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Abstract

Purpose The aim of the study was to examine the orga-
nizational and psychosocial risk factors for carpal tunnel
syndrome (CTS) in workers exposed to various levels of
work-related constraints, with a special focus on factors
related to the work organization.

Methods From 3,710 workers, representative of a French
region’s working population, trained occupational physi-
cians diagnosed a total of 156 cases of CTS between 2002
and 2005. Diagnoses were established by standardized
physical examination, while personal factors and work
exposure were assessed by self-administered question-
naires. Statistical associations between CTS and personal
and work-related factors were analyzed for each gender
using logistic regression modeling.

Results Among the factors related to work organization,
working with temporary workers was associated with CTS
for women (OR = 1.99, 95 % CI 1.23-3.25), but not for
men. Task rotation during the job (OR = 2.45 95 % CI
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1.41-4.24) and work pace dependent on quantified targets
(OR = 1.93 95 % CI 1.08-3.46) were associated with CTS
only for men. The work-related psychosocial factors
highlighted by the logistic modeling were high psycho-
logical demand for women (OR = 1.90, 95 % CI
1.17-3.09) and low skill discretion (OR = 1.77, 95 % CI
1.01-3.11) for men.

Conclusion This study has identified some psychosocial
factors and factors related to work organization associated
with clinically diagnosed and symptom-only cases of CTS
as well as personal and biomechanical factors. However,
due to the cross-sectional design of the study, no causal
conclusion could be drawn and longitudinal studies are
necessary to confirm these results.

Keywords Carpal tunnel syndrome - Risk factors - Work
organization - Psychosocial factors - Personal factors -
Physical exposure

Introduction

Carpal tunnel syndrome (CTS) is a major occupational
health problem with high social and economic implications
(Palmer and Hanrahan 1995; Atroshi et al. 1999; Roque-
laure et al. 2008). Prevalence rates of CTS confirmed by
electrodiagnostic testing vary between 2.7 and 5.8 % in the
general population (De Krom et al. 1992; Atroshi et al.
1999). Greater prevalence has been reported in the working
population, reaching 10 % or more in specific occupations,
such as meat packing and construction industries (Hagberg
et al. 1995; Roquelaure et al. 2001; Rosecrance et al. 2002).

Several personal factors have been reported to be asso-
ciated with CTS, including female gender, age, overweight
and obesity and comorbidity such as diabetes mellitus
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(Stevens et al. 1992; Becker et al. 2002). Epidemiological
studies have demonstrated an increased risk of CTS in
occupations involving repetitive movements, high levels of
hand-arm vibration, forceful manual exertion, bending/
twisting of the wrist and their combination (Roquelaure
et al. 1997; Armstrong et al. 2008; Maghsoudipour et al.
2008; Mattioli et al. 2009; Shiri et al. 2009; Burt et al.
2011; Bonfiglioli et al. 2012). Recent literature reviews
have confirmed the association between CTS and these
occupational risk factors (Palmer et al. 2007; van Rijn et al.
2009), but few have reported associations between psy-
chosocial work exposure (low social support, high psy-
chosocial demand and low decision latitude) and CTS
(Bongers et al. 2002, 2006).

Factors related to work organization, such as “lean
management,” assembly line working or absence of job
rotation, have rarely been studied (Roquelaure et al. 1997;
Leclerc et al. 1998; Wang et al. 2007; Maghsoudipour et al.
2008). Recently, Roquelaure et al. reported that temporary
workers suffered from UEMSDs of the wrist/hand region
more often than permanent workers (Roquelaure et al.
2012). However, no literature review has mentioned factors
related to work organization as risk factors for CTS or
hand/wrist symptoms. We therefore focused in this study
on the relationship between CTS and factors related to
work organization.

The purpose of this study, using the data of the sur-
veillance program for upper-extremity musculoskeletal
disorders (UE-MSDs) in the working population of the
French Loire Valley region, was to examine the organi-
zational and psychosocial risk factors for CTS in workers
exposed to various levels of work-related constraints, with
a special focus on factors related to the work organization.

Methods

This cross-sectional study was conducted in the Loire
Valley region of West-Central France on the basis of an
epidemiological surveillance program. Data were collected
through the participation of 83 occupational physicians
(OP) who volunteered to take part in the study (18 % of
OPs of the region), and were representative of the region’s
OPs. The economic structure of the region, which repre-
sents 5 % of the French working population, is diversified
and similar to that of most French regions (Ha et al. 2009).
In France, at the time of this study, all salaried workers,
including temporary and part-time workers, underwent a
mandatory annual health examination by an OP in charge
of the medical surveillance of a group of companies. All
OPs were trained by the investigators to randomly include
workers and to perform a standardized physical examina-
tion between April 2002 and April 2005. Subjects were
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selected at random, following a two-stage sampling pro-
cedure: first, 15-45 half-days of scheduled examinations
for each OP were chosen for sampling by the investigators.
Next, using random sampling tables, each OP included
from the schedule 1 out of 10 workers on the half-days of
worker examinations considered. A self-administered
questionnaire including personal and work-related charac-
teristics was filled out by workers just before the medical
examination and checked by the OP at the beginning of the
medical examination.

The population included in this study comprised 3,710
workers [2,161 men (58 %) and 1,549 women (42 %)]
aged between 20 and 59 years [mean age 38.7 years,
standard deviation (SD) 10.3 years] representing about
3.4 %o of the regional workforce. Comparison of the
socioeconomic status with the French census of 1999
(http://www.insee.fr) showed no major differences for
either gender (Roquelaure et al. 2006).

The presence of nonspecific wrist pain during the pre-
ceding 12 months and the preceding 7 days was identified
using a Nordic style questionnaire (Hagberg et al. 1995;
Roquelaure et al. 2006). In cases of wrist pain occurring
during the preceding 12 months, a physical examination
was performed by the OP using a standardized clinical
procedure that strictly applied the methodology and clinical
tests of the “European consensus criteria document” for
CTS. Five other UE-MSDs were diagnosed in case of
symptoms in the anatomy area concerned (i.e., rotator cuff
syndrome, lateral epicondylitis, ulnar tunnel syndrome, De
Quervain’s disease and flexor—extensor peritendinitis or
tenosynovitis of the forearm-wrist region) (Sluiter et al.
2001).

Two definitions of CTS were used

e Clinically diagnosed cases of CTS were defined (1) as
subjects who had symptoms on the day of the
examination or for at least 4 days during the preceding
7 days including intermittent paresthesias or pain in at
least two of the first three digits (symptoms may also be
present at night, causing pain in the palm, wrist or
radiating proximal to the wrist) with (2) positive results
for at least one of the following tests during the
physical examination: flexion and compression test,
carpal compression test, Phalen’s test and Tinel’s test.

e Symptom-only cases of CTS were defined by (1) the
presence of symptoms without (2) positive test results
during the physical examination.

Each OP received guidelines describing the clinical
procedure (including diagnostic criteria charts and photo-
graphs of clinical tests) and underwent a 3-h training
program to standardize physical examinations.

The personal and work-related factors were assessed using
the self-administered questionnaire. The organizational
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constraints assessed were time constraints, production norms,
job rotation, working with temporary workers (regardless of
the worker’s employment contract) and visual demand. The
psychosocial constraints at work were assessed according to
the Demand—Control-Support model, using the validated
French version of the Job Content Questionnaire (Niedham-
mer 2002; Roquelaure et al. 2006).

In order to take into account the personal and biome-
chanical risk factors of CTS known in the literature
(Hagberg et al. 1995; van Rijn et al. 2009), the multivariate
models were adjusted for age, BMI, postures with extreme
wrist bending, use of vibrating hand tools, manual force
and repetitiveness in multivariate models.

The BMI was calculated and, like age, was considered
as a continuous variable, after verification of the linearity
of the logit. A prior history of at least one UE-MSD was
not investigated because this variable shares common risk
factors with CTS (chi-square test, p < 0.0001 in both
genders). The biomechanical factors were quantified
according to an European consensus (Sluiter et al. 2001),
except for manual force, which was approached using the
Borg Scale for Rating of Perceived Exertion (20 RPE)
graduated from 6 to 20 (maximum exertion) (Hagberg et al.
1995). Workers at risk were dichotomized at the third
quartile (>15 for men and >14 for women). Postures for
different hand and wrist movements were illustrated with
pictures in order to facilitate workers’ understanding.
Response categories were presented on a 4-level Likert-
type scale as follows: never or practically never, rarely
(<2 h/day), often (24 h/day) and always (>4 h/day) and
dichotomized to 2 or 4 h. We combined “postures with
extreme wrist bending” and “high perceived physical
exertion” because of confounding problem between the
two variables.

The outcome was defined by subject, and therefore,
bilateral cases of CTS counted as one disorder, not two.
The relationship between CTS and potential risk factors
was studied by binary logistic regression modeling, and
analyses were performed separately for men and women in
order to reveal possible differences in work-related factors
between genders (Hagberg et al. 1995; Roquelaure et al.
2006; Silverstein et al. 2009). A three-level process was
followed until a final model was selected. In stage 1, uni-
variate analyses were performed with each of the potential
explanatory variables, and nonsignificant variables
(p value >0.20) were excluded from further analyses,
except for age which was forced into all models. In stage 2,
the independent variables not excluded in stage 1 were
grouped and backward multivariate logistic regression
models were then performed for each group of factors
(organizational and psychosocial factors) with age forced
into the model. Nonsignificant variables (p value >0.10)
were excluded after this stage. In stage 3, all remaining

variables were included in a global multivariate logistic
regression model until a final model was selected. From
manual backward selection, only significant variables with
a p level of 0.05 were retained. A factor was considered to
be a confounder when its removal changed the estimate of
the beta coefficients for at least one parameter by more
than 15 %. Such a factor was forced into the final model or
combined with other variables using dichotomous cut off
points. All covariates deleted during the selection processes
were put back into the final model in order to identify new
covariates associated with the presence of CTS (p < 0.05)
or confounding factors.

Several interactions were assessed in the final model.
Only interaction terms contributing to the final model with
a p value of <0.05 were retained in the model.

We chose to focus the study on factors related to the
work organization and psychosocial factors, which have
rarely been mentioned as risk factors for CTS.

The Hosmer and Lemeshow test was used to determine
goodness of fit of the logistic model. All analyses were
performed with SAS statistical software packages, version
9.2 (SAS Institute Inc, Cary, NC, USA).

Finally, the final model was performed only in workers
with clinically diagnosed CTS.

Results

One hundred and fifty-six cases (89 women and 67 men) of
CTS were diagnosed, including 113 clinically diagnosed
cases (62 women and 51 men) and 43 symptom-only cases.
No major differences were found between these groups in
terms of personal factors (gender, age, BMI) or current
occupational category. CTS was bilateral in 65 cases
(41.7 %), and no major differences were found between
unilateral and bilateral CTS in terms of personal factors
and current occupational category. The levels of preva-
lence of CTS in the male and female working populations
were 3.1 % (95 % CI 2.4-3.8) and 5.7 % (95 % CI
4.6-6.9), respectively. The logistic models of CTS differed
between genders and highlighted several psychosocial
factors and factors related to the work organization
(Table 1), after adjustment on personal and biomechanical
factors. Adjustments were performed on age, BMI, too
little recovery time (<10 min break possible per hour)
when highly repetitive movements are performed, postures
with extreme wrist bending (>2 h/day) associated with
high perceived physical exertion and use of vibrating hand
tools (>2 h/day).

Among the factors related to work organization, work-
ing with temporary workers was associated with CTS for
women (OR = 1.99, 95 % CI 1.23-3.25), but not for men.
The women working with temporary workers were mainly

@ Springer



150

Int Arch Occup Environ Health (2014) 87:147-154

Table 1 Multivariate models for CTS among men and women

Men (n = 1,942, ncrs = 59)

Women (n = 1,456, ncts = 82)

Nsample  CTS

OR 95 % IC

p value ngmpe ners OR 95 % IC  p value

Personal factors

Age (1-year increment)

Body mass index (1 kg/m2 increment)
Occupational factors

Factors related to the work organization

Work pace dependent on quantified target

No 888 18

Yes 1,054 41
Job/task rotation (>1 job rotation per week)

No 1,174 23

Yes 768 36
Work with temporary workers

No

Yes

Too little recovery time (<10 min break possible
per hour) when highly repetitive movements are

performed
No 1,855 53
Yes 87 6

Working postures and biomechanical constraints

Extreme wrist bending posture (>2 h/day) and high
physical demand®

No factor 1,056 20
One factor 626 24
Both factors 260 15
Use of vibrating hand tools (>2 h/day)
No 1,578 42
Yes 364 17
Psychosocial factors at work
Low skill discretion
No 970 21
Yes 972 38
High psychological demand
No
Yes

1.05 1.02-1.08 0.001 1.07 1.04-1.10 <0.001
1.10 1.02-1.17 0.009 1.04 0.99-1.09  0.108
0.026
1.93 1.08-3.46
0.001
245 141-4.24
0.005
1,012 43 1
444 39 1.99 1.23-3.25
0.134 0.114
1,350 68 1
2.02 0.81-5.07 106 14 1.73  0.88-3.42
0.103 0.162
840 32 1
1.64 0.87-3.10 442 33 1.64 0.97-2.78
221 1.04-4.68 174 17 1.57 0.79-3.12
0.192 0.026
1,395 72 1
1.52 0.81-2.85 61 10 244 1.11-5.38
0.047
1.77 1.01-3.11
0.009
728 28 1
728 54 1.90 1.17-3.09

Subjects with no missing value for the risk factors in the multivariate model; number of subjects excluded from analyses because of missing
values: 219 men and 93 women; Hosmer—Lemeshow goodness-of-fit test: p value = 0.762 for the model for men and p value = 0.953 for the

model for women
Bold values indicate p < 0.05

* RPE Borg scale >15 for men and >14 for women

industrial (unskilled or skilled) blue collar workers. On the
other hand, task rotation during the job (OR = 2.45 95 %
CI 1.41-4.24) and work pace dependent on quantified
target (OR = 1.93 95 % CI 1.08-3.46) were associated
with CTS only for men.

The work-related psychosocial factors highlighted by
the logistic modeling were high psychological demand for
women (OR = 1.90, 95 % CI 1.17-3.09) and low skill
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discretion (OR = 1.77, 95 % CI 1.01-3.11) for men. Tests
for interactions in the final model showed no modified
effect.

In analyses with only clinically diagnosed CTS as
dependent variable (excluding symptom-only cases), task
rotation during the job (OR = 2.88, 95 % CI 1.52-5.46)
and low skill discretion (OR = 2.12, 95 % CI 1.09-4.13)
remained associated with CTS with a p level of 0.05 in
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male workers, whereas work pace dependent on quantified
target was not significant (OR = 1.61, 95 % CI 0.84-3.09,
p = 0.151). For women, working with temporary workers
(OR = 2.27,95 % CI 1.28-4.04) was associated with CTS,
whereas high psychosocial demand was of borderline of
significance (OR = 1.76, 95 % CI 0.99-3.12, p = 0.053).

Discussion

This study undertaken in a large representative sample of
salaried workers showed that several factors related to
work organization and psychosocial constraints were
associated with CTS, after adjustment for the main per-
sonal and biomechanical factors. Our study confirms the
relative importance of personal risk factors such as aging
and high BMI (Werner et al. 2005; Armstrong et al. 2008;
Silverstein et al. 2009) and of biomechanical risk factors
for CTS (Palmer et al. 2007; van Rijn et al. 2009).

The study highlights associations between CTS and
some factors related to work organization such as work
pace dependent on quantified targets and job rotation for
men and working with temporary workers for women. The
factors related to work organization differed between
genders after adjustment on personal and biomechanical
factors, and this might reflect not only psychophysiological
factors but also differences in exposure to constraints at
work related to the gender division of work (Silverstein
et al. 2009). The associations between CTS and work
organization and psychosocial factors were generally lower
than those between CTS and personal and biomechanical
factors, as previously observed by Burt et al. in a group of
health care and manufacturing workers (Burt et al. 2011).

Work pace dependent on quantified targets was associated
with CTS in male workers (and to a lesser extent in women)
after adjustment for the repetitiveness of the task and other
potential confounders. Such paced work characterized the
work organization in the manufacturing and meat processing
industries involving assembly line workers performing
highly repetitive jobs that are known to increase the risk of
CTS (van Rijn et al. 2009; Dempsey et al. 2010).

Contrary to our expectations, job rotation between sev-
eral workstations on various days of the week (>1/week)
was highly associated with CTS among men after adjust-
ments for personal and biomechanical factors. The litera-
ture on job rotation and hand-wrist MSDs is sparse and
conflicting (Kuijer et al. 2005; Mathiassen 2006). Some
studies have reported frequency of job rotation as a risk
factor for symptoms in the hand/wrist region, while others
using a case—control design in the manufacturing industry
have shown an association between surgical cases of CTS
and lack of job rotation among industrial workers, after
adjustment for potential confounders (Roquelaure et al.

1997). Maghsoudipour et al. reported a trend to a protective
effect of job rotation on CTS in automotive workers, since
the relationship did not reach statistical significance after
adjustment for potential confounders (Maghsoudipour et al.
2008). Job rotation may have several effects on the mus-
culoskeletal constraints of the hand/wrist region, explain-
ing the discrepancies of the literature (Mathiassen 2006).
The concept is that job rotation of workers exposed to
highly repetitive work with short cycles (such as assembly
line workers or meat processing operators) aims to extend
the task to be performed by working on several worksta-
tions. Such organization is expected to increase the vari-
ability of hand movements and consequently to decrease
the mechanical load on the hand/wrist region by varying
the biomechanical stresses and broadening the area of
application of the mechanical load (Hagberg et al. 1995;
Kuijer et al. 2005; Wells et al. 2010). In ergonomic prac-
tice, job rotation is often associated with increasing in the
number of actions to be performed repetitively during the
time cycle (job enlargement). These are the main biome-
chanical arguments in favor of job rotation as an organi-
zational measure to prevent MSDs during repetitive work
(Hagberg et al. 1995; Wells et al. 2010). However, job
rotation can also have adverse effects. In a study involving
refuse collectors, Kuijer et al. observed that job rotation
may reduce the need for recovery and thus increase the risk
of cumulative trauma of soft tissue (Kuijer et al. 2005). In
our study, univariate analyses showed that job rotation was
associated with biomechanical factors for both genders:
workers exposed to job rotation were more exposed than
nonexposed workers to biomechanical factors. Job rotation
increases the complexity of the task and the number of
actions to learn. This requires longer training periods to
acquire sufficient knowledge of the tasks and to develop
efficient skills. In the absence of adequate training periods,
workers can be insufficiently skilled to cope with all
dimensions of the tasks, leading them to adopt unsafe
working techniques that may increase the risk of MSDs.
Job rotation without adequate training may therefore be
less effective than expected (Frazer et al. 2003). No
information was collected in our study on the existence or
absence of training periods before job rotation. Moreover,
work experience more easily permits job rotation, and
experienced workers were often deemed to be aging
workers, who are more affected by CTS. We cannot
exclude the possibility that some workers suffering from
CTS before the cross-sectional study may have been allo-
cated to enlarged jobs following wrist symptoms.
Working with temporary workers was highlighted in
women by the final logistic model and by univariate
analyses in men as a factor associated with CTS. This has
never, to our knowledge, been reported in the literature.
Working with temporary workers mostly involved women
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in permanent employment and not workers in temporary
employment. It could be hypothesized that the work load of
such experienced women was increased because they may
have had to spend part of their working time training their
less qualified temporary colleagues.

Several studies have failed to report any statistically sig-
nificant association between CTS and psychosocial factors
(Roquelaure et al. 2001; van Rijn et al. 2009), and no single
dimension of the demand—control-support model of stress at
work seemed to be more important for CTS than others
(Bongers et al. 2006). In our study, some dimensions of the
“demand—control-support” model of stress at work were
associated with CTS in our study, that is, low skill discretion
among men and high levels of psychological demand among
women.

The study population was taken from a wide variety of
activity sectors and occupations, representing a broad range
of both physical and mental occupational tasks. Its high
representativeness of the regional workforce allows greater
generalization of the results than epidemiological studies
conducted in selected occupations. Outcomes were clini-
cally assessed by trained OPs using a rigorous physical
examination, including standardized provocation tests,
providing more accurate diagnosis of CTS than a ques-
tionnaire (Roquelaure et al. 2006; Sluiter et al. 2001).

The main personal and work-related potential risk fac-
tors for CTS described in the literature were taken into
account. Because of the scarcity of information on the
relationship between CTS and work organization (Leclerc
et al. 1998), the logistic models of CTS were adjusted for
the main personal and biomechanical factors in order to
identify any potential relationship between CTS and psy-
chosocial factors and factors related to work organization.
More sophisticated multilevel statistical analyses would
have been more appropriate to take into account the rela-
tionship between more general risk factors related to the
work organization in a given company, such as paced work
on assembly lines, and more specific biomechanical risk
factors, such as repetitive pinching movements. It can be
hypothesized that the former are closer in the theoretical
chain of causality of risk factors for CTS.

One limitation of this study was the small number of
clinically diagnosed CTS. However, the inclusion of
symptom-only cases of CTS in addition to clinically
diagnosed cases increased the statistical power of the study,
and we have observed that significant factors were almost
the same in both analyses. Moreover, due to the cross-
sectional design of the study, no causal conclusion could be
drawn. We cannot exclude the possibility of inadvertent
influence of potential expectations based on information in
the questionnaire on the working conditions. Finally, the
case definition used was based on symptoms and any
physical examination maneuvers with no nerve conduction
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study. However, a recent review by Palmer et al. concluded
that in population-based etiological research, simple case
definitions of distal upper limb musculoskeletal disorders
should normally suffice (Palmer et al. 2012). Furthermore,
the comparison of different case definition of CTS in a
large US cohort, including the one we used in the present
study (Sluiter et al. 2001) and definition including nerve
conduction study (Rempel et al. 1998), shows a fairly good
agreement between different case definitions. This suggests
that the results can be compared across different research
studies of risk factors for CTS (Descatha et al. 2011).

In conclusion, the cross-sectional study has identified
some psychosocial factors and factors related to work
organization associated with clinically diagnosed and
symptom-only cases of CTS as well as personal and bio-
mechanical factors. These findings should be confirmed by
more appropriate model for an association between work
organization and CTS, for example, hierarchical modeling
with a longitudinal design.
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