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Musculoskeletal disorders 
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P. Madeleine and Y. Roquelaure

14:30 - 15:30 – AUDITORIUM 300, LEVEL 1

Although traditional forms of musculoskeletal-intensive 
activities persist in many jobs, e.g., construction sector, 
a clear set of new work forms has emerged recently in 
the digital age, reshaping how workers earn a living, how 
companies organize labor, and how skills are developed. 
The main drivers behind these changes are digitalization, 
AI, and Industry 4.0 technologies. These most common 
forms of work-whose prevalence in the workforce varies 
from country to country according to the European OSH 
Pulse 2025 survey1-consist of (i) platform work, (ii) remote 
and hybrid work, (iii) AI‑supported and algorithmically man-
aged work, (iv) atypical and on‑demand work, (v) digital 
nomadism, (vi) knowledge‑intensive digital work, and (vii) 
human–Machine collaboration.

This shift toward digitalage work forms has deep con-
sequences for both the prevention and the compensa-
tion of workrelated musculoskeletal disorders (WMSDs)
(Roquelaure 2021). New forms of work modify the patterns 

of exposure to workplace hazards increasing exposure to 
psychosocial factors, cognitive overload and other forms 
of mental burden. This is resulting in a hybridization of 
occupational exposure profiles that are emerging between 
the two archetypal categories of situations at high risk for 
WMSDs, on the one hand intensive dynamic motor tasks 
requiring repetitive and/or vigorous movements (“soft tis-
sue overuse”) - leading to musculoskeletal discomfort and 
pain, tendinopathies, and nerve compression - traditionally 
observed in the agricultural and industrial sectors, and, 
on the other hand, prolonged static work of low intensity 
(“soft tissue underuse”) leading to chronic non-specific 
pain in workers performing psychosocially and cognitively 
demanding static tasks. The relative contribution of biome-
chanical risk factors and psychosocial and organizational 
factors is changing accordingly in many current work situ-
ations: Platform work is characterized by higher physical 
load (repetitive lifting), awkward postures, and long hours 
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1 https://osha.europa.eu/en/tools-and-publications/infographics/osh-pulse-2025-digitalisation-work
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as well as algorithmic pressure (time pressure and perfor-
mance metrics), increasing stress and reducing recovery 
time. To these, one can add psychosocial factors and 
limited ergonomic control. ICT work has also evolved into 
intensive work with increased screen time accompanied 
by more static postures and repetitive hand movements, 
increased cognitive and more automated movement since 
physical movement like walking to a colleague is replaced 
by digital communication. Human-machine collaboration 
is corelated with new ergonomic risks (need to adopt dif-
ferent postural strategies and attentional demands), skill 
mismatch increasing WMSDs risks but also potential ben-
efits as exoskeletons and robots can reduce the biome-
chanical load related to heavy lifting and repetitive tasks. 

In summary, these new forms of work underline real 
prevention challenges jeopardizing the sustainability of 
these forms of work. Poor ergonomics, high physical load, 
time pressure, longer sedentary time, longer screen time 
including smartphones and skill stress. Musculoskeletal 
symptoms are complex due to a complex interplay of 
physical and psychological factors calling for new assess-
ment methods at both workplaces and homes considering 
ethical issues related to the collection and use of such 
data. We thus believe that the scientific community has to 
embrace the development and use sensors and devices 
enabling us to record the type, duration and load of home 
workplaces and decrease the musculoskeletal load. This 
can be achieved using for instance inertial measurement 
units, smart garments, connected glasses, as well as elec-
tronic devices like home computers, tablets and smart-
phones to enable a precise quantification of the workload 
as well as the delivery of interventions like active pauses 
and breaks introducing variations at work (Madeleine 
et al., 2024). Inertial measurement units have been used 

to characterize spine kinematics during office computer 
work and smartphone use (Xie et al., 2018). Smart gar-
ments embedded with sensors collecting e.g., electrocar-
diogram, respiration, and micro-computer extracting and 
sending the relevant data to a cloud solution are availa-
ble (Tamantini et al., 2025). Connected glasses besides 
being used as a tool for maintenance also enable the 
extraction of oculometrics data that in turn can be used to 
deliver individualized biofeedback mitigating e.g., fatigue 
development (Zargari et al., 2019). Similarly, computers 
and electronics devices like smartwathes are likely to be 
use to decrease stress and improve wellbeing (Pozzato 
et al., 2025). Finally, other technologies like exoskeletons 
and collaborative robot are becoming more and more 
common at work requiring to document human-machine 
interaction their effects in terms of WMSDs prevention 
(Jakobsen et al., 2025; Schoose et al., 2023). As well as 
risk assessment, epidemiological surveillance must be 
adopted by using both quantitative and qualitative meth-
ods to accommodate the diversity of risk factors in more 
diverse, dispersed, and constantly changing working pop-
ulations. Big Data and Job-Exposure-Matrix will help to 
merge individual data and risk assessment at the meso 
or macro levels.

The shift toward digitalage work forms creates compen-
sation challenges as the work-relatedness of musculoskel-
etal symptoms can be difficult to prove (Roquelaure et al. 
2024). Moreover, these workers are often excluded from 
compensation system. Adjustments to the populations 
covered by the compensation system, compensation rules, 
and/or medical and exposure criteria used to characterize 
situations recognized at risk of WMSDs are necessary to 
accompany these changes and better include new forms 
of work and new employment contracts.
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Sensorimotor adaptations 
to the use of a passive shoulder 
occupational exoskeleton during 
repeated training sessions for 
an overhead work task 

16:00 - 16:20 – AUDITORIUM 300, LEVEL 1 – #100

ccupational exoskeletons are assistive devices that may 
reduce muscle effort of an operator. As with any new 
technology, a training period appears necessary to adapt 
to the system and to assess the lasting biomechanical 
consequences related to its use. Indeed, repeated use 
of the exoskeleton would allow a gradual achievement of 
a stabilization of sensorimotor responses, defined as a 
familiarization state. The aim of this laboratory study was 
to identify the minimum training period required to achieve 
this familiarization and to evaluate the sensorimotor adap-
tations induced during this period.

After completing 7 learning sessions (L1 to L7, without 
exoskeleton) of an overhead work task involving precise 
and repeated arm-raising movements on the right side, 
14 participants completed 7 training sessions (T1 to T7) 
in this same task using a passive shoulder occupational 
exoskeleton. Task completion time and number of errors 
were quantified to assess work performance. EMG activ-
ity of 16 muscles, whole-body kinematics, and ground 
reaction forces were collected to analyze sensorimotor 
adaptations.

Compared to the last learning session (L7), the work 
performance with the exoskeleton was lower during the 
first training session (T1). This performance then improved 
during the training period to become stable near the 8th 
session (obtained by extrapolation). Activity of the right 
anterior deltoid muscle was lower for T1 compared to L7 

K. Desbrosses1 and C. Hayot1

and then progressively increased until T7 while remaining 
weaker than L7. Similarly, activity of the left erector spinae 
progressively increased between T1 and T7 to reach val-
ues greater than L7. The fluidity of movement at the level 
of the tool to be handled, assessed by the SPARC, was 
lower for T1 compared to L7. This fluidity then improved 
to reach stability close to T7.

When using an occupational exoskeleton for the first 
time, there are sensorimotor adaptations and an altera-
tion in work performance. These consequences are tran-
sitory since a period of training in the use of the device 
allows these adaptations to evolve and, ultimately, a 
state of familiarization to be obtained. Although overall, 
the evolution of these adaptations is in the direction of 
improved use of the assistance provided by the exoskel-
eton (increased performance, lower activity of agonist 
muscles, etc.), there are nonetheless undesirable effects 
which become established over time (higher activity of the 
lumbar muscles, for example). In terms of MSD preven-
tion, these results are important on two levels. On the one 
hand, for scientific research, the effects associated with 
the use of an exoskeleton should only be assessed after a 
sufficient training period, once sensorimotor adaptations 
have stabilized, and on the other hand, for companies, 
operators should have sufficient training time before they 
are asked to perfom their work tasks under normal con-
ditions with this physical assistive device.

1 Working Life Department, INRS, 54500 Vandœuvre-lès-Nancy, France 
Email: kevin.desbrosses@inrs.fr
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The Impact of Training 
and Extended Use of Back‑Support 
Exoskeletons on Worker 
Biomechanics, Discomfort, and 
Perceived Workload in Logistics

ack-support exoskeletons (BSEs) represent a promising 
ergonomic intervention to mitigate the high prevalence of 
work-related musculoskeletal disorders (WMSDs) among 
manual logistic workers. However, successful industrial 
implementation depends on understanding the effects of 
both user training and prolonged in-field exposure. This 
work synthesizes findings from two complementary inves-

L. S. Jakobsen1, A. Samani1, K. Desbrosses2, M de Zee1, B. Steinhilber3 and P. Madeleine1 

tigations evaluating training and long-term use of a passive 
BSE (BackX-S, SuitX by Ottobock) among logistics workers 
(Jakobsen et al., 2024; 2025). The first study examined the 
effects of a structured five-week training program (n = 19), 
while the second implemented a 24-week randomized con-
trolled trial (n = 20) to assess biomechanical and perceptual 
outcomes during extended in-field use.

1 ExerciseTech, Department of Health Science and Technology, Aalborg University, Aalborg, Denmark. 2 INRS, French National Research and Safety Institute for the 
Prevention of Occupational Accidents and Diseases, Nancy, France. 3 Institute of Occupational and Social Medicine and Health Services Research, University Hospital 
Tübingen, Germany. 
Email: lsja@hst.aau.dk
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+4 +8 +12 +16 +20 Post-testBaseline

07SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE                         BOOK OF ASBTRACTS

mailto:lsja%40hst.aau.dk?subject=


ACKNOWLEDGEMENTS
This work was supported by Dagrofa Logistik A/S, Aalborg University, and the Danish Work. Environment Research Fund.

REFERENCES
Schrøder Jakobsen, L., Samani, A., Desbrosses, K., De Zee, M., & Madeleine, P. (2024). In-field training of a passive back exoskeleton changes the biomechanics of 
logistic workers. IISE TOEHF, 12(3), 149-161.
Jakobsen, L. S., Samani, A., Desbrosses, K., de Zee, M., Steinhilber, B., & Madeleine, P. (2025). Effects of 24-weeks in-field use of a back-supporting exoskeleton on 
biomechanics, work intensity and... Applied ergonomics, 125, 104469.

In both studies, surface electromyography and inertial 
motion capture quantified back muscle activity and joint 
kinematics during standardized lifting tasks. Perceived 
effort, usability, and musculoskeletal discomfort were 
collected using questionnaires. The first study revealed 
reduced back muscle activity when using the BSE. Fur-
thermore, training elicited a 6-9% additional reduction 
in peak erector spinae activity compared with pre-train-
ing values. Training also reduced knee flexion angles by 
6-16°, indicating a shift toward a more stooped lifting 
strategy. Adherence to the protocol averaged 74%, high-
lighting the feasibility of training BSE usage in occupa-
tional settings.

The 24-week randomized controlled trial confirmed 
persistent biomechanical benefits, as BSE assistance 
consistently reduced lumbar extensor activation (Fig. 1). 

Participants reached weekly adherence to exoskeleton 
use of 16.2 hours, accompanied by a steady decline 
in self-reported work intensity (Fig. 2). Contrary to the 
first study, the magnitude of muscle-activity reduction 
remained constant from pre- to post-test.

These studies suggest that structured in-field training 
substantially enhances exoskeleton efficiency, while long-
term utilization maintains biomechanical relief and lowers 
perceived workload. A combined structured training fol-
lowed by sustained integration, emerges as critical for 
realizing the ergonomic benefits of passive BSEs in logis-
tics. Future work should explore more effects of prolonged 
BSE use, including impact on socioeconomic factors, e.g., 
work efficiency, development of WMSDs, sick leave, and 
employee-turnover to support evidence-based industrial 
deployment.
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E

Workers’ opinions on exoskeletons and 
their ability to reduce MSDs: a cross-
section of the literature and a field study

xoskeletons are popular in the workplace and in the scientific 
sphere for preventing MSDs (Botti & Meloni, 2023). Results 
from workers’ perceptions following use in the workplace 
are showing. What do they really think?

Methodology
This paper proposes results from two sources: 1. A liter-
ature review (n=35 studies, from 2010 to 2023; Gonella 
et al., 2025). Data were collected via questionnaires, group 
interviews, or open-ended consultations. 2. A case study 
conducted in Quebec (n=17 tasks, n=51 workers, nine 
exoskeletons; Denys et al., 2025; Berger et al., 2025). Per-
ceptions were obtained through questionnaires (before and 
after), individual and group interviews, verbalizations. Qual-
itative syntheses were carried out (usability, intention and 
ease of use, perceived usefulness, rejection and accept-
ance factors).

Results
Participants from source 1 reported: 1. That positive effects 
would be visible in the longer term (≥ three months): reduc-
tion in back strain, in effort and fatigue, improvement in pos-
ture; 2. Negative effects on comfort, restriction of movement 
and in tight spaces, on balance, difficulties with adjustments, 
heavy weight and interference with PPE, or on safety. For 
effort reduction: opinions are divided (depending on the exo-
skeleton and limbs supported). The reported reductions are 
more positive when adopting static postures. For perfor-
mance, participants report interference with work, there is no 
consensus on the impact on productivity. Participants often 
report the need for improvements to device designs and 
advocate for exoskeletons to be worn only on a voluntary 
basis. Some authors mention that there is certainly a pla-

M. Gonella1, I. Berger2 and D. Denis2 

cebo effect: they note a feeling of reduced perceived effort 
but no objective measure of reduction in muscle stress.

The perceptions of the workers (source 2) are mixed. 
They commented on four points about the devices: the abil-
ity to adopt various postures, usability, usefulness to reduce 
efforts and comfort. For postures: opinions are positive, but 
it is difficult to adopt postures close to the ground (squatting, 
kneeling), which are necessary for dynamic work (e.g. hor-
ticulture, construction). They consider usability to be good 
for certain models. For comfort, opinions are divided, some 
feel restrictions or discomfort, others do not. Following the 
tests, the intention of use was low or mixed, exoskeletons 
are often considered unsuitable for real work, but the opinion 
varies according to the individual, the tasks and the models. 
In fact, the more dynamic the work is, the less the cost-ben-
efit balance seems to lead to a strong intention to use (and 
vice versa). Participants mainly report rejection factors: dis-
comfort (heat, pressure points), a reduction in effort deemed 
insufficient, a negative impact on productivity, incompatibility 
with tasks or interference with work and an altered sense of 
security. It should also be noted that comfort is the variable 
that seems to influence users’ perceptions the most.

Discussion / conclusion
The results of our study are in line with the literature review, 
but they are a bit more diverse and negative. We mainly find 
elements of rejection, negative points regarding the use of 
exoskeletons in the workplace. The participants seem to 
evaluate the technical performance of the devices quite 
positively in their potential to reduce MSDs. The problem 
would rather come from their suitability for the work. Over-
all, the results in the workplace are more mixed than in the 
laboratory.

1 IRSST, 505, Boul. De Maisonneuve Ouest, Montréal, Québec H3A 3C2, Canada. 2 UQAM, Département des Sciences de l’activité physique, 141 avenue du Président-
Kennedy, Montréal, QC, H2X 1Y4, Canada. 3 UQAM, Département des Sciences de l’activité physique, 141 avenue du Président-Kennedy, Montréal, QC, H2X 1Y4, Canada. 
Email: maud.gonella@irsst.qc.ca

16:40 - 17:00 – AUDITORIUM 300, LEVEL 1 – #52

KEY WORDS

Exoskeleton | Perceptions | Filed study | Qualitative data

PARALLEL SESSIONS  
01. ORAL COMMUNICATIONS: NEW TECHNOLOGIES – EXOSKELETONS

TUESDAY, 5 MAY 2026 PARALLEL SESSIONS 
01. Oral communications: New technologies – Exoskeletons

ACKNOWLEDGEMENTS
This work was supported by the Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST).

REFERENCES
Berger, I., Denis, D., Gonella, M. (2025). Exosquelettes au travail : vers une adoption contextualisée grâce à une démarche d’intégration structurée. Actes du 58e Congrès 
de la SELF, Ergonomie, communauté(s) et société : entre héritage et perspectives. Nanterre, 2 au 4 Juillet 2025.
Botti, L. & Melloni, R. (2024). Occupational Exoskeletons: Understanding the Impact on Workers and Suggesting Guidelines for Practitioners and Future Research Needs. 
Applied Sciences, 14, 1, 84. https://doi.org/10.3390/app14010084.
Denis, D., Berger, I., Gonella, M. (2025). Pourquoi l’adoption d’un exosquelette sur le long terme représente-t-il un défi ? Actes du Congrès de la SELF, Ergonomie, 
communauté(s) et société : entre héritage et perspectives. Nanterre, 2 au 4 Juillet 2025.
Gonella, M., Denis, D., Berger, I. (2025). Comment sont implantés les exosquelettes dans les milieux de travail ? Résultats d’une revue systématique. Actes du 
58e Congrès de la SELF, Ergonomie, communauté(s) et société : entre héritage et perspectives. Nanterre, 2 au 4 Juillet 2025.

09SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE                         BOOK OF ASBTRACTS

mailto:maud.gonella%40irsst.qc.ca?subject=
https://www.mdpi.com/2076-3417/14/1/84


I

Postural awareness as a precondition 
for safe, task‑specific use of industrial 
exoskeletons—and as a lever to develop it

ndustrial back-support and upper-limb exoskeletons can 
reduce biomechanical load and perceived exertion in specific 
tasks, yet they may introduce new risks when deployed with-
out clear task windows, exclusion criteria and user training (de 
Looze et al., 2016; Madinei et al., 2020; Golabchi et al., 2022; 
Kranenborg et al., 2023; EU-OSHA, 2019; NIOSH, 2016, 2022). 
We argue that postural awareness—the capacity to perceive, 
interpret and modulate alignment and tension in real time—
is a prerequisite for safe, sustainable assistance; conversely, 
lightweight exoskeletons can be used as didactic amplifiers to 
accelerate somatic learning of efficient patterns. 

We present a fit-for-task implementation framework that 
couples ergonomic assessment (RULA/REBA; time in critical 
postures), workload and exertion ratings (NASA-TLX; Borg 
CR10, district-specific), and a structured perceptual-motor 
training module using with/without contrasts, short verbal cues 

C. Vignola1, C. Pigni2 and A. Pagano2

and explicit stop rules (McAtamney & Corlett, 1993; Hignett & 
McAtamney, 2000; Borg, 1998; Hart & Staveland, 1988; Hart, 
2006). A decision matrix (Table 1) links job demands (e.g., 
trunk flexion ~20–60°, overhead reach >60–90°), device family 
(soft back-support; passive shoulder assist) and exclusions 
(stairs/ramps, tight spaces, rapid torsions).

We translate a validated Back School approach—originally 
combining depth-camera observation with coached practice—
into an exoskeleton-assisted protocol that makes differences 
in load distribution and movement freedom immediately per-
ceptible; implementation materials include an adverse-event 
taxonomy (pressure points, paresthesia, mobility restrictions, 
non-target load transfer), acceptance/compliance checks, and 
integration with PPE and emergency procedures consistent 
with relevant standards (ISO 13482:2014; ISO/TR 23482-1/-2). 
This protocol aims to minimize the risks associated with a lack 
of awareness of overloads and pressure points resulting from 
the use of exoskeletons.

Case vignettes from manufacturing and logistics illustrate 
feasibility and the type of outcomes prioritized: reduced time 
in critical postures, improved RULA/REBA classes, and lower 
Borg CR10 in the target district without increases elsewhere, 
with stable or reduced NASA-TLX and no reportable events.

Postural awareness is the integration of interoception and 
proprioception to regulate alignment and muscle tone during 
task execution. In exoskeleton use, it functions as a cogni-
tive-perceptual filter that prevents dysfunctional compensa-
tions and optimizes human–device interaction (Vignola C. 
2023). Functionally, awareness enhances fine motor control, 
reducing compensations and non-target loads, lowering exer-
tion, and promoting safer, more efficient performance.

1 College of Mechanical and Industrial Engineering, Abu Dhabi University, 59911, Khalifa City, UAE. 2 Hirelia, 20125, Milano, Italy. 
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TABLE 1
Task-
matching 
table 
examples.

Representative 
task

Critical 
ranges

Suggested 
device Fit notes Exclusions / 

stop rules

Repeated trunk 
flexion pick-&-
place

20–60° trunk 
flexion, 
limited 
torsion

Soft/ 
“hybrid” 
back- 
support

Coach hip-
hinge; verify 
belt/anchor 
comfort

Stairs/ramps; 
tight spaces; 
rapid twisting

Overhead 
painting/cabling

Shoulder 
elevation 
>60–90° 
sustained

Passive 
shoulder 
support

Verify scapulo-
thoracic 
freedom; 
adjust 
assistance

Paresthesia, 
pressure 
marks >20–30 
min, PPE 
interference

Precision 
forearm tasks 
(demo)

Static reach, 
wrist neutral

Forearm 
support 
(demo only)

Use to 
highlight wrist 
trade-offs

Avoid for 
prolonged 
production use
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Industrial exoskeletons have become a frequently 
recommended tool at workplaces for reducing the workers’ 
musculoskeletal loads. However, successfully introducing 
exoskeletons remains a significant challenge for employers, 
workers, and associated stakeholders. This session will present 
an overview of the various challenges involved in selecting 
the most suitable exoskeleton for a given workplace. Finally, 
an example of how to conduct a long-term assessment of 
exoskeleton usage in the workplace will be provided.

Status Quo on 
Industrial Exoskeleton 
Research

16:30 - 17:30 – ROOM 103, LEVEL1
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S

The updated German medical 
guideline on exoskeletons 
for preventing work-related 
musculoskeletal disorders

pecific work characteristics like handling heavy loads, 
repetitive lifting, static postures, and overhead work play 
an important role in the development of work-related mus-
culoskeletal disorders (WRMSD). Potential interventions for 
relieving employees exposed to these physically demand-
ing occupational tasks and for WRMSD prevention could 
be the implementation of exoskeletons, which are assistive 
devices worn directly on the body aiming to reduce physi-
cal loads on particular body parts. To support occupational 
practitioners, a German medical guideline on the use of 
exoskeletons for preventing WRMSD was published in 
2020 and is being updated.

The 2020-guideline was a consensus-based guideline 
(level S2k) including expert opinions supported by pub-
lished scientific studies. The update is accompanied by an 
upgrade to a combined evidence- and consensus-based 
guideline (level S3) including systematic literature search 
and assessment along with expert opinions from a rep-
resentative body of professional societies and advisory 
institutions. In a structured consensus conference, inde-
pendently moderated, the developed recommendations 
and key statements are voted on and adopted.

Systematic searches in four databases and one trial 
register resulted in 1,467 records. Two reviewers inde-
pendently screened 1,035 unique records and selected 
206 reports that met the eligibility criteria. Only four stud-
ies (five reports) were longitudinal field studies that could 
serve as evidence base for the current guideline regarding 
primary and secondary prevention. No study dealt with 

T. Luger1, K. Heinrich2, S. Weiler3, J. Hegewald4,5, N. S. Korrapati1, P. Schwenkreis6, S. Middeldorf7, 
U. Glitsch2, F. Liebers5, A. von Glinski8, T. A. Schildhauer9, G. Winter10, G. Schnalke11, S. Wischniewski12, 
M. Peters12, I. Schalk13, D. Kern14, R. Schick13, M. Jäger15, U. Daub16 and B. Steinhilber1

tertiary prevention. Studies were judged on risk of basis 
using ROBINS-I V2 and quality of evidence using Oxford 
Levels of Evidence. All studies had a moderate or high 
risk of bias and the final level of evidence was 3 or 4 (after 
downgrading based on sample size, potential conflict of 
interest, statistical significance level adjustments, interven-
tion period, risk of bias). In general, the body of literature 
addressed short-term effects, mostly conducted in labo-
ratory environments. It clearly shows that effects of the 
exoskeleton depend on the selected occupational task and 
anthropometric characteristics of the user and that usability 
and wearing comfort may be key elements for successful 
implementation. The 206 selected reports were considered 
by all experts to derive and consent recommendations.

The three studies on primary prevention could not indi-
cate a clear effect of wearing exoskeletons compared to 
not wearing exoskeletons on musculoskeletal disorders 
and symptoms among healthy employees. The one study 
on secondary prevention showed that wearing exoskele-
tons had a pain-reducing effect compared to not wearing 
an exoskeleton among workers with unspecific back pain.

The evidence that exoskeletons can play a preventive 
role in the development of WRMSD is very limited. This 
is an appeal that further research is needed: conducting 
high-quality longitudinal randomized controlled trials; being 
aware that the effect of wearing exoskeletons depends on 
the occupational task and characteristics of the wearer; 
warranting acceptance of exoskeleton implementation at 
all hierarchical levels.

1 Institute of Occupational and Social Medicine and Health Services Research, University Hospital of Tübingen, Wilhelmstraße 27, D-72074 Tübingen, Germany. 2 Institute 
for Occupational Safety and Health of the German Social Accident Insurance, Sankt Augustin, Germany. 3 Health Centre North, AUDI AG, Ingolstadt, Germany. 4 Institute 
of Occupational and Social Medicine, TU Dresden, Dresden, Germany. 5 Federal Institute for Occupational Safety and Health, Berlin, Germany. 6 Neurological University 
Hospital, BG University Hospital Bergmannsheil GmbH, Bochum, Germany. 7 Centre for Orthopaedics, Schön Clinic Bad Staffelstein, Bad Staffelstein, Germany. 
8 Department of Orthopedics and Trauma Surgery, Catholic Clinic Bochum, Ruhr University Bochum, Bochum, Germany. 9 Surgical University Hospital and Polyclinic, BG 
University Hospital Bergmannsheil, Bochum, Germany. 10 German Social Accident Insurance Institution for Commercial Transport, Postal Logistics and Telecommunication, 
Darmstadt, Germany. 11 Outpatient Rehabilitation Center Braunschweig, Braunschweig, Germany. 12 Federal Institute for Occupational Safety and Health, Dortmund, 
Germany. 13 German Social Accident Insurance Institution for the Trade and Logistics Industry, Mannheim, Germany. 14 German Social Accident Insurance Institution for 
the Woodworking and Metalworking Industries, Stuttgart, Germany. 15 Leibniz Research Centre for Working Environment and Human Factors at Dortmund University of 
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Evaluation 
and implementation 
of exoskeletons in 
the workplace
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Exoskeletons are a novel ergonomic tool, aiming to reduce 
work related musculoskeletal diseases. Exoskeletons 
have the potential to reduce excessive physical strain 
during occupational tasks. This has been shown mainly 
in laboratory studies (Luger et al., 2022). However, each 
workplace must be specifically assessed regarding the 
potential benefit of exoskeletons as well as the most suit-
able exoskeleton for the specific task. This requires an 
assessment of the suitability of exoskeletons, for which 
there is currently no standardized and reliable procedure. 
Selection and evaluation are not easy for end-user-com-
panies due to the large number of products available on 
the market (Weidner et al. 2020). Exoskeletons can sup-
port different body regions and differ in terms of their 
design, construction, and mechanical and biomechan-
ical functionality (Ralfs et al., 2023). Furthermore, exo-
skeletons are usually designed for specific tasks and/or 
working postures that can occur in workplaces in different 
forms, frequencies and durations. Choosing the right exo-
skeleton, based on the individual needs and strategically 
implementing it into the workplace is crucial for the long-
term success.

To guide potential users of exoskeletons, we have 
designed an information brochure on the evaluation and 
implementation of exoskeletons in the workplace by the 
german social accident insurance. The aim of this bro-
chure is to provide a basis for evaluating exoskeletons in 
the workplace and sustainably implementing a suitable 
sulution. We describe a systematic step-by-step pro-
cedure, supplemented with checklists, questionnaires, 
diagrams and recommendations for action. This ensures 
reliable and comparable test results and enables the 
selection of a suitable exoskeleton for the respective 
application.

Stakeholders are occupational health and safety pro-
fessionals that are planning the implementation of exo-
skeletons in the workplace. The key steps in the selection 
and evaluation process, as well as essential recommenda-
tions for action, are summarized in a compact and practi-
cal format for users. The alignment with health and safety 
guidelines as well as labour protection laws is another 
important aspect that is considered and described.
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I

Analysis of the relief of the lumbar 
spine by different back‑support 
exoskeletons during lifting and holding

n recent years, the number of commercially available indus-
trial exoskeletons has increased substantially. Most previous 
studies gathered either only EMG data and were focused 
on passive BSEs (Kermavnar, T et al., 2021). The objective 
of the present study was therefore to include multiple exo-
skeletons (one active, A1, and two passives, P1 and P2) in 
the investigation and to assess their impact on L5/S1 joint 
moments and erector spinae (ES) activity during lifting and 
holding of 10 kg. It was hypothesized that a BSE-specific but 
activity-independent support effect could be observed for 
passive systems. Conversely, a more task-specific support 
effect was expected for the active system.

As part of a laboratory study 12 subjects (6 m, 6 f; height: 
1.77 ± 0.08 m; weight: 70.0 ± 11.4 kg; age: 25 ± 2 years) 
performed dynamic lifting (5 repetitions of freestyle lifting 
in front of the body) and static holding (20 s in 45° torso 
forward bend with legs extended) of a 10 kg load weight. 
Activities were performed in a randomized fashion under 
NoExo, A1, P1 and P2 conditions.

Full body 3D-motion capture (12 Cam, Vicon Nexus) of 
the subjects and the BSE was conducted at 100 Hz and 
used to calculate L5/S1 extension moments via inverse 
dynamics in accordance with the Plug-in Gait Standard. A 
4-channel sEMG of the ES was recorded at vertebrae levels 
T11/12 and L2/3 at 1000 Hz.

For lifting and holding the mean and peak values for 
the lumbar extension moments and muscle activity were 
analyzed with separate 2-way mixed analysis of variance 

U. Glitsch1, J. Johns1 and K. Heinrich1

(ANOVA) with the factors subject (random effects factor) and 
exoskeleton (fixed effects factor). The level of significance 
for all tests of p < 0.05 was used.

During the dynamic lifting task, the mean peak L5/S1 exten-
sion moments for NoExo were 1.76 ± 0.16 Nm/kg. The analysis 
of the EMG data revealed peaks in muscular activity of 39.9 ± 
9.5 %MVC. The application of exoskeletons A1 and P1 resulted 
in an average reduction of the maximum L5/S1 extension 
moments of 15% (p < 0.01) and 11% (p < 0.01), respectively. 
A reduction of 22% (p < 0.01) was observed for P2. Maximum 
ES muscle activity during lifting was also significantly reduced 
with all systems (A1: 32%; P1: 13%; P2: 17%, p < 0.01).

During the holding task, average L5/S1 extension 
moments were 1.41 ± 0.15 BW, and the average ES activity 
was 20.9 ± 4.9 %MVC for NoExo. Comparable reductions 
in L5/S1 extension moments were observed for both pas-
sive systems, with a 12% reduction (p < 0.01) for P1 and a 
20% reduction (p < 0.01) for P2. A greater reduction of 41% 
(p < 0.01) was observed for A1. The muscle activation data 
exhibited a comparable pattern, with a reduction in mean 
ES EMG amplitude for P1 of 23% (p < 0.01) and P2 of 16% 
(p < 0.01), and a greater reduction by A1 of 54% (p < 0.01).

The results confirm our hypothesis. The passive exo-
skeletons showed a support effect that was mostly unaf-
fected by the activity. The active system in contrast showed 
a greater reduction for the static task. It can therefore be 
concluded that the task-specific fit of different exoskeleton 
types should be regarded in their analysis.

1 Institute for Occupational Safety and Health, German Social Accident Insurance, Alte Heerstr. 111, 53757 Sankt Augustin, Germany. 
Email: ulrich.glitsch@dguv.de
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FIGURE 1
Comparison of peak and mean L5/S1 
extension moments, during lifting (a) 
and holding tasks (b) between Exo and 
NoExo condition. Colored bar plots 
represent mean and stacked white 
bars peak values. T: 1 SD; peak(   )/
mean(   ): p<0.05 (adapted from Johns 
et al., 2024).
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Using musculoskeletal simulation 
for knowledge‑based selection 
of industrial exoskeletons

xoskeletons are support systems that are increasingly used 
in industrial context as they enable a reduction of physical 
stress on the worker (Weidner and Karafillidis 2018). By 
supporting, enabling or facilitating of movements or by sta-
bilizing the posture, long-term strain-related injuries to the 
workers, mainly musculoskeletal disorders (MSDs) can be 
prevented (Kines et al. 2007). However, the selection of a 
suitable exoskeleton for companies regarding the individual 
situations (workers, specific tasks, tools, work environment 
etc.) remains a difficult task (Crea et al. 2021).

Simulation- and knowledge-based selection of exo-
skeletons provides numerous advantages, e.g., the digital 
testing of different exoskeletons without the need of user 
tests. Thus, a methodology for a comprehensive simu-
lation- and knowledge-based tool is set up considering 
economic, ergonomic and biomechanical criteria (Drees 
et al. 2025). The key element of the methodology is a 
co-simulation model consisting of a task simulation and 
a musculoskeletal simulation incorporating the effects for 
the biomechanics of the worker. 

This contribution mainly focuses on the biomechanical 
simulation via musculoskeletal human models (MHMs) and 
how this can aid the selection process of industrial exoskel-
etons. To show the usage of musculoskeletal simulation, 
MHMs with differing anthropometrics (5th, 50th and 95th 
percentile) are simulated performing an arm lifting- and low-
ering-task. In addition, the support torque of five different 
shoulder exoskeletons is applied to the different MHMs. The 
support torques were previously captured with a specifically 
designed test bench. A MHM with exemplary exoskeleton 
and the resulting muscle activations of the different sup-
ports are shown in Figure 1. The example represents the 
usage of musculoskeletal simulation to gain insight into the 
biomechanics of the worker. Based on this simulation and 
in combination with the task simulation, implications for the 
perceived ergonomics can be made. Thus, by considering 

D. Scherb1, T. Drees2, B. Kuhlenkötter2 and R. Weidner1

further factors (e.g., price, usability etc.) suggestions for the 
optimal exoskeleton selection for a company via the simu-
lation- and knowledge-based tool can be derived.

1 Chair for Automated and Autonomous Systems (AAS), TU Bergakademie Freiberg, Akademiestraße 6, 09599 Freiberg, Germany. 2 Chair of Production Systems (LPS), 
Ruhr-University Bochum, Industriestraße 38c, 44894 Bochum, Germany. 
Email: david.scherb@aas.tu-freiberg.de
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FIGURE 1
a) Musculoskeletal human model with exemplary 
attached exoskeleton performing the arm-lifting and 
-lowering task and b) resulting activation for the 
deltoideus muscle with influence from the different 
exoskeletons.
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Shoulder exoskeletons 
in aircraft assembly: 
a field study on potential
long‑term effects

usculoskeletal disorders (MSDs), particularly those 
affecting the upper extremities, remain a leading cause 
of work-related sick leave. Tasks performed above shoul-
der joint (SJ) height impose considerable biomechanical 
loads, significantly increasing the risk of MSD develop-
ment. Although interest in upper-extremity exoskeletons 
as assistive devices is growing within the industrial sec-
tor, conclusive biomechanical evidence regarding their 
long-term efficacy remains limited. This study investigates 
the biomechanical and physiological effects of a passive 
upper-extremity exoskeleton during overhead tasks in the 
context of aircraft manufacturing.

A field study was conducted at Airbus facilities involv-
ing 20 experienced employees performing typical over-
head assembly tasks. Two representative tasks – structure 
assembly (S-Task) and equipment installation (E-Task) – 
were analysed. Inertial measurement units (IMUs) were 
used to capture movement patterns. Long-term record-
ings over > 12-month period was provided by MotionMin-
ers, while the Institute for Occupational Safety and Health 
conducted detailed shift-based analyses. Each approach 
included assessments of shoulder elevation angles and 
the resulting joint moments. Both tasks were performed 
with and without the support of a passive shoulder exo-
skeleton (EXO, ottobock Shoulder). The biomechanical 
impact of the EXO was evaluated based on its known sup-
port characteristics. Additionally, participants completed 
questionnaires regarding usability, comfort, and accept-
ance. Workweeks with and without EXO support were 
compared using ergonomic assessment tools, including 

K. Heinrich1, R. Grzeszick2, M. Kaufmann3, T. Wagner4 and C. Böhm5

the Key Indicator Method for Musculoskeletal Load (LMM) 
and the CUELA Method, as outlined in the MEGAPHYS 
reports [1].

CUELA and LMM evaluations indicated a high risk of 
musculoskeletal overload (S-Task: 37.7% NRPM / LMM 
score 140; E-Task: 32.3% NRPM / LMM score 133). Cumu-
lative CUELA analysis of shoulder strain profiles (based on 
Potvin, 2012) revealed high muscular strain during S-Tasks 
(high-risk exposure >10% of working time) and increased 
strain during E-Tasks (increased-risk exposure >5% of 
working time). Use of the EXO reduced muscular strain by 
up to 11% MVC, corresponding to a reduction of shoulder 
joint moments of up to 9 Nm. Over the long term, EXO use 
led to a 14% increase in endurance (holding time improved 
from 5.0 s to 5.7 s) and a 12% reduction in handling events 
(from 387 to 340). Subjective evaluations indicated high 
perceived relief (4.1/5), increased well-being (4.4/5), and 
moderate comfort (3.9/5).

The high muscular strain observed, particularly in 
S-Tasks, suggests a potential for non-reversible fatigue 
of the shoulder musculature. The reduction in muscular 
strain by up to 11% MVC through EXO use may enable 
sufficient recovery and could help prevent chronic fatigue 
under certain working conditions.

Using a passive shoulder exoskeleton showed benefi-
cial effects in reducing biomechanical load and muscular 
effort. While these results alone do not justify the general 
conclusion that exoskeleton use significantly lowers the 
risk of developing MSDs, they are promising and warrant 
further investigation.
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1 Institute for Occupational Safety and Health of the German Social Accident Insurance (IFA), 53757, Sankt Augustin, Germany. 2 MotionMiners GmbH, 44227, Dortmund, 
Germany. 3 Koblenz University of Applied Sciences, 56075, Koblenz, Germany. 4 Berufsgenossenschaft Energie Textil Elektro Medienerzeugnisse (BG ETEM), 50968, 
Cologne, Germany. 5 Airbus Defence and Space GmbH, 28199, Bremen, Germany. 
Email: kai.heinrich@dguv.de

REFERENCES
[1] MEGAPHYS - Mehrstufige Gefährdungsanalyse physischer Belastungen am Arbeitsplatz - Band 2. Berlin: Deutsche Gesetzliche Unfallversicherung e. V. (DGUV), 
(2020), S. 984.

16 BOOK OF ASBTRACTS                         SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE

mailto:kai.heinrich%40dguv.de?subject=


16:00 - 16:20 – ROOM 104, LEVEL 1 – #82

PARALLEL SESSIONS  
03. ORAL COMMUNICATIONS: NEW AND ATYPICAL FORMS OF WORK AND ORGANIZATION

Onset of low back pain, depressive 
symptomatology and teleworking 
conditions during lockdown in France: 
a structural equation modelling approach

Background
Following the health restrictions related to the COVID-19 
pandemic, about a third of French workers experienced 
mandatory teleworking during the lockdowns. The objec-
tive of this study is to examine the complex relationships 
between teleworking conditions, depressive symptomatol-
ogy, and the onset of low back pain (LBP) during France’s 
third lockdown in spring 2021.

Methods
Based on the online CoviPrev survey, 466 workers from the 
French general population who teleworked at least one day 
a week during lockdown and were free of LBP at the start of 
lockdown were included in this study. A conceptual model 
was developed in which relationships between teleworking 
conditions, depressive symptomatology, and the onset of 

N. Fouquet1, C. Ménard1, M. Fadel2, J. Bodin3 and Y. Roquelaure2

LBP were assumed. Structural equation modelling was 
used to test the model.

Results
The model showed that teleworking conditions (both mate-
rial conditions of teleworking and the amount of telework) 
have a substantial direct and indirect impact on the onset 
of LBP. As shown in the Figure 1, complex relationships 
have been observed between the conditions of teleworking 
(material conditions and amount of telework), depressive 
symptomatology and the onset of LBP, mediated by satis-
faction with teleworking conditions.

The mediated effect sizes of the complex relationship 
by satisfaction with teleworking conditions were signifi-
cant (-0.08 p<0.001). The material conditions of teleworking 
directly and significantly influenced the risk of LBP (stand-
ardised coefficient=0.24 p<0.05). In addition, the material 
conditions and the amount of telework were significantly 
associated with the level of satisfaction with teleworking 
conditions (respectively, 0.25 p<0.0001 and 0.12 p<0.05). 
The level of satisfaction was significantly associated with 
lower risk of depressive symptoms (-0.43 p<0.0001) and 
the onset of LBP (-0.42 p<0.0001). Additionally, the pres-
ence of depressive symptomatology was also significantly 
associated with the onset of LBP during the third lockdown 
(0.58 p<0.0001). Regarding personal risk factors, only two 
associations were significant in the model: the risk of LBP 
increased for women and the risk of depressive symptom-
atology decreased with age.

Discussion/Conclusion
This study suggests that there are complex relationships 
between teleworking conditions, depressive symptomatol-
ogy, and the onset of LBP, which are essential to character-
ize to better understand the chain of determinants for the 
onset of LBP. They also highlight the importance of good 
working conditions to reduce the impact of teleworking on 
health, including the prevention of sedentary behaviours. 
However, this study was conducted in a specific context. 
The data should therefore be updated in order to document 
the situation in a normal context.

1 Santé publique France, French national public health agency, F-94410 Saint‑Maurice, France. 2 Univ Angers, CHU Angers, Univ Rennes, Inserm, EHESP, Irset (Institut 
de recherche en santé, environnement et travail) - UMR_S 1085, SFR ICAT, F-49000 Angers, France. 3 Univ Angers, Univ Rennes, Inserm, EHESP, Irset (Institut de recherche 
en santé, environnement et travail) - UMR_S 1085, SFR ICAT, F-49000 Angers, France. 
Email: natacha.fouquet@santepubliquefrance.fr
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FIGURE 1
Structural equation model linking teleworking conditions to depressive 
symptomatology and onset of low back pain.
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Sedentary behaviour 
and physical activity during 
hybrid work

Introduction
Physical activity (PA) and sedentary behaviour (SB) in daily 
life and at work have long been the focus of research. 
A lack of PA and prolonged sitting are associated with 
adverse health outcomes, while regular activity can reduce 
such risks. Even prior to the pandemic, studies showed 
differences in PA and SB between home office (HO) and 
office work. However, the factors influencing a healthy 
activity level in the HO remain insufficiently understood.

This field study on behalf of the German Social Acci-
dent Insurance Institution for the raw materials and chem-
ical industry investigates whether PA and SB among 
employees working at computer-based workstations differ 
between the HO and the office. Both total waking time and 
pure working hours were examined; the present analysis 
focuses on the latter.

Methods
Hybrid workers were observed during a regular workweek. 
Life circumstances, PA, and health-related behaviours 
were recorded. Objective PA data were collected using 
a thigh-worn ActivPAL 4+ sensor and analysed using the 
CUELA method. The study covered periods before, dur-
ing, and after working hours, including breaks, commut-
ing, and physical exercise. Parameters included steps, 
posture, postural changes, activities, and metabolic 
equivalent (MET). Daily routines such as sleep, working 
hours, and breaks were also documented.

Participants completed questionnaires assessing sleep 
quality (PSQI), subjective PA (IPAQ), and musculoskeletal 
complaints (CMDQ). PA and SB were compared between 

K. Wechsler1, R. Ellegast1 and B. Weber1

HO and office days, considering postural changes and 
commuting. Further variables such as caregiving respon-
sibilities, commuting distance, health behaviour, and mus-
culoskeletal symptoms were included in the analysis.

Results
Data from 52 participants (29 w, 23 m) were included in 
the present analysis. The mean age of the sample was 
42.7 years (±10.7), with an average body mass index (BMI) 
of 25.3 kg/m² (±3.5). In total, 947 hours of work in the HO 
and 932 hours in the office were analysed. 

A higher proportion of SB was observed during HO 
work (74.6%) compared to office work (69.0%). Con-
versely, a slightly greater proportion of light physical 
activity (LPA; >1.5 MET) was recorded in the HO setting 
(2.6%) relative to the office (2.3%). In contrast, moderate 
to vigorous physical activity (MVPA; ≥3 MET) was more 
prevalent in the office (4.7%) than in the HO (2.5%). The 
frequency of posture changes was comparable (HO: 3.2 
per hour, office: 3.0 per hour), whereas the proportion of 
prolonged sedentary bouts (>30 minutes) was higher in 
the HO (46.2%) than in the office (38.9%).

Discussion
This analysis focused on pure working hours. Most differ-
ences were found for PA. The higher LPA in the HO may 
reflect light domestic tasks performed during breaks. The 
increased MVPA in the office is likely related to stair use, 
walking to lunch, or moving during informal meetings. 
These findings will contribute to developing practical rec-
ommendations for healthier hybrid work routines.

1 Institute for Occupational Safety and Health (IFA) of the German Social Accident Insurance (DGUV), Alte Heerstraße 111, 53737, Sankt Augustin, Germany. 
Email: Konstantin.wechsler@dguv.de
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Teleworking has increased since the pandemic and now 
affects a significant portion of the working population. 
This means that some of the health risks for workers are 
no longer confined to the office but also extend to home 
workplaces. Studies have shown a correlation between 
poorly designed home workstations and health problems, 
particularly musculoskeletal disorders (MSD) (Cruz-Ausejo 
et al., 2022; Kotowski et al., 2022). It is therefore impor-
tant to have knowledge of the ergonomic design of home 
workstations.

The State Secretariat for Economic Affairs (SECO) is 
responsible for monitoring risks for occupational health in 
Switzerland. In the context of its mandate, it launched a 
survey to assess home working conditions and to deter-
mine whether specific preventive measures are needed to 
improve health protection in teleworking. The survey was 
conducted between June and November 2024 among a 
convenience sample of 2,855 workers across 13 Swiss 
companies (response rate: 32.6%). Additionally, 149 
employees submitted photos of their home workstations 
for photographic analysis.

This survey has two components. First, a self-reported 
component, using a questionnaire, to assess sociode-
mographic characteristics, working time, general and 
home-specific working conditions (organisation, con-
straints, and resources), environment and work equip-
ment, perceived health, and teleworking framework 
conditions (regulations, training, etc.). Secondly, an obser-
vational component, using experimental photographic 
analysis to assess certain ergonomic aspects. This sec-
ond component complements the questionnaire. Partic-
ipants were asked to submit three photos of their home 

F. Kern1 and N. Cianferoni1

workstation, following certain photography guidelines. 
Ergonomists evaluated these photos to assess furniture, 
work tools, space for movement, workstation orientation, 
etc. (Auf der Maur & al, 2025)All in all, this methodology 
helps to better understand home workstations and to 
identify any discrepancies between participant’s self-re-
ported assessments and ergonomists’ evaluations. Most 
respondents indicated that their home workstation met 
ergonomic criteria. However, ergonomists’ photographic 
analysis reveals a less favorable reality, with discrepancies 
observed in legroom, work surface depth, desk height 
and seat height. These basic ergonomic inadequacies are 
obvious biomechanical risks for MSDs. These findings 
suggest that self-assessments of teleworking workstation 
ergonomics tend to be overly optimistic. Evaluation based 
on self-measurement should be complemented by other 
measurements. 

Privacy concerns make it more challenging for labor 
inspections (as well as for companies who are respon-
sible for ensuring healthy working conditions) to assess 
the ergonomic design of home workstations compared 
to on-site workstations. One option would be to use 
photos to have the design checked by independent 
ergonomists.

The discrepancy between self-assessment and ergon-
omists’ photographic assessment raises an interesting 
question: are teleworkers unaware of the constraints of 
their home workstation, or do the benefits of teleworking 
lead them to accept a certain level of risk, consciously 
or not? Traditional ergonomic methods such as activity 
analysis could be used to better understand the various 
interactions involved.

1 ABWG, Secretariat d’Etat à l’Economie (SECO), Holzikofenweg 36, Bern, Switzerland. 
Email: fabienne.kern@seco.admin.ch

The reality of home workstation: 
When self‑assessment meets
ergonomist evaluation
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Background
Knee meniscus disorders represent a significant cause 
of work absence and work disability, and often result 
in surgical intervention. We aimed in a large-scale gen-
eral population study to assess knee meniscus disease 
associated with cumulative workplace exposures over the 
working lifetime.

Material and Methods
Participants in a large prospective study (CONSTANCES) 
were surveyed. The survey included self-reported history 
of current and past jobs, allowing estimation of past and 
current workplace physical exposures using an existing 
job exposure matrix (JEM). meniscus surgery cases were 
ascertained through matching the surveys to national health 
insurance data. Poisson regression analyses (controlling for 
age, Body Mass Index, and sex) computed the relative risks 
(RR) of future meniscus surgery associated with standing, 
kneeling/squatting, carrying loads > 25kg, and computer 
use. Eleven exposures including physical force, repetition, 
posture, and keyboard use were categorized into quartiles. 
Models included different time periods of exposure and/or 
different exposure lag times.
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Do cumulative work 
exposures affect the risk 
of knee meniscus surgery 
in the CONSTANCES cohort?
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Results
More men than women had meniscus surgery (1,062 men 
vs. 541 women). Cumulative years of work in a job above 
the 75th percentile of population exposures to standing, 
kneeling/squatting, and carrying loads > 25kg were asso-
ciated with statistically significant higher risks of menis-
cus surgery among men (RR per ten years of exposure 
1.06-1.09), while years of computer work were associated 
with a lower risk of surgery (RR=0.93). Years of standing 
was associated with higher risk of surgery among women 
(RR=1.11). Placing a 5 year lag on exposures had minimal 
effects on the associations.

Conclusion
Our study found that working long hours standing, car-
rying heavy loads, and kneeling and squatting increased 
the risk of knee meniscus surgery among men during the 
working life. Time spent on computers was linked to a 
lower risk of future meniscus surgery. 
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Introduction
Most studies of Carpal Tunnel Syndrome have exam-
ined only current workplace exposures as risk factors. 
We examined the effects of both recent and past work 
exposures on the incidence of surgery for carpal tunnel 
release (CTR).

Methods
Participants in a large prospective French general popula-
tion study (CONSTANCES) were surveyed between 2012 
and 2017. The survey included self-reported history of 
current and past jobs, allowing estimation of past and 
current workplace physical exposures using an existing 
job exposure matrix (JEM). CTR cases were ascertained 
through matching the surveys to national health insur-
ance data for the 8-year period 2009-2016. Analyses were 
restricted to workers with some period of full-time work 
in 1989 or later.

Poisson regression analyses (controlling for age, Body 
Mass Index (BMI), and sex) computed the relative risks (RR) 
of future CTR associated with different work exposures. 
Eleven exposures including physical force, repetition, pos-
ture, and keyboard use were categorized into quartiles, 
with the top quartile referenced on lower quartiles. Models 
included different time periods of exposure and/or different 
exposure lag times.

B. A. Evanoff1, M. Fadel MD2, R. Colvin1, C. Ribet3, A. Leclerc3 and A. Descatha2

Results
777 cases of CTR were observed among the 56,289 per-
sons in the cohort. Those with CTR were more likely to 
be female, older, and to have a higher BMI. In both men 
and women, each of the 11 exposures was significantly 
associated with the incidence of CTR. In the cohort as a 
whole, RR of CTR per 5 years of exposure in the upper 
quartile included 1.19[1.13-1.25] for pressing with the 
base of the hand, 1.17[1.12-1.23] for use of vibrating 
tools, 1.17 [1.12-1.22] for rotation of the forearm, and 
0.88[0.84-0.91] for keyboard use. Women showed larger 
effect sizes than men for some exposures, including rep-
etition, use of vibrating tools, and pressing with the base 
of the hand. Higher effect sizes were seen among current 
workers than among those who had not worked in 5 or 
more years.  Lagging exposures by 3 and 5 years reduced 
the strengths of association. 

Discussion
Use of a JEM in a large general population cohort allowed 
us to study the effects of both recent and past work expo-
sures on the incidence of carpal tunnel syndrome. While 
more recent exposures had stronger associations with 
CTR, some past exposures were also associated with 
future risk of CTR. 
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Introduction
The concept of “margin of manoeuvre” has long been 
used in ergonomics to identify situations that pose a risk 
to workers’ health (Vézina 2001; Coutarel et al. 2024). 
Insufficient margin of manoeuvre can hinder sustainable 
return to work after a chronic problem. However, from an 
epidemiological perspective, there are few tools to assess 
this concept. The objective of this study was to identify 
questions available in epidemiological surveys that could 
characterize the margin of manoeuvre.

Methods
Seventy-five questions related to the concept of margin 
of manoeuvre were identified by an interdisciplinary work-
ing group (ergonomics, epidemiology, and occupational 
medicine) in four epidemiological questionnaires on occu-
pational health (Sumer 2017, Working Conditions 2016 
and 2019 Surveys, Dares (Ministry of Labor – France) and 
European Working Conditions Survey 2015, Eurofound). 
The Technique for Research of Information by Anima-
tion of a Group of Experts (TRIAGE) was implemented 
to select questions that were relevant from an epidemi-
ological point of view. An individual consultation phase 
and a collective consultation phase followed one another. 

J. Bodin1, M.E. Major2, S. Caroly3, A. Cuny4, N. Vézina5 and Y. Roquelaure6

Twelve experts were solicited individually to express their 
agreement level, via an online questionnaire, in order to 
identify questions characterizing the margin of manoeu-
vre. The questions not retained at the end of this phase 
were discussed collectively during two online meetings 
between the ten experts available. Finally, the experts 
voted via an anonymous online questionnaire to retain 
(or not) each question

Results
A total of 42 questions were retained by the experts: 
23 during the individual consultation phase (agreement 
>83.3%) and 19 during the collective consultation phase 
(agreement >85.7%).  

Discussion
After a psychometric validation stage, the questionnaire 
could be used to access the margin of manoeuvre in epi-
demiological surveys and to study associations with sus-
tainable return to work after a chronic problem. This ques-
tionnaire could also be relevant for ergonomic interventions 
to help identify work situations at risk for workers' health. 
Finally, this questionnaire could be of interest for occu-
pational health services to guide their prevention actions. 
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Introduction
In modern industrialized societies, levels of physical 
activity (PA) are declining, while sedentary behavior (SB) 
is becoming increasingly prevalent – both trends posing 
significant health risks. To address these concerns, it is 
essential to develop guidelines grounded in the relation-
ship between PA/SB and health outcomes. However, the 
current body of evidence remains sparse and inconsist-
ent. Emerging advancements in measurement technol-
ogies offer promising opportunities to establish a more 
reliable and standardized evidence base. This work intro-
duces a set of metrics and evaluation strategies designed 
to quantify and assess work-related PA and SB.

Methods
Literature was searched to identify relevant measurement 
systems and output parameters. Appropriate devices and 
key metrics were compiled, and a proposal for assessing 
work related SB was developed. To evaluate feasibility 
and consistency, the proposed methods were applied to 
data from 52 hybrid office employees working in three 
settings: office (O), home office (HO), and business travel 
(BT). PA was tracked over a typical workweek using a 
thigh-mounted motion sensor (activPAL 4+).

Results
Single thigh-worn sensors are considered valid and reli-
able in distinguishing postures, locomotion, and varying 
PA intensities over extended periods. Proposed metrics 
include proportions of time spent in specific postures and 
activities, transitions between behaviors, bout length dis-
tributions, and energy expenditure indicators. A prelimi-
nary risk assessment approach for sedentary work was 

developed using general recommendations and publicly 
available sensor-based exposure data. For the present 
dataset, 1,950 hours of work time were analyzed. SB 
was most prevalent in the HO setting (median: 77.1%), 
followed by O (74.1%) and BT (50.4%). The longest unin-
terrupted sitting bouts were similar between HO and O 
(median: 59.3 vs. 58.7 minutes), but prolonged sitting 
(≥30 minutes) was more frequent in HO (47%) than in O 
(40.5%) and BT (33.2%). Participants were most active 
during BT, with a median activity portion of 12.5% and 
a maximum bout length of 2.8 minutes (O: 5.8%, 2 min; 
HO: 4.4%, 0.9 min). These findings are reflected in the 
risk assessment, which tends to classify BT activity as 
moderately favorable, while O and HO fall into moderately 
unfavorable categories.

Discussion
The proposed assessment method proved effective for 
analyzing PA among office workers in different work envi-
ronments. The metrics enable differentiation between 
activity profiles and reveal significant differences in SB 
and PA distribution and can be recommended for con-
sistent use in future studies. Standardized assessments 
of PA and SB are crucial for generating comparable data 
across different studies and providing a consistent basis 
for dose-response analyses linking workplace activity to 
health outcomes. This is an important step toward devel-
oping evidence-based guidelines for risk assessment. 
One important requirement for the further development of 
measurement technology is smart documentation accom-
panying the measurements, as context-specific differenti-
ation of activity behavior (e.g., working time – leisure time 
or different work tasks) is essential.

Towards Standardized 
Assessment of Sedentary 
Behavior and Physical Activity at 
Work: Metrics and Methods Using 
Thigh-Worn Sensors
B. Weber1, K. Wechsler1, I. Hermanns-Truxius1 and R. Ellegast1
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diversity and MSD: what 
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J. N. Côté and B. Evanoff

09:00 - 10:00 – AUDITORIUM 300, LEVEL 1

Musculoskeletal disorders (MSDs) are among the most 
common and costly health problems that affect working 
populations, and constitute a major cause of disability [1]. 
Researchers and workplace stakeholders continue to invest 
time and efforts to increase understanding and resources 
to combat this problem. Unfortunately, the relationships of 
workplace exposures to MSDs are often difficult to assess, 
for a variety of reasons, which limits the impact of solutions. 
In this presentation, organized around the themes of “what 
do we know”, “what don’t we know”, and “where should 
we go”, we will discuss the impact of both population and 
sector diversity in occupational health, attempting to cover 
a broad spectrum of knowledge from our complementary 
perspectives in epidemiological and biomechanical research. 
Using an interdisciplinary approach, we will identify chal-
lenges and opportunities for future impactful research to 
prevent and ameliorate MSDs. 

The multifactorial nature of MSDs has been well 
described: personal, psychosocial, and workplace biome-
chanical exposures are all associated with higher rates of 
MSDs in working populations [2-7], and these factors all 
vary across different industries and employment sectors. 
Clarifying the etiologic and prognostic roles of these overlap-
ping risk factors is a challenge to researchers. Recognizing 
and better understanding these relationships is needed to 
understand and improve occupational health on a signifi-
cant, systematic scale.

In recent years, efforts have been made to increase 
access to work, and to safe working conditions, for an 
increasingly diverse working population. Evolving popula-
tion and social dynamics have led to increased participa-
tion in work for a variety of equity-seeking groups, including 
women [8], and people within a larger range of age, abilities, 

and ethnic origins. Rates and mechanisms of work-related 
MSDs vary according to well-researched personal factors 
such as age and sex/gender, and to less researched fac-
tors, such as handedness (i.e. both the side and strength of 
right-hand and left-hand dominance), in ways that can be 
explained using biomechanics and motor control research 
approaches [9-11]. Moreover, while several known inte-
grated models of impairment and disability effectively 
describe a spectrum of MSD severity [12], they often fail 
to explicitly address the differences in work-related etio-
logical or prognostic factors among workers with different 
outcomes [13-15]. In this presentation, we will expand on 
recent studies that present evidence for these inter-individual 
differences in MSD mechanisms, and will propose strate-
gies and avenues to further address population diversity 
to better understand and prevent MSDs for all individuals, 
including methods that draw from recent research on the use 
of biomechanical monitoring using wearable technology in 
para-athletes [16-18]. 

Future research in WMSD should better address the role 
of gender as it influences exposures and exposure / out-
come relationships, and better address the interactions of 
biomechanical exposures with other risk factors for MSD, 
including co-morbidities (obesity, arthritis), work organiza-
tion, and other workplace factors such as precarious work 
[19], workplace policies and culture, and access to health-
care [20-21]. Existing research often adjusts for these fac-
tors in order to focus on biomechanical exposures, and there 
are few in-depth studies of the interactions between different 
risk factors, or the differential distributions of risk factors 
across different industrial sectors. Most research on WMSDs 
is focused on current or recent workplace exposures; better 
understanding of the etiology of chronic degenerative MSDs 
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will require more research examining work activities over the 
life course [22]. There is also little research addressing the 
contingent or informal work sectors, which are more likely 
to have underreporting of MSDs, incentives to work while 
injured, and no paid sick leave. 

In addition to inter-individual differences, occupational 
health practitioners must also address the reasons for 
variations in incidence of MSDs across a diversity of work 
sectors. While differences in biomechanical risk factors are 
a clear predictor of cross-sector differences, other deter-
minants include differences in the demographics (age, sex, 
national origin),  socioeconomic factors (income, education), 
and co-morbidities (obesity, tobacco use) of different work-
ing populations, that in turn intersect with varying risks of 
MSDs. The occurence of MSDs is also influenced by work-
place policies, work culture, and work-related psychosocial 
factors, which vary widely across different countries and 
different industrial sectors [23]. Related to this, one chal-
lenge to WMSD reseach is that the relative etiologic contri-
butions of biomechanical exposures vs. other determinants 
of health to WMSD may depend on what case definition is 
used: while early symptoms of MSD are likely linked closely 
to biomechanical exposures, work disability resulting from 
WMSD has a more complex range of determinants [24]. 
Models that attempt to predict MSD outcomes according to 

population and sector diversity must address social issues 
as well as individual determinants of health and biomechan-
ical exposures. 

Despite these considerable challenges, there are reasons 
to be optimistic about the potential for future research and 
practice to bring us closer to solving these important public 
health issues, starting with recent technological develop-
ments. Monitoring of biomechanical determinants of work 
exposure is a key part of effective safety measures, but 
drawing appropriate exposure limits has long been con-
strained by limits in measurement technology, and the need 
to identify salient exposure measures that are appropriate for 
the diverse workforce. Fortunately, recent advances in wear-
able technology, big data analytics and statistical paramet-
rics, and the democratization of research from open-source 
solutions hold promise for advancing our ability to address 
inter-individual differences in occupational health research. 

A population that is increasing in size and diversity 
undoubtedly presents challenges,  and also offers excit-
ing opportunities to advance occupational health science, 
human performance, and worker health and well-being. 
Optimally effective MSD prevention research requires inter-
disciplinary scientific approaches to translate knowledge 
about population diversity into healthy workplaces acces-
sible by all.
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workers (85% of which are MSDs (Cnam, 2025)). The 
study included a diagnostic phase with 50 interviews and 
12 observation days, followed by a co-construction phase 
to develop solutions with field stakeholders.

Among the determinants revealed by this study, two 
key socio-economic factors explain the overexposure of 
temporary construction workers to occupational illness:
	• Task Allocation: Physically demanding and undesirable 

tasks are often assigned to temporary workers. Both tem-
porary and permanent employees confirmed that the most 
strenuous and thankless tasks are systematically given to 
temporary staff. Unskilled workers are particularly affected 
due to their roles and lack of qualifications. However, the 
temporary status itself seems to lead to similar treatment 
regardless of skill level. These tasks, while not always 
the most dangerous, contribute significantly to long-term 
health deterioration, especially MSDs. This pattern is 
also observed in other sectors (Coutrot & Léonard, 2018; 
Tranchant, 2018) or other country where temporary con-
struction workers were significantly more likely to report 
moving or lifting materials more than 100 pounds than 
payroll workers (Caban-Martinez et al., 2018).
	• Precariousness ‘the mother of all risks’ (Ravallec et al., 

1 OPPBTP, 25 avenue du général Leclerc, 92160, Boulogne Billancourt, France. 2 ARACT Grand Est, 1 place du pont à Seille, 57000, Metz, France. 
Email: benoit.langard@oppbtp.fr
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The Weight of Precariousness: 
MSD Risk Factors in Temporary 
Construction Jobs

he construction sector is the leading economic sector in 
France for temporary employment, representing 18.4% 
of all temporary workers. These workers face signifi-
cantly higher risks: they suffer 1.3 times more serious 
accidents and 1.9 times more fatal accidents than perma-
nent construction employees. In 2021, 52% of work-re-
lated illnesses among temporary workers occurred in the 
construction industry (Cnam, 2021), making them 2.7 
times more likely to be affected than temporary workers 
in other sectors. Across all industries, over three-quarters 
of work-related illnesses reported by temporary workers 
were musculoskeletal disorders (MSDs). Others study  
also showed that temporary workers are more exposed to 
MSD-related occupational risk factors (Roquelaure et al., 
2010, 2012). A review of shows that risk of musculoskel-
etal injury is much higher for construction workers, about 
50 percent higher than all other workers (Schneider, 2001). 
In USA, the rate of WMSDs in construction remained 
higher than in all industries combined (Wang et al., 2017).

This action-oriented study, conducted by OPPBTP, 
ANACT, a user company, and a temporary employment 
agency, aimed to identify the causes of higher rates of 
occupational accidents and illnesses among temporary 
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2009), is a factor aggravating working conditions of 
temporary workers, particularly those with fewer quali-
fications, linked to their employment, which is unstable. 
Temporary workers are more willing to accept difficult or 
dangerous work (Scalvinoni et al., 2023). It leads tempo-
rary workers to adopt three defensive strategies:
	- Strategy 1: Do not refuse a dangerous and/or physically 

demanding task. This difficulty in ‘saying no’ can be a 
significant risk factor in a context where working days are 
intense and often long.
	- Strategy 2: Not admitting that they ‘don't know how to 

do’ a certain task and agreeing to perform tasks for which 
they are not trained or lack the technical skills, thereby 
putting themselves or their colleagues at risk.
	- Strategy 3: Overcommitment on the part of temporary 

workers who hope to be offered permanent employment. 
These temporary workers may thus be led to overinvest 
in their work or take risks to prove their worth to the user 
company.

Finally, eleven potential solutions were co-developed 
with field professionals. Most were tested within the part-
ner companies involved in the study.
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the working week at an individual (doctor) and collec-
tive level (distribution of tasks and coordination between 
medical secretaries, orthoptists, operating room nurses 
and doctors), appear to be a powerful steering wheel 
regulating the physical (over)load: the days are punctu-
ated by "bricks" of patient typologies (follow-up of AMD, 
glaucoma, post-operative, diabetic patients, emergen-
cies, children, etc.) of 2 to 4 consecutive hours. This way 
of building schedules has two advantages: it automates 
certain reasoning limiting the risk of medical errors, and 
makes it possible to adapt resources that are also in terms 
of staff. But it causes a form of repetitiveness of ges-
tures over the period, and an impoverishment of gestural 
diversity. According to doctors, the problem comes from 
the size of these "bricks" and their ordering in relation to 
each other, on the scale of the day or the working week.

In a context characterized by changes in the practice 
of ophthalmology and the populations to be treated, and 
in the face of an international literature sparse in clinical 
case studies, this research sheds light on the extent to 
which the regulations and arbitrations deployed by oph-
thalmologists and their collaborators allow them to reach 
(or not) their objectives of quality of care but sometimes 
to the detriment of their health at work. However, these 
results need to be tested in other modes of practice (e.g., 
hospital, individual practice). They also question the 
achievements of ergonomics in the prevention of MSDs, 
because the liberal work in health care settings by doctors 
who are both prescribers and victims of their work, but 
also prescribers and responsible for the work and health 
of their employees, remains to this day little investigated 
and documented.

1 CRTD, Le Cnam, 41 rue Gay-Lussac, 75005, Paris, France. 2 Ergonova, Nantes, France. 3 Cabinet d’ophtalmologie Œil de Breizh, Quimper, France. 4 APHP Hôpital 
Cochin, Paris, France. 
Email: willy.buchmann@lecnam.net
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Work organization and MSDs 
in the liberal health profession. 
The case of ophthalmologists

ccording to the epidemiological literature, the prevalence 
of MSDs of the upper limb and spine is a widespread 
phenomenon among ophthalmologists (Xie et al., 2025). 
However, these studies do not point out, or only in a very 
general way, the determinants of work at the origin of 
these disorders (Buchmann et al., 2025). The objective 
of this research is to document the work activity of oph-
thalmologists in France practicing in consultation and 
surgery, and more particularly the elements of work at 
the origin of MSDs. 

According to the model of ergonomic intervention 
seen as a project management, with a constructive aim 
(Falzon, 2014), the research was carried out in two vol-
untary ophthalmology practices (in the Brittany region 
and the Rhône Alpes region). The Brittany practice is 
occupied by two ophthalmologists (1 man 65 years old 
and 1 woman 40 years old), 3 medical secretaries and 2 
orthoptists. The Rhône Alpes practice is occupied by 2 
ophthalmologists (1 man and 1 woman 40-45 years old), 
4 medical secretaries and 3 orthoptists. The data collec-
tion consisted on 74 hours of observations (consultation 
and surgery), 6 semi-structured interviews, analysis doc-
uments (schedules), metrology (physical atmospheres, 
surface area of workspaces, anthropometry).

Practices receive 400 to 600 phone calls per day, and 
doctors provide 60 to 100 consultations per day. The 
main elements of ophthalmologists' MSDs' work are on 
the one hand the design of the examination equipment 
(e.g. slit lamp) and workstations (e.g. Computer Station) 
that do not comply with anthropometric design standards 
drastically limit doctors' gestural leeway. On the other 
hand, the design of schedules at the scale of the day or 
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7 days by all respondents. The entire group (artists and 
administrative staff) reported stress and fatigue; two-thirds 
reported frequent irritability, and half reported sleep dis-
turbances and anxiety.

Work activity data were analyzed using the “5M” 
framework (originally applied in viticulture work analysis, 
MSA, 2009), adapted here to artistic work. The objective 
of this analysis was to highlight the “permanent changes 
and unprecedented situations” that characterize artists’ 
work conditions (Ganem et al., 2009). This modeling 
identified eight main categories of work determinants: 
“environment,” “equipment,” “programmer,” “company,” 
“work organization,” “individual,” “work technique,” and 
“audience.” Together, these represent 66 organizational, 
relational, or technical factors that may act as either con-
straints or resources in the artists’ performance work.

The analyses showed that six of the eight determi-
nants primarily acted as constraints. The only resources 
available to cope with the instability of the work were the 
mastery of artistic techniques (performance, rehearsal, 
warm-up, and technical know-how) and the collective’s 
ability to manage the combination of constraints during 
work situations. Through several examples, we illustrate 
how uncertainty leads artists to continuous adaptation, 
significantly increasing their physical and mental work-
load. Finally, we discuss prevention strategies developed 
collectively by the artists to mitigate the health impacts of 
these multiple constraints.

1 LIG, University of Grenoble Alpes, Grenoble, France. 2 GREPS, University Lyon 2, Lyon, France. 
Email: aurelie.landry@univ-grenoble-alpes.fr
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Playing with Uncertainty: 
When the Unexpected Overloads 
Performing Artists

he health of performing artists is a growing concern. 
Both internationally (Record Union, 2019) and in France 
(INSAART, 2019), significant deterioration in mental and 
physical health has been reported, along with limited 
access to healthcare services. Occupational health issues 
have been mainly studied among musicians, particularly 
in symphonic orchestras, while few studies have focused 
on the health disorders of performing artists (Cura, 2019; 
Lhuilier et al., 2008). The multiplicity of small companies, 
their size (very small enterprises), and employment status 
result in unequal access to resources and currently prevent 
satisfactory occupational support. A prevention culture 
remains to be established in the sector (Chalouin, 2018).

This communication aims to explore artistic perfor-
mance activity of actors in order to understand how “the 
work as it is actually done” exposes artists to a constella-
tion of risk factors and determinants affecting their health.

We conducted 30 hours of field observations involving 
five artists from a street theatre company during two dif-
ferent performances, to identify health determinants and 
risk factors. The same artists also completed a health 
questionnaire (Roquelaure et al., 2010), and all intermittent 
employees of the company (12 individuals) participated in 
one-hour interviews. Analysis of the health questionnaires 
revealed that company members suffer from multiple mus-
culoskeletal disorders (MSDs), mainly affecting the upper 
and lower back and the cervical region. These pains were 
reported both over the past 12 months and in the past 
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T

The health and performance 
dilemma in the logistics sector: 
challenges for the prevention 
of musculoskeletal disorders

he logistics sector concentrates numerous tensions regarding 
relationship between occupational health and performance. 
According to the French Health Insurance, musculoskeletal 
disorders (MSDs) “account for 93% of recognized occu-
pational disease in the transportation and logistics sector.” 
Constraining postures associated with activity in logistics are 
a major source of MSDs, particularly among young workers 
(Porta et al., 2024). Physical wear appears to occur rapidly in 
this field, with pathologies emerging after only four years of 
work among order pickers (Benvegnù & Cazeneuve, 2023). In 
logistics warehouses, manual handling tasks are highly preva-
lent and place significant strain on operators’ lumbar regions 
(Loske et al., 2021). In addition, pressure can be exerted on 
order pickers by other players in the logistics chain (custom-
ers), depending on the spatial layout of the warehouse, or 
from management, through incentives for productivity and 
bonuses, and quality objectives for pallets (limiting break-
age, creating uniform pallets to facilitate the work of loading 
colleagues, creating sturdy pallets, etc. Consequently, ware-
house organization is becoming increasingly flexible (Davez-
ies, 2008), placing greater strain on operators' work and 
activity. This general context is driving the mechanization of 
warehouses in order to absorb the constraints of the job and 
prevent occupational risks (Soulay et al., 2024). Voice picking 
tools are used to optimize picking efficiency, but they contrib-
ute to intensifying work in the sector, resulting in an increase 
in musculoskeletal disorders and stress (Gaborieau, 2012).

A. Sicco1, A. Landry2 and M.E Bobillier Chaumon3

This research aims to contribute to the design of a digital 
tool that integrate the multiple dimensions of occupational 
health (physical, cognitive, social, and developmental) within 
the logistics sector. This tool aims to fuel debate around 
organizational choices and their consequences on the occu-
pational health of operators. These technological tools, par-
ticularly decision-making tools, therefore pose a managerial 
challenge: they can encourage company stakeholders to 
focus on performance and quantity indicators rather than 
quality. In addition, technology dematerializes work, depriv-
ing professionals of tangible benchmarks and contributing 
to the invisibility of workers by making them less present 
and identifiable within the organization (Bobillier Chaumon, 
forthcoming). These systems support forms of algorithmic 
management, by performing monitoring, evaluation, and 
decision-making fonctions (Sybord, 2024). In the pursuit of 
technological performance, profitability, and socio-economic 
efficiency, some digital devices risk excluding subjective 
engagement and individual initiative (Bobillier Chaumon, 
2021). Technologies should therefore be designed for the 
activity and should integrate the human dimensions of work. 

Our presentation will outline the determinants and risk 
factors for the health of order picking operators and will 
address the issue of integrating this data into the design of 
an organizational decision-making tool that promotes health 
and performance.

1 CRTD, Conservatoire national des arts et métier, 75005, Paris, France. 2 LIG, Université Grenoble Alpes, 38401, Saint Martin d’Hères, France. 3 CRTD, Conservatoire 
national des arts et métier, 75005, Paris, France. 
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Design and deployment of 
a workplace‑based mobile health 
application: a multidimensional 
approach to employee health

Introduction
Monitoring employee health is a strategic priority for organi-
zations aiming to prevent health-related issues and promote 
well-being. Occupational health is physical, psychological, 
and social, requiring reliable indicators to guide prevention. 
This study presents a tablet-based mobile health application, 
deployable during working hours, enabling individualized, 
real-time monitoring across five dimensions: musculoskel-
etal pain, physical activity, perceived social support, fear of 
movement, and back pain-related beliefs.

Methods
A steering committee of researchers and company rep-
resentatives selected validated questionnaires adapted 
to the workplace: Nordic Musculoskeletal Questionnaire 
(with pain scale), IPAQ, Karasek JCQ (social support), TSK-
11, and Back-PAQ 10. The application was deployed over 
six months with three measurement points (T0: day 1, T1: 
3rd month, T2: 6th month) among 100 meat-processing 
employees. Each completed three 20-minute interviews 

N. Roger1, 2, 3, P. Delignieres3, T. Lelard1 and F. Telliez2

during working hours. Data were entered into a secure dig-
ital interface by a workplace health PhD student.

Results
All participants gave informed consent. Confidentiality 
encouraged disclosure of sensitive health data. The par-
ticipation rate was 100%, with 99 employees interviewed 
at T0, 92 at T1, and 82 at T2. Each completed three inter-
views, totaling one hour per person and approximately 
100 hours of qualitative engagement. 

Discussion and Conclusion
The application enabled longitudinal monitoring and 
revealed health trends, supporting evaluation of preventive 
actions. Its integration into daily routines and co-design by 
researchers and employee representatives ensured rele-
vance and feasibility. Morning interviews allowed managers 
to anticipate and adjust work schedules. These findings 
support the potential of this tool for sustainable, con-
text-sensitive workplace health prevention.
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M

Comparison of three 
approaches to understanding 
the challenges of human activity 
around a farm management 
software. What lessons can be 
learned for the design?

usculoskeletal Disorders (MSDs) are very present in agri-
cultural work. Contemporary technological developments 
promise less physical drudgery, particularly through roboti-
sation, and less mental load, thanks to information systems 
and farm management. To these promises to reduce the 
arduousness and health risks of farmers (Bellon-Maurel 
et al., 2019), in addition to those relating to improving crop 
yields and obtaining better agricultural results (Vinod Chan-
dra et al., 2024; Waksman, 2024).

However, in reality, these promises are struggling to 
materialize and effectively support the activity of opera-
tors in real contexts (Compan et al., 2022) and seems to 
be accentuated in the context of the digital revolution. The 
major explanation lies not only in the fact that these devel-
opments are based on insufficient knowledge of the human 
activities of the intended users, but also that technocentric 
approaches most often ignore the fundamental issues of 
human work (Rabardel, 1995).

M. Salifou1, N. Tricot2 and F. Coutarel1

Various tools are now proposed to study the consid-
eration of human activity issues in design. The study pre-
sented in this paper was carried out as part of a collabo-
rative project between ergonomics and engineering. It will 
compare the contributions of 3 methods, deployed in the 
field of an INRAE experimental farm, having the status of 
reference site for this research, to characterize the ben-
efits and limitations of the information and management 
system in place: an analysis of the operators' activity in 
a real context was carried out over two weeks,  thanks to 
observations and cross-interviews, an expert evaluation 
of the tool to analyze its configuration from the Bastien 
and Scapin grid and an evaluation of the acceptability of 
the tool from UTAUT 2 in order to collect and analyze the 
feelings and opinions of operators regarding the use of the 
system. The results of these various investigations will be 
presented in this paper, particularly from the point of view 
of MSD prevention.

1 ACTé Laboratory, University of Clermont Auvergne, 3 rue de la Chebarde CS 60026, 63178 Aubière, France. 2 University of Clermont Auvergne, INRAE, UR TSCF, 
9 av. Blaise Pascal CS 20085, F-63178 Aubière, France. 
Email: morou.salifou@doctorant.uca.fr / nicolas.tricot@inrae.fr/fabien.coutarel@uca.fr
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Results
MSD prevalence was high among bus drivers, ranging 
from 45% to 67% for upper back, shoulder, lower back, 
and neck, and between 18% and 30% for elbow, ankle, 
wrist, hip, and knee. Overall, these figures exceeded the 
general prevalence of MSD in the Swiss general popu-
lation (Swiss Federal Statistical Office data (2019): 35% 
mild to moderate pain, 8% severe pain). Analyzing the 
effects of work organization features, we found that a 
higher number of weekly night/early-morning shifts 
was associated with an increased likelihood of hip pain 
(OR=1.12 95%CI(1.01–1.25)), whereas a higher number 
of work hours per day was associated with an increased 
likelihood of shoulder pain (OR=1.20 95%CI(0.99–1.46)). 
Preliminary analyses of vibration levels (BEM/BERM) in 
relation to MSD suggest that future models will need 
to account for the dynamic interdependence between 
seat and floor vibrations, which can influence each other 
through structural transmission.

Conclusion
Findings from the TRAPHEAC cohort confirm the high bur-
den of MSDs among Swiss bus drivers and suggest that 
work organization features contribute to musculoskeletal 
strain. Further investigations are needed to better under-
stand the complex interplay between work organization, 
and ergonomic design.

Work organization, 
bus ergonomics, and 
musculoskeletal disorders 
in Swiss bus drivers: Evidence 
from the TRAPHEAC cohort

Background
Professional bus drivers are recognized as a high-risk 
occupational group for several health problems, particu-
larly musculoskeletal disorders (MSDs). Understanding 
the determinants of MSDs in this occupational group is 
therefore essential for targeted prevention. This study 
aimed to characterize the distribution and potential risk 
factors of MSDs in bus drivers participating in a Swiss 
occupational cohort.

Methods
We analyzed data from 549 bus drivers enrolled in the 
Transport Personnel Health Cohort (TRAPHEAC), a lon-
gitudinal study conducted in Switzerland that investi-
gates the health, lifestyle, and working conditions of 
public-transport employees. MSD-related pain in the last 
12 months was assessed using the Nordic questionnaire 
with a 0-10 numeric rating scale (0: “no pain at all”, 10: 
“pain as bad as it could be”) for neck, shoulder, upper 
back, elbow, lower back, wrist, hip, knee, and ankle. Each 
score was subsequently dichotomized for presence or 
absence of pain (score > 1). Work organization (e.g., long 
working hours, weekend work, frequency and duration 
of breaks) and exposure to vibration and ergonomic 
constraints in the bus cabin, measured using the Bus 
Exposure matrix (BEM) and the Bus Ergonomics Matrix 
(BERM), respectively, were examined as MSD risk factors 
using logistic regression models.
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O
Impact of tool handling changes 
on posture and know-how

ne of the measures used to prevent MSDs of the upper limbs 
is modifying the tool. This change involves learning a new 
technique, but the time required for learning is often not taken 
into account in work organisation and it often comes with a 
temporary loss of know-how. This loss is difficult for users to 
accept because their know-how reflects their expertise, but it 
is also hard for colleagues to accept because of the decrease 
in productivity often associated with the change. The hair-
dressing sector is an excellent example. The rate of muscu-
loskeletal disorders is very high (Kang et al., 1999; Wahlstrom 
et al., 2010, Salerno & Giliberti, 2022) forcing hairdressers to 
quit early because of pain. Analysis of the hairdressing activity 
shows that 29% of the work involves cutting hair (Kitzig et al., 
2015; Kozak et al., 2019), meaning: prolonged postures, arms 
raised, wrist twisting and repetitive movements (Chen et al., 
2010). Having fingers fixed in the two rings of the scissors 
could lead to awkward postures. Changing the way in which 
scissors are held could help to reduce these constraints, but 
it also risks disrupting a previously acquired skill. The aim of 
this study was to analyse upper arm postural modifications 
depending on the use of different scissors and to investigate 
the difficulties encountered by hairdressers when using new 
scissor grip in the salon.

M.A. Gilles1, J. Dellai1,2, I. Clerc-Urmès1, E. Quillerou1 and G. Dietrich2

Fourteen experienced, right-handed female hairdressers 
(median age 25.5 years old [Q1: 20; Q3: 34]) participated. 
Movement kinematics were recorded using an optoelec-
tronic system (Motion Analysis 200hz) over four successive 
days in the lab when the participants performed three cutting 
movements [0° Elevation (0E); 90° Elevation (90E); 180° Ele-
vation (180E)] for six minutes each (Fig.1). Cuts were made 
with Traditional Scissors (TS), then with Ringless Scissors 
(RS). None of the hairdressers had used RS before. Differ-
ences in right wrist, elbow and shoulder angle with each 
pair of scissors were analysed using Friedman tests. Then 
RS practice in the salon was followed up for the next four 
months. Participants were asked to use RS as much as 
possible during their work. Twice per week, a questionnaire 
inquiring the use of RS was sent by text message.

When using RS, wrist flexion significantly decreased (p< 
0.05) to align with the forearm longitudinal axis. This align-
ment was associated with a significant decrease (p < 0.05) 
in shoulder abduction. In the salon, three kinds of practices 
were observed: 1) RS were quickly adopted for use 100% 
of the cutting time; 2) RS were used alternately with TS, 
and when this was the case, RS were essentially used for 
the 0E cut; 3) RS were used infrequently from the start and 
gradually abandoned.

Basic manipulation of RS can be quickly acquired through 
training by adopting new postural upper limb organisation 
resulting in less awkward postures. Participants reported a 
decrease in pain felt in both shoulders and the right wrist. 
However, they reported difficulties with successfully using 
RS in real work conditions and a fear of messing up their cut. 
For most of them, the time allocated for each haircut was not 
sufficient to confidently improve RS practice.

Motor learning of basic scissor handling can be achieved 
easily. However, specific conditions in terms of motivation 
and organisation must be in place for the change of tool to 
have a positive impact on posture and know-how devel-
opment.

1 Laboratory of Physiology – Movement - Work, INRS, 1 rue du Morvan, 54 519, Vandoeuvre les Nancy, France. 2 Laboratory I3SP, URP3625, Université Paris Cité, 
1 rue Lacretelle, 75 015, Paris, France. 
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FIGURE 1
Example of the 3 haircutting movements analysed (left side); Scissor 
models analysed and typical handling placement (right side).
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A

Exploring the risks of musculoskeletal 
disorders associated with baggage handling 
in baggage room at an international airport

n international airport (IA) is part of a complex system involv-
ing different stakeholders for the implementation and running 
of operations. Subject to space constraints, it is sometimes 
necessary to superimpose conveyors to keep up with the 
increased flow, making it more difficult for baggage handlers 
who are already at high risk of developing musculoskeletal 
disorders (MSDs) (Fyongo & Ramdhan, 2024; Wang et al., 
2019). In defining the major transformation projects to come 
to respond to an increase in passenger flow and transit over 
the coming years, an IA wanted to carry out a diagnosis to 
explore avenues for occupational health and safety (OHS) 
improvements, initially targeting baggage room. 

The aim of this exploratory study was to explore the risks 
of MSDs associated with baggage handling in baggage room.

To meet the AI's request, a literature review was carried 
out on the risks of MSDs associated with baggage handling 
and the possible technological solution to reduce them. Plus, 
three days of open observations were conducted with han-
dlers and vehicle drivers (n=5 workers) in various strategic 
locations and environments of the airport (e.g., baggage 
rooms, exterior, arrivals conveyor rooms). Semi-structured 
interviews (n=8 interviews) completed the exploration of OHS 
needs associated with baggage handling. Content analyses of 
the verbatim interviews were carried out using NVivo software 
and syntheses combining interview and observation results 
were produced. 

Among ground handlers (60 to 70%), MSDs mainly affect 
the lower back, knees, neck, upper back, hands/wrists and 
shoulders (Mostosi et al., 2022; Zavitz & Lu, 2022). Fatigue, 
workload, insufficient breaks, work stress and uncomforta-
ble positions were associated with increased risks of MSDs. 
In accordance with the literature review, the most frequently 
reported injuries are related to handling and unblocking 
baggage conveyors at the observed IA.  There was 6.8 to 
34.1% of workers who exceeded the cumulative mass rec-

E. Goubault1, M. Gonella1, C. Jolly1 and D. Burlet-Vienney1

ommended by ISO 11228-1 and 2.3 to 22.3% who exceed 
the critical mass of 6000 kg. Various aggravating factors were 
observed (e.g., physical exertion, high co-activity of various 
vehicles) and the workers proposed possible solutions to 
reduce the risks of MSDs related to baggage handling.

In addition to certain risks specifically linked to handling 
(e.g. load and volume of baggage), traffic of vehicles seems 
to be interrelated with handling risks, suggesting the need to 
address the risks of handling and traffic in interaction within 
airport structures. Studying the interaction between handling 
and driving activities should be considered to better prevent 
MSDs risk for handlers. It could help to have a more sys-
temic approach for preventing their risks while introducing 
broader factors like conveyor conception and their installation 
regarding baggage handling and proximity to loading vehicles, 
traffic routes and parking places regarding efforts and re-han-
dling, management of baggage rooms and space distribution 
between the different actors involved in these areas.
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1 Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST), 505 Boul. de Maisonneuve O, Montréal, Qc, Canada 
Email: etienne.goubault@irsst.qc.ca

ACKNOWLEDGEMENTS
We thank the airport for facilitating the data collection and Chantal Gauvin, Anouk Aubert-Simard and Chun Hong Law for their help through this exploratory study.

REFERENCES
Fyongo, I. R., & Ramdhan, D. H. (2024). MUSCULOSKELETAL DISORDERS AFFECTING WORK PERFORMANCE AMONG GROUND-HANDLING PERSONNEL: 
A SYSTEMATIC LITERATURE REVIEW. Journal of Industrial Hygiene and Occupational Health, 8(2), 166‑183.
Mostosi, C., Stéphenne, J.-F., Kempeneers, E., Denis, D., Plamondon, A., & Dierick, F. (2022). Handling strategies of novice and experienced baggage handlers when 
using an extendable roller track conveyor in the cargo hold of a narrow-body aircraft. https://doi.org/10.21203/rs.3.rs-1691418/v2.
Wang, J., Cao, Y., Jin, X., Maimaiti, N., He, L., Zhang, Z., Wang, Z., & Zhang, W. (2019). Work-related musculoskeletal disorders and risk factors : A cross-sectional 
study among Chinese flight baggage handlers (R. Tartaglia, S. Albolino, T. Alexander, S. Bagnara, & Y. Fujita, Éds.; Vol. 820, p. 212‑218). Springer Verlag. 
https://doi.org/10.1007/978-3-319-96083-8_28.
Zavitz, B., & Lu, M. L. (2022). Ergonomic engineering solutions for airport baggage handling: Evaluating equipment, processes to reduce strain, injuries. ISE MAGAZINE.

FIGURE 1
Worker transporting baggage to a vehicle.
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Exoskeletons are devices worn on the body to support 
muscular effort. Passive exoskeletons use springs or
mechanical structures to redistribute loads, whereas active 
exoskeletons rely on motors and sensors to provide dynamic 
assistance. These devices currently start to be deployed in 
industry, particularly for manual material handling, construction, 
or repetitive production tasks, with the aim of reducing physical 
strain and preventing musculoskeletal disorders (MSDs).

Understanding the 
long‑term consequences 
of exoskeletons in MSD 
prevention: a cross-
disciplinary perspective

10:30 - 12:00 – ROOM 105, LEVEL 1

S. Lemonnier1,2, A. Bucchieri2 and P. Maurice2
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However, so far the scientific literature reports mixed results. 
Numerous studies show that wearing an exoskeleton can 
reduce muscle activation, improve posture, and decrease 
perceived fatigue, suggesting real potential for MSD pre-
vention (Kim2018, De Bock2022, Moeller2022, Koop-
man2020). These effects are particularly well documented 
for the back and upper limbs, where the reduction in 
mechanical effort can relieve areas that are usually over-
worked. However, alongside these benefits, other studies 
highlight undesirable effects: discomfort, restricted mobil-
ity, pressure points, shifting of effort to other parts of the 
body, postural imbalances, and even cognitive overload 
associated with wearing the exoskeleton (Theurel2019, 
Kermavnar2021). In some cases, these transfers of stress 

could shift the risk of MSDs rather than eliminate it. These 
limitations are not only physiological, but also affect the 
social and organizational acceptance of exoskeletons 
(Elprama 2020, Andrade 2022). Wearing an exoskeleton 
can be perceived as stigmatizing, constraining interac-
tions, and reducing feelings of autonomy or professional 
value. Acceptance therefore depends as much on technical 
ergonomics as on psychological and social factors, and 
non-acceptance can lead to rejection of the exoskeleton.

The above-mentioned studies highlight the importance 
of considering the exoskeleton solution specifically for 
each situation. But there is another difficulty: most of the 
available research is based on short-term studies, rang-
ing from a few minutes in the laboratory to a few days 
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in MSD prevention: a cross-disciplinary perspective
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Persistent effects of upper-limb exosksletons on inter-joint coordination: O. Dubois, R. Parry, R. Roby-Brami, G. Brunelli and N. Jarrassé, Institut des Systèmes 
Intelligents et de Robotique, Sorbonne Université, Paris and LINP2, Université Paris-Nanterre, Nanterre; Long-term adoption of professional exoskeletons: a 
five-year research review: L. Wioland, J.J. Atain Kouadio, I. Clerc-Urmès, F. Biraud, and M. Dufraisse, INRS – Département Sciences Appliquées au Travail et Aux 
Organisation, Vandœuvre-lès-Nancy; Ten years of exoskeleton integration: lessons learned and success factors: B. Gourmaud and M. Brout, La Poste – Direction 
technique, DSI-O, Nantes.
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in real-life conditions (Kranenborg2023). Rare longitudinal 
studies show that perceptions and use evolve over weeks 
(Parri2025, Dufraisse2025, Favennec2024). The true long-
term effects—both physiological and psychosocial—are 
the next necessary steps in studying the impact of exo-
skeletons and their adoption (Crea2021, Elprama2022, 
Baldassarre2022).

This gap raises crucial questions: could prolonged use 
of an exoskeleton induce new joint or muscle strain, cause 
chronic fatigue, or permanently alter motor strategies? 

What will be the consequences for psychological health, 
motivation, and social dynamics at work? To address these 
issues, it is necessary to go beyond immediate biome-
chanical assessment and develop a long-term perspec-
tive, integrating both the prevention of MSDs and the long-
term acceptance of the exoskeleton. In order to bring new 
insights into such questions, this symposium will gather 
experts from biomechanics, human motor control, tech-
nology acceptance, as well as offer some feedback from 
end-users.
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E
Transparency and intuitiveness of 
an active exoskeleton of the upper-limb

xoskeletons could nowadays be considered as a prom-
ising solution for preventing musculoskeletal disorders in 
industry. Although active exoskeletons have the potential to 
relieve more physical strain than they passive counterparts, 
the implementation of these devices can lead to new risks 
and shift the physical load to other regions of the body, or 
it can limit the comfort of the user as well as his freedom 
of movement (Theurel and Desbrosses, 2019). It is there-
fore necessary to understand what are key elements of the 
human-exoskeleton interaction (HEI) before applying this 
disposal in the field of ergonomics.

An active exoskeleton has to be able to follow the human 
movement while compensating efforts to relieve joints and 
muscles during motion. The ability of an exoskeleton to 
follow the human movement without perturbation is called 
transparency. More precisely, a transparent mode of control 
aims not to modify joint trajectories, end-effector trajectories 
and user’s activation muscle patterns (Pirondini et al., 2016). 
Theoretically, a full transparency is obtained when interaction 
forces between an exoskeleton and a user are null. Practi-
cally, a full transparency is never reached due to the multiple 

N. Vignais1, D. Verdel1, L. Quesada1, S. Bastide1, B. Treussard1, F. Geffard1, O. Bruneau1 and B. Berret1

parameters characterizing HEI. In a first part, experiments 
conducted on the ABLE exoskeleton about evaluation and 
improvement of transparency parameters will be presented 
through motor control analyses (Bastide, 2021; Verdel, 2023) 
(see Figure 1).

Moreover, to be intuitive, an active exoskeleton has to 
react in an efficient way, by almost anticipating user’s future 
actions. This means that the command of the exoskeleton 
has to be based on a bioinspired control law. Innovative 
interactive tools have been recently introduced, especially 
concerning the use of electromyography (EMG) (Morais 
et al., 2016). Indeed, EMG signals have been widely used 
for prosthetic or assisting arm control, probably in the light 
of electromechanical delay, i.e. time interval of 50 to 100 ms 
between EMG signal appearance and movement start 
(Begovic et al., 2014). This type of command is thus called 
myoelectric control (Peternel et al., 2016). Investigations 
about myoelectric control implemented into two different 
upper-limb exoskeletons will be secondly addressed through 
experimental studies related to two other doctoral projects 
(Treussart, 2021; Quesada, 2024) (see Figure 2).
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FIGURE 1
ABLE exoskeleton 
for HEI analysis 
with goniometer 
and EMG sensors 
(Bastide, 2021).

FIGURE 2
Upper-limb BHV2 
exoskeleton used 
for myoelectric 
control (Treussart 
et al., 2019).
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The biomechanical adaptation to 
exoskeleton use: from the familiarization
to the acceptance

he effectiveness of passive soft back-support occupational 
exoskeletons in reducing lumbar muscular demand has been 
proven in the literature (Theurel and Desbrosses, 2019). But 
given the disparity of familiarization with the exoskeleton 
reported in the literature, inconsistent results are some-
times observed. First, further understanding biomechanical 
adaptations during the familiarization phase while wearing 
the exoskeleton would enable providing recommendations 
about the familiarization protocol and duration. Then, con-
ducting exoskeleton evaluations after such a proper famil-
iarization would ensure relevant findings to characterize the 
true biomechanical benefits of the exoskeleton.

A first study (Favennec et al., 2024) was designed 
to characterize the familiarization process with a soft 
back-support occupational exoskeleton and determine 
the time needed to stabilize biomechanical variables. 18 
participants carried out 6 familiarization sessions of 1 h to 
the CORFOR® soft back-exoskeleton. Each familiarization 
session consisted of a set of different general tasks (walk-
ing, lifting, manual handling, and fine handling) performed 
several times. Joint kinematics, postural stability, exoskele-
ton pressure perception, muscle activity, and performance 
were then measured at the beginning of the first session 
and at the end of each session during stoop and squat 
liftings.

G. Mornieux1, C. Thevenot1 and A. Favennec1

A second study (Thevenot et al., 2025) was carried out on 
the field, where 10 workers performed a 1.5-hour order picking 
task with and without the CORFOR® exoskeleton, while trunk 
muscle activity, upper-body kinematics and the exoskeleton’s 
acceptance were assessed. The workers had 226 ± 204 days 
experience of using the CORFOR®. The task assessed was to 
prepare pallets of fruit and vegetable packages, by transferring 
packages from warehouse pallets to their order picking pallets.

Results showed that back kinematics (Figure 1), perfor-
mance, and exoskeleton pressure perception changed during 
the first familiarization sessions and stabilized after sessions 
3 or 4, depending on the variable. Also, erector spinae mus-
cle activity was significantly reduced by 7.5% with the use of 
the exoskeleton. Moreover, trunk flexor muscles activity, trunk 
kinematics, or low-back pain were not affected. Further, the 
acceptance of the exoskeleton was rated as favorable.

The authors recommend a familiarization protocol for the 
CORFOR® soft back-exoskeleton of 4 sessions of 1 h dura-
tion. This recommendation could help CORFOR® users, for 
instance in the food retail industry, i) to operate with stable 
motor behaviour and ii) to reduce their low-back muscles 
exertion. This could eventually explain the good acceptance 
of the exoskeleton in the test company. All together, the inte-
gration of the CORFOR® exoskeleton for order picking tasks 
is promising.
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FIGURE 1
Thoracic flexion 
averaged value over 
the familiarization 
protocol during 
the stoop lifting 
task. *Statistically 
different from 
POST3-4-6.

FIGURE 2
Comparison of mean RMS 
values of Erector Spinae 
(ES) and abdominal (RA 
and OE) muscle activity 
without (FREE) and with 
(EXO) the CORFOR during 
the order picking task. 
*Significant difference 
(p<0.05).

0.025

0.020

0.015

0.010

0.005

0.000

m
V

ES RA OE

Muscle activity

41SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE                         BOOK OF ASBTRACTS

mailto:guillaume.mornieux%40univ-lorraine.fr?subject=


KEY WORDS

Exoskeleton | Inter-joint coordination | Motor control | Residual effects

PARALLEL SESSIONS (AM)  
04. SYMPOSIUM: UNDERSTANDING THE LONG-TERM CONSEQUENCES  
OF EXOSKELETONS IN MSD PREVENTION: A CROSS-DISCIPLINARY PERSPECTIVE

Persistent effects of upper-limb 
exosksletons on inter-joint coordination
O. Dubois1, R. Parry2, R. Roby-Brami1, G. Brunelli1 and N. Jarrassé1

1 Institut des Systèmes Intelligents et de Robotique, Sorbonne Université, Paris, 75005, France. 2 LINP2, Université Paris-Nanterre, Nanterre, 92001, France.  
Email: dubois@isir.upmc.fr

ACKNOWLEDGEMENTS
This work was supported by the French National Agency for Research (grant ANR-19-CE33-0009).

REFERENCES
Schmalz, T., Schändlinger, J., Schuler, M., Bornmann, J., Schirrmeister, B., Kannenberg, A., & Ernst, M. (2019). International journal of environmental research and 
public health, 16(23), 4792.
Maurice, P., Čamernik, J., Gorjan, D., Schirrmeister, B., Bornmann, J., Tagliapietra, L., ... & Babič, J. (2019). Computer Methods in Biomechanics and Biomedical 
Engineering, 22, 448-450.
Theurel, J., Desbrosses, K., Roux, T., & Savescu, A. (2018). Applied ergonomics, 67, 211-217. 
Moeller, T., Krell-Roesch, J., Woll, A., & Stein, T. (2022). Frontiers in Robotics and AI, 9, 858893.
Dubois, O., Roby-Brami, A., Parry, R., & Jarrassé, N. (2024, May). IEEE International Conference on Robotics and Automation (ICRA) (pp. 959-965).

Wearable exoskeletons are increasingly used in industrial set-
tings to reduce physical strain and prevent musculoskeletal 
disorders, particularly in tasks involving repetitive overhead 
work (Schmalz, 2019). Passive shoulder exoskeletons, such 
as the Paexo Shoulder (Maurice, 2019), offer mechanical sup-
port by offloading the arm’s weight using spring mechanisms. 
While immediate benefits of upper-limb exoskeletons, such as 
reduced muscle activity, improved posture, and lower meta-
bolic demand, are well documented (Theurel, 2018) (Moeller, 
2022), little is known about the effects that may persist once 
the exoskeleton is removed (Dubois, 2024). This is a critical 
oversight, given the adaptability of human motor control and 
the potential risks associated with repeated use.

This study investigates first whether a short, 25-minute 
session of exoskeleton-assisted work leaves measurable 
changes in upper-limb kinematics and muscle activation 
once the device is removed. Twenty healthy participants 
were divided into two groups: one used the Paexo Shoul-
der during a standardized overhead reaching task, while the 
control group completed the same task without assistance. 
Both groups were evaluated before and after the exposure 
using motion capture and surface electromyography (EMG) 
to assess joint coordination and muscular activity. 

The findings reveal that even a brief use of the exoskele-
ton induces notable changes in motor behavior.Participants 
who wore the exoskeleton showed faster hand movements, 
increased shoulder joint range of motion (Figure 1), correlated 
with a heightened activation of the anterior deltoid after device 
removal. Coordination between the shoulder and elbow was 
also disrupted, indicating an altered distribution and timing of 
joint contributions. Interestingly, muscles not directly assisted, 
such as the biceps and triceps, also showed increased acti-
vation and co-contraction levels, suggesting a compensatory 
stiffening strategy by the nervous system to deal with the sud-
den removal of mechanical support. These effects persisted 
for at least ten minutes post-use.

These results highlight that exoskeletons, while effective 
during use, can cause transient motor adaptations that out-
last the support period. If exposure is repeated daily, these 
changes may accumulate or lead to overuse of certain joints 
or muscles. The results of a second experiment suggests that 
temporal inter-joint coordination modification increase with 
the amount of exposure (Figure 2), raising concerns about 
long-term use. Therefore, strategies to monitor and mitigate 
these residual effects are essential to ensure safe and effec-
tive integration of exoskeletons in occupational environments.

FIGURE 1
Range of motion of α (shoulder) and β (elbow). 
The relative difference between before and after 
exposure to the Paexo Shoulder are presented.

FIGURE 2
Evolution of the temporal synchronization of the elbow 
and shoulder joints over 5 days of exposure
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O

Long-term adoption 
of professional exoskeletons: 
a five-year research review

ccupational exoskeletons are considered when other 
musculoskeletal disorders prevention methods fail. They 
reduce muscular strain and effort, but their long-term 
adoption in workplaces remains a challenge. This pres-
entation summarizes 5 years of INRS research (2021–
2025) in about 20 companies, using mixed methods to 
formalize the exoskeleton adoption process.

The adoption of an exoskeleton is a dynamic pro-
cess consisting of three stages: pre-adoption (before the 
user-exoskeleton interaction), familiarization (initial uses), 
and routinization (regular use) (Dufraisse et al., 2025a). For 
each stage, adoption depends on users’ evaluation of the 
quality of their interaction experience with the device. This 
evaluation covers six categories of interdependent deter-
minants (for example: perceived ease of use, perceived 
usefulness, social influence, affect, etc.) (Wioland et al., 
2019; Elprama et al., 2020). Between pre-adoption and 
routinization, these determinants affect adoption differ-
ently (Wioland et al., 2025). For example, social influence 
plays a more important role in the first two stages than 
at the routinization stage, while affect remains decisive 
at every stage. Adoption also relies on change in activ-
ity induced by the use of the exoskeleton. Thus, during 
familiarization, to fully benefit from the exoskeleton’s 
potential, the user adapts their movement strategies and 
manages possible side effects of the device (Kranen-
borg et al., 2023). During the familiarization phase, the 
user also compares and adjusts their initial expectations, 

L. Wioland1, J-J. Atain Kouadio1, I. Clerc-Urmès1, F. Biraud1 and M. Dufraisse1

formed during pre-adoption, with the reality of the work 
context and actual use of the exoskeleton. Ultimately, 
these dynamics lead to different familiarization trajectories 
from one individual to another. Alongside this dynamic, 
the exoskeleton, being worn by the user, leads to a bodily 
experience called embodiment (Paap et al., 2024). This 
refers to incorporating the device as part of oneself. This 
phenomenon develops with exoskeleton use; the longer 
the use, the stronger the embodiment (Dufraisse et al., 
2025b). During familiarization, if all these factors are 
favorable, routinization is established, characterized by 
stable usage patterns and the integration of the tech-
nology into the user’s routines. At this stage, although 
adoption still depends on evaluations of determinants and 
embodiment degree, the overall satisfaction with the qual-
ity of the interaction experience becomes the key factor. 
Similarly, as the user is often part of a group, adoption is 
strongly influenced by social dynamics. Negative social 
dynamics, such as exclusion or disrupted teamwork, can 
hinder the adoption of an exoskeleton, especially if its 
use is seen as going against group norms (Atain Kouadio 
et al., 2021; Biraud, 2024). These social factors represent 
significant barriers, particularly during the pre-adoption 
and familiarization phases.

In conclusion, the adoption process takes place over 
time. This formalization helps define new guidelines for 
occupational risk prevention and can be transferred to 
other technologies.
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Ten years of exoskeleton 
integration: lessons learned 
and success factors
B. Gourmaud1 and M. Brout1

F
or the past ten years, La Poste has been experimenting 
with the integration of exoskeletons for mail and parcel 
sorting as part of an innovative approach to preventing 
musculoskeletal disorders (MSDs). Given the diversity 
of distribution, sorting, and logistics jobs, the success 
of such projects—both in terms of exoskeleton adop-
tion and long-term use—relies on a rigorous process 
and several clearly identified criteria. Multidisciplinarity 
is therefore essential: the involvement of the occupa-
tional physician, the commitment of management, and 
the participation of field operators ensure a comprehen-
sive approach. The next step is the analysis of the rel-
evant work situations, which represents a fundamental 
basis for launching the project. Beyond biomechanical 
constraints, the ergonomic assessment also includes 
task organization, the social context, the physical envi-
ronment, and time constraints. Adaptation to the user 
remains a decisive factor: it involves taking into account 
biomechanical constraints, body morphology, potential 
medical conditions, and individual expectations, while 
ensuring a balanced evaluation of benefits and risks. In 

addition, the choice of exoskeleton must meet a set of 
criteria regarding the assistance sought, integrating user 
feedback and the ability to adjust the level of support. 
A favorable context is also necessary: social support, 
promotion of user autonomy, team-wide familiarization, 
training for supervisors and managers, as well as antic-
ipation of impacts on work organization and production. 
Furthermore, this process requires close collaboration 
with suppliers, to guarantee model diversity, a clear con-
tractual framework, appropriate maintenance, and ongo-
ing monitoring. This methodological framework ensures 
a successful and sustainable integration of exoskeletons, 
benefiting both employee health and organizational per-
formance. Based on this experience, La Poste has been 
able to transfer knowledge and formalize a dedicated 
method specifically tailored to the issue of job retention. 
The objective of this presentation is to share a feedback 
report on the approach deployed for the sustainable inte-
gration of exoskeletons, whether in the context of MSD 
prevention or job retention. Examples will be provided 
to illustrate this experience.

1 La Poste – Direction technique, DSI-O, 44263 Nantes.  
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Computer work: central pointing 
device, slanted mouse or traditional 
mouse placed near to or in front of the 
keyboard, what is the best configuration?
C. Gaudez1, I. Clerc-Urmès1 and K. Desbrosses1

I n 2019, 79% of French workers used a computing tool in 
their professional activities, of which 54% used a desktop 
computer (DARES, 2023). With a desktop computer, the 
traditional mouse is the most often used pointing device.  
However, its prolonged use can lead to discomfort, pain 
and even musculoskeletal disorders of upper limbs. Several 
studies suggest that positioning the pointing device as close 
as possible to the user’s mid-sagittal plane, i.e., in front of 
the keyboard, reduces muscle stress of the upper limbs. 
Furthermore, the most relaxed position of the forearm is 
obtained when the hand is inclined approximately 30° from 
the vertical axis. To meet these recommendations, various 
pointing devices, such as slanted mice (S) or central pointing 
devices (CD), have been developed (figure 1). Traditional 
(T) or S mice can be positioned either next to (N) or in front 
of (F) the keyboard. The CD is always placed in front of the 
keyboard and can be used with both hands. The aim of 
this study was to determine whether one of these pointing 
device configurations (PDC = pointing device X position on 
the desktop) should be favoured in terms of participants’ 
perceptions, their performance to complete a working task 
and the electromyography (EMG) activity of the muscles 
involved in the occurrence of epicondylitis.

Thirty-one right-handed participants repeated a point-
ing-clicking-dragging task on 16 targets five times using the 
5 PDCs: T and S mice placed next to (TN and SN, respec-
tively) or in front of (TF and SF, respectively) the keyboard 
and CD. The two mice were operated only with their right 
hand. For the CD, pointing and dragging tasks were per-

formed using the right hand via a movable bar, and clicking 
actions with the left hand. Prior to the experimental session, 
participant completed 6 hours of training with all 5 PDCs. 
The participants’ perceptions, their performance to complete 
the task and the EMG activity of the right and left carpal 
extensor (ECR) muscles were analysed.

Participants appreciated TN and TF more than SN, SF or 
CD. The task completion time was longer with the CD com-
pared to both mice. It was shortest with TN or TF. The error 
rate, measured by the number of clicks, was higher with CD 
than with TN. The right ECR muscle activity was highest 
with TN and lowest with CD; TF, SN and SF showed no 
differences between them. The left ECR muscle activity was 
highest with CD; the other 4 PDCs showed no differences 
between them. The 10th percentile of the right ECR muscle 
activity exceeded 5% of the maximal voluntary contraction 
(MVC) with all 5 PDCs and the 10th percentile of the left ECR 
muscle only when using the CD. 

Thus, considering all criteria investigated, no PDC is 
ideal. Indeed, participants’ perceptions and task completion 
performance were better with the T mouse. However, based 
on the activity of the right ECR muscle, the CD appears 
preferable to the two mice. In addition, according to Jonsson 
(1978), a risk of the occurrence of muscle fatigue may occur 
if the 10th percentile of muscle activity exceeds 5% of MVC. 
Thus, a risk of ECR muscle fatigue, right or left, was present 
whatever the PDC. Consequently, to reduce muscle stress 
and reduce health risks, work organization must provide for 
alternation between different tasks and regular breaks.

1 Working Life Department, French National Research and Safety Institute for the Prevention of Occupational Accidents and Diseases (INRS), 1 rue du Morvan, 
54500 Vandœuvre-les-Nancy, France.   
Email: clarisse.gaudez@inrs.fr
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FIGURE 1 Pointing devices.
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How can a request for 
individual protection result 
in primary prevention action 
in a cosmetics manufacturing 
workshop?
R. Codron1 and C. Zind1

Employees of a cosmetics manufacturer ask the occupational 
doctor for knee protection equipment. To better understand 
the need, an ergonomic study of the activity is requested.

Method
	• Observing the different phases of workshop activity,
	• Job interviews,
	• Equipment metrology,
	• Discussions with the workshop manager to understand 

the organization.

Results
Following a recipe, raw materials are fed into a mixer weigh-
ing over 800 kg. The ingredients, including reverse osmosis 
water, are prepared in advance in buckets of up to 20 liters 
weighed to the nearest gram and transported by roll or whole 
pallet. The operator transports the buckets to the opening 
of the mixer by taking the stairs of an access platform and 
pours them through a porthole located 67 cm from the floor 
while the osmosis water is sucked in from below. For each 
ingredient, it validates the operation electronically.

We see :
	• Significant handling (loaded roll, pallet of water, buckets 

weighing 430 kg), 
	• The design and size of the mixer require the presence 

of a platform. This, poorly designed, generates restrictive 
postures when filling the tank, 
	• The precise recipe requires the use of spatulas to 

scrape off all the substances, a source of repetitive move-
ments made worse by viscosity,

	• The need to adjust manufacturing based on results, 
particularly colorimetry,
	• Manufacturing waste is collected by gravity (holding a 

pipe) in buckets which are weighed and complemented 
by scraping the tank via the porthole.
	• After cleaning the mixer at high pressure between each 

production, the employees kneel down to scrape the pig-
ment residues from the tank through the porthole, hence 
the request for kneepads.

The findings and proposals for improvements are the 
subject of discussions and co-building of an immediate 
and long-term action plan, because the workshop reor-
ganization initially considered will be based on our rec-
ommendations.

Discussion
Accepting the intervention of an ergonomic analysis in the 
face of a restricted and relatively easy to satisfy request 
requires, on the part of the multidisciplinary team, a good 
knowledge of the company, expertise provided by the SPSTI 
and a durable relationship of trust with the company.

Conclusion
The limited initial request resulted in an exhaustive study of 
the activity and an action plan which benefited all workshop 
employees. We should underline the importance of consist-
ently delving deeper into root causes, beyond an ordinary 
request, in order to broaden our interventions to stakehold-
ers and act in primary prevention.

1 ACMS 55 rue Rouget de Lisle 92158 SURESNES - France. 
Email: regine.codron@acms.asso.fr

47SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE                         BOOK OF ASBTRACTS

mailto:regine.codron%40acms.asso.fr?subject=


KEY WORDS

Delivery driver | Job retention | Weak signals | Primary prevention

POSTER SESSION 

Support for maintaining 
employment, a driving force 
behind collective primary 
prevention action, based 
on a field study
C. Zind1 and R. Codron1 

Afrozen food delivery driver suffers from a shoulder con-
dition (Table 57 of occupational illnesses) that limits his 
driving and severely limits his handling. His activity is 
being studied as part of a job retention program; pos-
sible solutions are to be tested during a supervised trial.

Method
	• Analysis of the driver's activity on route by the ergono-

mist (photos, videos, and interviews, etc.),
	• Highlighting of the difficulties encountered by the 

employee,
	• Discussions with the employer that allow for linking with 

comments from other employees.
	• Continuation of the discussion throughout the depart-

ment with two further observations from other drivers.
	• Presentation of the summary to management.
	• Co-development of a prevention action plan with the 

company.

Results
The following issues were identified:
	• Time-related, a source of cognitive load: time-sensitive 

delivery, heavy traffic, adherence to driving times,
	• Organizational: unoptimized routes, packages loaded 

without taking into account delivery routes,
	• Postural/handling: reorganizing packages on the pallet 

by customer, maneuvering vehicle compartment doors, 
delivering in unsuitable spaces (stairs, crossing sidewalks, 
etc.), loading and unloading trailers,
	• Thermal: significant temperature gradients,

	• Interpersonal: direct customer contact and cash reg-
isters.

Skills in caution, preservation, and personal organiza-
tion to satisfy customers were identified.

The initial discussion for an individual employee was 
extended to the collective. An action plan addressing the 
identified difficulties was established for drivers, involving 
the logistics, sales, and IT departments. Accident rates in 
the department decreased, and requests for workstation 
adjustments became rare. The company maintains our 
recommendations and supports drivers in their search 
for best practices.

Discussion/Conclusion
The study highlighted the correspondence between the 
statements and the observed reality. Until now, the alerts 
remained individual, not considered as weak signals 
requiring further investigation.

The perception of the delivery driver profession was 
disrupted. The company assessed the reality of the obser-
vations, especially since they were also encountered at 
other sites. This awareness was the driving force behind 
the decisions made.

The SPSTI's multidisciplinary teams support and 
advise employers and employees over the long term, 
establishing a relationship of trust and thus fostering 
constructive exchanges with the company.

Many of our workplace initiatives begin with individual 
support for job retention, and we must seize this oppor-
tunity to work collectively and pursue primary prevention, 
our mission.

1 ACMS 55 rue Rouget de Lisle 92158 SURESNES - France. 
Email: celine.zind@acms.asso.fr
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Physical work demands and frequency 
of physical pain: the moderating role 
of emotional demands
C. Gaubert-Trautmann1 (Phd), M. Vonesch1 and M. Weber1 (M.D.)

Physical constraints are often taken into consideration to 
account for professional disengagement in highly physi-
cally demanding jobs. Indeed, it has been shown that pain 
(particularly chronic pain) plays a central role on workers’ 
return to work (Grant et al., 2019). However, this is often 
done with little regard to how psychosocial factors can 
moderate the effect of chronic pain on workers’ return to 
work. Because highly physically demanding jobs are, per 
se, more prone to MSDs and constitute an increased risk of 
occupational disability, psychosocial constraints (such as 
emotional demands) are rarely investigated. Yet, we know 
that MSDs and psychosocial risks are linked (Bezzina et 
al., 2023). A better understanding of this link may help us 
to better prevent professional disengagement.

Therefore, as part of a field study conducted in a food 
company, we decided to explore the relationship between 
physical and psychosocial constraints and their contribu-
tion to the perception of physical pain. We focused our 
attention on a particular psychosocial constraint—emo-
tional demands—that plays an essential role in mental 
health at work (Bakker et al., 2023).

Methods
144 workers responded to a survey with 86 questions 
about work conditions (25% were over 50 years old, 62% 
were males). Physical constraints were measured by two 
items questioning movements’ repetitiveness and the 
handling of heavy load (α=.69). Emotional demands were 
assessed by two items (confrontation with emotionally 
destabilizing situations and emotionally demanding work, 
α=.86). Finally, physical pain was assessed using one item 
“Do you ever experience physical pain (joint pain, muscle 
tension, back pain, etc.)?” Employees were asked to rate 
the frequency of their pain on a scale ranging from never 
(1) to all the time (5).

Results
By adopting an exploratory approach, multiple regression 
analyses were performed introducing physical demands, 
emotional demands and their product as predictors and 
perceived physical pain as the criterion. The full model was 
significant, F(3, 140) =18,24, p < .001, R2 = .28. Physical 
demands significantly and positively predicted perceived 
physical pain, β = .38, t = 5,23, p < .001. This relationship 
appeared to be moderated by emotional demands, β = .20, 
t = 2,89, p < .005. High physical demands positively pre-
dicted perceived frequency of physical pain only for work-
ers exposed to high emotional demands, t = 3.20, p < .002. 

Conclusion and perspectives
These results suggest that highly physically demanding 
jobs should not be reduced to their physical constraints 
only. Using a comprehensive approach to these jobs’ 
evaluation allows for adjustments to be made both at the 
job level and at the organization level, which seems highly 
relevant for improving work conditions in general and pre-
venting professional disengagement in particular.

1 Alsace Santé au Travail (AST67), 3 rue de Sarrelouis, 67000, Strasbourg, France.   
Email: gaubert.cecile@gmail.com
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FIGURE 1
Perception of the frequency of physical pain depending 
on physical and emotional demands.
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The importance of organizational 
aspects in the design of a stair chair for 
the prevention of msds in paramedics
B. Calvet1, A. Tondoux1, M. Gonella1, J. Nieto2, J. Prairie2, M. Blanchette3, 
A. Campeau-Lecours3, I. Feillou2, and P. Corbeil4

Reducing biomechanical constraints is a central concern in 
the prevention of musculoskeletal disorders (MSDs) when 
designing a stair chair (SC) used by paramedics for evac-
uating patients in staircases. However, the organizational 
dimension of work is equally important, as it indirectly 
influences exposure to biomechanical risk factors that 
workers face, leading to MSDs (Bodin et al., 2023). In this 
presentation, we aim to show how organizational factors 
influence work situations and how understanding these 
factors contributes to the design of the SC.

This data is part of a research project combining ergo-
nomics, biomechanics, and engineering, in partnership with 
two ambulance companies. Two data sources were used: 
interviews with key stakeholders (n=15 interviews, average 
duration = 1h00) and controlled-environment simulations 
of stair evacuation scenarios with paramedics, followed 
by discussion periods (n=6 simulations, average dura-

tion = 3h00). The themes included: 1) models of SC used; 
2) training in SC usage; 3) SC maintenance; 4) work organ-
ization. Verbatim transcripts were produced for thematic 
analysis with data triangulation.

Using the SC involves several steps beyond patient 
evacuation downstairs, such as transporting the SC to the 
patient or storing it in the ambulance (Nieto et al., 2025). All 
these steps must be considered in the design process to 
reduce constraints. Several themes emerged as challenges 
during SC use: location of the intervention, environment, 
patient health status, behavior and anthropometric charac-
teristics, SC characteristics, paramedic characteristics and 
training, level of care needed, SC maintenance, harness, 
and work organization. 

These elements are interrelated and influenced by mac-
ro-organizational aspects. For example, the role of each 
paramedic—positioned at the head and foot of the SC—
is crucial for controlling movement (preventing falls) and 
reassuring the patient (Figure 1). Coordination between the 
pair is essential and facilitated by individual characteristics 
(e.g., height, strength, experience) and knowledge of each 
other. However, team composition is shaped by scheduling, 
which is determined by seniority, affecting team stability 
and the integration of new staff. Furthermore, paramed-
ics received academic training using the most common 
SC model in the region. Another existing SC model may 
be more suitable in critical situations (e.g., stair climbing). 
This highlights the need to consider continuing training. 
However, interviewees reported a lack of resources (e.g., 
difficulty releasing paramedics for training) and budget 
constraints. Access to different SC models is also limited 
by ambulance space, scarcity and cost of spare parts, the 
high cost of the SC itself, and unequal access to support 
teams depending on the region.

Even if equipment and biomechanical factors are at the 
heart of the design process, organizational aspects also 
represent levers better understand all dimensions of work.

1 Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST), 505, Boul. De Maisonneuve Ouest, H3A 3C2, Montréal, Canada. 2 Département des relations 
industrielles, Université Laval, 1030, avenue des Sciences-Humaines, G1V 0A6, Québec, Canada. 3 Faculté sciences et génie, Université Laval, 2325 rue de l'Université, 
G1V 0A6, Québec, Canada. 4 Département de kinésiologie, Université Laval, 1050 avenue de la Médecine, G1V 0A6, Québec, Canada. 
Email: benedicte.calvet@irsst.qc.ca
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FIGURE 1
Figure illustrating 
the evacuation of a patient 
in a stair chair by a pair 
of paramedics.
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Sustainable work: 
a pathway to sustainable 
prevention of MSDs?
B. Calvet1, A. Aubert-Simard1, Q.-N. Hong2, M. Comeau1, E. Ledoux3 and D. Denis3

Since the Rio Conference (United Nations, 1993), the con-
cept of sustainability has expanded into numerous fields 
of application, particularly within workplaces. In Quebec, 
the Workplace health, Safety, equity and compensation 
Commission defines sustainable development as follows: 
“Strengthening, enhancing, and adding new eco-respon-
sible management practices; promoting social inclusion 
and reducing social and economic inequalities; improving 
population health through prevention.” (CNESST, 2019). 
Additionally, the International Labour Organization (ILO) 
published a Strategy to Promote Sustainable Enterprises 
(ILO, 2021). The scope of sustainability in the occupa-
tional health and safety (OHS) is broad. This presentation 
aims to explore the meaning of the concept of sustainabil-
ity in OHS and to reflect on its potential contributions to 
the sustainable prevention of musculoskeletal disorders 
(MSDs). 

We conducted a systematic literature review based 
on Walker and Avant's (2011) concept analysis method. 
A search in nine bibliographic databases were performed 
using key terms related with work (employees, workplace, 
job), sustainability (i.e.  durable, sustain), and OHS (i.e. 
prevention, well-being, rehabilitation). The search was 
limited to literature in French and in English published 
from 2000 to 2022. Documents were coded using NVivo 
software. The thematic analysis of explicit definitions was 
based on the three pillars of sustainable development 

(social, economic and environmental) as well as temporal 
benchmarks and workplace-related elements.

A total of 67 documents with explicit definitions in the 
field of OHS were referenced. In prevention, the most fre-
quently used term is “sustainable prevention” (n=6), which 
applies equally to the prevention of MSDs, psychosocial 
risks and accidents. We also find the following usages: 
sustainable employment (n=5); sustainable work (n=5); 
sustainable health (n=4); program or intervention sus-
tainability (n=3); sustainable well-being (n=2); corporate 
sustainability (n=2); sustainable production system (n=1); 
human sustainability (n=1); sustainable management (n=1) 
and sustainable performance (n=1). In rehabilitation, 
“sustainable return to work” (n=28) is the most common 
usage. Definitions are heterogeneous but several attrib-
utes are interesting for MSDs prevention. For instance, 
the concept of sustainable work (Crawford et al., 2016; 
Boudra, 2016; Zink, 2014; Bolis et al., 2014; Bäckström, 
2006) refers to avoid pressures and constraints that are 
harmful to physical and mental health, to ensure good 
quality working conditions, to realize decent work, across 
the worklife course. As workplaces are ecosystems with 
macro-organizational determinant influencing the occur-
rence of disorders, all the concepts present interesting 
elements for the sustainable prevention of MSDs. Unfor-
tunately, the definitions identified are rarely accompanied 
by case studies. 

1 Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST), 505, Boul. De Maisonneuve Ouest, H3A 3C2, Montréal, Canada. 2 École de réadaptation, 
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Prevention of Musculoskeletal 
Disorders in Nursing Assistants 
Aged 50 and Over Working 
in Geriatric Settings
H. Mahout1, L. Javayon-Devaud2, A. Tchalla1,3 and M. Druet-Cabanac1,2

The aging of the general population represents a major 
public health and societal challenge. The demographic 
transition and the increase in retirement age pose new 
challenges to work organization. In this context, health-
care professionals, particularly nursing assistants, face 
demanding working conditions that may negatively affect 
their health and compromise their job retention (Cur-
chod 2012). Nursing assistants, who are predominantly 
exposed to physically strenuous work, are at a high risk 
of developing musculoskeletal disorders (MSDs) (Walton 
et Rogers 2017). The onset of these disorders can lead to 
numerous difficulties and jeopardize their ability to remain 
in the workforce.

In this context, we conducted a systematic literature 
review on Scopus and PubMed, focusing on studies 
examining the working conditions and health status of 
nursing assistants aged 50 and older working in geriat-
ric settings. As part of this larger project, we specifically 
examined the theme of MSDs and the preventive meas-
ures proposed by the authors.

A total of six articles were included in this review, four 
of which addressed MSDs. Results showed that 88.4% of 
nursing assistants reported at least one MSD, with asso-
ciations identified between MSDs and age, shift work, or 
high psychosocial demands inherent to the profession. 
Regarding preventive measures aimed at reducing the 
risks associated with physically demanding work, pro-
posed strategies included the acquisition of appropri-
ate handling equipment, implementation of collective 
warm-up and stretching programs, and work reorganiza-
tion to reduce physical strain.

Developing and implementing targeted preventive 
measures to reduce MSDs appears essential to ensure 
the continuity of high-quality care in geriatric settings and 
to prevent premature occupational wear among these pro-
fessionals. The effectiveness and cost-efficiency of these 
proposed measures should be further evaluated through 
health economic studies.

1 Laboratoire Vie-Santé, Université de Limoges, France. 2 Service de santé au travail, CHU de Limoges, France. 3 Pôle de gérontologie clinique, CHU de Limoges, France.   
Email: hortense.mahout@unilim.fr
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MSD prevalence and associated 
occupational risk factors among workers 
in an aeronautic paint-sealing plant: 
comparison of two sectors
C. Melouka1, T. Haddou2, Z. Halbouty3, T. Lelard4 and F. Telliez5

Background
Musculoskeletal disorders (MSDs) represent a major public 
health concern in occupational settings. In the aeronaut-
ics sector, tasks often involve repetitive work, constrained 
postures, and confined spaces, increasing MSD risk. Risk 
factors have been studied among aircraft mechanics and 
maintenance technicians, but to our knowledge, never 
among sealers and painters (Ramlee et al., 2025). This 
population is exposed to precise manual tasks requiring 
high quality standards, as their work is directly related to 
aircraft safety. This study aimed to evaluate the prevalence 
of MSDs among sealers and painters in the aeronautics 
industry and to identify associated risk factors.

Methods
A cross-sectional study was conducted among 47 seal-
er-painter workers from two different sectors (A and B) from 
April to June 2024. The two sectors were characterized 
by distinct work organizations. Sector A operated under 
a paced work rhythm with task rotation every 86 minutes, 
whereas Sector B followed a self-paced rhythm over a 
7-hour workday. Work activities also differed by aeronau-
tical programs: Sector A involved simple parts from a sin-
gle aeronautical program, while Sector B handled complex 
parts from multiple aeronautical programs. An anonymized 
Nordic Musculoskeletal Questionnaire (NMQ) was distrib-
uted to all workers. MSD prevalence rates were calculated, 
and comparisons between two sectors were performed 
using parametric tests, chi-square test, and logistic regres-
sion to identify factors associated with MSDs.

Results
All workers (n= 47) responded to the questionnaire. 
The majority was men (94%), with an age of 35± 9 years, 
10± 6 year of experience in the plant and 9± 6 at the work 
station. Overall, 96% reported musculoskeletal pain in 
relation with their work in the past 12 months with 3.5±2 
anatomic localisation affected low back pain 81% (inten-
sity 7 [IQR : 5.0-7.0]), knees 60% (7 ± 1.75), neck 55% 
(5 ± 1.94), upper back 34% (5 ± 1.68), Wrists/hands 22% 
(4 ± 2.94) and arms 13% (2 ± 1.21). No significant differ-
ences were observed between the two sectors regarding 
age, experience in the plant, or pain intensity. In contrast, 
workers from sector A reported a greater number of pain-
ful body localisation (4.3±2.3 vs 2.8±1.6; p=0.014), with 
higher prevalence of low back pain (p=0.005) and forearm 
pain (p= 0.036). Logistic regression revealed no significant 
association between MSDs occurrence with age, seniority 
or sectors.

Conclusion
Pilot study, first in this industrial field. Pain distribution var-
ied by sector, emphasizing the need for tailored ergonomic 
interventions to mitigate MSD risk.

1 Satys BU PSP Somme, Satys Aerospace, Route de Bray, 80300, Méaulte, France. 2 Satys BU PSP Somme, Satys Aerospace, Rue de l’Europe, 44260, Malville, France. 
3 Laboratoire Péritox UMR_l 01, Institut d’Ingénierie de la Santé-UFR de Médecine, Université de Picardie Jules Verne,80000, Amiens, France. 4 UR-UPJV EA 3300, APERE, 
Adaptations Physiologiques à l'Exercice et Réadaptation à l'effort - UFR des Sciences du Sport, Université de Picardie Jules Verne, 80025, Amiens, France. 5 Laboratoire 
Péritox UMR_l 01, Institut d’Ingénierie de la Santé-UFR de Médecine, Université de Picardie Jules Verne,80000, Amiens, France.   
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An approach to physical workload 
quantification by dynamic parameters 
investigation
L. Turpin1, 2, J. Petronijevic2, J. Jiang1, A. Siadat2 and L. Gajny1 

The prevention of musculoskeletal disorders in industry relies 
mainly on an assessment of the physical workload caused 
by a situation or workstation. The workload quantification 
is most often based on field observations by ergonomists 
and on ergonomic risk assessment methods such as RULA 
(McAtamney et al., 1993). These methods are simple and 
quick to apply but suffer from several limitations: a high sen-
sitivity to input data (Joshi and Deshpande, 2021), a rep-
resentation of risk that is difficult to interpret (Huang et al., 
2024) and a postural analysis that does not take into account 
the dynamic aspects of the industrial context. Advances in 
motion capture technology now enable to model the human 
body with varying degrees of details and access biomechan-
ical parameters to complete this assessment, in particular by 
automating their application or computing dynamic parame-
ters (Jiang et al., 2024). The aim of this study was therefore 
to investigate how the observation of dynamic parameters 
at joints could inform on the physical workload. Indeed, 
joint dynamics could provide an accurate and continuous 
indicator of the strains generated by movements, postures 
and load carrying, capable of overcoming the limitations of 
RULA scores.

The study was based on the ENSAM Pose Lifting dataset 
(Jiang et al., 2024; CPP 06036, Ile de France VI). It consisted 
in 12 subjects performing a load lifting/lowering task while 
being recorded by a marker-based motion capture system 

and completed with biplanar radiographs (EOS). These data 
were used to calculate kinematic and inertial parameters 
for each task and each participant. Then, joints forces and 
moments were computed by bottom-up inverse dynamics 
using force platform data. Finally, the RULA method was 
automatized by defining joints angle according to ISB rec-
ommendations, based on surface markers position data, to 
obtain a score for each acquisition frame.

The RULA score and some dynamic parameters were 
compared using Spearman’s correlation test. Total ground 
forces demonstrated a significant medium to strong cor-
relation with the RULA score (0.4 to 0.7). Since RULA is a 
method specific to the upper limbs, the forces and torques 
generated by the upper limbs at the L5S1 joints were esti-
mated. These efforts were similarly correlated with the score 
as measured by total effort. However, moments norm at 
L5S1, which were only weakly correlated at ground, were 
significantly and strongly correlated with RULA score with a 
Spearman’s rank correlation R_s mostly above 0.7. Figure 1 
illustrates the correlation for the subject 12 and across all 
acquisitions.

To conclude, joint dynamics could be a complemen-
tary and useful indicator to ergonomic scores and useful 
for generalizing assessment methods for all types of tasks 
and for addressing issues of individual consideration in risk 
assessment.

1 Institut de Biomécanique Humain Georges Charpak, Arts et Metiers Institute of Technology, 75013, Paris, France. 2 Laboratoire de Conception Fabrication Commande, 
Arts et Metiers Institute of Technology & Université de Lorraine, 57070, Metz, France.  
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FIGURE 1
Visual comparison and correlation between RULA score and Moments at L5S1 joint.
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Methodological consideration 
of a physical ergonomics intervention 
in real working conditions, application 
to cooperage work
O. Buttelli1 and N. Ferveur2

Musculoskeletal disorders (MSDs) are characterized by a mul-
tifactorial aetiology, which complicates the precise identifi-
cation of their causal factors. This challenge is further exac-
erbated by the dynamic and often non-linear interactions 
among these factors. Regardless of their nature, working 
conditions directly impact the worker’s body, particularly 
the neuromuscular system, whose anthropometric charac-
teristics influence its response to mechanical stress. In this 
context, studying physical activity emerges as a relevant 
approach. Recent technological advancements, particularly 
the development of compact and non-obtrusive embedded 
sensors, enable real-time measurement of physical param-
eters related to muscle and joint activity under ecological 
conditions. Among the most effective methods for this pur-
pose are electromyography and kinematic analysis using 
inertial motion units (IMUs) (Ross et al., 2017). However, 
the lack of standardization in ecological study conditions 
necessitates the development of methods that account for 
the diversity of actions and the non-stationarity of collected 
data (Buttelli et al., 2014). It is therefore essential to estab-
lish an efficient methodology for both data acquisition and 
processing. This paper presents an approach designed to 
achieve these objectives, facilitating a comprehensive field 
study of physical activity. We illustrate this methodology 
through a case study of coopers assembling barrels, an 
occupation particularly susceptible to MSDs. The cooper’s 
barrel assembly process involves manually positioning six 
steel hoops around staves. The hoops are fastened (‘hoop-
ing’) by hand using a hammer, while the cooper moves 
around the barrel. The cooper also regularly checks and 

adjusts the horizontal (“levelling”) and vertical (‘ballasting’) 
alignment of the staves, often bending over and hammering 
directly. This physically demanding work involves standing, 
bending over, hammering repeatedly. Thus, the nature of 
the muscular contractions performed is not only dynamic, 
but above all static, particularly in the back-muscle groups 
involved in postural activity, and also in the forearm for ham-
mering work. These conditions significantly increase the risk 
of developing MSDs, (Buchanan et al., 2016). To start, a 
preliminary study was conducted using a view camera to 
capture the natural scene in the aim to evaluate the main 
muscular and postural constraints during cooper activities. 
Subsequently, whole-body segmental kinematics were 
recorded using inertial measurement units (IMUs), synchro-
nized with electromyographic (EMG) activity from muscles 
selected based on the preliminary study. The use of IMUs 
is not limited to quantifying the time spent in critical angular 
ranges following ISO 11226 ISO standard. When synchro-
nised with EMG measurements, they not only allow EMG 
data to be analysed according to angular ranges of activity, 
but also, thanks to non-supervised clustering methods, the 
kinematic data set enabled automatic classification of the 
postures and movements associated with the “hooping”, 
“equalisation” and “ballotage” phases. This classification 
is particularly relevant, as visual analysis of these phases is 
difficult due to their non-sequential nature. Thanks to this 
approach, we were able to cross-analyse the EMG results 
and joint angles according to the different phases identified, 
thus providing a more detailed understanding of the biome-
chanical and muscular constraints involved.
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Prevalence of musculoskeletal 
disorders among midwives: 
study conducted in Rabat 
(Morocco)
H. El Amrani1, Z. Bounou1 and B. Benali1

Introduction
Musculoskeletal disorders represent a major occupa-
tional health issue, being the leading cause of sick leave. 
The healthcare sector, with its various professional cate-
gories, including midwives, is a high-risk sector for devel-
oping this occupational disease. Hence the importance of 
implementing prevention strategies tailored to the nature 
of this risk in order to manage it effectively and avoid its 
negative impacts.

Objective
To determine the prevalence of musculoskeletal disorders 
among midwives and their location, as well as their pre-
disposing factors.

Methods
We conducted a descriptive cross-sectional study among 
midwives practicing at the Rabat University Hospital mater-
nity ward over a period of three months. Information was 
collected using a self-administered Nordic questionnaire, 
which contained two sections: the first on socio-profes-
sional characteristics and the second on the assessment 
of musculoskeletal disorders.

Results 
Our population consisted of 30 active midwives working in 
the delivery room of the maternity ward with a response rate 
of 100%, an average age of 33.7 ±5.81 years, and 66.7% 
of whom were married. The majority of these midwives 
were overweight, with a body mass index of 28.9 kg/m² 
± 4.91. The average length of service in the position was 
10.2 ±6.08 years. Childbirth was performed by 93.3% of 
midwives, with an average number of deliveries per month 
of 274±69.7. In our population, during the last 12 months, 
73.3% of midwives reported complaints in the neck and 
shoulder area, 57% in the shoulder area and 66.7% in the 
ankle/foot area.

In our series, the presence of symptoms in the shoulder 
and neck/nape of the neck over the last 12 months was 
significantly associated with performing deliveries. Further-
more, obesity was significantly associated with problems 
in the ankles/feet over the last 12 days. 

Conclusion
Our study showed a high prevalence of symptoms, espe-
cially in the upper limbs (neck and shoulders) among mid-
wives. These results highlight the importance of imple-
menting technical and medical preventive measures for 
this professional category, based on risk mapping.

1 Occupational Medicine and Occupational Diseases Department, university Hospital,10000, Rabat, Morocco. 
Email: elamrani.innd95@gmail.com
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How motor variability influences 
the assessment of biomechanical risk 
factors of a trajectory-tracking task
J. Savin1, C. Becques2 and P. Maurice2

Motor variability (MV) is an essential feature of human move-
ments. It stems from the large kinematic and actuation 
redundancy of the human body, as well as from possible 
redundancy at task level (Latash, 2012). At the workstation, it 
results in operators using different motor strategies (muscle 
activations, postures and joints coordination) to execute a 
given task. Studies suggest that MV could have beneficial 
effects against work-related musculo-skeletal disorders 
(WMSD) risks, by modifying the load distribution on the 
human body over time (Srinivasan & Mathiassen, 2012). 
Preserving operators' MV is then a major concern, even 
more so when deploying collaborative robots (cobots) which 
may reduce operators’ ability to use their MV. We therefore 
launched a research project to investigate how upper-limb 
kinematic MV is influenced by the use of a cobot. In this 
paper, we report the analysis of MV in a trajectory-tracking 
task in the baseline condition (i.e. without cobot).

Nine right-handed female subjects participated in the 
experiment, which was approved by Inria's ethical commit-
tee (COERLE) and conducted according to the Declaration of 
Helsinki. Participants were asked to move a manual handle 
along a wireloop (about 50x25 cm) alternating curved and 
straight sections. They had to complete the task at a pre-
scribed pace displayed with a light signal (Fig. 1). The handle 
was fixed on a passive mechanical device that could move 
along the wireloop such that participants only had to control the speed. The handle was also free to rotate around the 

axis of the wireloop; the task thus imposed 5 spatial con-
straints. Since the human upper-limb is usually modelled 
as a 7-degree of freedom (DoF) system, participants could 
benefit from 2 DoF of redundancy when performing the task, 
which allowed for MV. Participants performed the tracking 
task both in backward and forward directions, in 3 pace 
conditions (5, 12 and 20 cm/s) with 20 trials each.

Participants' right upperlimb kinematics was recorded 
with a 3D motion capture system, and processed to extract 
joint angles. The RULA score (McAtamney & Corlett, 1993) 
was then computed along the path (defined by the curvilin-
ear abscissa s) for each trial. Results show that, even within 
one condition (pace and direction), variability in participants' 
posture across trials leads to a distribution of RULA scores 
covering several levels of risk (Fig. 2). For instance, for 
0.25<s<0.45 in the fast pace, the RULA score varies from 
moderate to high risk. This finding highlights that neglecting 
MV may lead to underestimating occupational risk factors; in 
contrast, accounting for MV would improve MSD prevention.

1 INRS, Work Equipment Engineering division, 54500, Vandœuvre, France. 2 Université de Lorraine, CNRS, Inria, LORIA, 54000 Nancy, France.  
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FIGURE 1
Experimental set-
up. Participants 
moved a handle 
along a wireloop 
to match a 
reference pace 
given by the green 
light signal.

FIGURE 2
Distribution of RULA scores (median: black line, interquartile 
range: shaded area) across participants and trials for the forward 
direction in the 3 different paces.
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Industrial Exoskeletons: 
Technological Innovation and 
Integrated Strategy for the Reduction 
of Biomechanical Risks in the 
Workplace. Strength and Weaknesses
C. Vignola1

Background
Work‑related musculoskeletal disorders (MSDs) remain a 
leading driver of lost work ability and costs (EU‑OSHA, 
2019). Industrial exoskeletons can reduce biomechanical 
load and improve posture and productivity, but sustaina-
ble prevention demands integrated strategies rather than 
device‑only fixes.

Objective
To present a pragmatic, human‑centred framework that 
helps decide when and how to introduce occupational exo-
skeletons as part of MSD prevention, and to summarise the 
most robust benefits and limits reported in the last decade.

Methods
This synthesised peer‑reviewed evidence and authority 
reports (e.g., UNI/TR 11950, 2024; De Looze et al., 2016; 
Toxiri et al., 2019) on device classes, task–user–environ-
ment fit, acceptance, and safety. It translates this corpus 
into a decision path comprising: task‑level risk analysis; 
matching of device assistance to task biomechanics and 
user anthropometry; training that develops postural aware-
ness; monitoring and maintenance; and an impact function 
I(x) combining probability and severity to compare options.

Results
Evidence indicates meaningful reductions in back load 
during material handling and constrained postures, with 
reported sector‑specific productivity gains, yet benefits 
are task‑dependent and never a substitute for ergonomic 
redesign (De Looze et al., 2016; Kim et al., 2018; Schmalz 
et al., 2019; Toxiri et al., 2019). Acceptability hinges on 
comfort, correct configuration and gender/age anthropo-
metrics; cognitive load and proprioception can be affected 
and must be managed by training and workflow design 
(EU‑OSHA, 2019). We also highlight an intergenerational 
value proposition: early prevention in young workers can 
reduce the long‑term MSD burden, supporting workforce 
resilience (EU‑OSHA, 2019).

Conclusion
The framework operationalises sustainable adoption of 
exoskeletons as complementary measures, aligning pre-
vention, productivity and worker well‑being, and is ready 
to support pilots and evaluation in logistics, construction 
and healthcare.

1 College of Mechanical and Industrial Engineering, Abu Dhabi University, 59911, Khalifa City, UAE. 
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Evaluation Concept for the Analysis of 
Shoulder Load in Over-Shoulder and 
Overhead Workstations in the Automotive 
Industry by Combining Optical Motion 
Capture and Force Measurements
M. Hinz and R. Hensel-Unger

Background
Musculoskeletal disorders are among the most common 
causes of work-related absences. Shoulder complaints 
occur particularly frequently in the manufacturing sec-
tor. Repetitive movements involving shoulder flexion or 
abduction above 60°, combined with exerted force, are 
considered key risk factors. The aim of this study was to 
analyze the duration during which shoulder load exceeded 
critical thresholds (see Methods) and to examine how var-
ious factors—such as shoulder angle, applied force, and 
body height—affect this duration.

Methods
Load intervals and their effects on the shoulder joint were 
examined during the task “front hood opening” in vehicle 
assembly. Increased load was defined as a shoulder angle 
> 60° and a hand force > 49 N. Only loads above these 
thresholds were included in the analysis. Fifteen partici-
pants performed the movement ten times under labora-
tory conditions. Kinematics were recorded using a motion 
capture system (ART) and modeled in the biomechanical 
software Dynamicus (ALASKA environment). Hand forces 
were calculated via inverse dynamics based on kinematic 
and ground reaction force data. Statistical analyses were 
conducted in R Studio using linear mixed models.

Results
No significant upward trend in load duration across repeti-
tions was found (β₁ = 0.0067s; p > 0.05). Models account-
ing for interindividual effects showed a better fit (AIC = 
109.28 vs. 144.99; p < 0.05). Larger shoulder angles (β₁ 
= 0.012s; p < 0.05), higher hand forces (β₁ = 0.003s; p 
= 0.037), and shorter body height (β₁ = 0.03s; p < 0.05) 
significantly increased load duration above the defined 
thresholds (range = 0–2.8s; median = 0.3s; mean = 0.4s). 
The shoulder moment during critical load intervals ranged 
from 21.3 to 50.6Nm (mean = 30.5Nm; median = 30.2Nm).

Discussion
Interindividual differences indicate varying movement 
strategies among participants. Increased shoulder angles, 
higher applied hand forces and shorter body height were 
linked to prolonged load durations, suggesting less 
favorable postures. These findings highlight the need for 
ergonomic adjustments in real-world assembly processes 
to reduce shoulder strain and promote sustainable work-
ing conditions.
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Exposure to biomechanical factors: 
how complementary are exposure 
reported by healthcare professionals 
and job-exposure matrices? Example 
of the Centre-Val de Loire County
M. Murcia-Clere1, H. Willem1, A. Descatha2,3, Y. Roquelaure2, J. Bodin2 and M. Fadel2

Monitoring biomechanical occupational exposures is cru-
cial for preventing musculoskeletal disorders (MSDs). While 
surveys and cohorts are valuable, their feasibility is limited. 
Occupational health services (OHS) routinely collect expo-
sure data, but these are constrained by coding practices 
and data exhaustivity. Job-exposure matrices (JEMs) are 
widely used in research but rarely in clinical practice. This 
study compares biomechanical exposure assessments 
from OHS records (ACACIA database) and a biomechanical 
JEM (JEM CONSTANCES) to explore their complementarity 
and relevance for occupational health practice.

The study used the ACACIA database from the Cen-
tre-Val de Loire County (Gaillard J.F. et al.), an adjusted 
database covering 152,173 employees in 2023 who had 
appointments with occupational physician or nurses. 
Biomechanical exposures (e.g., standing, kneeling, car-
rying weights, repetitive actions) were extracted from 
OHS records and compared with JEM-CONSTANCES 
(Evanoff et al. 2019) after matching. Four methods were 
tested: (M1) Direct exposure percentages from ACACIA, 
(M2) Extension of exposures for jobs with >25% exposed 
workers from ACACIA, (M3) JEM assessed exposures 
applied to the ACACIA population and (M4) Combination 
of M2 and M3. Results were compared to national surveys 
percentages (SUMER 2016–2017, Evrest 2022–2023).

Exposure assessments varied significantly by method. 
(M1) often underreported exposures (e.g., <2% for arms 
above shoulder, arm abduction) compared to JEM-CON-

STANCES (7–38%). Conversely, physical intensity and 
load carrying were more frequently reported in ACA-
CIA (33–64%) than in JEM (6–28%). Methods M2 and 
M4 yielded higher exposure rates than national surveys 
for some exposures. Computer use and repetitive work 
showed similar rates across methods, with increases in 
M2 and M4.

The study highlights the complementarity of OHS data 
and JEMs. OHS records reflect clinical expertise and local 
specifics but could be limited by coding heterogeneity 
and time constraints which limits exhaustive ciding. JEMs 
provide systematic, occupation-based exposure esti-
mates but lack intra-job variability. Combined use could 
enhance exposure assessment, supporting both clinical 
and epidemiological approaches in MSD prevention. Lim-
itation included matching exposures between methods, 
the qualitative comparisons and the representativeness of 
the results. Workshop discussions with OHS professionals 
revealed that coding practices are influenced by perceived 
exposure, employee symptoms, and job knowledge.

The combined use of OHS data and JEMs offers a 
promising approach to improve biomechanical exposure 
assessment. Future research could explore other occupa-
tional risks (e.g., chemical agents) and expand to broader 
populations. This study highlights the potential of com-
bining routinely collected data by OHS data with stand-
ardized tools to advance occupational health monitoring 
and prevention strategies.

1 Présanse Centre-Val-de-Loire, Tours, France. 2 Univ Angers, CHU Angers, Univ Rennes, Inserm, EHESP, Irset (Institut de recherche en santé, environnement et travail) - 
UMR_S 1085, SFR ICAT, Angers, France. 3 Epidemiology and Prevention, Donald and Barbara Zucker School of Medicine, Hofstra Univ Northwell Health, USA.
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Musculoskeletal disorders 
as a major determinant of hospital 
absenteeism at the Ibn Rochd 
University Hospital in Casablanca
A. Hammal1, S. Soltani1, I. Mazroui1, M. Es-Saadi1, S. Lekbiri1, A. Omali1, F. Darid1 and K. Wifaq1

Introduction
Musculoskeletal disorders (MSDs) represent one of the lead-
ing causes of occupational morbidity worldwide, particularly 
in hospitals. They include a wide range of conditions affect-
ing muscles, tendons, nerves, vessels, and joints [1]. MSDs 
often cause functional limitations, psychological strain, 
absenteeism, and can severely restrict mobility and dexter-
ity, leading to reduced productivity, premature retirement, 
lower well-being, and decreased participation in daily life 
among workers [2]. These disorders significantly affect both 
individual health and quality of life. Moreover, they contrib-
ute to significant organizational and economic challenges, 
including disruption of work teams, increased turnover, and 
substantial costs related to sick leave, compensation, and 
medical care [3].

The objective of this study is to assess the impact of 
MSDs on absenteeism among hospital professionals at the 
University Hospital by determining the average number of 
workdays lost. This study also aims to identify the most 
frequently affected anatomical locations, as well as the main 
occupational risk factors associated with the occurrence 
of MSDs.

Methodology
This descriptive cross-sectional study was conducted on 
767 employees medical records from the Occupational 
Health Department of Ibn Rochd University Hospital, Casa-
blanca, collected between January 2024 and October 2025. 

These records corresponded to workers who attended medi-
cal examinations following sick leave. Among them, 66 cases 
of sick leave related to MSDs were identified. The variables 
examined included sociodemographic characteristics (age, 
gender, marital status, education level), absenteeism param-
eters (number and duration of absences, medical reasons, 
workplace accommodations), as well as key occupational 
risk factors (organizational and biomechanical). Data were 
extracted from medical files and analyzed using JAMOVI 
statistical software.

Results
The average age of the employees in our study was 
34.1 years, with a marked female preponderance (86.4%). 
From a sociodemographic perspective, 47% were single, 
44% married, and 9% divorced. The majority had completed 
higher education corresponding to Bachelor’s or Master’s 
degrees (Bac+3 to Bac+5). Most cases concerned paramed-
ical staff (nurses, nurse assistants, and paramedical techni-
cians). The average seniority is 9.4 years. Most employees 
(42%) had less than 5 years of experience at the hospital, 
while only 15% had more than 20 years of seniority. The 
most represented departments were Emergency Services 
(16.7%), Operating Rooms (15.2%), followed by Radiol-
ogy (9.1%). The Body Mass Index (BMI) was calculated for 
50 out of 66 cases (due to missing data for others), with a 
mean BMI of 24.3 kg/m². Only 10.3% of employees reported 
engaging in regular physical activity. Regarding organiza-
tional factors, 57.6% of employees worked more than 44 
hours per week. In addition, 7.6% were assigned to per-
manent night shifts (one night every two days). Among the 
remaining 92.4%, most performed rotating night shift, with 
an average of two-night duties per month and a 12-hour 
recovery period after each duty, representing 97% of night-
shift workers. Concerning the biomechanical factors identi-
fied, manual handling of heavy loads and prolonged standing 
were reported in 50% of cases, while constrained postures 
were observed in 54.5%. Repetitive movements were 
documented in 27.3% of cases. Among the 767 analyzed 
records, 66 cases of absenteeism were attributed MSDs, 
representing a rate of 8.6%. They predominantly affected 
the lumbar spine (57.6%) and cervical spine (37.9%). The 
shoulders were also frequently affected (10.6%), followed by 
the knees (10.6%), and wrists (7.6%). The mean duration of 
MSD-related sick leave was 18.1 days per person. On aver-
age, each worker submitted about 1.7 medical certificates 
per year, with values ranging from 1 to 15.

Low back pain and lumbosciatica were the leading 
causes of sick leave (38% of cases), followed by neck pain 
and cervico-brachial neuralgia (25%). Shoulder tendinopa-

FIGURE 1
Figure illustrating the distribution of MSDs locations.
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thies represented the third most frequent cause (14%), while 
knee pain and other conditions were less frequent. A job 
adjustment was implemented in 7.6% of cases, primarily 
consisting of recommendations to avoid heavy lifting, con-
strained postures, and prolonged standing. Job transfers 
were necessary in 4.5% of cases. The majority of workers 
who benefited from a job adjustment or transfer did not 
experience further sick leaves following the modification of 
exposure conditions. However, three individuals experienced 
recurrent MSD-related absences.

Discussion
The mean age of participants (34.1 years) is consistent 

with findings from several African studies, which describe a 
young healthcare workforce aged between 30 and 40 years 
[4,5]. This reflects both a rejuvenation of hospital personnel 
and an early exposure to MSD risk factors within a context 
of staff shortages and intensified workloads. The female 
predominance (86.4%) observed aligns with the gender 
composition of most healthcare settings, where women 
represent more than two-thirds of paramedical staff [6]. 
This overrepresentation highlights the increased exposure 
of women to MSD-promoting conditions, due to the dou-
ble burden of professional and domestic work, as well as 
physiological gender differences [7]. The high educational 
level (62.1% holding Bac+3 to Bac+5 degrees) reflects a 
well-qualified workforce.The average seniority of 9.4 years 
suggests chronic exposure to hospital physical constraints, 
including patient handling, prolonged standing, and repet-
itive movements. These factors — particularly static pos-
tures, load lifting, and trunk flexion — are recognized deter-
minants of MSDs [8,9]. The mean BMI (24.3 kg/m²) indicates 
a trend toward mild overweight, a known risk factor for low 
back and joint pain [10,11]. The studies have demonstrated 
that excess body weight increases mechanical stress on 
the spine and peripheral joints, thereby exacerbating pain 
symptoms [9].The most represented departments were 
Emergency Services (16.7%), Operating Rooms (15.2%), 
followed by Radiology (9.1%), reflecting a predominance 
of employees exposed to high physical workload environ-
ments such as surgical, imaging, and emergency units [3,5].
From an organizational standpoint, extended weekly working 
hours (>44 h for 57.6 % of staff) and the frequency of night 
shifts act as aggravating factors. Shift work and insufficient 
recovery time are validated risk factors in both European and 
African reports, as they heighten muscular fatigue and the 

likelihood of chronic MSDs [3,4]. in this study primarily they 
affected the lumbar spine, followed by the cervical spine and 
shoulders. This distribution differs slightly from international 
data, where MSDs typically affect the lumbar spine, shoul-
ders, and then the neck region [3,4].

Low back pain and lumbosciatica were the most frequent 
causes of absence accounting for 38% [12,13], followed by 
neck pain (25%) and shoulder tendinopathies (14%). This 
distribution mirrors international trends, where low back pain 
remains the leading MSD, with an average prevalence of 
57% in Africa [4,12].The mean sick-leave duration in our 
population (18.1 days) was lower than that reported in inter-
national studies (32.1 days per worker) [3], but was relatively 
close to the period during which most workers (1–15 days) 
were absent from work due to ill health [14]. This discrep-
ancy may be explained by earlier medical management of 
MSDs in our context or by institutional and organizational 
differences.Furthermore, the presence of 1.7 sick leaves 
per worker highlights the chronic and recurrent nature of 
MSDs, consistent with EU-OSHA findings describing these 
conditions as often relapsing and difficult to reverse [3].How-
ever, the limited rate of job adjustments (7.6%) and transfers 
(4.5%), combined with the absence of recurrence in most 
adapted cases, confirms the effectiveness of ergonomic and 
organizational interventions.

Nevertheless, the persistence of recurrent cases under-
scores the need for continuous medical and ergonomic fol-
low-up, as recommended by European occupational health 
guidelines [15].

Conclusion
MSDs constitute a major occupational health issue within the 
university hospital settings, with a direct impact on absen-
teeism.

The female predominance and young age of the work-
force indicate early and prolonged exposure to risk factors 
in the absence of adequate preventive strategies.

It is therefore essential to strengthen preventive culture 
through regular ergonomics and posture training, periodic 
assessments of biomechanical and psychosocial risks, and 
the implementation of enhanced medical surveillance for 
exposed personnel.

A sustainable institutional prevention policy would reduce 
both the frequency of MSDs and the duration of sick leaves, 
thereby improving quality of work life and overall team per-
formance.
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Changes in movement difficulty and 
pain perception levels when returning 
to work/staying at work after shoulder 
surgery in an occupational context
A. Pichené-Houard1, F. Sirveaux2, N. Paris3, B. Michel4, A. Jacquot4, L. Claudon1, J. Paysant5, I. Clerc-Urmès1

Context
Returning to work (RTW) after surgery for rotator cuff tendi-
nopathy in an occupational context remains difficult and 
painful in a considerable proportion of cases. It is important 
to monitor movement difficulty and pain perception during 
the first few months after RTW in order to highlight both 
the benefits of surgery and the obstacles faced by salaried 
patients, especially in a context of heavy manual labour.

Methods
Individual and professional participants’ characteristics 
were collected over five visits. Amongst the 96 participants 
followed-up from the preoperative stage until one year 
after RTW, 79 participants went back to work after rotator 
cuff surgery. They completed two monitoring notebooks; 
one just before RTW and during the first month, and one 

during the fifth month after going back to work. Levels of 
perceived pain and functional discomfort in the operated 
shoulder were recorded using a visual analogue scale (pain) 
and a CR10 Borg scale (perception of movement difficul-
ties). It was filled in twice a week at the end of the working 
day (one at the beginning (B) of the week and one at the 
end (E) of the week (W)). Participants' return to work/stay at 
work trajectory was categorized as being stable or unsta-
ble, based on the occurrence (or not) of sick leave(s) within 
one year of their initial return to work. Unstable trajectories 
concerned those that returned to work either temporarily 
or with one or more work stoppages during the follow-up 
period. Stable trajectories concerned those that returned 
to work until the end of the study, either full-time from the 
outset or by working part-time temporarily before returning 
to full-time work. 

Results
Movement difficulty and pain levels in the operated shoul-
der decreased over time. The kinematics of stable and 
unstable trajectories were similar during the first and the 
fifth months. However, the movement difficulty and pain 
thresholds for unstable trajectories were significantly higher 
than for stable ones.

Conclusion
It is thus understandable that unstable trajectories encoun-
tered more barriers during their return to work/ stay at work 
process, especially in contexts of manual labour.  Neverthe-
less, remaining patient was important since improvement of 
these shoulder symptoms was indeed observed —regard-
less of the trajectory — during the fifth month after RTW. 
It is important that companies and occupational health ser-
vices are aware of these dynamics of pain and discomfort 
in order to adapt employees' return-to-work plans. 

1 Département Sciences Appliquées au Travail et aux Organisations, Institut National de Recherche et de Sécurité (INRS), 54519 Vandœuvre-lès-Nancy Cedex, France. 
2 Pôle lorrain de chirurgie de l’appareil locomoteur, Centre Chirurgical Emile Gallé, Centre Hospitalier Régional Universitaire de Nancy, 54000 Nancy, France. 3 Ortholor, 
54320 Maxéville, France. 4 Clinique Louis Pasteur, service de chirurgie orthopédique, 54270 Essey-lès-Nancy, France. 5 Institut Régional de Médecine Physique et de 
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FIGURE 1
Perceived intensity of both movement difficulty and pain over time.

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5R
at

e 
o

f 
p

er
ce

iv
ed

 in
te

ns
ity

 (f
ro

m
 0

 t
o

 1
0)

W0 
B

W0 
E

W1 
B

W1 
E

W2 
B

W2 
E

W3 
B

W3 
E

W4 
B

W4 
E

W18 
B

W18 
E

W19 
B

W19 
E

W20 
B

W20 
E

W21 
B

W21 
E

Re
tu

rn
 to

 w
or

k

 �Movement difficulty - 
Unstable RTW subgroup

 �Pain perception - 
Unstable RTW subgroup
 �Movement difficulty - 
Stable RTW subgroup
 �Pain perception - 
Stable RTW subgroup 

63SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE                         BOOK OF ASBTRACTS

mailto:anne.pichenehouard%40inrs.fr?subject=


KEY WORDS

Telework | Musculoskeletal disorders | Workstation | Ergonomics 

POSTER SESSION 

Assessment of Ergonomic Conditions 
and Musculoskeletal Disorder Prevalence 
among teleworkers 
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Introduction
The widespread adoption of telework, particularly acceler-
ated by global events such as the COVID-19 pandemic, has 
fundamentally reshaped occupational landscapes (Gualano 
et al., 2022). While telework offers advantages such as 
reduced commute times and increased flexibility, it also 
introduces unique challenges related to occupational health 
and safety. A prominent concern involves the potential for 
an elevated incidence of musculoskeletal disorders (MSDs) 
among remote workers (Milaković et al., 2023). Office 
workers, in general, face a heightened risk for MSDs due 
to prolonged computer use. The transition to working from 
home often means individuals utilize non-ergonomic home 
environments, lacking appropriate furniture and equipment, 
leading to suboptimal postures and increased physical strain 
(Cruz-Ausejo et al., 2022; Radulović et al., 2021).

This investigation aims to identify the prevalence of mus-
culoskeletal disorders among teleworkers and to character-
ize the ergonomic conditions present in their home working 
environments.

Methods
A cross-sectional study design was employed to assess the 
current prevalence of musculoskeletal disorders and associ-
ated ergonomic factors among teleworkers. This approach 
allowed for a snapshot analysis of the health status and 
working conditions within the target population at a specific 
point in time.

The population of this study comprised individuals 
engaged in telework activities who accepted to participate. 

Data were collected using a self-administered online 
questionnaire structured into several sections, primarily uti-
lizing two validated instruments: the Nordic Musculoskeletal 
Questionnaire (NMQ) to identify the occurrence of muscu-
loskeletal symptoms, and the Maastricht Upper Extremity 
Questionnaire (MUEQ) to assess the participants’ worksta-
tion and posture.

Key variables included demographic information (age, 
gender), profession, telework duration, self-reported MSD 
symptoms and characteristics of the physical workstation 
and postures. 

Results
The sample consisted of 54 participants. The sex ratio was 
0.69, indicating a predominance of females. The mean 
age was 31.4 years. Most participants were employed in 
the service sector, with a predominance of occupations in 
information technology (IT) and auditing. The average tenure 
in the current position was 3 years, while the mean total 
professional experience was 8 years. The mean duration of 
teleworking experience was 3.9 years. The majority (68.5%) 
reported teleworking 2 to 3 days per week, with an average 
of 7.4 hours per day. A total of 64.8% reported having a ded-
icated workspace for telework, whereas only 42.6% used 
ergonomic furniture. Regarding occupational accident cov-
erage during telework hours, 46.3% were covered, 24.1% 
were not, and 29.6% were unsure.

As for the proportion of musculoskeletal problems in each 
body region, lower back, neck, shoulders and upper back 
were the regions with the most complaints both in the last 
12 months and in the last seven days, causing limitation to 
perform tasks (Figure 1).

Regarding the workstation, the majority of participants 
(87.0%) reported having a desk at an appropriate height. 
However, only 59.3% were able to adjust the height of their 
chair, and 33.3% indicated that their seat provided adequate 
lumbar support. Furthermore, 75.9% stated that their key-
board was positioned directly in front of them, and 81.5% 
reported that their screen was properly aligned. Finally, 81.5% 
considered their workspace to be sufficiently spacious.

Concerning body posture during work, a significant pro-
portion of teleworkers reported sitting in an uncomfortable 
position either “Often” (29.6%) or “Always” (5.6%). Nearly 
one-quarter of participants found their work to be physi-
cally exhausting (“Often” 13.0%; “Always” 9.3%), and 24.1% 
reported that their trunk was in a misaligned or awkward 
position (“Often” 18.5%; “Always” 5.6%). Lastly, 40.8% of 
respondents performed repetitive tasks “Often” (35.2%) or 
“Always” (5.6%). (Table 1).

1 Occupational Health Service, Ibn Rochd University Hospital Center, Faculty of Medicine and Pharmacy, Hassan II University, Casablanca, Morocco. 
Email: mazroui.imane@gmail.com

FIGURE 1
Distribution of musculoskeletal complaints 
by body region (n=54).
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Discussion
This study revealed a high prevalence of musculoskeletal 
disorders (MSDs) among teleworkers, predominantly affect-
ing the lower back, neck, shoulders, and upper back. Similar 
findings were reported in Tunisia (Selma et al., 2023), Ecua-
dor (Larrea-Araujo et al., 2021), and Brazil (Kadri Filho & de 
Lucca, 2022), where prolonged sitting and inadequate work-
stations were major contributors to pain. The predominance 

of lower back symptoms in our study aligns with previous 
research describing the lumbar region as the most affected 
among teleworkers (Hong et al., 2024; Santos et al., 2021).

Regarding workstation ergonomics, despite most par-
ticipants reporting a desk at an appropriate height, few 
had adjustable chairs or lumbar support. These findings 
are in line with previous studies showing that inadequate 
seating and non-adjustable furniture are major ergonomic 
deficits in home-based environments (Cruz-Ausejo et al., 
2022). A similar pattern was described by Kadri Filho and de 
Lucca (2022), who observed that many Brazilian teleworkers 
worked on non-ergonomic chairs or kitchen tables, leading 
to high ergonomic risk.

In contrast, most participants reported that their key-
board and screen were correctly positioned, suggesting 
partial ergonomic compliance. Similar results were found 
by Fadel et al. (2023), who noted that while many teleworkers 
respect certain ergonomic criteria, they often neglect key 
postural supports. Even minor misalignments, however, can 
exacerbate musculoskeletal strain over time (Baracho de 
Alencar et al., 2025).

Our findings suggest that ergonomic interventions should 
prioritize adjustable furniture, adequate lumbar support, and 
postural education, as recommended across multiple inter-
national contexts (Hoe et al., 2018; Radulović et al., 2021). 

Overall, the consistency between our results and those 
from diverse regions—including Latin America, North Africa, 
and Europe—supports the conclusion that telework poses 
universal ergonomic and musculoskeletal challenges. Tar-
geted ergonomic training, coupled with psychosocial sup-
port and adequate workstation design, remains essential for 
sustainable telework practices.

Conclusion
This study confirms that musculoskeletal disorders 

remain highly prevalent among teleworkers. The persis-
tence of these complaints across different professional and 
geographical contexts highlights the universal ergonomic 
challenges of remote work. To address these issues, preven-
tive measures should prioritize the provision of ergonomic 
furniture, and ensure proper workstation setup through ergo-
nomic assessments or self-evaluation tools. Occupational 
health professionals play a key role in identifying risk factors, 
raising awareness about proper posture and work practices, 
and implementing preventive interventions, thereby promot-
ing the health and well-being of teleworkers.

TABLE 1
Workstation conditions and body posture during telework.

WORKSTATION

My desk (table) at work has suitable height.
Yes 87%
No 13%

I can adjust my chair height.
Yes 59.3%
No 40.7%

The chair I use during my work supports my lower back.
Yes 33.3%
No 66.7%

My keyboard is placed directly in front of me.
Yes 75.9%
No 24.1%

The screen is placed directly in front of me.
Yes 81.5%
No 18.5%

I have enough space to work at my office.
Yes 81.5%
No 18.5%

BODY POSTURE

During my work, I sit in an awkward body posture.

Always 5.6%
Often 29.6%
Sometimes 46.3%
Rarely 16.7%
Never 1.9%

At work, I perform repetitive tasks.

Always 5.6%
Often 35.2%
Sometimes 44.4%
Rarely 14.8%
Never 0%

I find my job physically exhausting.

Always 9.3%
Often 13.0%
Sometimes 40.7%
Rarely 27.8%
Never 9.3%

My head is twisted towards the left or right.

Always 3.7%
Often 18.5%
Sometimes 37.0%
Rarely 25.9%
Never 14.8%

My trunk is twisted towards the left or right.

Always 1.9%
Often 13.0%
Sometimes 42.6%
Rarely 25.9%
Never 16.7%

My trunk is in a misaligned position.

Always 5.6%
Often 18.5%
Sometimes 44.4%
Rarely 22.2%
Never 9.3%
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Climate change and 
musculoskeletal disorders: 
what are the links and challenges 
for food processing workers 
in Quebec?
C. Skrzypek1, M.E. Major1, N. Nicolakakis2 and R. Lambert2

Rising temperatures and increased precipitation are among 
the most significant and plausible consequences of cli-
mate change in many countries, including Canada. These 
environmental changes and their associated phenomena 
can create hazardous situations and contribute to the 
onset or worsening of workers’ health problems (e.g., res-
piratory, cardiovascular, and skin conditions) (Adam-Pou-
part et al., 2013; ANSES, 2018)). However, little is currently 
known about the links between climate change and haz-
ardous situations for musculoskeletal disorders (MSDs). 
This is notably the case in the food processing sector, 
despite well-documented occupational health and safety 
(OHS) risks in this sector.

This study aimed to explore OHS risks pertaining 
to MSDs and work-related challenges experienced or 
anticipated in the context of current and projected cli-
mate change and related hazards (e.g., extreme weather 
events, ecosystem disruption, and socioeconomic shifts) 
among workers in meat and fruit and vegetable process-
ing industries in the province of Quebec, Canada.

We aim to recruit ten companies from the meat pro-
cessing (slaughtering and packaging) and fruit and vege-
table processing sectors across three regions of Quebec. 
Semi-structured individual interviews (45–60 minutes) 
were conducted with employer representatives and 
employees (n expected = 45). Data were analyzed using 
an inductive qualitative approach and thematic analysis.

Preliminary findings suggest that participants find it 
difficult to identify the impacts of climate change in their 
daily work. Despite limited awareness of climate-related 
issues, their accounts reveal emerging challenges that 
may create or exacerbate risk situations for MSD devel-
opment. For instance, variability in fruit quality due to 
prolonged droughts and heatwaves can lead to modifica-
tions in work practices, while the need to maintain product 
quality under time pressure may influence psychosocial 
and biomechanical exposures and the risk of MSDs.

1 Département des relations industrielles, Université Laval, Québec, Canada. 2 Institut national de santé publique du Québec, Québec, Canada. 
Email: cecile.skrzypek.1@ulaval.ca
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Research challenges 
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Musculoskeletal Disorders (MSDs) are a significant source of 
pain and limitation for many workers and one of the leading 
causes of work-related disability. In the European Union, 
MSDs are most often reported as the main work-related 
health problem, and in approximately three-quarters of 
those who work or have worked previously, MSDs result in 
some or considerable limitations in day-to-day activities at 
or outside of work (Eurostat, 2010). This issue is also prev-
alent elsewhere in the world. MSDs represent considerable 
economic costs and are associated with productivity losses 
for businesses.  These human and economic costs will 
increase: the digitalization of work could lead to new com-
binations of constraints. For example, upper limb overload 
combined with sedentary postures, and fewer psychosocial 
and organizational resources. Given these repercussions, it 
is essential to examine the prevention interventions imple-
mented in the workplace and to work with stakeholders 
to promote an informed approach to MSD prevention. 
Research on ergonomic intervention practice is needed. 

To date, the scientific literature on ergonomic interven-
tion is dominated by studies that do not examine inter-
vention strategies, processes and contexts. Most of the 
literature reviews conclude that there is no evidence on 
effectiveness of ergonomic interventions, but the studies 
considered focus mainly on technical changes. Scientific 

articles on interventions describe little to nothing about 
the context and processes of intervention. Also, several 
tools and grids exist for measuring exposure to MSD risks 
or for evaluating work-related constraints associated with 
MSDs. However, existing tools tend to blur the distinction 
between MSD risk assessment and ergonomic analysis of 
work activity. In addition, knowledge and tools specifically 
related to interventions and their implementation in the 
workplace remain limited.

A growing body of ergonomic literature focuses on the 
evaluation of complex interventions, namely interventions 
that are, among other things, closely linked to the context 
in which they take place, involve several interacting compo-
nents, and in which various groups at different hierarchical 
levels are involved and may be motivated by conflicting 
rationales. Very few tools exist to specifically support and 
guide the implementation of interventions aimed at pre-
venting MSDs in the workplace. Still, there is a greater 
acceptance that the implementation of MSD prevention 
interventions takes place within a socio-organizational con-
text, with different actors that have their own issues which 
must be considered to engage significant changes in work. 
Understanding the contexts and processes of interventions 
is essential for informing interventions that produce the 
desired effects of MSD prevention.

Fabien Coutarel is full professor in Ergonomics at Clermont Auvergne University, in France. His research on the prevention of musculoskeletal 
disorders focuses primarily on the design and evaluation of ergonomic interventions, as well as methods for supporting technological innovations 
in the workplace.

Marie-Eve Major is full professor at Département des Relations Industrielles, at the University Laval (Quebec, Canada). She is a member 
of the Centre de recherche interdisciplinaire sur le bien-être, la santé, la société et l’environnement (CINBIOSE), the Réseau Communautés 
rurales et éloignées en santé (CARES-FRQS), and the research team Santé-Genre-Egalité (SAGE-FRQSC). She holds recognized expertise 
in ergonomics intervention-research on the prevention of musculoskeletal disorders (MSDs). Her work aims to better understand the various 
constraints – organizational, physical, psychosocial, temporal, and environmental – related to working and employment conditions. Anchored in an 
interdisciplinary and collaborative approach, her research supports the design, implementation, and evaluation of occupational health interventions 
aimed at fostering healthy work environments and enhance organizational efficiency. A central objective of her work on MSD prevention is to 
address and reduce social and sex/gender-related health inequalities in workplaces, with particular attention to populations employed in rural and 
remote regions and in sectors where prevention efforts face significant challenges. 
Her projects on MSD prevention, conducted in collaboration with the different workplaces and partners from the sectors, are intended to support 
both workers and employers in developing and establishing working conditions that promote a healthy and sustainable workplace environment.  
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ization. The proposed intervention began with a workshop 
involving members of the Steering Committees, focusing 
on their history, priorities, and prevention culture. It was 
also an opportunity to develop an approach adapted to 
their context, including skills transfer in physical activity risk 
assessment through Project Groups, field observations, 
and group interviews. Periodic summaries were presented 
to the Steering Committees, responsible for defining and 
monitoring the implementation of actions.

After two years, 31% of workstations have been ana-
lyzed, 14 actions implemented, and 15 are currently being 
deployed by the Steering Committees. Finally, 19% of 
major MSD risk situations have been improved.

Beyond the issue of MSDs, psychosocial risks were 
gradually integrated into the process. This included aware-
ness sessions for one company’s Executive Committee, 
on-site coordination with dedicated resources, the creation 
of dialogue spaces involving employees and employee rep-
resentatives, and the management of urgent situations. The 
main outcome lies in the shift from a risk-specific approach, 
initially expected by the employer and occupational physi-
cian, to a global approach to prevention, promoted by the 
intervention team.

A

Musculoskeletal disorders 
as an opportunity to foster a global 
approach to prevention

ccording to the French National Health Insurance (2023), 
risks related to physical activity, which may lead to Muscu-
loskeletal Disorders (MSDs), are the main cause of work-re-
lated health problems. Although the multifactorial nature of 
these disorders is well established (Armstrong et al., 1993; 
Da Costa & Vieira, 2010), their understanding within com-
panies remains heterogeneous and limited. A report by the 
French Directorate General of Labour (Caroly et al., 2007) 
highlights that etiological models are still mainly biomechan-
ical and physiological. Moreover, new forms of work organ-
ization and increasing demands for individual performance 
have fostered the development of psychosocial risk factors 
(DARES, 2024). A DARES study (2023) shows that enhanc-
ing autonomy and social support helps reduce perceived 
work unsustainability, unlike conventional safety training. 
In addition, Yves Clot (2010) promotes a “clinical approach 
focused on work activity and the development of psycho-
logical and social resources”, which combines health and 
performance rather than opposing them (Salman, 2022).

This openness to a holistic approach led us to sup-
port two companies through a global prevention strategy 
addressing MSD risks. Management sought to improve 
working conditions based on a risk mapping of their organ-

N. Balthazard1 and A. Perny2
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What is needed to gain acceptance for an ergonomic 
intervention in the face of limited demand?
	• A good knowledge of the company, made possible by 

the expertise and presence in the field of the prevention 
service, is essential 
	• A relationship of trust is built in particular by confronting 

the reality of the business and understanding the chal-
lenges facing the company and its employees.

How should we approach the restitution and co-con-
struction of an action plan for the prevention of MSDs?

MSDs are multifactorial and their prevention is often 
complex in constrained work contexts. All these studies 
have shown us that organizational inconsistencies are 
detrimental to this risk but also a source of additional 
costs for the company. The financial aspect, rarely men-
tioned in occupational health, nevertheless attracted the 
attention of managers during the presentations.They rec-
ognized the value of working on the organization in light of 
our findings. And once the company takes up the issue, 
it becomes receptive to our support.

Thus, taking advantage of every opportunity to inter-
vene, observing the reality of work in the field, analyzing 
the organization, and engaging in dialogue with the com-
pany to test an action plan that benefits both the company 
and its employees are the keys to sustainable primary 
prevention of MSDs. And for the SPSTI's multidiscipli-
nary teams, these actions are in line with our mission of 
collectively preventing professional exclusion.

O

MSDs in primary prevention: 
Reflective approach in 
inter‑company occupationnal 
health and safety service

ccupationnal health and safety activities focus on three 
areas: individual health monitoring, workplace initiatives, 
and job retention in various sectors and often small com-
panies. Individual situations are most often the gateway to 
workplace interventions related to MSDs, whether it be the 
need for job retention, requests for equipment, PPE, etc.

Examples of ergonomic studies conducted for:
	• Lower back pain attributed to the weight of cables among 

electricians,
	• Request for suitable safety shoes for a cleaning agent,
	• Search for redeployment for a driver suffering from a 

shoulder injury (occupational illness),
	• Request for knee pads for a cosmetics manufacturing 

agent,
	• Workstation adjustments for a bus exterior cleaner.

The same method is used: observations, interviews, 
metrology where applicable, reporting, and joint develop-
ment of action plans.

All of our findings led us to reflect on the organization 
of work : 
	• Problems with site preparation,
	• Incorrect assessment of workload,
	• Poorly anticipated loading and routes,
	• Poorly designed machine installed in unsuitable premises,
	• Poor distribution of workload.

Feedback raises issues which, once resolved, have 
benefited the group as a whole.

Analysis of our experience leads us to question best 
practices for moving from individual to primary prevention 
action and implementing regulations.
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	• Field implementation, following the INRS intervention 
methodology, allowing ambassadors to apply their learn-
ing in real company situation. Ambassadors are supported 
by an ergonomist throughout the process: identifying work 
situations with the steering committee, conducting pre-ob-
servation interviews, performing activity analysis and diag-
nostic assessment, leading working groups, and develop-
ing an action plan.

Given the scope and complexity of WMSDs, a playful 
training format is used, combining simulations and case 
studies to help ambassadors:
	• Understand the multifactorial nature of WMSDs and 

their physical impact in relation to work tasks (role-playing 
activities);
	• Learn to identify determinants contributing to observed 

risk factors in various work situations (video analysis and 
story);
	• Practice each step of the WMSDs prevention process 

using supporting tools (interview guides, activity analysis 
framework, task prioritization aids, and action plan tem-
plates).

A pilot phase was conducted in 2025 within Promeom, 
in collaboration with seven occupational physicians and 
their multidisciplinary teams experienced in ergonomic 
intervention approaches. The positive outcomes of this 
pilot encourage us to propose several training sessions to 
our member companies in 2026.

T

Skill development of WMSDs 
ambassadors within member companies 
of an intercompany occupational health 
and prevention service in Lyon

he current context of Intercompany Occupational Health 
and Prevention Services in France is leading health and 
prevention professionals to rethink their intervention 
approaches in order to better support member compa-
nies, in particular regarding work-related musculoskele-
tal disorders (WMSDs), which accounted for 86% of all 
reported occupational diseases in France in 2022 (CARSAT 
Rhône-Alpes, n.d.).

Skill Development of ambassadors first aims to 
strengthen companies’ ability to act and promote a culture of 
prevention, as required by the French Labour Code (French 
Parliament, 2021). It also helps optimizing the contribution of 
occupational health teams in a context of limited resources 
relative to the number of member companies.

The WMSDs Ambassador Skill Development program 
targets employees within member companies and aims to 
train them on WMSDs, their contributing factors, a pre-
vention approach (inspired by INRS guidelines), and how 
to lead this process.

The training includes three main stages:
	• Creation of a steering committee within the company, 

responsible for identifying risks related to WMSDs factors 
and leading prevention initiatives. The committee is first 
educated about the basics of WMSDs prevention through 
an interactive board game.
	• Theoretical and practical training for ambassadors, pro-

viding foundational knowledge, key skills, and tools nec-
essary to lead a WMSDs prevention initiative.
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frame. Using the projection matrices of each camera, image 
coordinates from a set of time-congruent frames were trian-
gulated to obtain joint centers coordinates in 3D space (see 
Figure 2 for an example). These coordinates could then be 
used to compute joint angles and the associated RULA score 
(McAtamney, 1993)  frame-by-frame. In the real situation, the 
camera system is calibrated with respect to a fixed point of 
the robotic cell, allowing to locate the operator relative to 
the robot and workstation. In the virtual situation, the visual 
calibration pattern is fixed to VR trackers to align the coor-
dinates system of the real cameras and virtual environment.

In a preliminary validation of the system, the activity of 
two operators in different collaboration modes and in vir-
tual and real conditions was analyzed. It was found that 
RULA scores remain consistent across our different exper-
imental conditions, hinting that our virtual environment is 
suitable simulation of the workstation and warrants further 
investigation. However, we identified several challenges 
and limitations while designing the virtual environment. In 
particular, while robotic simulation tools exist, we found no 
off the shelf solution that allows to accurately simulate the 
robot in VR and have it interact with the environment, sen-
sors, workpieces and operator. Our task also involves work-
pieces and tool with negligible mass, further investigation 
with force-feedback and heavier parts would be required to 
assess how validity is affected. Considering the intersection 
of current limits of VR systems and the wide diversity of 
tasks, validation of the biomechanical assessment on the 
real workstation remains necessary.

I

Biomechanical assessment 
of human‑robot collaboration in virtual 
reality and on a real workstation

n human-centered design, the intersection of ergonomics 
with immersive technologies presents particularly promising 
opportunities, as virtual reality (VR) technologies can fur-
ther enhance safety prevention including musculoskeletal 
disorders (MSD) (Singh, 2025). These technologies enable 
detailed simulations of real-world environments, and allow 
for comprehensive biomechanical risk assessments early in 
the iterative design processes. Following this perspective, an 
experiment was designed to assess the ecological validity of 
a VR simulation with respect to the real manufacturing task 
assisted with a collaborative robot. We designed a virtual 
environment reproducing the real workstation (see Figure 1), 
and simulated the robot using the ROS framework (Robot 
Operating System). It allows to execute the real robot pro-
gram with input from the virtual environment. In this collabo-
rative workstation, the operator performs a task that involving 
assembling 5 different gears on a base piece and then bolting 
a cover on top. The robot can either work independently on 
a different piece, perform the first part of the assembly for 
the operator or hold the piece as the operator assembles 
the cover. The goal was to analyse how operator’s postures, 
distance to the robot and task performance differ between 
real and virtual conditions. For that, a motion capture system 
was required that could be used in both conditions and syn-
chronize with a capture of the real and virtual robot.

The Python OpenCV library was used for the calibra-
tion of cameras and video capture. Subsequently, we used 
Mediapipe, a computer vision framework built on machine 
learning, to process each video stream separately to pin-
point estimated joint centers as image coordinates on each 
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FIGURE 1
The virtual 
environment.

FIGURE 2
Camera frame with 
3D joint centers 
and body segments 
overlayed.
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cution, speed of execution, and autonomy/freedom in task 
performance). A pre-questionnaire was also integrated to 
assess experts’ perceptions of psychosocial factors and 
weigh their responses accordingly.

To test this method, the analysis focused on car bod-
ywork tasks, a sector historically rooted in craftsmanship 
and known for its high prevalence of upper limb muscu-
loskeletal disorders (8.7 ± 1.1 % of compensated inju-
ries; IRSST, Marchand & Giguère, 2012). The work was 
segmented into three levels: tasks (goals to be achieved), 
professional gestures (sets of meaningful actions or move-
ments), and movements (trajectories of body segments). 
A detailed activity analysis was conducted to identify pro-
cesses and structure the segmentation. Subsequently, 
interviews were carried out to collect the subjective expe-
rience of each participant regarding each professional ges-
ture performed during task execution.

This study highlights the importance of analyzing pro-
fessional gestures across all their dimensions in robotic 
assistance contexts to adapt task distribution to individ-
ual operators. Relying solely on objective physical strain 
is insufficient, as it does not reflect individual assistance 
needs (Cippelletti et al., 2023). A biomechanically demand-
ing gesture may be meaningful to the operator and contrib-
ute to professional identity, and its removal can negatively 
affect technology acceptance (Schoose, 2022).

Since 2021, with the emergence of 5.0 industry, questions 
surrounding new forms of work have become central. 
This paradigm seeks to redefine human–machine interac-
tions through the introduction of new technologies such 
as collaborative robots. These machines, designed to 
interact directly with human operators (Knudsen & Kai-
vo-Oja, 2020), can increase productivity and quality but 
also lead to changes in work practices, task distribution, 
and operator safety. Consequently, they have a significant 
impact on professional gestures. These gestures, defined 
as meaningful, goal-directed movements (Leplat, 2013), 
are structured around three dimensions: biomechanical, 
cognitive, and psychosocial (Bourgeois & Hubault, 2005; 
Schoose, 2022). An imbalance between these dimensions 
can lead to development of musculoskeletal disorders 
(Buchmann & Landry, 2010). This raises a key question: 
how can the professional gesture and its dimensions be 
considered in the design of an appropriate robotic assis-
tance solution?

This study proposes a method to assess the cognitive 
and psychosocial dimensions of professional gestures in 
order to complement approaches traditionally focused 
solely on physical strain. Self-assessment scales were 
developed to measure cognitive load (attention/accuracy, 
decision-making, and working memory) and psychosocial 
factors (satisfaction, perceived usefulness, quality of exe-
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plant and 6 ± 7 years at the workstation. Overall, 86% 
reported at least one musculoskeletal complaint in the past 
12 months. Low back pain was most frequent (56%, inten-
sity 5.4 ± 1.8/10), followed by shoulder (33%, 5.6 ± 1.6), 
wrist (23%, 4.8 ± 2.2), and neck pain (21%, 5.8 ± 1.6). Anal-
yses were conducted across 13 industrial sectors. Chi-
squared tests revealed significant sector effects on neck 
(p = 0.01), shoulder (p < 0.001), and wrist pain (p < 0.001). 
ANOVA showed sector influence on the number of com-
plaints per worker (p < 0.001). Regression models identified 
sex as associated with neck pain (p = 0.001) and number 
of complaints (p = 0.014), and age with upper-back pain 
(p = 0.029) and low back pain (p = 0.021). No significant 
associations were found for tenure at workstation or in the 
company.

Discussion and Conclusion
This study provides the first mapping of musculoskel-
etal pain levels and associated factors among French 
meat-processing workers. The high prevalence of MSDs 
and sector-specific differences highlight the influence of 
task organization on pain distribution. Identifying factors 
such as age and sex supports more targeted prevention 
efforts. These findings encourage sector-specific preven-
tive actions rather than generic approaches, and confirm 
the feasibility of simple on-site screening tools for sustain-
able workplace health management.

Evaluation of musculoskeletal 
disorders in a meat-processing plant: 
results of a cross-sectional study

Introduction
Work-related musculoskeletal disorders (WRMSDs) are a 
leading occupational health concern, particularly in sectors 
involving repetitive tasks, postural strain, manual handling, 
and cold environments. The meat-processing industry is 
especially exposed, yet no study has quantified the prev-
alence or severity of MSDs among French workers in this 
field, nor related symptoms to specific workplace risks. 
This study aims to assess current MSD prevalence and 
intensity, and to identify associated occupational factors 
using an adapted analytical framework at a factory scale.

Methods
This 6-month study was conducted in a meat-processing 
plant where all 300 employees were invited to participate. 
Each underwent a 5–20-minute individual interview using 
the Nordic Musculoskeletal Questionnaire and a numeric 
rating scale to assess pain by body region and intensity. 
Quantitative data were expressed as mean (± SD), qualita-
tive data as percentages. MSD prevalence was compared 
across sectors using Chi-squared tests, and logistic regres-
sion identified associated risk factors.

Results
Among the 300 employees, 78% (n=235) participated in 
the survey (48% women, 53% men). Median age was 
40 ± 12 years, with 13 ± 11 years of experience in the 
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descriptive studies

A total of 74,581 adults (35,919 men and 38,662 
women) were included in the analysis. Four classes were 
identified for men and women. All profiles were consist-
ent between sexes: class 1 “Absence of MSDs” (men = 
52.0%; women = 42.7%), class 2 “Subacute MSDs” 
(men = 24.9%; women = 27.1%), class 3 “Chronic MSDs, 
with moderate functional impairment” (men = 13.3%; 
women = 16.1%), and class 4 “Occupational wear and 
tear” (men = 9.8%; women = 14.1%). The latter was char-
acterized by individuals reporting permanent symptoms 
of MSDs, severe functional impairment, and a signifi-
cantly reduced work ability.

The identified typology provide relevant information to 
characterize musculoskeletal OWT in the French popu-
lation. This highlights the importance of early detection 
of individuals at risk of musculoskeletal OWT and bet-
ter targeting the development of appropriate preventive 
measures. Further studies are underway to examine the 
association between these classes and trajectories of 
occupational biomechanical exposure over the course 
of a career.

Occupational wear and tear (OWT) is defined as a pro-
cess of deterioration in health resulting from prolonged 
exposure to work constraints. The 2023 pension reform 
in France created a fund (Fonds d’investissement pour la 
prévention de l’usure professionnelle - FIPU) to prevent 
OWT and related disability. The FIPU targets exposure 
to manual handling of loads, strenuous postures and 
mechanical vibrations, all three of which are risk factors 
of musculoskeletal disorders (MSDs). The concept of 
OWT, a major issue in a context of career lengthening, 
is poorly documented in the literature. This study aimed 
to identify a typology of musculoskeletal OWT among 
CONSTANCES, a large French population-based cohort. 

We used data from the cross-sectional French CON-
STANCES cohort, restricting our analysis to participants 
aged 45 years and older. MSDs (in six body regions), 
functional limitations (three items: limitations in routine 
activities, difficulty climbing up or down a flight of stairs, 
or carrying a 5 kg object over 10 meters) and work ability 
(two items: change job or position, or cessation of activity 
before the official retirement age due to any musculoskel-
etal problem) were assessed, using self-reported data. 
Latent class analysis was performed to identify muscu-
loskeletal OWT typology at inclusion, separately for men 
and women. 
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Return-to-work and retention of health 
and social care workers with MSDs: 
from research to practice

U-OSHA is conducting a multi-year research activity on 
the health and social care (HeSCare) sector, running from 
2022 to 2026. The overall aim is to provide evidence-based 
knowledge on the diverse challenges faced by the sector 
regarding the safety and health of its workers, in order to 
increase awareness and guide the policy-making process.

Return-to-work processes and musculoskeletal disorders 
(MSDs) are major OSH challenges in the HeSCare sector. 
Psychosocial and organisational factors often act as barri-
ers or resources in these processes, influencing outcomes 
for affected workers. Data from the ESENER survey shows 
wide differences between countries in the implementation 
of procedures to support employees returning to work after 
long-term sickness absence, often reflecting national legal 
or policy frameworks (Table 1).

The present communication is based on three of the most 
recent publications produced within the framework of this 
research activity. The findings will be used to:
	• Highlight the multifactorial nature of MSDs, with a focus 

on how PSRs contribute to their onset and chronic pro-
gression.
	• Underline the role of psychosocial and organisational 

factors as barriers or resources in return-to-work and job 
retention.
	• Illustrate cross-country differences in how companies 

implement return-to-work procedures.
	• Identify success factors and effective approaches that 

support sustainable return-to-work and retention for HeS-
Care workers with MSDs.

Some of the case studies already published—and others 
to be released by EU-OSHA in the coming months—will be 
used to illustrate how these findings can be translated into 
concrete actions at both sectoral and workplace levels.
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TABLE 1
Procedure to support employees returning to work 
after a long-term sickness absence (% establishments, 
2014-2019-2024) – ESENER data. Source. EU-OSHA, forthcoming

2014 2019 2024
at 42 53 61
be 60 71 81
bg 49 45 44
cy 48 39 56
de 84 88 88
dk 73 84 77
ee 12 22 24
el 39 40 56
es 53 50 62
fi 90 90 89
fr 61 60 58
hr 36 35 43
hu 33 34 35
ie 81 88 87
it 48 47 56
lt 15 15 27
lu 51 50 53
lv 34 34 42
mt 47 59 48
nl 92 92 94
pl 33 36 29
pt 59 56 66
ro 57 68 67
se 93 95 94
si 48 48 56
sk 31 41 43
Eu-27 61 64 66
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Results
Four situations that may create or exacerbate risks for MSD 
development were identified in partnership with workers 
and stakeholders: (i) field work; (ii) washing crops; (iii) plant 
nursery work; (iv) maintenance of the tomato and cucum-
ber greenhouse. For each of these situations, MSD risk 
factors and their technical and organizational determinants 
were identified. For example, maintaining an uncomfortable 
posture when weeding due to manual methods and tools 
to minimize soil disturbance. An action plan for experimen-
tation and transformation was then implemented with the 
different stakeholders. For example, to reduce the work-
load and the musculoskeletal constraints associated with 
weeding, an experimentation was carried out using a tiller 
for manual weed control operations conducted along the 
field edges.

Discussion
This ergonomic intervention yielded valuable insights into 
sustainable strategies for preventing MSDs among agri-
cultural workers. These promising findings underscore the 
relevance of ergonomics as a lever for supporting work sys-
tem transformations in the context of ecological transitions.

Introduction
In response to environmental concerns and climate 
change, agroecology is an emerging trend in the context 
of ecological transition (Wezel et al., 2018). In order to pro-
mote a sustainable transition, the role of the human and 
protecting farmers' health must be considered. Therefore, 
addressing occupational health issues in this context, in 
terms of work organization and working systems, should 
be considered (Thatcher et al., 2022). The objectives of this 
study were to investigate occupational constraints that may 
contribute to the development of musculoskeletal disorders 
(MSDs) among vegetable farmers on a small-scale organic 
vegetable farm and to document individual and collective 
strategies employed by workers to mitigate health risks 
and promote occupational well-being.

Methodology
An ergonomic analysis of work activity was conducted 
through a case study in the organic vegetable production 
sector. Semi-structured interviews with workers and man-
agers, observations of the work activity and production, as 
well as collaborative workshops to experiment solutions 
were conducted. 
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with workshop management and production operators.
We highlight 3 main results: The model of human at 

work limited to biomechanical aspects is considered ‘poor 
and a source of errors’ by the designers interviewed. As 
a result, designers tend to design simple, repetitive work-
stations and tasks, without any useful leeway to deal with 
industrial, inter- and intra-individual variability.

There are many sources of musculoskeletal strain 
associated with dismantling processes: (1) the seven sta-
tions on the line operate at an ‘average’ takt time, with 
no buffer stock between stations, which limits the time 
available to deal with unforeseen events; (2) the resources 
made available to operators do not always enable them to 
efficiently find solutions for dismantling unknown or rare 
vehicles; (3) some dismantling operations are complex 
due to a lack of ad hoc tools (e.g. dismantling wheels 
fitted with anti-theft nuts).

However, there are also factors that can help prevent 
MSDs and should be maximised: collective flexibility (an 
operator can leave their post to help another operator who 
is running late or experiencing difficulties) and initial and 
ongoing training in dismantling skills (versatility) and health.

The development of ELV dismantling centres is boom-
ing, yet documentation and reference cases for the design 
of these work systems are still scarce and difficult to 
access. These initial investigations encourage us to pur-
sue three avenues: analyses of dismantling activities to 
refine our initial results, collaborations with the designers 
of these work systems to understand their constraints and 
design logic, and the production of tools and guides useful 
to designers in order to integrate MSD prevention into the 
design of ELV dismantling workshops.

Every year in France, approximately 1.3 million end-of-life 
vehicles (ELVs) must be dismantled and recycled. To cope 
with quantitative and qualitative changes in dismantling 
work, specialised companies are transforming their pro-
cesses to industrialise them and are questioning the 
‘old-fashioned’ design of car scrapyards. Furthermore, 
data on reported workplace accidents and occupational 
illnesses collected by the French National Health Insur-
ance Fund (CNAM) place the waste collection and treat-
ment sector among the most accident-prone professional 
sectors at the national level, particularly for lower back 
pain and musculoskeletal disorders (Ameli.fr). In this con-
text, research is being conducted to document and model 
the work involved in dismantling end-of-life vehicles with 
the aim of designing a tool to assist in the design of dis-
mantling lines.

The research field is a french factory (250 employees) 
that dismantles around 100 end-of-life vehicles per day. 
Dismantling is mainly carried out on two lines operating in 
parallel. Each line is divided into seven specific stations, 
each manned by one or two operators. Following a precise 
order imposed by a production management algorithm, the 
operators' main task is to dismantle and check the quality 
of the various components.

The research is in the field of constructive ergonomics 
(Falzon, 2013) aimed at the design of sustainable work (Del-
goulet, 2023) and understands MSDs as an organizational 
problem, limiting workers' room for manoeuvre (Bourgeois 
et al. 2000). Data collection took place between January 
and September 2024: collection of company documents, 
15 non-consecutive days of observations of the work of 
12 dismantling operators, and 9 semi-structured interviews 

78 BOOK OF ASBTRACTS                         SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE

mailto:willy.buchmann%40lecnam.net?subject=


From cocoa dust exposure to sustainable 
MSD prevention: professional dialogue 
as a resource for work transformation 
in a chocolate factory
Y. Lestrade, D. Cromer, A. Bonnemain, F. Coutarel...........P.80

Air France x Axomove Innovating 
Musculoskeletal Disorder Prevention
for Employees
T. Davergne, S. Sutter....................................................................P.82

New Belgian regulations (2024) to better 
prevent musculoskeletal disorders (MSD), 
supplementing the European directives 
of the 1990s
A. Piette, N. Cock.............................................................................P.83

One Year After the Implementation of the 
New Belgian Decree on Ergonomics and MSD 
Prevention: Observations and Field Realities
N. Cock, A. Piette.............................................................................P.84

01.	ORAL COMMUNICATIONS
	� IMPLEMENTATION AND 

EVALUATION OF PREVENTIVE 
INTERVENTIONS (2)

PARALLEL SESSIONS (PM)

16:00 - 17:30 – AUDITORIUM 300, LEVEL 1

Carpal tunnel release surgery and occupational 
co-exposure to biomechanical factors 
and neurotoxic chemicals: findings from
the Constances cohort
J. Bodin, C. Rapicault, A. Descatha,M. Fadel, 
F. Gilbert, B. Evanoff, N. Bonvallot, M. Goldberg, 
M. Zins, Y. Roquelaure...................................................................P.85

Analysis of data on multiple exposure 
to biomechanical factors and neurotoxic 
substances
F. Clerc, L. Claudon........................................................................P.86

Between Dust and MSD: Worker Trade-Offs 
in Sustainable Prevention Strategies
B. Langard, E.S. Mariko.................................................................P.87

Prevalence and psychosocial determinants 
of musculoskeletal disorders among 
workers in a tire manufacturing plant: 
a cross‑sectional study
T. Capet, A. Nourry, P. Crozet, F. Telliez................................P.88

16:00 - 17:30 – ROOM 103, LEVEL1

02.	ORAL COMMUNICATIONS
	� RISK ASSESSMENT 

AND HEALTH EFFECTS – 
CO-EXPOSURE

Contribution of socio-technical, organizational 
and situational leeway into msds prevention
A. Cuny-Guerrier, A. Aublet-Cuvelier, Y. Roquelaure, 
F. Coutarel..........................................................................................P.96

Developing operational leeway to prevent 
musculoskeletal disorders among care 
assistants in nursing homes for the elderly
S. Poncet, S. Caroly, Y. Roquelaure.........................................P.97

How professional gesture analysis promote 
the development of employees’ empowerment 
and socio-technical organisational leeway in 
professional training? The case of gravediggers
P. Simonet, A. Savescu.................................................................P.98

Training to operational leeway for MSD 
prevention with an educational video
A. Vasselin, L. Querelle, A. Cuny-Guerrier..............................P.99

04.	SYMPOSIUM
	� “PREVENT MSDS BY 

THE DEVELOPMENT 
OF SOCIO-TECHNICAL, 
ORGANISATIONAL AND 
SITUATIONAL OPERATIONAL 
LEEWAY: WHY AND HOW ?”
16:00 - 17:30 – ROOM 105, LEVEL 1

WEDNESDAY, 6 MAY 2026

Laboratory study evaluating a series 
of exoskeletons for repeated lifting and 
overhead torque wrench use
K. O’Keefe, M. Fray, A. Lloyd, S. Bassford............................P.90

The Toyota Motor Europe approach for preparing 
the company for exoskeleton implementation
S. Bassford.........................................................................................P.91

Exploration of the implementation of 
exoskeletons in 3 EU manufacturing locations
K. O’Keefe, M. Fray, A. Lloyd, S. Bassford............................P.92

Laboratory study to explore the benefits of 
exoskeletons on varied activities in healthcare
A. Yangsap, M. Fray, A. Lloyd.....................................................P.93

Between Assistive Technology and Personal 
Protective Equipment: Understanding 
Exoskeletons in Nursing Practice
X. Lin, M. Fray, S.Hodder..............................................................P.94

03.	SYMPOSIUM
	� “ASSISTIVE TECHNOLOGY 

OR PERSONAL 
PROTECTIVE EQUIPMENT? 
IMPLEMENTATION 
QUESTIONS FOR 
EXOSKELETON SOLUTION”
16:00 - 17:30 – ROOM 104, LEVEL 1

79SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE                         BOOK OF ASBTRACTS



The intervention was conducted during a master’s 
internship in ergonomics within a chocolate factory 
seeking to reduce operators’ exposure to fine cocoa 
dust during the production of cocoa-coated pralines. 
Upon arrival, the company had already proposed a 
technical solution—an extraction hood—seen as the 
obvious answer. The ergonomic intervention questioned 
this assumption by initiating professional dialogue, first 
among chocolatiers, then between them and manage-
ment, focusing on real work activity and and quality cri-
teria (Bonnemain & Clot, 2022).

Through cross self-confrontation interviews, operators 
compared their ways of working and collectively ana-
lysed the determinants of particle suspension (turntable 
speed, cocoa fat content, ambient temperature, profes-
sional gestures, etc.). This broadened the scope of the 
toxicological issue, revealing not only the mechanisms 

T

From cocoa dust exposure 
to sustainable msd prevention: 
professional dialogue as a 
resource for work transformation 
in a chocolate factory

his communication examines how an ergonomic inter-
vention based on professional dialogue can contribute 
to transforming work representations and supporting 
the sustainable prevention of musculoskeletal disorders 
(MSDs). It is guided by a dual research question: how can 
ergonomics interventions foster ambitious work transfor-
mations, and how can professional dialogue serve as a 
developmental resource for this process?

Grounded in the intersection between activity ergo-
nomics and the clinic of activity, this work draws on 
approaches where dialogue—through professional dis-
pute, by means of cross self-confrontation (Bonnemain 
& Clot, 2017; Clot, 2005)—is used as a tool for analysing 
and developing work. These dialogical processes make 
it possible to articulate issues of health, efficiency, and 
work quality, approaching prevention not as a technical 
fix but as a lever for activity transformation within a sys-
temic perspective.
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FIGURE 1
In-situ analysis by operators of the turntable rebalancing gesture 
during praline coating, through comparison of different ways of doing 
it, following cross self-confrontation interviews.

FIGURE 2
Simulation (Béguin, 2013; Daniellou, 2007; Van 
Belleghem, 2018) of a sifting device and reduced turntable 
speed, eliminating the rebalancing gesture, co-designed  
by/with operators.
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aimed at implementing structured collective dialogue for 
the design of a new production site. The ongoing work 
seeks to progressively expand frontline operators’ scope 
of deliberation—from their daily activity to decision-mak-
ing processes involving a specific form of social dialogue 
and other institutional actors (Prot, Bonnefond & Clot, 
2021; Sailly, Johansen, Tengblad & van Klaversen, 2022). 
The collective that has developed its power to act on 
daily activity is gradually becoming an instrument for ana-
lysing and shaping leeway at multiple organizational lev-
els, including those related to potential MSD emergence 
(Cromer, Bonnemain & Coutarel, 2023), as exemplified by 
the cocoa powder coating process.

of particle suspension but also the risks of MSDs already 
reported by operators. Creating conditions for the collec-
tive and reflective construction of professional gestures 
proved essential for MSD prevention (Coutarel et al., 
2022). Here, the development of dialogical capacities 
fostered the shaping of professional gestures, directly 
contributing to prevention (Clot & Fernandez, 2005; 
Savescu et al., 2020; Simonet & Caroly, 2020; Tomàs & 
Bonnemain, 2019).

In conclusion, this case illustrates the transformative 
potential of an ergonomic approach grounded in profes-
sional dialogue. Encouraged by these results, the com-
pany extended the process within a CIFRE PhD project, 
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First Results
Since 2022, 855 Air France employees have used the 
Axomove digital clinic at least once. In October 2024, 
a satisfaction survey gathered 68 employee responses. 
Of the 43 participants who engaged in physiotherapist-su-
pervised follow-up, 36 were seeking to reduce existing 
pain. Among them, 72% reported a significant decrease 
in their symptoms. Overall satisfaction with the service 
reached an average score of 8/10, and the recommen-
dation score was 4/5. These results confirm Axomove’s 
complementarity with traditional MSD prevention meas-
ures and highlight its potential for wide adoption.

Future Opportunities
Building on these first outcomes, Air France and Axomove 
have set a joint roadmap for 2026–2029. Two main prior-
ities have been identified: (1) consolidating evidence by 
linking usage and self-reported outcomes with HR data 
such as absenteeism; and (2) strengthening the partner-
ship through broader awareness campaigns, improved 
targeting of high-risk employees, and securing sustainable 
engagement across a complex, global organization.

A progressive post-pilot rollout to all 40,000 Air France 
employees is under preparation, with strong potential for 
extension to subsidiaries Hop and Transavia, which began 
using Axomove in 2025.

Conclusion
The Air France–Axomove collaboration demonstrates how 
digital health solutions can complement established pre-
vention strategies, improve employee engagement, and 
generate measurable benefits in MSD prevention. This 
partnership illustrates a scalable, innovative model for 
integrating digital clinics into occupational health eco-
systems.

Air France x Axomove: 
Innovating Musculoskeletal 
Disorder Prevention for Employees

Context
Air France has been committed to preventing musculo-
skeletal disorders (MSKs) for more than 20 years, focus-
ing on gesture and posture economy training in profes-
sions with high physical exposure. While appreciated by 
employees, existing measures have shown limits: they 
require employees to be absent from production, depend 
on the availability and motivation of managers, and place 
a heavy organizational burden on internal prevention net-
works. Moreover, tertiary and sedentary professions have 
been largely excluded from these programs.

Seeking innovative and more inclusive solutions, Air 
France identified Axomove, a certified digital clinic ded-
icated to physical health and MSK prevention. Axomove 
Selfcare delivers personalized, video-guided exercise pro-
grams with daily monitoring under Physiotherapists (PTs) 
supervision, empowering employees to manage pain, 
prevent chronicity, and sustain long-term health. A proof 
of concept was launched with both high-risk professions 
and a representative panel of support functions.

Deployment
The pilot project was initiated in December 2022 to evalu-
ate Axomove’s relevance for 1,000 employees across sev-
eral business units. The deployment relied on the Health, 
Safety & Environment (EHS) network and, depending on 
the sector, support from occupational health physicians. 
The program was officially introduced during a corporate 
webinar led by the Head of Physical Risks and an occu-
pational physician. Employees voluntarily enrolled on the 
platform, benefiting from personalized follow-up either 
independently or under physiotherapist supervision.
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The Royal Decree (RD) then adds certain general principles 
relating to ergonomics at work and the prevention of MSD to 
Book VIII of the Code, which are included in the new Title 1:
	• The employer must take account of ergonomics at work 

when designing and fitting out new workstations, as well as 
when adapting existing workstations.
	• The employer must therefore implement a policy of pre-

venting MSD or other health problems caused or aggra-
vated by musculoskeletal risks at work by means of a global 
approach which takes into account the various risk factors, 
such as biomechanical risk factors, other risk factors linked 
to the workstation and the results of risk analyses carried 
out in other areas of well-being which may have an impact 
on musculoskeletal risks at work (e.g. vibrations). The RD 
also lists a number of biomechanical risk factors to be taken 
into account in the risk analysis, such as the use of force, 
repetitive movements, duration and frequency of movements 
or tasks, working postures, gestures at work and contact 
force. Appropriate preventive measures must then be taken 
to deal as effectively as possible with these musculoskeletal 
risks in the workplace. This prevention policy must also be 
regularly evaluated and updated.
	• The various actors who play a role in this prevention policy 

are specified, in particular the prevention advisor from the 
internal occupational health and safety service, the ergo-
nomic prevention advisor and the prevention advisor/occu-
pational physician. Finally, workers and the committee for 
prevention and protection at work must be informed and 
trained about musculoskeletal risks at work and the various 
preventive measures.

This new legislation finally defines ergonomics in the 
Code of Well-being at Work, not only to prevent MSD but 
to prevent ALL occupational risks. It also helps companies 
to better prevent MSD while covering all work activities, no 
longer limited to workers sitting in front of a screen or those 
who handle heavy loads.

As in most European countries, Belgian legislation on occu-
pational risks related to musculoskeletal disorders (MSD) 
was based on two European directives (working with display 
screens, manual handling of loads) that were written in the 
early 1990s. Although the European Commission has set up 
working groups in recent years to update these directives, 
they remain in force.

Along with psychosocial risks (PSR), MSD are the main 
occupational health and safety issues affecting all compa-
nies. Both surveys on working conditions and figures on 
incapacity and invalidity at work show the significant impact 
of MSD on workers (more than 50% of workers affected in 
the last 12 months), on companies (PSR and MSD respon-
sible for 60% of absenteeism) and on society (for example, 
one third of the 500,000 invalid persons, at a cost of more 
than €8 billion per year).

After developing specific Belgian legislation on the pre-
vention of psychosocial risks, facilitating the link between 
PSR and MSD, and given the scale of the MSD problem, it 
was necessary to improve Belgian legislation on MSD with-
out waiting for the European directives to be updated. 

New regulations relating to ergonomics at work and the 
prevention of musculoskeletal disorders (MSD) at work were 
published in the Moniteur Belge on 15 May 2024, namely the 
Royal Decree (RD) of 19 March 2024 amending Book VIII of 
the Code of Well-being at Work with regard to ergonomics at 
work and the prevention of musculoskeletal disorders at work.

The urgent need to focus more on preventing these MSD 
and on improving workplace ergonomics in general require 
a comprehensive approach immediately apparent in the new 
title of Book VIII of the Code ‘Ergonomics at work and pre-
vention of musculoskeletal disorders’.

The RD first introduces 4 concepts that will henceforth 
be defined in the Code, namely the ergonomist prevention 
advisor, ergonomics at work, musculoskeletal disorders and 
musculoskeletal risks at work.

1 Eur Erg, DG Humanisation du Travail, SPF Emploi, Rue E. Blérot 1, 1060, Brussels, Belgium. 2 Eur Erg, Unité d’ergonomie, Service Externe de Prévention et Protection 
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One Year After the 
Implementation of the New 
Belgian Decree on Ergonomics 
and MSD Prevention: 
Observations and Field Realities 
N. Cock1 and A. Piette2

Several key questions arise that require consultation 
between the FPS Employment (inspectors, legal experts 
from the Federal Public Service) and field actors: What 
does “risk assessment” concretely mean? Should risks be 
quantified? The law emphasizes the importance of achiev-
ing results rather than focusing on the means or methods 
used. However, in practice, SEPPs are often involved from 
the beginning of the process, which alters their role com-
pared to what the inspection expects. The latter would 
prefer their expertise to be used only for complex or 
specific cases. But what should be done when a small 
company with five employees asks for help? What if the 
internal prevention advisor lacks the time or resources to 
initiate an MSD risk analysis? What if tasks are not repet-
itive and quantitative methods are not applicable? What 
if there are more than 80 job functions in a company?

Faced with these realities, SEPPs like CESI are devel-
oping their own approach, aiming to involve companies 
as much as possible and offering support at various lev-
els, as proposed in the brochure developed by the FPS 
Employment. The steps include: needsanalysis, pre-di-
agnosis, diagnosis, co-design/construction of solutions, 
implementation of solutions, and follow-up.

Practical cases will be presented at the congress, 
ranging from approaches in very small SMEs to larger 
institutions.

For prevention advisors specialized in ergonomics, 
mainly working within SEPPs, the focus is on the pro-
posed preventive measures and their implementation, far 
more than on the method used to identify and assess 
risks.

I t has now been a year since the new decree (May 15, 
2024) on the prevention of musculoskeletal disorders 
(MSDs) came into force in Belgium. Yet many compa-
nies—small, medium, or large—still struggle with its 
implementation. MSD prevention remains a complex 
issue. The expectations of the labor inspection (Well-be-
ing Control - CBE), which hoped to see companies initiate 
autonomous actions, have turned out to be difficult to put 
into practice .

In reality, many companies turn to their External Ser-
vice for Prevention and Protection at work (SEPP) from the 
very first steps of the prevention process, specifically to 
the ergonomics prevention advisors within these SEPPs. 
This early reliance—effectively outsourcing the entire pro-
cess—can be explained by a lack of internal skills, time, 
or resources. Inspectors, for their part, struggle to enforce 
the legislation, due to their limited numbers, the absence 
of a universally recognized method for risk analysis, and 
a certain lack of understanding of field realities. These 
challenges apply to all occupational risks (psychosocial 
risks, chemical risks, vibrations, etc.), not just MSDs. The 
emergence of MSDs alongside psychosocial risks within 
companies, and the multifactorial causes of MSDs, high-
light the complexity of this issue.

The interpretation of the legal text varies among 
stakeholders, creating discrepancies between regulatory 
expectations and actual practices.

Inspectors are tasked with verifying the implementa-
tion of an MSD prevention policy, checking for musculo-
skeletal risk analyses, and most importantly, ensuring the 
implementation of preventive measures.

1 Eur. Erg., Unité d’ergonomie, Service Externe de Prévention et Protection au travail CESI, Avenue Konrad Adenauer 8, 1200, Brussels, Belgium. 2 Eur. Erg., DG 
Humanisation du Travail, SPF Emploi, Rue E. Blérot 1, 1060, Brussels, Belgium. 
Email: nathalie.cock@cesi.be
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Results
The sample comprised 71,558 workers (32,915 men and 
38,643 women). During a median follow-up of 33 months 
(interquartile range, 19.0–51.0), 170 men and 350 women 
underwent CTR surgery. At baseline, women were more 
exposed to biomechanical risk factors than men (35.9% 
vs. 31.8% respectively, p<0.001). Men were more exposed 
to chemicals during their working life than women (15.8% 
vs. 12.9% respectively, p<0.001). Co-exposure to bio-
mechanical risk factors and chemicals occurred in 8.4% 
of men and 7.9% of women (p<0.001). In both men and 
women, exposure to chemicals (HR=1.43 [0.82-2.50] and 
1.49 [0.95-2.33], respectively) or biomechanical factors 
(HR=2.06 [1.42-2.97] and 1.71 [1.34-2.17]) was associ-
ated with a higher risk for CTR; while exposure to both 
chemicals and biomechanical factors showed a higher risk 
(HR=3.12 [2.08-4.70] and 2.34 [1.71-3.21]). 

Discussion
This large prospective study showed an association 
between CTR and co-exposure to both occupational bio-
mechanical risk factors and chemicals, using JEM method 
for chemical exposure. These results are consistent with 
those of our previous studies in the same cohort with 
self-reported carpal tunnel syndrome, and in a cohort of 
French farmers. Although, we lack mechanistic evidence, 
this provides further support for the potential effects of 
chemical exposure on the risk of carpal tunnel syndrome 
in workers exposed to biomechanical risk factors. 

Objective
In previous studies, we have shown an association between 
self-reported carpal tunnel syndrome and occupational 
co-exposure to biomechanical risk factors and chemicals 
in a cohort of French workers and in a cross-sectional 
study of French farmers and agricultural workers. The aim 
of the present study was to study the association between 
occupational co-exposure to biomechanical risk factors 
and chemicals and carpal tunnel release (CTR) surgery in 
a large cohort of French workers.

Methods
Data from Constances, a French national population-based 
cohort, were analyzed. Participants were enrolled between 
2012 and 2018. CTR was obtained from the French national 
health insurance information system (Système national des 
données de santé —SNDS) after inclusion in the cohort. 
Five biomechanical risk factors in the 12 months period 
preceding inclusion were assessed using a self-adminis-
tered questionnaire: high perceived exertion (>12 on the 
Borg rating of Perceived Exertion scale), repetitive hand 
movements (≥4h/day), hand-transmitted vibrations (≥2h/
day), awkward wrist postures (≥2h/day), holding tools/
objects in a pinch grip (≥4h/day). Lifetime occupational 
exposure to chemicals was assessed using job-exposure 
matrices: chlorinated solvents and formaldehyde. Cox 
models were used to evaluate the association between 
the occupational co-exposure and CTR, adjusted for per-
sonal and medical factors (age, BMI, diabetes mellitus and/
or rheumatoid arthritis, current alcohol consumption and 
effort-reward imbalance) and stratified by gender. 

1 Univ Angers, CHU Angers, Univ Rennes, Inserm, EHESP, Irset (Institut de recherche en santé, environnement et travail) - UMR_S 1085, Angers, France. 2 Department 
of Occupational Medicine, Epidemiology and Prevention, Donald and Barbara Zucker School of Medicine, Hosftra University Northwell Health, New York, USA. 3 Paris 
Cité Université, "Population-based Cohorts Unit", INSERM, Paris Saclay University, UVSQ, UMS 011, Paris, France. 4 Washington University in St. Louis, School of 
Medicine, Division of General Medicine and Geriatrics, St. Louis, MO, USA. 5 Univ Rennes, Inserm, EHESP, Irset (Institut de recherche en santé, environnement et travail) - 
UMR_S 1085, Rennes, France. 
Email: julie.bodin@univ-angers.fr
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Results
Over the period 2002–2021, 166 work situations were 
identified in the Colchic and Scola databases where at 
least one neurotoxic substance exceeded its occupa-
tional exposure limit value. Twenty of these situations 
were cross-referenced with Sumer survey data, as they 
contained a sufficient quantity of information. The results 
show that the sectors concerned with such multiple expo-
sures are mostly industrial: chemistry, automotive, rubber 
and plastics, etc. The construction and social work sec-
tors are also represented. Only low-skilled or unskilled 
occupations were identified—mainly manual workers, and 
employees in the social work sector.

Discussion and Conclusion
Low-skilled occupations in the industrial sector are those 
most affected by combined exposure to biomechanical 
constraints and neurotoxic substances. For these spe-
cific occupational groups, special attention should be 
paid to identifying this type of multiple exposure during 
risk assessment. The goal is, on the one hand, to identify 
possible links between such combined exposures and 
the occurrence of certain musculoskeletal disorders (for 
example, the hypothesis of a combined multiple exposure 
to “neurotoxic agents and wrist joint strain” in the devel-
opment of carpal tunnel syndrome, Bodin et al., 2018), 
and, on the other hand, to prioritize prevention actions by 
taking these potential interactions into account.

Analysis of data on multiple 
exposure to biomechanical factors 
and neurotoxic substances

Introduction
Strong links are now well established between musculo-
skeletal disorders (MSDs) and both biomechanical and 
psychosocial risk factors. Furthermore, several studies 
have focused on the association between exposure to 
biomechanical constraints and to substances toxic to the 
nervous system, in order to explain the risk of developing 
certain MSDs (Bodin et al., 2018). Since the causes of 
MSDs are by nature multifactorial, it is therefore important 
to characterize the potential for cumulative exposure to 
multiple hazards—known as multiple or combined expo-
sures. In this context, populations of workers facing such 
multiple exposures are not always well identified. The aim 
of this work is to use existing data to produce a profile of 
workers simultaneously exposed to both biomechanical 
risks and neurotoxic chemical substances.

Materials and Methods
Two data sources were used: the INRS Colchic and Scola 
databases, which provide information on exposure levels 
to chemical substances, and the three most recent Sumer 
surveys (2003, 2010, and 2017), which provide information 
on the number of exposed workers. All chemical sub-
stances bearing hazard statements under the European 
CLP regulation (Classification, Labelling, Packaging) 
related to neurotoxicity were selected. The corresponding 
work situations were extracted from Colchic and Scola. 
Among those presenting high exposure levels, the num-
bers of workers simultaneously exposed to these sub-
stances and to manual handling of loads or people, awk-
ward postures, and repetitive movements were calculated.

F. Clerc et L. Claudon

BIBLIOGRAPHY 
Bodin J., Jégo S, Descatha A., Evanoff B., Garlantézec R., Petit A., Chazelle E., Geoffroy-Perez B., Roquelaure Y. (2018). Archives des Maladies Professionnelles 
et de l'Environnement, Volume 79, Issue 3, May 2018, p 361.

86 BOOK OF ASBTRACTS                         SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE



WEDNESDAY, 6 2026 PARALLEL SESSIONS (PM) 
02. Oral communication: Risk assessment and health effects – Co-exposure

Between Dust and MSD: Worker Trade‑Offs 
in Sustainable Prevention Strategies
E.S. Mariko1,2 and B. Langard2

PARALLEL SESSIONS (PM)  
02. ORAL COMMUNICATIONS: RISK ASSESSMENT AND HEALTH EFFECTS – CO-EXPOSURE
16:40 - 17:00 – ROOM 103, LEVEL 1 – #105

KEY WORDS

MSD | Silica dust | Trade-Offs | Finishing masons | Construction sector

1 Université de Bordeaux, Inserm, Bordeaux Population Health Research Center, équipe ÉPICÈNE, UMR 1219, 146, rue Léo Saignat, 33000 Bordeaux, France. 2 OPPBTP, 
25 avenue du général Leclerc, 92160, Boulogne Billancourt, France. Email: elhadj-salikou.mariko@u-bordeaux.fr

ACKNOWLEDGEMENTS
The authors would like to thank OPPBTP, Bordeaux University and ÉPICÈNE, as well as the companies that hosted the field study.

REFERENCES
Anses. (2019). Dangers, expositions et risques relatifs à la silice cristalline (p. 524) [Rapports d’expertise collective]. Anses.
DARES. (2017). Résultats généraux issus de l’enquête Sumer de 2017 | Portail de la Fonction publique. https://www.fonction-publique.gouv.fr/resultats-generaux-issus-de-
lenquete-sumer-de-2017.
Faverge, J.-M., & Ombredane, A. (1955). L’analyse du travail : Facteur d’économie humaine et de productivité. FeniXX.
Fourneau, C., Sanchez, M., Perouel, G., Frery, N., Coutrot, T., Boulanger, G., Courrier, B., Pernelet-Joly, V., & Bastos, H. (2021). Plan santé au travail 2016-2020 : 
Mieux connaître la polyexposition. Environnement, Risques & Santé, 20(4), 377‑382. https://doi.org/10.1684/ers.2021.1570.
Garrigou, A. (2011). Le développement de l’ergotoxicologie : Une contribution de l’ergonomie à la santé au travail [Habilitation à diriger des recherches]. Université Victor 
Segalen Bordeaux 2.
Garrigou, A. (2023, octobre 12). Polyexpositipon : Une énigme à formuler et résoudre en transdisciplinarité [Présentation]. Journée technique - Polyexpositions au travail: 
enjeux pour la prévention, méthodes et perspectives, Paris (France). https://www.inrs.fr/footer/actes-evenements/journee-technique-polyexpositions.html.
Guérin, F., Laville, A., Daniellou, F., Duraffourg, J., & Kerguelen, A. (2006). Comprendre le travail pour le transformer. La pratique de l’ergonomie. ANACT.
Mariko, E., Galey, L., Albert, M., Langlard, B., & Garrigou, A. (2024). SS73-05 APPLIED ERGOTOXICOLOGY METHODOLOGY IN THE CONSTRUCTION SECTOR TO 
PREVENT EXPOSURE TO DUSTS. Occupational Medicine, 74(Supplement_1), 1. https://doi.org/10.1093/occmed/kqae023.0419.
Mariko, E. S., Galey, L., Albert, M., Langard, B., & Garrigou, A. (2023). Proposition d’une méthodologie en ergotoxicologie pour évaluer et prévenir les expositions aux 
poussières dans le secteur du BTP. Archives des Maladies Professionnelles et de l’Environnement, 84(6), 13. https://doi.org/10.1016/j.admp.2023.101855.
Teiger, C. (1993). L’approche ergonomique : Du travail humain à l’activité des hommes et des femmes au travail. Éducation permanente, 3(116), 71.
Wisner, A. (1972). Diagnosis in ergonomics or the choice of operating models in field research. Ergonomics, 15(6), 601‑620. https://doi.org/10.1080/00140137208924462.

tion interviews; and restitution with stakeholders (Mariko et 
al., 2024; Mariko et al., 2023).

Results reveal multiple exposure situations and risk rep-
resentations. Activity analysis highlighted trade-offs between 
protection and production logics: finishing masons face a dual 
demand to deliver quality under time pressure while manag-
ing production contingencies, often compromising protec-
tive measures such as mask use or vacuum extraction. For 
example, finishers may choose not to use a vacuum cleaner 
when sanding in order to protect themselves from the risk of 
musculoskeletal disorders that carrying it up and down sev-
eral floors of stairs would generate. Conversely, protecting 
oneself from the risk of dust with a vacuum cleaner creates a 
risk of musculoskeletal disorders. Trade-offs also occur within 
protective logics. For example, between preventing MSDs 
(shoulder injury, etc.) and preventing long-term diseases (sili-
cosis). During silica exposure, operators face concurrent risks 
(cuts, vibration, heavy loads, falls, constrained postures such 
as kneeling or bent backs) that influence protective choices. 
Consequently, workers often prioritize mitigation of immediate, 
visible risks over protection against dusts whose harms are 
diffuse and normalized. Variable risk representations among 
operators supports this finding (Mariko et al., forthcoming).

Situations involving exposure to silica dust are part of com-
plex systems involving various hazards to which workers may 
be simultaneously exposed (Garrigou, 2023). Indeed, exposure 
to crystalline silica among finishing masons therefore involves 
a combination of various hazards that must be understood 
together in order to inform prevention measures. A broader 
view based on multiple exposures can clarify the choices and 
compromises made by workers and support prevention strat-
egies that incorporate several levels of activity analysis.

Crystalline silica is a hazardous chemical and a major pre-
vention challenge for the construction sector because it 
is present in numerous rocks and building materials and 
also because many workers are exposed (12.3% exposed) 
(Anses, 2019; DARES, 2017). Tasks such as sanding, cut-
ting, drilling concrete and sweeping generate silica dust 
and also expose workers to physical hazards and mus-
culoskeletal disorder (MSD) risks including falls, cuts, 
sustained static postures, heat, cold, noise, vibration and 
heavy lifting.

Despite its impact on health, few studies examine work-
ers’ actual activity from an ergonomic perspective (Faverge 
& Ombredane, 1955; Guérin et al., 2006; Teiger, 1993). This 
study of finishing masons’ work activity, initiated by Pro-
fessional Organization for Prevention in the Construction 
and Public Works Industry (OPPBTP), aimed to understand 
exposures and propose effective prevention. We applied 
ergotoxicology (Sznelwar, 1992), an ergonomic approach that 
develops operant models (Wisner, 1972) and prevention tools 
for chemical hazards, treating exposure as a “puzzle” to be 
solved by activity analysis (Garrigou, 2011).

Dust exposures extend beyond single tasks or individuals: 
technical, human and organizational determinants contribute, 
and multiple concurrent exposures require fine-grained anal-
ysis. The Occupational Health Plan 2016–2020 identifies five 
constraint categories encountered across careers: physical, 
chemical, biological, organizational and relational (Fourneau 
et al., 2021).

Our ergotoxicological methodology comprised five 
phases: participatory study construction with stakeholders; 
global analysis of work situations; systematic observation 
plus metrology (in real time and integrated); self-confronta-
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Introduction
Musculoskeletal disorders (MSDs) are the leading cause 
of occupational disease in France and remain a major 
concern in physically demanding sectors. Their devel-
opment is multifactorial, arising from the interaction of 
biomechanical loads, organizational constraints, and 
psychosocial stressors. The tire manufacturing industry, 
characterized by repetitive material handling, prolonged 
standing, and sustained production rates, has been rel-
atively underexplored beyond ergonomic studies. This 
study aimed to estimate MSD prevalence among pro-
duction workers and to examine associations with psy-
chosocial factors, perceived work overload, anxiety, and 
sleep disturbances, while accounting for individual and 
occupational characteristics.

Methods
An anonymous cross-sectional survey was carried out 
between February and May 2023 in a tire manufacturing 
plant employing 560 production workers. A random sample 
of 300 operators was invited, and 244 completed the ques-
tionnaire. The Standardized Nordic Questionnaire (Kuorinka 
et al., 1987) captured self-reported pain during the previous 
12 months across anatomical regions. Additional variables 
included self-rated mental health (0–10), perceived work 
overload and anxiety at work, nocturnal sleep disruption, 
smoking status, and regular physical activity. Age, body 
mass index (BMI), job tenure, company tenure, and produc-
tion sector/line were also recorded. Associations between 
pain by body region and psychosocial or occupational fac-
tors were examined using logistic regression, with p-values 
indicating statistical significance.

Results
Participants had a mean age of 43.8 years (IQR 37–51); 
97.7% were men, and mean BMI was 27.1 kg/m². Aver-
age job tenure was 10.4 years (IQR 3–16.3) and company 
tenure 15.9 years (IQR 5–23). Mean pain intensity reached 
4.8/10 (IQR 3–7), while self-rated mental health was rela-
tively high (7.6/10; IQR 7–9). Overall, 91.4% reported at 
least one MSD during the past 12 months, with an average 

of 2.9 painful regions per worker (IQR 1–4); 35.8% reported 
three or more painful sites, indicating frequent multisite 
involvement. The most affected areas were the lower back 
(66%), neck (35%), and shoulders (32–37%), followed by 
wrists (22–29%) and knees (18–20%), with ankles (18%) 
and upper back (19%) also reported.

Psychosocial correlates were consistent across several 
regions. Perceived work overload was found to act on pain 
occurrence, being significantly associated with pain in the 
neck (p = 0.034), hips/thighs (p = 0.022), knees (p = 0.022), 
and ankles (p = 0.029). Anxiety at work was associated 
with hip (p = 0.007) and knee pain (p = 0.020). Age was 
related to neck (p = 0.032) and upper back pain (p = 0.032). 
Job tenure correlated with knee (p = 0.001) and elbow 
pain (p = 0.050), while company tenure was associated 
with low back pain (p = 0.050) and nocturnal awakenings 
(p = 0.004). Regular physical activity was associated with 
shoulder pain (p = 0.038), and no significant associations 
were found with smoking.

Discussion and Conclusion
This study reveals a very high frequency of MSDs with 
multisite distribution in tire production workers. The asso-
ciations between work overload, anxiety, and pain in highly 
exposed regions support a biopsychosocial interpretation, 
where organizational and mental demands contribute to 
or amplify symptoms alongside biomechanical exposure. 
Associations with sleep disturbances and seniority sug-
gest cumulative effects over time, as more tenured workers 
reported both low back pain and nocturnal awakenings. 
From a prevention standpoint, these findings call for inte-
grated strategies combining ergonomic improvements 
(posture optimization, handling aids, task rotation, cycle 
design) with workload management (adequate staffing, 
pacing, recovery opportunities), targeted mental health 
support (screening and brief interventions for anxiety), 
and sleep-friendly scheduling and recovery practices. This 
cross-sectional analysis provides recent, sector-specific 
data for tire manufacturing and offers practical guidance for 
multidimensional MSD prevention in physically demanding 
environments.
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The reality of implementation into a workplace with lasting 
effect is however much more challenging.  This symposium 
is created following a collaboration between a university 
and an international motor manufacturer. The symposium 
will discuss the implementation of exoskeletons into both 
motor manufacturing and healthcare work. The focus is on 
the management of workers that do not do simple repeti-
tive tasks with other workplace factors that challenge the 
implementation process. Toyota H&S Dept reviewed avail-
able study papers and exoskeleton manufacturer reports 
but could not find practical data to quantify upper limb exo-
skeleton use in a like for like manufacturing environment 
to Toyota. An internal review in Toyota North America had 
purchased upper limb exoskeletons but had not conducted 
a detailed study and most were no longer being used.  This 
created the idea at Toyota Motor Europe (TME) for Toyota 
engineering division and Toyota H&S dept for support on 
clarifying whether upper limb exoskeleton technology could 
be utilised as substitute for lifting aid equipment.

This collection of papers explores the various aspects 
of the use and implementation of exoskeleton solutions 
in a variety of application areas. The main focus is a col-
laboration between a university and a motor manufacturer 
which reviewed a number of exoskeletons against specific 

automotive manufacturing tasks and tried to implement 
those devices in a range of EU settings. In this project new 
task specific data was collected to prove the benefits of 
a range of exoskeletons for two specific workplace tasks. 
The successful exoskeletons from the laboratory trial were 
then taken out to a range of manufacturing locations with 
varying results. Three of Toyota Motor Europe’s manufac-
turing plants were identified as sites for the trials 1) Portugal 
slow takt 32 minute, very manual processes in a hot working 
environment, 2) Turkey fast paced takt 72 second tack, less 
manual but hot working environment, 3) UK plant fast paced 
takt 85 seconds, less manual processes, cooler climate.

This is supported by a study investigating varies work 
postures and tasks in healthcare. The final paper asks ques-
tions about the design and use of exoskeletons and how 
their design and introduction leaves questions for the imple-
mentation company, safety advisors and the makers of exo-
skeletons. The symposium will provide a series of different 
views of the data regularly seen in academic studies and its 
contradictory evidence from real users in various workplace 
settings. The discussion format will target these different 
data sources to explore whether the wider safety network 
has clarity on the evidence and the routes to selection and 
or implementation.
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Introduction
15 Toyota members from the Burnaston Plant were 
recruited for the trial.  Each participant completed the 
work tasks with each exoskeleton and un-aided, the 
exposure to all conditions (n=4) was in a squared order 
to avoid order bias. The effects of the exoskeletons were 
measured objectively by heart rate and electromyography 
(EMG) in Erector Spinae, Extensor Digitorum, Trapezius, 
Triceps Brachii, Flexor Carpi Radialis, Biceps Brachii, Vas-
tus Medialis and Vastus Lateralis. 

The worker perception was recorded by a range of 
subjective evaluation tools. Force and effort were reported 
with; Perceived Fatigue – (Borg CR-10 scale), Perceived 
Muscle Effort – (Borg CR-10 Scale), Rating of Perceived 
Exertion (Borg 6-20). Physical and thermal comfort/dis-
comfort by the Arm Discomfort – (Borg CR-10 scale, Ther-
mal Comfort and Thermal Sensation Likert scales. 

Results
	• During both tasks there were no significant difference 

between the heart rates between any exoskeleton device 
and the unaided task.
	• When reviewing the EMG data for changes in fatigue 

and effort small differences were observed but again no 
significant effects were seen. In the upper body, there was 
no significant difference (P ≥ 0.35, ηp2 ≤ 0.23) between 
the unaided and exoskeleton conditions in this study.
	• When comparing the EMG in the individual muscle 

groups a similar observation was found.  EMG traces were 
examined, indicating little or no objective improvement in 
‘effort’ (rectified and average EMG amplitude) or fatigue 
(decline in median EMG frequency) provided by the three 
exoskeleton suits, when compared to an unaided con-
dition.
	• Contrary to the objective parameters, the subjective 

responses suggested that both perceived force and arm 
discomfort were marginally reduced (P < 0.05, ηp2 ≥ 0.22) 
by the use of an upper body exoskeletons.
	• There were also no differences (P > 0.06) between 

wearing an exoskeleton and unaided work for thermal 
sensation and/or thermal comfort in either task 1 (lifting) 
or task 2 (power wrench).

	• The strongest effects were seen in the Measure for Rate 
of Perceived Exertion where there were significant differ-
ences between unaided and all exoskeleton tasks for task 
1 (p=0.02) and task 2 (p=0.03)

After wearing all devices the participants were asked 
to compare the devices. The participants showed a pref-
erence for the Ottobock device above the others. The 
Levitate device was the least preferred and created issues 
related to fit and comfort specifically.  All 15 participants 
stated that they would like to use an exoskeleton to aid 
the delivery of their work.

Conclusion
There was some evidence that the exoskeletons improved 
the perceived effort required to complete these two tasks 
though no effect was seen across some of the measures 
recorded. The Toyota Members were generally in favour 
of the devices and reported that they considered them 
beneficial to the activities completed. The Member per-
ception and the physiological evidence did not entirely 
match.  This study was taken forward by Toyota to paper 
2 and 3 in the symposium.

TABLE 1
Most Preferred and Least Preferred Exoskeleton (n=15).

Most 
Preferred

Least 
Preferred

Skelex 5 5

Levitate 1 9

Ottobock 9 1
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Introduction
The manufacturing plants across Toyota Motor Europe 
have a strong safety and human performance focus that 
supports the wellbeing of all members in the workplace 
and the drive for high levels of efficiency and effectiveness 
across all areas. The question about the use of assistive 
devices is regularly explored in these complex and varied 
work situations. The manufacture of automotive vehicles is 
supported by high levels of automation, assisted devices 
(powered hand tools, lifting equipment, etc), and the collab-
oration between those designing the work and factory pro-
cesses is very clear. The complex tasks at each assembly 
position and the fixed time for each assembly station are 
key in the complexity of the production line performance. 
The company considers each worker as an industrial ath-
lete and supports their health and well-being accordingly. 
This paper reports on the considerations of exoskeleton 
implementation from the company perspective and how the 
collaboration was intended to improve the understanding 
of the comparative benefits of the devices.  

Context and creation 
of the collaboration project
	• Trigger for proof-of-concept trials at Toyota Motor 

Europe (TME) - Toyota engineering division made request 
to Toyota H&S dept for support on clarifying whether upper 
limb exoskeleton technology could be utilised as substitute 
for lifting aid equipment.
	• Toyota H&S Dept reviewed available study papers and 

exoskeleton manufacturer reports but could not find practi-
cal data to quantify Upper limb exoskeleton use in a like for 
like manufacturing environment to Toyota. Internal review 
Toyota North America had purchased upper limb exoskel-
etons but had not conducted a detailed study and most 
were no longer being used. 
	• Based on the lack of solid evidence supporting the ben-

efits of upper limb exoskeletons, Toyota Motor Europe’s 
H&S Senior Specialist Stuart Bassford started to look at 
conducting a study with the support from Dr Mike Fray of 
Loughborough University’s School for Design, to clarify the 
benefit or not of passive upper limb exoskeletons

	• Five of Toyota Motor Europe s Manufacturing plants 
were identified as sites for the trials – this was eventually 
narrowed down to three plants 1) Portugal slow takt 32 
minute, very manual processes in a hot working environ-
ment 2) Turkey fast paced takt 72 second tack, less manual 
but hot working environment 3) UK plant fast paced takt 
85 seconds, less manual processes, cooler climate, close 
location to Loughborough Uni for lab studies. Total users 
for the shop floor trial 57, Lab study 15. 

Specific activities and considerations 
from the Manufacturers perspective
	• Scope of the project, reason for study presented to 

TME Manufacturing VP to gain agreement for the study 
to begin. This triggered Funding, legal contracts, timeline 
objectives all of which was agreed between Toyota Motor 
Europe & Loughborough University.
	• Planning of project included, contacting Exoskeleton 

manufacturers who would like to support this Toyota 
trail,  permission to conduct trials in the selected Toyota 
Plants, reviews with unions to gain permission to use shop 
floor workers in the trials, development of questionnaires 
to support Loughborough Uni data collection/evidence, 
clarification on specific tasks task areas to provide suit-
able upper body burden linked to exo suit performance, 
individual Process safety risk assessments, Health and 
wellbeing checks of the Toyota shop floor workers, volun-
teer disclaimers / participation agreements x 3 languages, 
medical check confirmations prior to trials and post trials. 
	• Exo manufacturer fitment training to TME Stuart Bass-

ford or onsite support was confirmed. 
	• Trial Planner across the three plants 
	• Project Co-ordinator, Stuart Bassford, travelled to each 

site with the same exoskeletons to conduct the Trials, 
support training, and oversee each trial at the shop floor 
for testing consistency. 
	• Planning and preparation for feedback to Plant and 

TME top management of post-trial results.  
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Introduction
The laboratory trial created positive evidence that the exo-
skeletons assisted with the two tasks. This evidence was 
shared across various EU locations, and a formal user trial 
was developed. The process was controlled by the H&S 
team within the Toyota group. All interventions were sup-
ported by the team to ensure all products were fitted cor-
rectly and the data was collected in a uniform manner.  Every 
opportunity was taken to standardize the different delivery 
points. The study introduced the exoskeletons to a range 
of job types and included Logistics (manual lifting) tasks 
and the QA (overhead) tasks and the regular assembly line 
positions.

Methods
The field trial was completed in 3 locations. Data were col-
lected from Turkey, Portugal and UK. 57 wear tests were 
recorded. Each trial was evaluated with a 19-point ques-
tionnaire translated into the local language and piloted for 
users. All questions were scored on a 9-point Likert scale 
(1=Extremely Bad 9=Extremely Good). The questionnaire 
required users to consider 3 qualities of the exoskeleton 
devices a) Donning/doffing adjusting (n=5 questions) b) 
Comfort and fit (n=7) c) Performance factors (n=7).

Results
There were differences between the locations, the job 
types and between the exoskeleton types. All combina-
tions showed the Levitate as the least preferred device.  The 

Logistics (manual lifting) tasks and the QA (overhead) tasks 
scored a full point above the Assembly workers. The prefer-
ence over all tasks was consistently with the Skelex device 
but Ottobock was preferred by both Logistics and QA.

Field trials showed differences between job types, loca-
tions and the exoskeletons. There were more notable ben-
efits for the devices for the logistics and the QA roles.  The 
assembly roles showed lower overall scores for all devices. 
The laboratory trials showed less clarity as the objective 
physical measures of fatigue and effort showed little benefit 
when using an exoskeleton.  Whereas the subjective evalua-
tions showed that workers did suggest there was an effect. 
The combination of the two studies has revealed a clearer 
understanding of the safety management methods in place 
and possible opportunities for the use of these assistive 
devices in automotive production:
	• The physical controls in place in the Toyota locations suc-

cessfully reduce the possible MSD risks for workers.  The 
effects seen in many other exoskeleton trials were reduced 
here due to lower overall demand.
	• The workers used in the laboratory trials were recognised 

as highly skilled and high levels of worker fitness. Their 
mobility between stations and in their range of motion indi-
cated that the devices were hindering their efficient move-
ment patterns.
	• Workers liked the concept of exoskeletons and voted 

favourably for their use in both trials.
	• When asked to wear the devices many could not or would 

not wear them for a full shift suggesting that they did not 
match their expectations.
	• Logistics and QA roles showed more positive effects than 

assembly. The speed and range of movements required for 
the assembly tasks could not be supported as effectively 
by the exoskeleton.
	• Participant feedback from both laboratory and field trials 

suggest issues related to comfort, fit, chaffing and thermal 
effects need to be addressed for better acceptance with 
the workers.
	• The results suggested that for some staff and some tasks 

there could be opportunities for use for specific worker sup-
port. 

Conclusion
The evidence collected in these two trials (papers 1,2,3) have 
not produced a convincing argument for the widespread 
introduction of exoskeletons. The objective improvements 
were small and though the subjective evaluations were in 
favour of the concept of an assistive device the wearability 
and comfort were not suitable. Further collaboration with 
the manufacturers to improve the design and usability could 
deliver a better level of acceptance.

 
TABLE 1
Mean Scores 
By Location 
for all 
exoskeletons.

Levitate 
(n = 20)

Skellex 
(n = 15)

Ottobock 
(n = 22) Mean

Turkey (n = 21) 2.76 5.10 4.12 3.72
UK (n = 12) 4.76 5.11 5.49 5.21
Portugal (n = 24) 5.61 6.31 6.31 6.08
Mean 4.20 5.75 5.29

TABLE 2
Mean 
Scores by 
Questionnaire 
Sections.

Levitate 
(n = 20)

Skellex 
(n = 15)

Ottobock 
(n = 22) Mean

Don, Doff 
and Adjust 4.97 5.77 5.83 5.51

Comfort and Fit 3.97 5.56 5.16 4.85
Performance 3.86 5.91 5.01 4.85

TABLE 3
Mean 
scores by 
Job Type.

Levitate Skellex Ottobock Mean

Assembly 3.66 5.68 4.84 4.71
Logistics 5.45 6.02 6.28 5.88
QA 5.11 6.18 5.64
Total mean 4.20 5.75 5.23
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Introduction
Two contextual studies explored the needs and opportunities 
for the use and implementation of exoskeletons in care home 
work. These studies focused on the roles and activities of 
the care support workers so often excluded from academic 
study.  These previous studies created a formal laboratory 
to explore the possible benefits of two Back Support Exo-
skeletons (BSE).

The study posed clear research questions: Can a BSE 
reduce the physical workloads when performing caregiving 
activities? Can a BSE reduce muscle activities when per-
forming caregiving tasks? Can a BSE reduce work metabo-
lism, heart rate, perceived physical exertion when performing 
caregiving tasks?  Is participants’ body kinematic different 
between wearing and not wearing a BSE?

Methods
The two exoskeleton devices and a device free activity were 
compared.  Each evaluation included a timed exposure to 
activities representative of bathing, repositioning a patient in 
bed and the preparation for hoisting actions.  All participants 
(n=20) were fit and healthy and all completed all activities 
with all conditions.

Muscle activity was measured using wireless surface 
EMGs (Biometrics Ltd, UK). Kinematic data was measured 
and recorded by wireless electronic goniometers (Biomet-
rics Ltd, UK). 

Heart rate (HR) during the caregiving simulation was 
measured using a chest-strap HR monitor (Polar Vantage, 
Kempele, Finland). Incremental standing arm crank tests 
were performed on an electronical braked arm crank ergom-
eter (Lodge Angio BV, Groningen, the Netherlands). Oxygen 
consumption (V̇O2) was measured using a breathing gas 
analysis system (COSMED Srl, Quark CPET, Rome, Italy). 

The caregiving simulation was recording by a camera 
(Sony HDR-XR200). Two types of manikins were used in 
the study: a heavy and a light manikin. The heavy manikin 
was 91.6 kg used in the bathing and repositioning task. The 
light manikin weighed 50.2 kg used in the hoisting task. The 
room temperature was set at 22°C (± 1.5°C).  The subjects 
were asked to rate the physical exertion (RPE) using the Borg 
CR-20 scale (Table 2) after completing each task; bathing, 
repositioning, and hoisting a manikin.

Results Summary
The primary research question explored whether BSEs could 
reduce the physical workload of caregiving activities by low-
ering muscle activation, work metabolism, heart rate, and 
perceived physical exertion. The findings indicated that both 
BSE models significantly reduced back muscle activity dur-

ing bathing and repositioning tasks. The secondary research 
question examined whether BSEs could help prevent mus-
culoskeletal disorders (MSDs) among caregivers by reducing 
the time spent in hazardous working postures. The results 
showed that during activities such as hoisting, participants 
wearing the BSEs spent significantly less time in postures 
involving trunk bending over 40°, indicating a reduction in 
hazardous posture duration.

Muscle activity of lumbar erector spinae (LES) was signif-
icantly reduced with BSEs model AC and S in bathing task 
and repositioning task. LES muscle is a group of muscles 
in the lower back that run vertically up the length of the 
back along both sides of the spine. LES plays an important 
role in stabilising spine, maintaining posture and generate 
movements such as trunk forward flexion and extension 
(Aspden RM., 1992). 

A trunk inclination between 0°–20° is considered an opti-
mal working posture. Participants wearing both models of 
BSEs spent more than 70% of the time in this optimal range 
during bathing and repositioning tasks, and over 65% dur-
ing hoisting tasks. In contrast, participants without BSEs 
remained in this optimal range for less than half the time 
across all tasks. This suggests that wearing BSEs encour-
ages a safer trunk inclination range, reducing the risk of 
harmful postures.

Heart rate, V̇O₂, EE levels did not show significant 
changes across all conditions and caregiving tasks, sug-
gesting that wearing exoskeletons in a controlled environ-
ment (22°C) does not increase the physiological workload 
for workers.

Conclusion
This study assessed the effectiveness of industrial BSEs 
during caregiving activities, focusing on three physically 
demanding tasks: bathing, repositioning, and hoisting. The 
results demonstrate that both BSE models significantly 
reduced back muscle activity during bathing and reposi-
tioning tasks, with differences between models. Additionally, 
BSEs improved participants posture during the caregiving 
simulations. In the hoisting task, participants wearing BSEs 
spent significantly less time in the hazardous over 40° trunk 
bending range compared to participants without BSEs. 
During bathing and repositioning tasks, participants wear-
ing BSEs maintained an optimal trunk inclination (0°-20°) 
for more than 70% of the time. Importantly, wearing BSEs 
did not significantly change physiological workload. The 
reduction in back muscle activation and protection against 
excessive trunk bending, without increasing physiologi-
cal demand, highlights the potential of BSEs as assistive 
devices for caregiving tasks.

1 SDCA, Loughborough University, Loughborough UK. 
Email: M.J.Fray@lboro.ac.uk
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asked whether they were worried about being assigned 
more heavy patient-handling tasks after wearing exoskel-
etons, all three in the AT group reported such concerns, 
compared with only two of the seven in the PPE group. 
The two groups also differed in their preferences regard-
ing usability priorities. The PPE group highlighted weight 
and size, staffing needs, and whether the device could 
be unobtrusive. The AT group focused more on pressure, 
heat, and compatibility with other equipment. In addition, 
several experts expressed concern that when nurses feel 
a strong sense of support from the device, they might 
be more willing to take risks or perform non-standard 
handling under time pressure. These results suggest that 
classification can shape how usability is judged as well as 
users’ perceptions, acceptance, and satisfaction.

In conclusion, exoskeletons are a special type of wear-
able device with both supportive and protective functions. 
Enhancement is their approach, similar to AT; protection is 
their aim, as with PPE. They cross the traditional boundary 
between AT and PPE and therefore have dual attributes. 
Instead of focusing only on the question of “what they 
are.” it may be more useful to ask, “how they work in 
different situations, who they affect, and what the con-
sequences are.” Future research should examine these 
contextual roles in more depth. Such work will support 
policy and management decisions, guide the future devel-
opment of exoskeletons, and provide essential evidence 
for reducing WMSDs among nursing staff.

Healthcare workers, especially nurses, continue to face 
high rates of work-related musculoskeletal disorders 
(WMSDs), mainly due to demanding patient-handling 
tasks. Current assistive technologies, which are regarded 
as interventions for nursing ‘s WMSDs, such as hoists 
and slide sheets, are effective in reducing physical strain. 
However, largely due to issues of environmental fit, effi-
ciency, and the time pressures of real care settings, their 
adoption in clinical practice remains limited. Exoskele-
tons, as wearable support devices, offer new possibilities 
by overcoming some of these limitations and may help 
prevent WMSDs in nursing.

A raised question is how exoskeletons should be 
classified: should they be considered assistive technol-
ogy (AT) or personal protective equipment (PPE)? This 
unclear status has important consequences for policy, 
organizations, and individuals. From a legal and policy 
perspective, PPE usually requires mandatory use, while AT 
is optional for employees. These two categories also fol-
low different rules and responsibilities. For organizations, 
classification influences budgeting strategies as well as 
training needs. It also affects how accident responsibility 
and workloads are managed. At the individual level, it 
impacts how nurses experience the device, how they view 
their job demands, and their expectations at work.

We conducted a preliminary study with ten experts in 
patient-handling area. Seven experts categorized exo-
skeletons as PPE, while three classified them as AT. When 
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However, these concepts remain little known outside 
the field of activity ergonomics and are insufficiently 
operational to allow for wider dissemination. This sym-
posium will seek to address these limitations. Objectives 
are, from 4 contributions, (1) to introduce the concept 
of the Socio-Technical Organizational Leeway (STOL) 
and Situational Operational leeway (SOL) and interest 
for the prevention of MSDs from a comprehensive and 

interventional perspective, (2) to show how support their 
development through two cases studies, one with care 
assistants in nursing home and one with gravediggers, 
and (3) to present an initiative which try to overcome the 
limitations associated with its lack of dissemination by 
proposing an educational video developed for preven-
tion specialists. Benefits, limitations and difficulties will 
be discussed. 

1 INRS, 1, Rue du Morvan, 54500, Vandoeuvre-lès-Nancy, France. 2 Univ. Grenoble Alpes, CNRS, Sciences Po Grenoble, Pacte, 38000, Grenoble, France. 
Email: aude.cuny@inrs.fr

THE CONTRIBUTIONS TO THE SESSION ARE
Contribution of socio-technical, organizational and situational leeway into MSDs prevention: A. Cuny-Guerrier, A. Aublet-Cuvelier, Y. Roquelaure and F. Coutarel. 
Developing operational leeway to prevent musculoskeletal disorders among care assistants in nursing homes for the elderly: S. Poncet, S. Caroly and 
Y. Roquelaure. How professional gesture analysis promote the development of employees- empowerment and socio-technical organisational leeway in 
professional training? The case of gravediggers: P. Simonet, A. Savescu. Training to operational leeway for MSD prevention with an educational vide: A.Vasselin, 
L.Querelle, A. Cuny-Guerrier.
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level of the different actors: decision-makers, managers, 
workers directly concerned by the risk. We will refer to 
recent literature as well as examples of interventions in the 
field. Thus, we will defend the idea that STOL/SOL can be 
mobilized at each stage of the prevention process. They 
can support the commitment of the stakeholders and pro-
mote the coordination of actions between different levels 
of actors, identify new indicators to characterize risk sit-
uations, deepen the analysis of the activity by revealing 
the (im)possibilities of actors’ real actions, explaining risky 
strategies or by making unsuspected or unimaginated- 
resources visible. These concepts can thus redefine the 
MSD prevention approach in its interventional dynamics. 
However, these proposals still face certain difficulties. 
Their operational character depends on the knowledge, 
skills, and representations of the various actors involved in 
MSDs prevention. Better appropriation and dissemination 
of these concepts thus requires methodological devel-
opments supporting a better integration into the MSD 
prevention approach.

The occurrence of MSDs can be analyzed in the light 
of the organization inability to provide Socio-Technical 
Organizational Leeway (STOL) for developing situational 
operational leeway (SOL) of a set of actors: the workers 
concerned but also the different levels of management. 

The STOL are organizational, material and technical 
resources allocated by the environment. The SOL cor-
responds to the possibility of developing different ways 
of working with a good balance between health and per-
formance. The SOL depends on the existence of STOL 
“but also on workers’ ability to make use of them at the 
right point in their activities” (Roquelaure et al., 2012) in 
a specific working situation, or even to create new ones 
(Coutarel et al., 2024). 

After having presented and defined STOL and SOL, 
the objective of this communication will be to discuss 
benefits and challenges associated with their use at each 
stage of an intervention to prevent MSDs: for commitment 
of stakeholders, identification of priority risk situations, 
analysis, transformation and evaluation, as well as at the 
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Work-related Musculoskeletal disorders (MSDs) represent 
a major health issue. Care assistants in nursing home 
for the elderly are particularly affected (Marquier and al., 
2016). In a developmental approach to risk prevention, the 
goal is not only to reduce constraints but also to develop 
resources to design a work environment that supports 
regulation (Aublet-Cuvelier and al., 2019; Caroly and al., 
2015). Thus, this research focuses on the activity of care 
assistants in nursing home through two types of leeway, 
from a perspective of MSD prevention: the Socio-Tech-
nical Organizational Leeway (STOL) as preconditions for 
activity and the Situational Operational leeway (SOL) as 
a scope for activity regulation (Coutarel and al., 2024). 
We argue that the STOL offered by the work environment, 
and its mobilization in work situations through the care 
assistant’s skills, enables the development of SOL that 
limits exposure to MSD risk factors. By understanding the 
relationships between STOL and SOL, ergonomic inter-
vention aims to create new leeway.
The methodology combines a mixed-methods approach 
to characterize the STOL provided to care assistants, a 
case study to identify the links between offered STOL, 
SOL, and MSDs, and an evaluation of the effects of a par-
ticipatory method based on simulating a difficult hygiene 
care situation on both types of leeway.

The results show that STOL is provided by the organ-
ization, the work collective, and the resident. In care 

activities, the care assistant develops her SOL around 
this offered STOL and her skills. The more leeway the 
resident offers by cooperating during care, the more the 
care assistant is able to develop sufficient SOL, allowing 
her to protect her health and deliver quality care. How-
ever, mobilizing this leeway is possible only if the care 
assistant perceives it and/or is able to use it, particularly 
based on her knowledge of the resident and caregiving 
experience. Additional STOL is also necessary, such as 
autonomy, time, appropriate equipment, opportunities for 
teamwork, and a cohesive work collective. Discussions 
about work within the work collective (peers and super-
visors) and the repeated development of SOL during care 
promote the development of efficient care strategies and 
lead to the creation of leeway provided by the resident. 
A training program based on simulating a challenging 
hygiene care operation relies on this process of develop-
ing offered STOL and SOL through dialogue and action. 
Its implementation helps to formalize and to construct 
STOL promoting future SOL development. Care assistants 
also report a transformation in their practices, involving an 
enhancement of their SOL in certain situations. 

We conclude that intervening in MSD prevention by 
exploring the dynamic construction between offered STOL 
and SOL appears to be an effective model, opening up 
avenues for developmental intervention and research 
(Arnoud and al., 2022).
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ment in the use of tools and their entire body in the activ-
ity. In this way, the research intervention contributed to 
the development of the gravediggers' capacity for action.

In the municipality that employs gravediggers, several 
actors are responsible for defining MSD prevention meas-
ures: occupational physician, department head, preven-
tion engineer. They met regularly within a steering commit-
tee, where the analyses produced with the gravediggers 
were presented. After several months of discussions 
among themselves, fuelled by analyses of gravediggers' 
movements, they requested that the traditional ‘move-
ments and postures’ training be supplemented by the 
creation of a new training tool, more specific and closely 
aligned with the realities of the gravedigger's profession. 
A reference guide to movements in the activity (Poussin & 
Simonet, 2017) was thus designed with the participation 
of gravediggers, based on analyses of their movements in 
this study. Some of them became co-facilitators of train-
ing courses for their colleagues. This new tool has there-
fore increased the socio-technical organizational leeway 
of prevention officers and supervisors in organising the 
prevention of MSDs.

Finally, we will discuss this training tool and the evo-
lutions we have proposed (Simonet & Savescu, 2024) to 
increase its effectiveness in developing empowerment 
and socio-technical organizational leeway in MSD pre-
vention by training.

I t is well known that in France, the recognition of MSDs 
as occupational diseases is based on examining the 
links between these diseases and repetitive movements 
at work (Bourgeois & Hubault, 2005; Hatzfeld, 2008). 
Jacques Leplat (2005, 2011) has consistently advocated 
the need to study movements in work analysis. This anal-
ysis allows us to examine the conditions under which the 
action is carried out and to identify areas for improvement 
in working conditions. This is what we did in an interven-
tion-based research project focused on the profession 
of gravedigger, conducted in an interdisciplinary man-
ner combining ergonomic (Simonet, Caroly, Clot, 2011), 
biomechanical (Savescu et al., 2018, 2020) and clinical 
activity (Simonet, 2011) approaches. The contribution 
to this symposium will focus on interdisciplinary action 
between biomechanics and clinical activity framework. 
The aim is to show how biomechanical analysis (objective) 
of movements has become an analytical tool within the 
methodological framework of self-confrontation in clinical 
activity practice (Clot et al., 2000) and has undermined the 
discourse of fatalism among gravediggers (‘it's normal to 
have shoulder and back pain’). We will also explain how 
the dissemination and collective discussion of intra-indi-
vidual and inter-individual movement variability enabled 
gravediggers to experiment with other ways of performing 
the professional gesture under study through professional 
gesture controversies, thereby developing their empower-
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The concept of socio-technical and organizational leeway 
(STOL) and situational operational leeway (SOL) are intro-
duced in activity-centered approach to prevent MSD for a 
better understanding of risk exposure and to support the 
rollout of interventions by prevention specialists (Roque-
laure, 2016). Despite the expected benefits, some authors 
warn of the difficulty of transferring this concept on a 
larger scale in the absence of satisfactory educational 
tools (Cuny-Guerrier et al., 2024).

	 The aim of this presentation will be to present 
the collective work and theoretical principles that under-
pinned the development of an educational video on the 
concept of STOL/SOL for French prevention specialists. 

This educational video aims to raise learners' aware-
ness of the STOL/SOL in order to facilitate its use in 
understanding MSD risk situations and the MSD preven-

tion process. It encourages learners to (1) identify the dif-
ferent types of STOL in the workplace: organizational, col-
lective, spatial, temporal, and material, and (2) to analyze 
their impact on the more or less risky strategies employed. 
To do this, learners are presented with the same work 
situation, one with sufficient STOL and the other with 
limited. Thus, when STOL are reduced or non-existent, 
the development of SOL is complicated, managing vari-
ability of work becomes difficult, and workers may deploy 
strategies that expose them to MSD risk factors in an 
attempt to achieve the expected performance. An edu-
cational exercise validates the correct understanding of 
all these concepts.

The video currently used in the training of prevention 
specialists and ergonomists in training shows encourag-
ing results.
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MSDs and the future 
of work: risk factors and 
prevention strategies
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09:00 - 10:00 – AUDITORIUM 300, LEVEL 1

The German Social Accident Insurance’s (DGUV) Risk 
Observatory is a mechanism for the early detection of 
major trends, i.e. trends that will have a particularly sig-
nificant impact on the world of work, education, and the 
safety and health of insured persons within the next five 
to ten years1.

For the past fifteen years, the INRS has had a Watch 
and Foresight Unit which conducts thematic studies on 
certain topics with significant OSH implications and seeks 
to identify changes in the world of work likely to affect 
occupational risks and their prevention in the future2. 

Both activities yield highly consistent findings and, 
in particular, help identify the main drivers of change in 
the workplace, such as digitalisation, demographics, and 
decarbonisation. These drivers are often referred to as the 
“3 Ds” and were selected by the authors to analyze their 
potential impact—both protective and exacerbating—on 
the future development of musculoskeletal disorders.
	• Digitalisation encompasses several trends related to the 

growing use of digital tools in the workplace: connected 
work equipment, the use of artificial intelligence systems, 
the use of big data, algorithmic management, robotisa-
tion/drone use, cybersecurity, and more. 

	• In this context, decarbonisation encompasses both the 
transformation of production models to reduce environ-
mental impacts (renewable energy, the circular economy, 
etc.) and the adaptation  to climate change and its con-
sequences (extreme heat, natural disasters, etc.) 
	• Demographics primarily concern ageing and its implica-

tions for workers’ health (chronic diseases, etc.), but also 
address issues of migration and the increasing diversity 
of the workforce in terms of age, gender, background, 
vulnerability, and health status. 

The inventory and categorisation of MSD risk factors 
proposed by Y. Roquelaure3 provides a framework against 
which these drivers of workplace transformation can be 
assessed in order to identify their potential effects on the 
incidence of MSDs and possible prevention strategies, for 
anticipatory purposes. This exercise has already been car-
ried out by Y. Roquelaure with regard to digitalisation4. This 
paper revisits and expands upon that analysis, then explores 
the dimensions of decarbonisation and demographics. 

Finally, to illustrate these analyses more concretely, 
two fictional case studies of workers in 2040 incorporating 
the various dimensions will be presented, highlighting the 
potential impacts on their exposure to MSD risk factors.

Angelika Hauke is a research officer at the Institute for Occupational Safety and Health of the German Social Accident Insurance (IFA) in Sankt 
Augustin, Germany. She is project manager for the German Social Accident Insurance’s Risk Observatory and leads the IFA’s Competence Centre 
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A Muscle Synergy Approach
E. M. Fiorino1, D. Bibbo1, S. Conforto1, A. de Nobile1, S. Ranaldi1 and M. Schmid1

Seventeen healthy right-handed young adults per-
formed a manual handling task consisting of moving a 
box from a central position to two lateral targets, under 
two conditions: a baseline (self-paced rhythm) and a test 
condition where a collaborative robot provided timing and 
directional cues.

Surface EMG signals were collected from nine mus-
cles of the right upper limb: biceps long head (BLH), tri-
ceps lateral (TRI), anterior deltoid (DELA), medial deltoid 
(DELM), posterior deltoid (DELP), upper trapezius (UTR), 
lower trapezius (LTR), infraspinatus (INFR), and pectoralis 
major (PM). MSA was performed using a synchronous 

Human–Robot Interaction (HRI) is expanding across work-
places to also support repetitive manual handling, poten-
tially reducing the risk of work-related musculoskeletal 
disorders (WMSDs). Understanding how HRI influences 
human motor control is essential to optimize ergonomic 
design and prevent injury. Muscle synergy analysis (MSA) 
from surface electromyography (EMG) provides a quanti-
tative framework to investigate these adaptations and to 
identify early indicators of WMSD risk (Madeleine, 2010). 
In this work, MSA was applied to a simple unconstrained 
HRI task, to test whether the presence of a collaborative 
robot influences motor coordination.

1 Department of Industrial, Electronic and Mechanical Engineering, Roma Tre University, Via Vito Volterra 62, 00146, Rome, Italy. 
Email: elisamaria.fiorino@uniroma3.it

FIGURE 1
Reconstruction of activation profiles of the baseline and test condition with the common W vectors from the test condition.
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FIGURE 2
Reconstruction of activation profiles of the baseline and test condition with the common W vectors from 
the baseline condition.

	• W4: biceps, active in early leftward and late rightward 
phases.
	• W5: lower trapezius and infraspinatus, exhibiting mir-

rored activation relative to W4.
Muscle coordination during both conditions was effi-

ciently represented by a small number of synergies, reflect-
ing consistent biomechanical functions across individu-
als. The temporally structured test condition enhanced 
the emergence of individual muscle contributions. Both W 
vector sets correctly explained muscle activation in both 
conditions, suggesting that motor strategy patterns are 
shared, with an additional module required only for the 
realization of time coordination functions.

Overall, the findings demonstrate that MSA offers a 
robust, interpretable feature space for EMG data, sup-
porting the quantitative assessment of motor adaptations 
and potentially enabling early detection of WMSD risk in 
collaborative work environments.

model (Chiovetto et al., 2022) and non-negative matrix 
factorization, with the optimization based on Ranaldi  
et al., 2021.

Four synergies emerged in the baseline and five in 
the robot-guided condition. Average synergy matrices W 
were computed for both conditions and used for self- and 
cross-reconstruction validation. The modules extracted 
(Figure 1 and Figure 2 from test and baseline W, respec-
tively) revealed consistent spatial structures across par-
ticipants:
	• W1: mainly pectoralis major, active during the first two 

phases of leftward movements.
	• W2: anterior deltoid and upper trapezius, showing tonic 

activation in later phases. Only present in robot-guided 
conditions, for postural adjustments during pauses.
	• W3: triceps and posterior deltoid, mainly active during 

early phases of rightward movements.
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2016; Kermavnar et al., 2021). Although laboratory studies 
provide encouraging evidence, only a limited number of 
investigations have been carried out in real work envi-
ronments (Theurel & Desbrosses, 2019), and these have 
reported mixed results, emphasizing the need for further 
field evaluations.

The present study aimed to assess the biomechanical 
effects of a rigid passive back exoskeleton during real 
industrial polishing tasks. Ten male employees from an 
aeronautics manufacturer performed seven representative 
polishing tasks under two conditions: without the exoskel-
eton (FREE) and with the Laevo FLEX (EXO). Tasks were 
selected based on sample size, operational goal (round-

I n the aeronautics industry, operations such as material 
handling, maintenance, repair, and aircraft assembly 
expose workers to high risks of low-back disorders (Asadi 
et al., 2019). Preventive strategies such as workstation 
redesign and organizational improvements are not always 
sufficient, as some tasks remain difficult to modify due to 
their complexity and operational constraints (De Looze 
et al., 2016; Govaerts et al., 2024). In particular, polishing 
tasks involve back-straining postures, with low-back pain 
being frequently reported among operators. One preven-
tive strategy could be the use of passive back exoskele-
tons, which have shown benefits during manual material 
handling and trunk-bending activities (De Looze et al., 
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FIGURE 1
Examples of two of the seven polishing tasks: external barrel brushing (BRSH-EXT-BAR) and internal barrel 
inspection (INSP-INT-BAR).
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effects were found for discomfort in the lower limbs 
(p = .526) or torso (p = .588).

These findings are consistent with laboratory studies 
reporting 6–61% reductions in erector spinae activation 
(De Looze et al., 2016; Kermavnar et al., 2021; Theurel 
& Desbrosses, 2019) and demonstrate even greater 
decreases than those observed in laboratory-based pol-
ishing simulations (Albouy et al., 2025). This supports the 
exoskeleton’s beneficial impact on spinal muscle activity 
in real industrial conditions.

Overall, the study provides field-based evidence of 
their ergonomic benefit during complex aeronautical pol-
ishing tasks and highlights the importance of task-specific 
evaluation for effective workplace integration.

ing, brushing, inspection), part location (interior/exterior, 
barrel/axle), and trunk posture characteristics (degree of 
flexion, static or dynamic…).

Surface electromyography was used to record bilateral 
thoracic (TES) and lumbar (LES) erector spinae activity. 
Perceived discomfort was rated using the Borg CR10 
scale (Borg, 1982) on the lower limbs, torso, and back.

LES muscle activity was significantly reduced by the 
exoskeleton in four of the seven tasks (p < .05), with 
median reductions across participants ranging from 
–7.3% to –24.8%. TES activity also decreased signifi-
cantly in two of these tasks. Perceived back discomfort 
showed a non-significant trend toward reduction (median 
from “low” to “very low”; p = .091), while no significant 

ACKNOWLEDGEMENTS
The authors gratefully acknowledge the contribution of all participants and the collaboration of Safran Landing Systems, whose support made this study possible.

REFERENCES
Albouy, T., Mornieux, G., Chin, E., & Zare, M. (2025). Biomechanical effects of soft and rigid passive back occupational exoskeletons during load-carrying and static trunk 
bending tasks in the aeronautics industry. Wearable Technologies, 6, e50. https://doi.org/10.1017/wtc.2025.10029.
Asadi, H., Yu, D., & Mott, J. H. (2019). Risk factors for musculoskeletal injuries in airline maintenance, repair & overhaul. International Journal of Industrial Ergonomics, 70, 
107‑115.
Borg, G. a. V. (1982). Psychophysical bases of perceived exertion. Medicine & Science in Sports & Exercise, 14(5), 377.
De Looze, M. P. de, Bosch, T., Krause, F., Stadler, K. S., & O’Sullivan, L. W. (2016). Exoskeletons for industrial application and their potential effects on physical work 
load. Ergonomics, 59(5), 671‑681. https://doi.org/10.1080/00140139.2015.1081988.
Govaerts, R., De Bock, S., Provyn, S., Vanderborght, B., Roelands, B., Meeusen, R., & De Pauw, K. (2024). The impact of an active and passive industrial back 
exoskeleton on functional performance. Ergonomics, 67(5), 597‑618. https://doi.org/10.1080/00140139.2023.2236817.
Kermavnar, T., de Vries, A. W., de Looze, M. P., & O’Sullivan, L. W. (2021). Effects of industrial back-support exoskeletons on body loading and user experience: 
An updated systematic review. Ergonomics, 64(6), 685‑711. https://doi.org/10.1080/00140139.2020.1870162.
Theurel, J., & Desbrosses, K. (2019). Occupational Exoskeletons: Overview of Their Benefits and Limitations in Preventing Work-Related Musculoskeletal Disorders. 
IISE Transactions on Occupational Ergonomics and Human Factors, 7(3‑4), 264‑280. https://doi.org/10.1080/24725838.2019.1638331.

FIGURE 2
EMG amplitude values (mV) of lumbar erector spinae in the FREE (blue) and EXO (red) conditions, for each of the seven 
tasks. In the boxplot, the central mark is the median (horizontal colored bar), the edges of the box are the 25th and 
75th percentiles, the whiskers extend to the most extreme data points to be not outliers, and the outliers (o) are plotted 
individually. Asterisks indicated significant differences between conditions (*: p < .05; **: p < .01; ***: p < .001).
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Methods
15 physical therapists (11 female, 4 male; 35.6 
± 12.7  years) performed four manual therapy tech-
niques—classical massage, manual lymphatic drain-
age, trigger point therapy, and spinal mobilization—on 
healthy test patients in a controlled laboratory setting. 
As illustrated in Figure 1, full-body kinematics were cap-
tured using two compatible inertial measurement sys-
tems (Xsens Awinda and Xsens Metagloves). Bilateral 
forearm muscle activity was recorded with a 14-channel 
electromyography system (Cometa WavePlus). Applied 

Introduction
Physical therapists are frequently affected by work-re-
lated musculoskeletal disorders (WMSDs) affecting 
the wrist and thumb, which can considerably impair 
their ability to work (Waller et al., 2022). However, sen-
sor-based investigations assessing the physical load 
on these anatomical structures during manual physical 
therapy tasks are lacking. The aim of this study was to 
develop a methodological approach and to evaluate the 
load on the distal upper extremity during manual physi-
cal therapy techniques, first under controlled laboratory 
conditions and subsequently in field settings.
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FIGURE 1
Overview of the measurement systems attached to the subject: 
the Xsens Metagloves for capturing the kinematics of the hand 
and fingers, the Awinda System for capturing full-body kinematics, 
and the Cometa System for capturing forearm muscle activation.

FIGURE 2
Muscular load (y-axis) and the degree of repetition 
(x-axis) for the left and right wrists across four therapy 
techniques evaluated using the Threshold Limit Value 
for Hand Activity Level (TLV-HAL) established by 
the American Conference of  Governmental Industrial 
Hygienists (2018).

106 BOOK OF ASBTRACTS                         SUSTAINABLE MSDs PREVENTION: �NEW CHALLENGES FOR RESEARCH AND PRACTICE

mailto:theresa.braun%40dguv.de?subject=


THURSDAY, 7 MAY 2026 CONFERENCE SESSION 
Young Researcher Nominees

ACKNOWLEDGEMENTS
This work was founded by the German Social Accident Insurance (DGUV) for the Health and Welfare Services (BGW).

REFERENCES
Gagnon, D. H., Longtin, C., Berbiche, D., & Gaudreault, N. (2016). Manual Therapy, 21, 287-291.
Roda-Sales, A., Jarque-Bou, N. J., Bayarri-Porcar, V., Gracia-Ibáñez, V., Sancho-Bru, J. L., & Vergara, M. (2023). Scientific data, 10(1), 814. 
Waller, E., Bowens, A., & Washmuth, N. (2022). BMC Musculoskeletal Disorders, 23(1), 453.

Discussion
The TLV-HAL findings indicate that physical therapists 
are exposed to hand activity levels greater than recom-
mended thresholds. Exceeding the Action Limit under-
scores the need for monitoring and training interventions, 
while surpassing the TLV indicates an increased risk of 
WMSDs. The measured thumb ROM during physical 
therapy tasks approached the passive limits, suggest-
ing potentially unfavorable joint loading. Thumb muscle 
activity was up to four times higher than during a trans-
port task involving 2.5–3.0 kg objects (Roda-Sales et al., 
2023). Consistent with previous reports (Gagnon et al., 
2016), the highest exerted forces were observed during 
spinal mobilization.

Conclusion
The sensor-based measurement approach was success-
fully implemented in the laboratory setting and provides 
initial insights into the physical workload of physical 
therapists. Field studies encompassing complete work 
shifts are needed for a more comprehensive assessment.

forces were quantified by simulating physical therapy 
tasks on a portable force measurement setup. Wrist load 
was evaluated according to the Threshold Limit Value 
(TLV) for Hand Activity Level (HAL) established by the 
American Conference of Governmental Industrial Hygien-
ists (ACGIH, 2018).

Results
All manual therapy techniques exceeded the HAL Action 
Limit, while massage (right, left), manual lymphatic drain-
age (right), and trigger point therapy (left) also surpassed 
the TLV (Figure 2). The highest mean thumb range of 
motion (CMC joint) was observed during manual lym-
phatic drainage in flexion (45 ± 11°) and during trigger 
point therapy in abduction (34 ± 6°). Thumb muscle 
activity (90th percentile) varied between 29% during 
manual lymphatic drainage and 42% of maximal vol-
untary activation during classical massage. The highest 
peak forces were recorded during spinal mobilization 
(male = 153.5 N; female = 94.1 N).
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bution of such sessions in the face of MSDs. These con-
ditions are organised into three dimensions: the organisa-
tion and facilitation of the sessions, their articulation with 
site organisation, and their integration within the com-
pany’s overall prevention policy. The intervention in this 
case was conducted in several phases: initial contact, 
field analysis, construction of research materials, and 
accompaniment. It combined observations, interviews 
with workers and team leaders (acting as facilitators), 
and self-confrontation interviews. Initial analyses revealed 
that sessions only partially met the identified conditions: 
for example, they were poorly adapted to the real work 
organisation, exercises were not suitable and practicable 
for everyone, and preventive actions on MSDs remained 
limited (Troussier-Thevenot et al., 2024).

A restitution phase was then organised to collectively 
review the results with the company’s workers. This 
resulted in the creation of “prevention workshops,” which 
are participatory spaces where health and the safety 
manager and workers collaboratively design new physical 

In France, work-related musculoskeletal disorders (MSDs) 
are the main cause of occupational diseases in construc-
tion, representing over 88% of recognised cases (CNAM, 
2025). Preventing these disorders remains a major 
challenge. One growing strategy is workplace physical 
exercise sessions, often called “warm-ups” or “muscle 
awakening” with the aim of preventing MSDs. While some 
studies suggest benefits for team atmosphere (Choi & 
Rajendran, 2014; Goldenhar & Stafford, 2015), there is 
currently no evidence to support their effectiveness in 
preventing MSDs (Claudon et al., 2018; Larinier, 2024). 

This communication presents the accompaniment of 
one of the case studies (case C) from doctoral research 
in ergonomics. In this study, we consider these sessions 
as work situations in their own right, analysed within their 
organisational and social context (St-Vincent et al., 2011). 

Case C concerns a major renovation site in Paris 
where daily physical exercises were implemented. Based 
on the literature and previous cases, we developed a 
model that defines the conditions for the effective contri-
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