 2014). Furthermore, the costs of work-related illness constitute 4-5% of the Gross Domestic
Product. This includes direct costs such as compensation, administrative and medical costs and indirect costs,
such as poor quality of life, absenteeism and losses related to quality and productivity (Kazmierczak et al.,
2007). Adverse work characteristics such as physical, organizational and psychosocial risk factors have been
shown to have a dose-response relationship with the prevalence of WMSDs in many occupations, particularly
those in automotive assembly plants (Abarghouei and Nasab, 2011; David, 2005). Operators in automotive
assembly plants are exposed to various physical risk factors (repetition, forceful exertion, awkward postures,
manual materials handling, vibration) and organisational factors (short cycle times, ergonomically un-balanced
workstations and insufficient recovery time) (Otto and Scholl, 2011; Punnett and Wegman, 2004; Winkel and
Mathiassen, 1994). The literature shows that such risk factors increase musculoskeletal symptoms, and
remedial actions/proactive ergonomics are well known approaches to preventing WMSDs and increasing
productivity, quality and efficiency in the automotive industry (van der Molen et al., 2005). However, certain
factors such as mal-adapted intervention strategies, ineffective contributions of stakeholders, and poor
ergonomic evaluations can prevent the success of an intervention program. Furthermore, most intervention
programs suffer from lack of evidence of the effectiveness of ergonomic improvement. The automotive industry
has not usually documented or published their intervention strategies and there are few reports in the literature
describing the intervention processes and the associated degree of success, and particularly the overall impact
on WMSDs in automotive manufacturing plants (Westgaard and Winkel, 1997). In a literature review of
ergonomic intervention studies, Westgaard and Winkel showed that intervention programs focusing on
identifying and solving specific problems are more successful than generic interventions aimed at reducing
exposure to a particular level (Westgaard and Winkel, 1997). Other studies have suggested that a combination
of strategies including information, education, both compulsory and voluntary would reduce physical workloads
and WMSDs (Knibbe and Friele, 1999; Yassi et al., 2001). Van der Molen et al. recommended that ergonomic
engineering controls such as lifting tools, combined with a participatory approach and involvement of
stakeholders, would have the best results reducing physical work demand and WMSDs in the long term (van der
Molen et al., 2005). Although many studies have shown ergonomic measures and strategies for preventing
WMSDs, more studies are required to recognise the efficacy, advantages and disadvantages of ergonomic
strategies, particularly in the automotive industry. We therefore designed an ergonomic intervention program in
the SCANIA truck assembly plant focusing mainly on engineering and technical problems and also on the
ergonomic impact of changing the cycle time within the factory. Automotive industries routinely change their
cycle times (production rate) in response to market demands. We encouraged the stakeholders to engage in an
ergonomic intervention program and to consider ergonomic principles such as organisational ergonomics
(balancing and redesigning the workstations) when changing the cycle time (known as takt time in the factory)
to increase the production rate in the assembly plant. Furthermore, engineering and technical controls that

were proposed following the ergonomic analysis were implemented. The aim of this study was thus both to
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evaluate the effectiveness of engineering ergonomic measures and to involve the stakeholders in ergonomic
organisational interventions including redesigning the workplace and balancing the working tasks during routine

cycle time changes due to production requirements.

Materials and Methods
Study description

This intervention study was designed as pre-post cross-sectional study that was performed over three years.
The study plant was one sector of a truck assembly process which was divided to smaller groups of people to
enhance continuous improvement within working area (Liljedahl and Muftic, 2012). There were three
Improvement Groups (IGs) in the investigated sector and each group included four or five work positions, team
leader and operators. The common tasks of this sector were assembly of truck parts, wiring, hose connection,
picking up objects from a pallet, lifting and carrying parts (manually or with devices), tightening with
screwdrivers, and pushing/pulling wagons. In the first part of the study, eleven work positions of the selected
sector were analyzed ergonomically by an in-house ergonomic observational method (SCANIA Ergonomic
Standard, SES) and the NIOSH lifting equation. In total 28 assessments were undertaken (including most
frequent type of truck and other variant truck models) for the initial cycle time. Indeed, the production
assembly system has a modular concept to build the trucks. From a minimum combination of basic components
(cab, engine, axle, frame and gear box), there are a various combination of trucks according to customer
demands. There is no “standard trucks” at production plant. One type frame could, however, be combined with
different numbers of axles, engines, cab, and gearbox. Furthermore, it can be added different options such as
air suspension, air conditioning, size of the fuel tank and etc. Due to this modular system, all types of truck are
built on the same assembly line. Nevertheless, there are most frequent types of truck being produced in the
factory, based on the market demands. This most representative type of truck was mainly evaluated on the
work positions in this study although some other variant truck models were also considered for ergonomic
evaluation in certain work positions. The most frequent type of truck could differ from one position or IG to
another. Thus, the ergonomic evaluation was completed by other type of variants, which are considered as the

next most representative, and sometime, by the most “difficult” ones.

An intervention program was then designed based on the risk factors identified and the recommendations for
improvement. Five engineering/technical ergonomic remedies were implemented and organisational
interventions were considered at the time of a production rate change (cycle time) of the factory. The
organisational interventions consisted mostly of transferring and redistributing the tasks i.e. ergonomically
balancing and redesigning of the work positions. The ideas for redesigning and balancing the work positions
were communicated to the stakeholders over the course of this project and thus they were consequently
involved in ergonomically reorganizing the work positions. After implementing all changes, fourteen new work
positions were analysed with the SES method, as was used in the first part of the study. With the new cycle
time, 34 ergonomic analyses were performed for most frequent types of truck across all the positions and
sometimes other variant models of truck were also evaluated in the work positions. A different sector of the
factory was selected as control group for this study. The operators of the control sector mainly carried out

similar tasks as the study sectors: picking up parts, material handling, lifting, carrying, pushing/pulling and
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tightening. However, the truck parts that were assembled in this section were different from the sector being
investigated. The number of work positions evaluated prior to changing the cycle time was nine in the control
sector and 11 after the cycle time change. The other situations in the factory such as management, work

conditions and psychosocial factors were relatively similar in both sectors.
Data collection

Video recording was performed for all workstations assessed, and the majority of tasks at each work position
were observed several times before and after interventions. The SES method was used to analyse work
positions. This tool includes 20 factors classified in four categories, including repetition, work posture, lifting
and energy consumption. For prioritization of each assessment, the results are sorted into four levels. The
Green level which shows minimal risk of musculoskeletal disorders and are acceptable. Yellow denotes a level
with moderate risk of musculoskeletal disorders; tasks and work position assigned yellow might need some
improvement in the future. Red is an action level with considerable risks of musculoskeletal disorders, and
changes are required as soon as possible. Finally, double red shows the potential for excessive risks. Tasks
assessed as double red should be stopped immediately and a solution found to eliminate or reduce the risk. The
number of yellows, reds and double reds then determine the color of a work position classified in one of three
categories i.e. green, yellow and red. We also used the NIOSH lifting equation to evaluate manual lifting. In this
study, the NIOSH lifting index < 1 indicates a green or safe level, a lifting index between 1-1.6 a yellow, and a
lifting index > 1.6 for a red. Ergonomic analysis after intervention was performed at each step for which

remedial actions were implemented in the work positions.

Musculoskeletal symptoms in the neck, shoulders, elbows/forearms, hands/wrists, back and lower limbs were
evaluated for the operators who worked in the work positions in both situations by a modified version of the
Nordic Musculoskeletal Questionnaire (Kuorinka et al., 1987). The prevalence of musculoskeletal symptoms was
defined as pain, numbness or stiffness of different parts of the musculoskeletal system. We asked the operators
to determine their pain or discomfort in each region of the body on a 0-10 scale at the time of filling out the
questionnaire. Pain intensity > 5 at the time of filling out the questionnaire was considered to be a
musculoskeletal symptom. Musculoskeletal symptoms in the second phase of the study were assessed seven
months after changing the cycle time. The operators in the first and second phase were the same but extra
people were employed at the new work positions. The initial cycle time, therefore, involved 17 workers and the
new one involved 24. Fifteen and 21 operators from the first and second cycle times filled out the questionnaire,

respectively, and twelve were the same at both cycle times.

Involvement of Stakeholders

Throughout the study, the findings were presented at several meetings of the stakeholders, i.e. a factory
management steering group, engineers, technicians and operators, in order to encourage their involvement in
the intervention program. Although the factory had a Safety and Health standard and ergonomics was part of
this strategic plan, this study was an opportunity to spread out ergonomic knowledge, find solutions and
accelerate their implementation and increase stakeholders commitment in the intervention program. Therefore

the aims of the meetings and presentations were first to make the stakeholders aware of ergonomic workload
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problems and the measures associated with prevention of musculoskeletal disorders. Second, these gatherings
aimed to encourage them to agree to continue the ergonomic program and contribute to/implement the
required changes. Feedback was provided to the management committee and operators every six months. In
total, five meetings were held with the management committee and the progress of the study was presented.
The main subjects discussed at these meetings were the results of the ergonomic evaluation by the SES
method, possible interventions, the effects of poor ergonomics on the quality of products and the idea of
balancing workload and high risk tasks in different work positions. Three similar meetings were held specifically
for the operators who were included in the study. The main subjects of these operator meetings were to make
the operators aware of the risk factors and to encourage them to participate in the study. Furthermore, two
presentations of the ergonomic evaluation results were provided for the engineers and the workers’ union. All
these meetings and communications had a significant effect on the development and efficacy of the ergonomic
intervention programs. Most of the authors’ ideas regarding ergonomic changes were transferred to the
stakeholders during these meetings and presentations.

Statistical Analysis

Due to the small sample sizes (n=28 for the first cycle time, n=34 for the second cycle time), the non-
parametric Kruskal-Wallis rank sum test was used for interval variables. The variable associated with the NIOSH
score was considered as semi-quantitative and was analyzed using medians. A p-value less than 0.05 (two-tail)

was considered significant. All computations and graphics were performed with the R (Team R Core, 2014).
Intervention Program

First part: Engineering/technical intervention

Lifting tool unlocking system

We evaluated the overall color of the "Bumper Assembly on truck” work positions as red which was one of the
highest ergonomic physical workload positions. The unlocking lifting tool task was assessed as double red and
was the highest risk task at this position. The operators had to unlock the lifting tool for bumper handling
toward the truck chassis with their fingers using hand gripping. This task required approximately 200N
(measured by mechanical dynamometer) finger grip or fingertip grip force and was evaluated double red

according to our method criteria. The thumb and index finger were involved in this task (Figure 1a).

Figure 1a) Initial unlocking system for bumper lifting tool required extra force (200 N) from thumb and index
finger, b) new unlocking system for bumper lifting tool eliminated thumb and index finger involvement by using

the palm/several fingers
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Furthermore, there were other high risk tasks at this work position such as positioning and tightening the
bumper tasks (red) and the bumper movement/preparation tasks (yellow). After an in-depth ergonomic
evaluation, a meeting was organized to present the findings to the management committee and engineers. It
was decided to change the design of the unlocking system and to develop a new handle to reduce the unlocking
force required. A new unlocking system was proposed which used a cord to unlock the lifting tool. With the new
cord handle, the finger-grip was replaced by involving all fingers and the palm (Figure 1b). The work position
was then reevaluated, which determined the criterion for finger force was green due to the elimination of the
thumb and index finger unlocking gesture and the overall color of this position was evaluated as yellow
(moderate risk down from red or high risk). However, the new unlocking system imposed another ergonomic
red risk factor. The surface area that the palm/several fingers had contacted on the new handle (cord) for the
unlocking system was less than 7 cm2 and the force was > 1 kg. Furthermore, some operators preferred using

the old system and could not accept the new one possibly because of their entrenched habits.

Figure 2a) Old tightening tool for bumper screw required kneeling and awkward neck and back postures; b)
new system designed with camera near the jib (the flash in the above picture shows the location of camera) of
the lifting tool and monitor at the eyes level of the operator; c) modified tightening tool eliminated kneeling and

awkward postures

Embedded camera on the hand-held screwdriver machine to facilitate hidden operation

After performing the first intervention (new unlocking system) at the “Bumper Assembly on truck” work
position, we evaluated many kneeling, squatting and awkward postures at this position (approximately 11
min/2hours awkward postures). The majority of awkward postures were related to the hidden operation of
tightening several screws below the bumper (hidden access) which required kneeling with awkward neck and
back postures (Figure 2). After performing a comprehensive ergonomic analysis and calculating the exposure
time in awkward postures, the findings were presented to the section manager and engineers during an internal
meeting. They decided to embed a camera near the nose of the hand-held screwdriver machine and to place a
monitor beside the jig. Operators could then look at the camera in a standing position, identify the location of
the hidden screws below the bumper and tighten them without needing to kneel or bend their neck or back to

see the screws. The newly designed tool was tested at the work station and replaced the old one. Ergonomic
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analysis was performed after the intervention and the results showed that exposure time to kneeling and
awkward neck and back postures was reduced to approximately six minutes. The new intervention could not,
however, eliminate all the kneeling and awkward neck and back postures because the tightening of two screws
required another electric tightening tool that could not have a camera. Furthermore, the other tasks such as

positioning the bumper on the chassis required awkward postures of the back and neck.

Figure 3: Lifting and carrying air filter (12-16 kg) caused low back pain and awkward posture

Gripping tool for handling air filter

The “Air Filter & Cab tilt Cylinder Mounting” position was evaluated as yellow overall. Thirty-three percent of the
ergonomic criteria were red and 38% were yellow. Lifting and carrying the cab tilt cylinder and air filter were
identified as high risk tasks at this work position. The completed air filter weighed between 12-16 kg depending
on the type of truck. Lifting the air filter from trolley was therefore assessed as red by the NIOSH equation
(LI=1.9). In some cases, LI varied according to the horizontal distance to the trolley and the weight of the air
filter. The operators had to lift the air filter from a trolley with an awkward back posture and work outside the
maximum reach volume. When mounting the air filter on the truck they were forced to hold the air filter with
one hand while inserting the screws (Figure 3).
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Figure 4: new gripping tool for lifting air filter eliminated risk of low back pain due to lifting heavy object

The combination of these tasks involved high risk factors for the back and hand/wrist. The findings were
therefore presented to the sector stakeholders. The team decided to use a gripping tool for lifting and handling
air filters. They then set up a project which included selecting the best gripping tool and changing the design of

the workplace and trolley. The gripping tool that was chosen for this task is illustrated in Figure 4. This was a
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vertical gripping tool for lifting a load at its center of gravity. Its capacity was 20 kg (Figure 4a). The team also
designed a new trolley which was adapted to the new gripping tool (Figure 4b). We re-evaluated the work
position and the lifting load with two hands criterion was assessed to be yellow by the NIOSH equation after the
ergonomic intervention. Although lifting and mounting the air filter on the chassis was eliminated, lifting the air
filter from the preparation trolley to the new designed trolley of the position was still manual. Furthermore,
manual lifting of cab tilt cylinder was evaluated yellow at this position. The ergonomic intervention therefore
reduced the frequency and severity of lifting risk factor at this position but it could not eliminate the risk of
manual material handling. In general, technical and mechanical exposure interventions often involve only one
exposure dimension (lifting air filter in this case) while the other exposure dimensions cannot be improved
(Westgaard and Winkel, 1997). Nevertheless, single technical interventions are effective aspects of ergonomic
improvements which can provide positive ongoing results although the ergonomic evaluation method might not

have sufficient sensitivity to show a significant difference before and after intervention.

Lifting tool for handling rear and front mudguards

The main risk factors at the “"Boarding Steps & Mudguards” work position were manual lifting of rear and front
mudguards (15.2 kg and 12.1kg, respectively) in both left and right side positions (Figure 5). To perform this
task, the operator had to lift the mudguards on the wagon situated beside the production line at floor heights
ranging from 84 to 122 cm and then transferred them manually for assembly on the chassis at a height of 70 to
114 cm. The lifting index (LI) calculated by the NIOSH equation for this task was red for the left side and yellow
for the right side. The LI for the left side rear and front mudguards was 1.7 and 1.3, respectively, and for the
right side it was 1.2 for and 0.9, respectively. The reason for this difference was that LI can vary according to
the horizontal distance from the body in the origin or destination for loads. This task had significant risk factors

in terms the weights and the frequency of handling (12 times/hour for each side).

Figure 5a: Lifting and carrying of rear mudguards (15kg) manually, major risk factor for low back pain; b) new

lifting tool used for lifting and carrying mudguards

After presenting these results to the sector manager and engineers, they decided to implement a new lifting
tool which eliminated the lifting and carrying task of mudguards (Figure 5). The new lifting tool was tested and
safety engineers and technicians confirmed its operation. Ergonomic analysis of this position was performed
after intervention and the lifting with two hands criterion was evaluated as green. Although using the lifting tool
eliminated the lifting and carrying task at this position, some operators still preferred to carry out this task

manually.
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Eliminating repeated actions

Repetition was a commonly identified risk factor at most work positions in the assembly plant. The most
frequent repeated actions were inserting screws and bolts, tightening with a torque wrench and turning the
handles of the trolley. Two tasks with repeated actions were identified at the “Preparation of Selective Catalyst
Reduction (SCR) Tank” position i.e. manually tightening the screws to assemble the SCR tank and manual
turning of the handle to change the direction of the SCR assembly wagon (Figure 6a). These tasks were
evaluated as red by the SES method because the repeated actions occurred approximately >400 times per
hour. The working team therefore decided to change the design of the wagon to eliminate the manual handle

turning task. An electric screwdriver replaced the manual handle of the wagon and the wagon direction could be

changed just by pushing the screwdriver button (Figure 6b).
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Figure 6a: Manually turning the SCR wagon handle (intensive repeated action) b) A screwdriver replaced the

manual turning handle which eliminated repeated actions

Manual turning of the wagon handle was thus eliminated and the task was accelerated. Manual tightening of
screws, however, remained at this position as repetition risk factors. Although the new intervention design of
the wagon significantly reduced the number of repeated actions, this work position was still assessed as red for

repetition criteria because of the number of repeated actions for the manual screw tightening task.

Second part of the intervention program: Organizational changes (new cycle time)

and workplace redesign

During this intervention period, the factory decided to change the cycle time from 11 minutes to 8 minutes for
production reasons (to increase production rates). The cycle time is defined as a cycle time for performing
assigned tasks in addition to recovery time (Figure 7).

The organization of the work positions was changed with the new cycle time, and some tasks were transferred
to other positions and some new work positions were designed. New operators were also recruited for the new
positions. However, the main operation of this sector remained unchanged. Ten work positions were defined in
the sector investigated in the initial organisation and fourteen work positions in the new organisation (Table 1).
In the “preparation of the SCR tank” position, the layout of the workplace was changed, many unnecessary

movements which related to picking up components were eliminated and the position was transferred nearer to
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the production line. A new portable wagon for the SCR tank assembly was designed. Because of changes in the

production of the Euro 5 SCR tank, a new generation of SCR tank (Euro 6 SCR) was assembled at this position.
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Figure 7: Graphical explanation of the difference between cycle time (time for perform a tasks + recovery time
gives answer to customer needs and the production volume of company), cycle time (time to perform a tasks or

series of tasks for operators) and overload (where cycle time is greater than cycle time) in the assembly line

The tasks related to the preparation of the Euro 5 SCR Tank had the few changes in the new system. The SES
method evaluated the overall color for preparation of the Euro 5 SCR as yellow in both the initial and the new
systems. However, repetition was green in the initial system whereas it was assessed as yellow in the new
system (repeated actions over 30% of the cycle time). Due to the reduction in the cycle time, the number of
repeated actions increased in each cycle. The seven criteria of the ergonomic method were evaluated as yellow
in the initial cycle time whereas nine yellow risk factors were identified in the new cycle time. On the other
hand, three ergonomic criteria (hand clearance, wrist posture and arm/hand force) at the initial cycle time and
one criterion (wrist posture) in the new cycle time were evaluated as red (Table 1). Although the number of
criteria rated as red was reduced in the new system, the differences at this position for the Euro 5 SCR tank
were not significant between the initial and new systems. The minor variations in the results might be related to
the precision (repeatability) of the observational method used. Most tasks for the new SCR tank generation
were similar to the Euro 5 SCR tank but connecting hoses that needed excessive hand force had to be
implemented at this position, whereas this task was assigned to the "mounting SCR Tank on chassis” position in
the initial system. This task was assessed as double red (high risk) for the hand and arm force criterion by the
SES method. More screws had to be inserted and tightened manually, so repetition was evaluated as red. As a
result, the ergonomic workload increased for the Euro 6 SCR tank (most frequent truck model) at this position
(final color red) although good layout and organisation modification were established. Two cycle times were
required (16 minutes) to perform all the tasks at this position, so another operator was recruited for this

position.
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Table 1: Risk evaluation with observational method in the initial and new cycle time

Ergonomic evaluation changes in work positions

Wor_k _p_05|t|ons in the Work positions in the new system (Changes) Initial New Number of Number of red
initial system overall | overall yellow
color | color [ Initial [ New | Initial [ New
Preparation and assembly of SCR tank
_ Euro 5 SCR Layout changes, without changes in tasks, vellow | Yellow 7 9 3 1
Preparation tank another operator was added
of SCR Euro 6 SCR | New SCR tank generation, the similar tasks
Tank as the initial generation but hose connection - Red - 7 - 4
tank L o
performed in this position
Euro 5 SCR Lifting of reservoir tank, connecting two
hoses, tightening hose clamp, and finishing Red Green 8 7 6 3
Assembly tank . o
SCR cable performed in another position
of SCR —
tank on New SCR tank generation: similar tasks as
chassis Euro 6 SCR Euro 5 SCR tank but lifting the reservoir Green i 7 ) 4
tank performed with the lifting tool and connecting
hoses transferred to Preparation SCR position
Bumper Zone
o Picking up bumper and sun visor tasks were
Picking up bumper, sun :
. transferred to another section pump, washer
visor, pump, washer tank . -
. tank and fog lamp preparation were merged
and fog lamp preparation . i o
in the following work positions
Bumper preparation position 1 (pump
. preparation was ad_d_ed, bumpe_:r cable rooting Yellow | Green 12 6 3 )
Bumper Preparation transferred to position 2, putting bumper on
position 1 the wagon was eliminated)
Bumper preparation position 2 (bumper cable
. . - Green - 4 - 1
rooting, washer tank preparation)
Bumper preparation pOS|t|on 3 (Fog lamp Green | Green 7 4 4 4
: assembly, front right assembly)
Bumper Preparation . = e
osition 2 Bumper preparation position 4 (filling washer
P tank, light cable routing, tightening light box, - Yellow - 9 - 4
fog lamp cable routing)
Bumper assembly and tightening position 5
Assembly of Bu.mper on (filling washer tank, tightening light box, Red Yellow 8 6 5 8
chassis station 2 . .
front light cable rooting transferred)
Filter Preparation and Assembly
Air filter, air pipe, heat cover preparation Yellow | Green 5 7 8 2
A' f'I H . . . .
ir filter preparation Picking up and prepgrat|on of SCR, cab tilt ) Green ) 5 ) 7
cylinder
Assembly of Air filter, air pipe, cab tilt
Air filter assgmbly on cylinder, pump and hoses (heat cover vellow | Yellow 7 5 7 8
chassis assembly task transferred to another
position)
Boarding Step and Mudguard Assembly zone
Right boarding step assembly and right rear
Right Boarding steps and mudguard bracket Yellow | Yellow 8 > 8 /
Mudguards Right mudguard assembly (heat cover
- Green - 6 - 5
assembly task transferred)
. Left boarding steps assembly and rear Yellow | Green 9 8 7 5
Left boarding steps and mudguard bracket left
Mudguards Left mudguard a_ssemb_ly (fit air pipe to air ) Green i 4 i 5
inlet pipe)
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The SCR tank (Euro 5 and 6) had to be assembled on the truck chassis at the next work position (*mounting
SCR Tank on chassis”). In the new system, tasks such as manually lifting the reservoir tank (13 kg), connecting
hoses and cables, tightening hose clamps and finishing cable routing on the top of the tank were performed by
another operator for the Euro 5 SCR tank. Therefore, the final color for this position assembling the Euro 5 SCR
tank on the truck chassis was green in the new system. The risk factors were different from the initial system
because the hose connecting task which was double red (required considerable force from the hands and arms)
was performed by an additional operator at the new position who also lifted, carried and positioned the
reservoir tank. The number of red risk factors for assembling the Euro 5 SCR was therefore reduced to three
from six in the initial system (Table 1). Assembly of the Euro 6 SCR tank was similar to that of the Euro 5 and
the risk factors were almost the same, although tightening the Euro 6 SCR support with a manual torque
wrench required excessive whole body force (280 N). Manual handling of the Euro 6 SCR tank (8 kg) was
eliminated because this task was performed by a lifting tool. The final color of this position for assembling the
Euro 6 SCR was also green.

The next work position that was redesigned in the new cycle time was the preparation and picking up of the air
filter, air pipe, heat cover, SCR tank, cab tilt cylinder and straining cylinder. One operator performed these tasks
in three cycle times (33 minutes) in the initial system. The final color of the ergonomic workload was evaluated
as yellow for this position in which 8 red and 5 yellow risk factors were identified (Table 1). This work position
was divided into two positions, i.e. “picking up the SCR tank and cab tilt cylinder” and “picking up the air filter,
air pipe, and heat cover preparation”, in the new cycle time. Furthermore, the physically difficult cylinder task
was transferred to another position (assembling air filters in the line) but some extra tasks were defined for
“picking up the SCR tank and cab tilt cylinder” position because of the new products. Layout modification and
reorganisation of the workplace were also performed. After all these interventions, two new work positions were
re-evaluated by the SES method and “the picking up air filter, air pipe, and heat cover preparation” work
position was green with just two red criteria (back/wrist posture and lifting/handling of air filter) but picking up
the SCR tank and cab tilt cylinder work position was red because a non-standard pallet required excessive
whole body force (311 N). The non-standard pallet was replaced by standard one which required only 120 N
pushing and pulling forces. The final ergonomic color of this position was green (Table 1).

The “air filter assembly on the chassis” work position included assembling the air filter, air pipe, cab tilt cylinder,
heat cover and connecting hoses on the chassis in the initial system. The final ergonomic color of this position
was yellow in the initial system with seven red risk factors identified. In the new system, the heat cover
assembly task was transferred to the right mudguard position and the cylinder straining task was added to this
position. The work position was reassessed and the final ergonomic color was still yellow and seven red points
were identified, meaning that the results did not differ between the two systems. Although the heat cover
assembly task was transferred to another work position, this did not have any effect on the risk factors
identified by the SES method. As explained above, a gripping tool was used at this position for lifting and
carrying the air filter which eliminated manual handling of the air filter (a high risk task). However, other high
risk tasks such as lifting the cab tilt cylinder, assembling the air pipe and air filter that were similar in both

systems resulted in only minor changes in risk factors after all the interventions (Table 1).
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The bumper system was first prepared and then mounted on the chassis in the zone near the assembly line in
the initial cycle time case. This zone included two workstations (in which there were several positions): “picking
up bumper” (carried out in 3 cycle times; 33 minutes) and “bumper preparation and mounting on chassis”. The
main tasks of these work positions were preparing the washer tank, the fog lamp, and the cab tilt pump,
picking up the bumper and sun visor, preparing the bumper, assembling the light box, and finally assembling
and tightening the bumper on the chassis. The first workstation, “picking up bumper”, included four work
positions: 1) picking up bumper, 2) preparing the sun visor, 3) underrun preparation and 4) preparing the
bumper equipment. Risk factors were evaluated as green, yellow and green at these four work positions,
respectively (Table 1). In the new organisation, sun visor preparation, underrun protection preparation and
picking up bumper work positions were transferred to other sectors of the factory and bumper equipment
preparation was combined with the "bumper preparation and mounting” workstation. The “"Bumper preparation
and mounting on chassis” workstation in the initial system included three work positions: bumper preparation
work position (1 and 2) and mounting bumper on the chassis work position at which one operator worked for
one cycle time (11 minutes). The ergonomic workloads were yellow, green and red, respectively, for these three
work positions. Due to merging the bumper equipment preparation tasks (pump, washer tank and fog lamp
preparation) into this workstation in the new organisation, five sequential work positions were then designed in
which one operator worked for each cycle time (8 minutes). The final ergonomic color for the four bumper
preparation work positions was green and it was yellow for mounting the bumper on chassis (Table 1). The
‘mounting the bumper on chassis’ position was red in the initial cycle time but it was evaluated as yellow in the
new system. As explained above, the main reason for this change was the technical modification of the lifting
tool antilock system. There were 26 red risk factors (criteria) in the initial system and one task (unlocking the
lifting tool) was double red in the bumper zone while in the new system there were 19 red risk factors and the
double red task was eliminated. It should be noted that seven red risk factors in the initial system were related
to the sun visor preparation work position which was transferred to another part of the factory. In general, the
new reorganization of the work positions, distribution of the tasks (balancing workload) between work positions
and technical modifications and improvement had significant positive ergonomic effects in this zone.

The boarding step and mudguard parts were assembled at two left and right work positions in the initial system
and included the following main tasks: connecting the electrical cables, picking up and placing boarding steps,
handling/positioning and tightening mudguards. The total ergonomic workload was evaluated as yellow for
these two work positions. In particular, the duration of exposure to awkward back, shoulder, and wrist postures
was high (12 minutes per two hours) due to the number of tasks that had to be performed at this position
(assembling two main parts of a truck i.e. mudguards - front and rear, and boarding steps). In the new
organisation, the tasks from these two work positions were distributed into four work positions (i.e. boarding
steps left and right and mudguards left and right). Fitting the air pipe into the inlet pipe task and heat cover
assembly task were assigned to these positions. The final ergonomic color was green for three positions in the
new system and only the “right boarding step assembly” position was yellow. There were 23 red risk factors in
this zone in the new system compared to 15 red evaluations in the initial system. Although the number of red
risk factors increased due to the new tasks added to this zone, the high risk tasks were distributed across four

work positions, which resulted in acceptable tolerance of risk factors; the final ergonomic color improved as a
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result for each work position. Table 2 sets out the characteristics of work positions and workstations before and

after reorganization (changes in cycle times).

Table 2: Results of non-parametric Kruskal-Wallis (p-values) by work position and IG for lifting index, and
green, yellow, red and double red ergonomic evaluations before and after intervention, significant p-

values*(<0.05) are shown in bold

By work position By IG

Ergonomic workload  First cycle time  Second cycle Both First cycle time  Second cycle Both

(11 min) time (8 min) systems (11 min) time (8 min) systems
NIOSH Equation
Lifing Index (LD 0.1649 0.7504 0.8901 0.00670 0.2567 0.1081
Green ergonomic 0.1074 0.0313 0.0873 0.04896 0.3644 0.1264
workload
Yellow ergonomic 0.1923 0.0918 0.2606 0.93390 0.4242 0.7547
workload
Red ergonomic 0.0359 0.0305 0.0023 0.00111 0.3078 0.0069
workload
Double red 0.0616 0.1809 0.0904 0.08827 0.0187 0.0448

ergonomic workload

Evaluation of Ergonomic Workload Before and After Intervention

It is desirable that high risk tasks (according to ergonomic evaluations) be balanced across work positions and
IGs. This was one of the main ideas that were followed over the organizational changes in the sector
investigated. Furthermore, it was expected that engineering/technical improvements reduce red and yellow risk
factors. Therefore, the results of both the in-house paper-based observational method (SES) and the NIOSH
lifting equation were analyzed for both before and after all interventions to determine the possible changes in
balancing workloads and reducing high risk tasks. Table 2 summarizes results of the ergonomic analysis by
work position and by IG before and after intervention. As shown. The NIOSH lifting index results differed
significantly between IGs in the first cycle time (p=0.006) while the difference was not significant in the new
system. The lifting index was not statistically significant between work positions in either system. The number
of green ergonomic evaluations was significantly different between IG in the first cycle time. Green ergonomic
evaluations were better distributed between IGs in the new organization of the work place. However, the
number of green ergonomic evaluations was significantly different between work positions in the second cycle
time. The number of yellow ergonomic workloads was the same in both cycle times per work position and IG.
Red ergonomic workloads were significantly different between IGs in the first cycle time (p=0.001) but the
difference was not significant in the second cycle time (p=0.3). However, a significant difference was found
between the numbers of red ergonomic workloads per work position in both cycle times (Table 3).

The majority of risk factors in the assembly plant were lifting loads, which meant that it was a focus of the main
intervention in this study. Load lifting was evaluated by the Lifting Index of the NIOSH equation in both cycle

times.
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Table 3: Musculoskeletal symptoms using a Visual Analogue Scale (VAS)** at the time of filling out the

questionnaire before and after changing the cycle times

All respondents Same respondents
Initial cycle  New cycle time Initial cycle  New cycle time

time (n=15) (n=21) time (n=11) (n=11) P-

value*
n % N % N % n %

Neck, VAS > 5 5 33 2 10 3 27 1 9 0.63
Shoulders and arm, VAS > 5 10 67 7 35 6 55 4 36 0.63
Elbows and forearms, VAS > 5 8 53 8 40 5 45 4 36 1.00
Wrist and hands, VAS > 5 7 47 8 40 4 36 3 27 1.00
Fingers, VAS 2 5 5 33 4 20 2 18 2 18 1.00
Upper back, VAS > 5 5 33 5 25 5 45 2 18 0.25
Lower back, VAS > 5 7 47 7 35 5 45 3 27 0.50
Hip and thigh, VAS > 5 4 27 2 10 3 27 1 9 0.63
Knee and leg, VAS > 5 3 20 6 30 3 27 3 27 1.00
Ankle / Foot, VAS 2 5 4 27 4 20 3 27 2 18 1.00

* Mac Nemar exact test for 11 operators who responded for both cycle times

**VAS, Visual analog scale for pain

As illustrated in the Figure 8, the mean lifting index in the initial cycle time was 1.0 (£0.88), while it reduced
significantly after intervention (0.27 £0.51). The mean lifting index was 0.61£0.79 across both cycle times.
Remedial action involving load lifting significantly affected in the lifting index after intervention. Developing
lifting tools for lifting the air filter and mudguards reduced the load lifting risk factors. Furthermore, a new
generation of products such as the Euro 6 SCR that is lighter (8 kg vs 13 kg for the SCR Euro 5) and handling
with a lift assist device contributed to these changes.

Figure 9 illustrates the results of the green, yellow and red ergonomic evaluations for both cycle times. As
shown, the mean ergonomic green evaluation was 8.0 in the initial cycle time but after intervention it increased
to 9.6. On the other hand, the moderate ergonomic workload (yellow) was lower in the new cycle time (6.3
after intervention as compared with 7.0 before). The high risk ergonomic workload was evaluated to be lower in
the new system than in the initial one. These differences were statistically significant (Kruskal-Wallis rank sum
test, p < 0.001). It should be noted that the variation in red ergonomic workload values increased in the new
cycle time.

Figure 10 shows the distribution of ergonomic workload between IGs for both cycle times. The ergonomic
workloads were more homogeneous in the new organization of the workplace. As shown in Figure 10c, the red
evaluations in the first IG were significantly more than in two other I1Gs whereas they were almost balanced
between IGs in the new cycle time due to the reorganization of the workplaces and mechanical interventions.
The graphs show the same results for the green evaluations.
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Figure 8: Distribution of lifting index by cycle time illustrating the reduction in mean lifting index after
intervention

Self-reported Musculoskeletal Symptoms Before and After Interventions
The operators who worked at different work positions responded to the Nordic questionnaire concerning the
prevalence of musculoskeletal symptoms before and after interventions. Table 3 shows the prevalence of
musculoskeletal symptoms in both cycle times. The prevalence of symptoms in the shoulders, elbows and wrists
was 67%, 53% and 47%, respectively, for the first cycle time and 35%, 40% and 40% for shoulders, elbows
and wrists, respectively, in the second cycle time. The prevalence of symptoms in the lower back was reported
to be as high as 47% in the initial cycle time and 35% in the new cycle time. In the initial cycle time there was
a higher prevalence of symptoms in the upper limbs, back and lower limbs compared to the new cycle time
(except for knee symptoms). Analysis of differences regarding the prevalence of musculoskeletal symptoms
showed no significant difference between cycle times.
Ergonomic Evaluation of Control Group during the Intervention Program
In this study, we selected another sector of the truck assembly plant as a control group. This sector had 9 work
positions in the initial cycle time (11 minutes) and 11 work positions in the new cycle time (8 minutes). These
work positions were evaluated by the factory’s ergonomists in both cycle times based on the general ergonomic
strategy of the SCANIA group. According to this strategy, the risk factors were identified by ergonomic methods
such as the SES, NIOSH equation, and the Key Indicator Method (KIM) for Pulling/Pushing evaluation, etc.
Remedial actions were then developed for high risk work positions (red and double red work positions). The
ultimate aim of this program was to achieve as few high risk work positions as possible. All the situations for
the control group and the sectors studied were therefore similar in both cycle times except for the intervention

programs that we carried out.
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The ergonomic evaluation by the SES method for the control group showed that out of 181 ergonomic criteria
evaluated in the first cycle time, 32.0% were green, 33.7% vyellow and 33.1% red. On the other hand, 223
ergonomic criteria were assessed in the new cycle time and the percentages of green, yellow and red ergonomic
evaluations were 38.6%, 33.6% and 26.9%, respectively. Although the percentage of high risk criteria (red
evaluations) reduced by 6%, the difference was not considerable. Certain remedial actions developed in the
control group by the factory and low reproducibility of the SES method results might explain the positive

changes in the results for the control group.
Discussion

This cross-sectional intervention study was performed to improve the ergonomic conditions and reduce physical
work demands in a truck assembly plant through ergonomic measures. These measures were a combination of
engineering/technical improvements, organization and redesign of workplaces and involvement of stakeholders
in the ergonomic programs. Many field studies have shown significant reductions in risk factors following a
combination of ergonomic measures (Johansson et al.,, 1993; van der Molen et al., 2005). However, some
studies showed an increase in physical work demands after modification and changes in the workplace (Kemper
et al.,, 1990). In particular, this was observed in a study that reduced the cycle time. Moreau (2003) reported an
increase in the incidence of WMSDs in the Peugeot-Citroen manufacturing industry in 1999 because of reduction
in the cycle time. These cycle time changes were, however, performed without considering ergonomic principles
(Moreau, 2003). In this study we observed a significant reduction in physical work demands after implementing
a combination of ergonomic measures, including technical and organizational actions. Van der Molen et al
(2005) reported in his review study that, out of six ergonomic interventions that combined technical and
organizational measures, four studies showed a reduction in physical work demands (van der Molen et al.,
2005). WMSD symptoms were also reduced after intervention, although this finding was statistically non-
significant because of the small sample size. It should be noted that three of the technical measures were not
completely implemented and adapted to the work positions when the operators filled out the Nordic WMSD
symptoms questionnaire. Nevertheless, two technical measures and organizational changes/workplace redesign
were entirely integrated when the operators reported their symptoms. Recent studies did not report similar
results concerning decrease in WMSDs symptoms and, according to the review study by Van de Molen et all,
only four studies reported significant decrease in musculoskeletal symptoms (van der Molen et al., 2005). In a
study by Bongers et al (2001), ergonomic measures such as using lifting tools significantly improved body
postures of the back, arm and wrist, although the prevalence of musculoskeletal symptoms after 10 months
was not significantly different in these parts of the body (van der Molen et al., 2005). This might be due to the
complex nature of musculoskeletal disorders, which depend on many factors, and to the duration of assessment
before and after intervention.

Engineering and technical ergonomic measures often have a single-factor impact (Westgaard and Winkel, 1997)
and they reduced one or two dimensions of physical exposure in the work positions in our study. Designing a
new unlocking system significantly reduced fingertip and thumb force but a small contact surface risk factor

with relatively high force (>1kg) arose for the palm.
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Figure 10: Over three Improvement Groups (IGs); Distribution of green ergonomic evaluations for the initial
cycle time, distribution of green ergonomic evaluations for the second cycle time, distribution of red ergonomic

evaluations for the first cycle time and distribution of red ergonomic evaluations for the second cycle time

Another limitation of this ergonomic measure was that some operators still preferred the old unlocking system,
declaring it to be more comfortable. The operators were used to unlocking the lifting tool with the old system

and it is often difficult to change habits. The same problem arose with the new lifting tool for lifting and carrying
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the rear and front mudguards. The operators insisted on handling the mudguard manually although it weighed
more than 12kg. The operators believed that lifting and carrying with the lifting device would be time-
consuming. Furthermore, a limitation in the design of the lifting tool caused complications in applying the new
system for lifting the mudguards. Our findings showed that, for ergonomic measures to be successful,
operators’ and end-users’ preferences have to be considered when designing and implementing ergonomic
measures. Furthermore, new technical measures must completely eliminate any possibility of using the previous
way of performing the task, as the operators’ habits often prevent the success of technical measures. Changing
people’s behavior is necessary in intervention programs which require training, their participation, practice and
sometimes compulsory rules (van der Molen et al.,, 2005). In this study, we benefited from meeting with
operators to sensitize them to the potential of risk factors and to the importance of using the tools and devices
provided. We could not evaluate the effectiveness of this strategy but it seems that it was less efficient than
typical implementation strategies used in the other studies (ex. classroom instruction or a self-paced learning
module). Studies have demonstrated that improvement in operator behaviors can be achieved by a combination
of implementation strategies including awareness, attitude and ability phases. In their study among health care
staff, Knibbe and Friele (1999) reported that a combined strategy, i.e. information, education and facilitation
(ergonomic devices), increased the use of lifting devices (Knibbe and Friele, 1999). Three other technical
measures successfully achieved the desired objectives. An embedded camera in the hand-held screwdriver
machine significantly reduced the duration of exposure to awkward postures. Although this technical measure
solved several risk factor exposure dimensions (duration of kneeling, squatting and awkward neck postures),
nevertheless we observed some awkward postures at the “Bumper Assembly on truck” work position after
integrating its use because of other tasks, such as putting the bumper on the chassis. A gripping tool for
handling the air filter succeeded in reducing the duration of exposure to handling the air filter though there was
still some manual handling of the air filter. Two interventions were combined in this case, i.e. new lifting device
and reorganization/redesign of the workplace and tasks. This combination of measures successfully decreased
physical work demands at this work position.

New product generation was effective in this study. This was not initially planned in the context of this research,
but it occurred due to ongoing changes in truck products. Although the new products were not always
ergonomically well designed, design of the new generation of the SCR tank required lifting and carrying it with
lifting devices. Therefore, all the operators had to use the new, safer system whereas in the initial system they
handled manually loads of more than 13 kg. Early proactive ergonomics which included well designed products
and tasks considering ergonomic principles often improved ergonomic conditions successfully and would be
much more effective than reaction ergonomics interventions. Design engineers usually overlook the value of
ergonomically designed products and proactive ergonomics (Falck et al., 2010). However, we found in this study
that considering ergonomic devices such as lifting tools proactively can effectively eliminate risk factors, and
operators then use these devices satisfactorily.

The effectiveness of reorganization and redesign on the ergonomic condition is not clear in the literature. In a
review study, Westgaard & Winkel (1997) reported that there was little evidence to confirm a significant effect
of redesign in the work system on improving health (Westgaard and Winkel, 1997). Reorganization and new

cycle times in this study were related to production rate, but the idea of rebalancing of the workplace and
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considering ergonomic situations in the new design was reallocated to the managers, engineers and technicians
over several meetings. Reorganization and new design of the work positions was therefore performed with
regard to rebalancing the ergonomic workload at the work positions and in the IGs. High risk tasks were
distributed between different work positions, and particularly within newly created work positions, and although
the new cycle time reduced the content of each work position, performing fewer high risk tasks provided a
better ergonomic situation with the new cycle time. Furthermore, the new concept was not completely different
and most changes were related to balancing, reorganization and modification. Otto & Scholl (2011) showed that
rebalancing at an automobile assembly workstation can significantly reduce risk factors, in many cases without
creating new workstations (Otto and Scholl, 2011). The extra work positions created in this study were related
to changes in the cycle time and production rate. It should be noted that rebalancing was not via computational
experiments on a data set such in Otto & Scholl’s study, but the sector manager and engineers reduced the
workload at the high risk work positions or IG by transferring the tasks between work positions. Ultimately,
balanced work positions were established for which the physical work demand was significantly reduced in the
sector investigated compared to the control group. However, we could not distinguish which ergonomic
intervention (technical or organisational) had more effect on risk factors because ergonomic measures were
performed in parallel. Moreover, changes in the results of the ergonomic assessments might have been related
to the low reproducibility of the observational method.

The involvement of stakeholders such as managers, engineers and operators is a key factor in the success of an
intervention program. Neuman et al. proposed the involvement of stakeholders from different levels of the
system in the ergonomic measures by providing feedback relating to risk factors, disorders, quality defects and
productivity (Neumann et al., 2009; Neumann and Village, 2012). This approach helps the stakeholders to find
the solutions themselves and aims to reach 20% improvement in both human well-being and system
performance. We provided several opportunities for feedback concerning risk factors, symptoms and quality
defects to top and middle managers, engineers, technicians and operators. This strategy significantly increased
the involvement of decision makers and stakeholders in working condition improvements. However, it was not
effective in changing operators’ behaviors. Changing operators’ behaviors is an essential factor for the success
of interventions, i.e. reducing the physical work demands and consequently decreasing musculoskeletal
disorders. To achieve effective behavioral changes in operator performance, we propose an implementation
strategy that influences awareness, attitudes and performance of people. A psychological method such as
simple or cross auto-confrontation (Clot et al., 2000) might be an appropriate approach in order to achieve a
successful ergonomic program in the automobile industry.

On the basis of this intervention study, it can be concluded that a combination of ergonomic measures including
technical and organisation intervention can significantly reduce physical work demands. Musculoskeletal
symptoms decreased after interventions although the effects of interventions on ultimate WMSDs were
ambiguous. Providing feedback for different stakeholders can substantially improve the success of intervention
programs. However, better results might be achieved if an intervention program was combined with

supplementary implementation strategies such as self-confrontation to change operator behaviors.
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7. Conclusion

This study showed that the ergonomist’s analysis of the workplace (to assess physical exposure) by
observational tools -the SES method- in an automotive industry was significantly different from employees’
estimations of risk factors, evaluated by self-reported questionnaire. Comparing the results of both methods
(the SES method and questionnaire) with the direct measurement method showed better agreement for the
SES method than for the questionnaire. These experiments were performed over two cycle times and the
results were almost the same. Although the accuracy of the SES method was better than the self-reported
questionnaire in comparison to the direct measurement method, the operators’ estimation could not be
overlooked and should be considered for its shared representation of risk factors. The observational procedures
sample and analyze a short period of work, and the quality and reliability of their results depend on the training
and experience of the evaluator. The observational procedure that is only based on the assessment of a trained
individual could not be representative of potential risk factors in the workplace. However, this procedure is
widely used in English speakers’ countries for evaluation of WR-MSDs risk factors and it could be helpful for
activity analysis (which is a French approach for ergonomic analysis). The automotive industry should therefore
use the observational procedure or direct measurement to obtain objective data of risk factors and then
integrate these procedures into a structured interview with the operators or sometimes engineers. The quality
of exposure assessment increases in this way and the interventions proposed should be more successful.
Furthermore, a hierarchical strategy of risk assessment of work such as "SOBANE" strategy (already explained
at Chapter 1; section 3.5) could improve the understanding of the working activities of the operators in the
workplace which is also helpful in the clinical management of WR-MSDs. However, the time needed to perform
these procedures might be the main challenge for automotive industries.

Another challenge for exposure assessment in this study was the variable nature of the automotive assembly
work tasks. The SES method showed wide diversity (particularly in postures) between and within the operators
performing the same task which was due to the different work strategies or personality/behavior of the
operators. Automotive industries tend to eliminate diversity (different work strategies) by standardization,
meaning that the standard truck model and an experienced operator are often evaluated. However, previous
studies have shown that operators need the flexibility to select their strategies to perform work activities.
Although the question remained regarding how much is “optimal flexibility” (diversity) -the balance between

standardization and flexibility - the exposure assessment methods used in automotive industries should take
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into account various strategies of operators. A structured interview based on objective data from the video-
observation or the direct measurement method can evaluate the operators’ strategies and open a discussion
between them to select the best and least risky work strategy.

The effects of the interventions proposed and managed by engineers following the ergonomist’s evaluation were
also investigated. The intervention study showed that a combination of ergonomic measures including technical
and organizational interventions can reduce physical workload. Changing the content of the workstations and
distribution of the tasks while taking into account their workload had a significant effect on the reduction of risk
factors between the two cycle times investigated. Providing feedback for different stakeholders resulted in their
contribution to the intervention process and finally improved the success of the interventions.

This study contributed to characterize high risk situation of WR-MSDs by using a classic and sample method
such as the SES method - taking into account the variation (different truck models) and diversity (intra and
inter operator diversity of exposure to risk factors). The results were communicated with stakeholders and they
were progressively enriched by the results of the other methods (self-reported questionnaire and direct
measurement methods). The stakeholders (managers, engineers and operators) understanding and knowledge
of WR-MSDs risk factors have increased gradually and the shared representation of risk factors has promoted in

this manner.
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8. Further research

This section suggests three avenues for further research:

First, a structured interview procedure based on the video observation or the direct measurement should be
developed, tested and applied for assessment of ergonomic exposure in automotive industries. This procedure
might be further replaced by the current methods of these industries. It is suggested that this procedure be
applied not only as an exposure assessment method but also as a strategic tool for solving ergonomic issues
with a focus on improvement of work strategies of operators in a real field. This tool would spontaneously open
the discussion between operators concerning various work strategies, particularly after interview. It therefore
would be an identifying and controlling tool in collaboration with other stakeholders.

Secondly, there is a need for further research into the effects of “diversity” and “variation” on exposure to WR-
MSDs risk factors and the system. Although some recent studies showed the effectiveness of “variation” and
“diversity” on reduction of WR-MSDs, manufacturers believe that only variation can be effective and diversity
should be eliminated. The research should reveal the extent to which variation (assembling different truck
models in one workstation, rotation between workstations and sections (clusters), etc.) can be useful and the
extent to which diversity (inter/intra variability between operators when performing the same task) should be
limited - balance between standardization and various work strategies of operators. The question is whether to
attribute the same work strategy to all operators or to provide sufficient flexibility for each operator to select
the best strategy with fewer WR-MSD risk factors.

Finally, organizational intervention such as distribution of high risk tasks between workstations and changing
the content of each station by considering ergonomic workloads might be further investigated. Bringing this
concept into interventions, particularly during mandatory changes in production such as change in cycle time

could increase the possibility of effective and successful ergonomic improvement.
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Appendix 1: Summary of the thesis in French
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Représentation partagée des facteurs de risque des troubles
musculo-squelettiques et comparaison des méthodes d'évaluation :
une étude expérimentale dans le secteur de I'assemblage de
camions

Contexte

Les facteurs des risques de TMS, tels que les facteurs physiques, organisationnels et psychosociaux, sont
un défi pour les industries de I'assemblage automobile. Une approche ergonomique efficace qui peut
fournir une représentation partagée des facteurs de risque entre des acteurs est nécessaire pour éviter
des effets indésirables au niveau de la performance des systémes industriels mais aussi en termes
d'effets sur la santé des opérateurs. La question est de savoir si I'approche ergonomique actuelle des
industries automobiles peut fournir une connaissance partagée des facteurs ergonomiques pour les divers
intervenants, afin de faciliter I'amélioration des conditions de travail.

La représentation des facteurs des risques de TMS dans un milieu de travail pourrait étre différente pour
les acteurs de terrain tels que les ergonomes, les opérateurs et les ingénieurs, ainsi que les intervenants
impliqués dans le retour au travail. Les programmes ergonomiques « typiques » se concentrent souvent
sur l'analyse d'un poste par les ergonomes. En d'autres termes, les ergonomes identifient et
hiérarchisent les facteurs de risques ergonomiques (généralement de nature essentiellement physique
tels que le mouvement, la posture contraignante, la force, etc.). Cependant, les représentations de
l'opérateur et ceux des autres intervenants tels que les ingénieurs et les médecins du travail sont
négligées. Il est donc essentiel de développer une approche systématique qui prend en compte la
complexité des divers facteurs de risque du point de vue des différents intervenants.

L'entreprise a laquelle est adossée la présente étude, SCANIA Production Angers, a déja intégré
I'ergonomie dans son systéme de production (SPS). Un outil d'observation (la méthode SES : SCANIA
Ergonomic Standard) a déja été utilisé dans cette usine par des ergonomes interne a |'entreprise pour
identifier et analyser les facteurs de risques physiques. Sur la base de cette analyse ergonomique, des
projets d‘améliorations ont été proposés et gérés par les techniciens et les ingénieurs. Enfin, des
améliorations ont été mises en ceuvre pour changer les conditions de travail et réduire les TMS. En
d'autres termes, les problémes ont été identifiés par un individu (ergonome), résolus par un autre
intervenant (ingénieur) et les solutions ont été appliquées par les opérateurs. Bien que parfois les
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problémes et les solutions aient été discutés en réunion par des ingénieurs ou des opérateurs, ces
procédures n‘ont pas été systématiquement appliquées et ont été effectuées sans échange d'informations
et sans discussion des préférences entre les intervenants. La décision sur les améliorations comprenait
donc des incertitudes et a parfois conduit a des conflits entre les intervenants.

Cette étude a été menée en vue de développer le concept de représentation partagée dans l'industrie. En
effet, son but n'était pas de proposer une nouvelle méthode ou une procédure innovante pour la
réalisation de représentations communes des facteurs de risques de TMS (ce qui pourrait constituer une
prochaine étape) ; il s’agissait plutot ici de remettre en question les méthodes actuelles et les procédures
communément utilisées dans l'industrie. L'objectif de cette étude était donc d'effectuer une évaluation
complete des facteurs des risques de TMS dans une industrie de I'automobile et de comparer les résultats
de trois méthodes d'évaluation des risques. Nous avons émis I'hypothése qu'il existait une différence
entre une analyse par un ergonome avec des outils d'observation et les estimations des facteurs de
risques, évalués par un questionnaire d'auto-évaluation. Les résultats de ces deux méthodes ont été
comparés avec les méthodes biomécaniques (comme les méthodes plus précises).

Premier partie d’'étude

Cette étude comporte plusieurs étape ; dans la phase initiale (le temps de cycle premier), un ergonome a
analysé 11 postes de travail d'un secteur d'une usine d'assemblage de camions en utilisant 'outil SES.
Dix-sept opérateurs ont travaillé sur ces postes de travail, I'age moyen et la durée d’ancienneté dans
I'emploi actuel étaient respectivement de 42,0 (+ 7,6) et 15,2 ans (£ 7,2) ans. Les résultats ont montré
que la posture du tronc, les postures de la main/poignet et les postures de I'épaule étaient les facteurs
de risque les plus fréquents dans l'usine d'assemblage de camions. La méthode SES a surestimé des
risques de manutention en comparant avec |'équation de NIOSH. De plus, nous avons mesuré la
variabilité inter et intra-individuelle de I'exposition aux facteurs des risques dans des situations similaires.
La variabilité de I'exposition aux facteurs des risques a été observée entre les operateurs et chez un
méme opérateur plusieurs fois pour les mémes postes de travail. La variabilité était plus élevée pour un
poste de travail avec une forte charge de travail ergonomique que pour un poste de travail avec une
faible charge de travail ergonomique.

Ensuite, un questionnaire d'auto-évaluation, portant sur les facteurs de risque physiques,
organisationnels et psychosociaux de TMS, a été utilisé pour évaluer les perceptions de vue des
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opérateurs par rapport a leurs conditions de travail. Les résultats du questionnaire d'auto-évaluation ont
montré que les facteurs de risques physiques étaient fréquents pour le membre supérieur dans deux
temps cycles. Des symptomes de TMS ont été déclarés pour les coudes (53%), les épaules (67%), les
mains/poignets (47%) et le bas du dos (47) chez les opérateurs pour le premier temps de cycle. Ces
symptomes ont été moins indiqués pour le deuxieme temps de cycle.

Ces deux évaluations des facteurs de risque de TMS (par la méthode SES et le questionnaire d'auto-
évaluation) ont ensuite été comparées. L'observation et le questionnaire d‘auto-évaluation ont fourni
différentes représentations du risque qui montre leur désaccord dans l'analyse de certaines
caractéristiques de I'activité. L'analyse de chacun des deux outils ne permet pas d'établir si I'un est plus
puissant que I'autre. Cependant, elle souléve la question de savoir si les deux méthodes ont eu un effet
complémentaire pour I'estimation des facteurs des risques liés aux TMS.

Enfin, pour déterminer la précision de chaque méthode, des méthodes biomécaniques ont été élaborées
et appliquées pour mesurer |'exposition aux facteurs des risques physiques. Les facteurs communs de la
méthode SES et le questionnaire d‘auto-évaluation ont été comparés a ceux de la méthode
biomécanique. Les résultats ont montré que les perceptions des opérateurs concernant les postures de
travail sont en désaccord avec la méthode biomécanique. De plus, des concordances ont été observées
entre les résultats de la méthode SES (évaluation par un ergonome) et ceux de la méthode
biomécanique.

Deuxieéme partie d'étude

L'objectif de la deuxiéme partie de I'étude (réalisée en paralléle avec la premiére partie) était de
présenter les résultats de I'analyse ergonomique aux intervenants (le comité direction, les ingénieurs et
les opérateurs) et de mettre en ceuvre des améliorations techniques/ingénierie. De plus, des
améliorations organisationnelles telles que des changements dans I'organisation des postes de travail et
la répartition des taches (charge de travail) ont été mises en ceuvre. Les effets des améliorations
technique/ingénierie et des interventions organisationnelles sur les facteurs de risque physiques ont été
étudiés par la suite. Les résultats ont montré que la combinaison des améliorations ergonomiques, dont

une intervention technique et de I'organisation permet de réduire les charges physiques du travail.



Conclusion

D’un point de vue global, cette étude a montré que I'analyse de I'ergonome (évaluation de I'exposition
aux facteurs des risques) par des outils d'observation -méthode SES- dans une industrie automobile était
significativement différente de la représentation des opérateurs, évaluée par le biais d'un questionnaire
d'auto-évaluation. En comparant les résultats de ces deux méthodes avec la méthode biomécanique,
nous avons observé des similarités plus fortes pour la méthode SES que pour le questionnaire. Ces
comparaisons ont été effectuées suivant un cycle a deux temps et les résultats étaient quasiment
identiques. Bien que la précision de la méthode SES ait été meilleure que le questionnaire d'auto-
évaluation, |'estimation des opérateurs ne pouvait pas étre négligée et a du étre prise en compte pour la
représentation partagée de facteurs de risque de TMS. Les méthodes d'observation analysent une courte
période de travail, et la qualité et la fiabilité de leurs résultats dépendent de la formation et de
I'expérience de I'évaluateur. Une procédure d'observation uniquement basée sur I'évaluation d'une
personne formée pourrait ne pas étre représentative des facteurs de risque potentiels sur le travail. La
méthode SES ne correspond pas a de I'analyse de I'activité mais la démarche peut étre compléter par des
approches issues de |'ergonomie de langue francaise. La méthode observationnelle pourra fournir des
éléments complémentaires pour I'analyse d’activité.

L'industrie automobile doit donc utiliser la procédure d'observation ou la méthode biomécanique pour
obtenir des données objectives des facteurs de risque et ensuite intégrer ces procédures dans un
entretien structuré avec les opérateurs ou parfois les ingénieurs. De cette maniére, |'analyse
ergonomique serait de meilleures qualités et les interventions proposées pourraient étre plus efficaces.
Une stratégie hiérarchique de I'évaluation des risques du travail tels que la stratégie "SOBANE" (décrite
au chapitre 1, section 3.5) pourrait améliorer la compréhension des activités de travail qui sera
également utile dans la gestion clinigue des TMS. Cependant, le temps nécessaire pour effectuer ces
procédures pourrait étre le principal obstacle pour l'industrie automobile.

Un autre défi pour I'évaluation de I'exposition aux facteurs des risques ergonomiques dans cette étude
était la variabilité des taches d'assemblage automobile. La méthode SES a montré une variabilité
importante inter et intra opérateurs (en particulier pour les postures) en réalisant la méme tache. Les
raisons de cette variabilité étaient liées aux différentes stratégies de travail choisies par les opérateurs
pour réaliser leurs missions, ainsi que de la personnalité et le comportement des opérateurs. Les
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industries automobiles ont tendance a éliminer la variabilité (des stratégies différentes pour réaliser des
taches similaires) par la standardisation (concept de Lean management). Toutefois, des études
antérieures ont montré que les opérateurs ont besoin de flexibilité afin de choisir leur propre stratégie
pour effectuer les taches qu'ils ont a réaliser, bien que la question de la "flexibilité optimale" (ou
variabilité optimale) -soit I'équilibrage entre la standardisation et la flexibilité- ne soit pas résolue. Les
méthodes d'évaluation de I'exposition aux facteurs des risques ergonomiques utilisées dans l'industrie
automobile devraient alors prendre en compte les différentes stratégies des opérateurs. Un entretien
structuré basé sur des données objectives, par exemple la vidéo-observation ou la méthode
biomécanique, pourrait évaluer les stratégies des opérateurs afin d'ouvrir une discussion entre eux pour
choisir la stratégie de travail la meilleure et la moins exposé aux facteurs des risques.

L'apport de I'ergonomie dans la caractérisation des situations a risque de TMS a été de dépasser
I'utilisation d’outil classique et simple comme la méthode SES prenant en compte la variabilité des taches
et des opérateurs et de pouvoir discuter et communiquer avec les encadrant. Les compréhensions de
chaque intervenant de l'entreprise concernant les taches et les facteurs des risques ont été
progressivement enrichis grace aux résultats de différents outils d'évaluations. Ceci favorise la
représentation partagée des taches.

Perspective

Cette étude propose donc tout d'abord de développer et de tester une procédure d'entretien structurée
basée sur I'observation de la vidéo ou de la méthode biomécanique pour I'évaluation de I'exposition aux
facteurs des risques liés aux TMS dans l'industrie automobile. Cette procédure pourrait étre amenée a
remplacer les méthodes actuellement utilisées par ces industries. De plus, nous pensons que cette
procédure pourrait étre non seulement appliquée comme méthode d'évaluation de I'exposition aux
facteurs des risques, mais aussi comme outil stratégique pour résoudre les problémes d'ergonomie en
mettant 'accent sur I'amélioration des stratégies de travail choisies par des opérateurs. Cet outil serait
susceptible d’ouvrir spontanément la discussion entre les opérateurs concernant diverses stratégies de
travail.

Deuxiémement, il est nécessaire de poursuivre les recherches sur les effets de la «variabilité» sur
I'exposition aux facteurs des risques. Bien que certaines études récentes aient montré I'efficacité de la
«variabilité» sur la réduction des facteurs des risques de TMS, les dirigeants d'industrie automobile

5



estiment que seule la variabilité entre les postes et les modéles de camions peut étre efficace et la
variabilité inter et intra individuelle doit étre éliminée. La recherche devrait révéler dans quelle mesure la
variabilité entre les postes et les modéles de camions (assemblage de différents modéles de véhicules sur
un poste de travail, rotation entre les postes de travail, etc.) peut étre utile et a quel degré la variabilité
inter / intra opérateurs lors de I'exécution de la méme tache devrait étre limitée - équilibre entre
standardisation et différentes stratégies de travail des opérateurs. Il s'agirait donc de se demander s'il
serait préférable d'attribuer la méme stratégie de travail a tous les opérateurs ou s'il faudrait accorder
une flexibilité suffisante a chaque opérateur lui permettant de choisir la meilleure stratégie avec moins de
facteurs de risques de TMS.

Enfin, des améliorations organisationnelles, telles que la répartition des taches entre les postes de travail
et la modification des contenus de chaque station en considérant les charges ergonomiques, pourraient
efficacement réduire les facteurs des risques de TMS. Intégrer ce concept, en particulier lors des
changements obligatoires dans la production (changement dans le temps de cy