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Abstract. The study was conducted to assess the prevalence and incidence of carpal tunnel syndrome (CTS) in a large mod-
ern footwear factory and to identify factors predictive of CTS. To this end, 199 workers were examined in 1996, and 162 of
them were re-examined in 1997. Ergonomic and psychosocial risk factors of CTS were assessed by workpost analysis and
self-administered questionnaire. The prevalence of CTS at baseline in 1996 and in 1997 was 16.6% (95%CI: 11.4-21.7) and
11.7% (95%CTI: 6.7-16.8), respectively. The incidence rate of CTS in 1997 was 11.7% (95%CI: 6.7-7.8). No specific type
of job performance was associated with CTS. Obesity (OR = 4.4; 95%ClI: 1.1-17.1) and psychological distress at baseline
(OR = 4.3; 95%CI: 1.0-18.6) were strongly predictive of CTS. Rapid trigger movements of the fingers were also predic-
tive of CTS (OR = 3.8; 95%CI: 1.0-17.2). A strict control of the work by superiors was negatively associated with CTS (OR
= 0.5; 95%CI: 0.2-1.3). The prevalence and incidence of CTS in this workforce were largely higher than in the general
population and numerous industries. The study highlights the role of psychological distress in workers exposed to a high

level of physical exposure and psychological demand.
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INTRODUCTION

The incidence of CTS in the North American general
population has been estimated to be 0.9 to 3.5 for 1000
person-years [1-3]. CTS affects an increasing number of
workers, with the annual incidence in manual workers
estimated at 1.9 for 1000 persons [2] and wide variations
between sectors. According to prevalence data [4,5], the
garment and footwear industries are particularly high risk
occupations for CTS [6,7,8]. The footwear industry is the
most affected sector in the Pays de la Loire region of

France, with the annual incidence of 5.6 workers’ com-
pensation (WC) claims for work-related musculoskeletal
disorders (WMSDs) per 1000 workers.

Personal risk factors for CTS include several medical dis-
orders and also hormonal changes in women [1,9].
Exposure to physical work factors, such as highly repeti-
tive and/or forceful hand exertion or pinching, repeated
flexion, extension or ulnar deviation of the wrist, segmen-
tal vibrations and mechanical stress on the base of the
palm increase the risk of CTS [5,10]. Work-related psy-
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chosocial factors such as monotonous work, time pressure
and high psychological demand enhance the physical
and/or the psychological load with which the workers have
to cope [11,12]. The work organization, characterized by
high psychological demands and poor social support from
colleagues or superiors, has been associated with muscu-
loskeletal disorders. The strength of the relationship
between CTS and psychosocial factors is found to be
lower than that for proximal neck and shoulder disorders
[11,13]. Moreover, psychological distress and psychosocial
factors may be the result or a cause of musculoskeletal
disorders [11] and should be measured before the onset of
CTS and considered as a risk factor.

Most studies dealing with the influence of personal, psy-
chosocial and organizational risk factors of CTS are cross-
sectional. Few studies have precisely assessed both psy-
chosocial and physical exposure at work, and both are
potentially confounding factors [11]. Therefore, we simul-
taneously considered the personal, physical and psychoso-
cial risk factors of CTS in workers exposed to repetitive
work at a large modern footwear factory. Exposure assess-
ment was performed using both objective and subjective
methods in order to take into account the subjective
nature of psychosocial factors [13]. The aim of the study
was to assess the prevalence and incidence of CTS in the
factory workers and to determine the relative contribu-
tions of physical and psychosocial factors to the develop-
ment of CTS in a population with a high level of exposure
to repetitive work.

MATERIALS AND METHODS

Subjects

The study was a one year follow-up of workers employed
in six production units of a large, modern mechanized
footwear factory. Twenty percent of workers were ran-
domly selected among 1250 blue-collar workers for each
production unit using the payroll rosters. Of the 253 eligi-
ble workers, 199 agreed to participate (79%) in the 1996
study. All participants underwent a physical examination
and completed a questionnaire on psychosocial and
ergonomic factors between January and December 1996.
The main jobs performed were sewing preparation,
including cutting (24%), sewing (25%), mechanized
(18%) and manual assembly (15%), finishing and packing
(18%). Only five of the six production units were included
in the study in 1997, because of the decrease in activity of
one production unit due to the economic crisis in the
footwear industry. Moreover, about 10% of the workers
refused to participate in the follow-up study. For these
reasons, only 162 workers were followed up and re-exam-
ined between January and December 1997. The interval
between both examinations was about 12 (11-13) months
for all workers (Table 1).

Definition of health outcomes

All the workers were interviewed and examined by the
same occupational physician of the company, who was
experienced in assessment of WMSDs. Examinations took
place at the plant during the twelve-month period using

Table 1. Characteristics of the study groups in 1996 and 1997

1996 1997
Production units 5 5
Total number of workers 199 162
Females* 122 (61%) 117 (61%)
Age (yr)** 40777 41170
BMI (kg/m2)** 24142 240 4.0
Duration of employment in the factory (yr)** 203 =44 21243
Employment at the same workpost (yr)** 153 +£9.6 172 £9.7
Prevalent cases of CTS 33 34
New cases of CTS - 19
Free from CTS 166 134
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the same procedure. Each worker was asked about pain
and symptoms (tingling, burning, numbness, stiffness, lack
of mobility, etc.) in one or both of the upper limbs and
hands during the previous 12 months and the previous
week. The minimal examination procedure consisted of
testing the mobility and the sensitivity to pressure of the
neck, shoulders, elbows and wrists. Then sensitivity evalu-
ation and provocation tests of CTS were performed. The
diagnosis of CTS required (1) the presence of paresthesia,
pain or numbness affecting at least part of the median
nerve distribution of the hand(s) (i.e., palmar side of the
thumb, index finger, middle finger and half radial side of
the ring finger; and dorsal side of the same digits above
the proximal interphalangeal joint) occurring for at least
one week or, if intermittent, occurring at least 10 times
during the previous 12-month period; (2) the presence of
objective findings in affected hand(s) or wrist(s), including
Tinel's sign or positive Phalen's test or diminished or
absent sensation to pin prick in the median nerve dis-
tribution; and (3) the absence of any sign of other causes
of hand numbness or paresthesia such as cervical radicu-
lopathy, thoracic outlet syndrome and pronator teres syn-
drome.

A case of CTS was defined per worker and not per hand.
For workers suffering from pain or symptoms in one of the
regions of the upper limb, the physical examination was
extended to include specific testing for tension neck syn-
drome, thoracic outlet syndrome, shoulder tendinitis, lateral
and medial epicondylitis and hand/wrist tendinitis [14].
After examination, all workers replied to a self-adminis-
tered questionnaire including questions about muscu-
loskeletal symptoms, prior medical history, health status,
personal and psychological factors, life style and physical
activities in spare time. Psychological status was assessed
by the French version of the 12-item general health ques-
tionnaire (GHQ-12) [15], which has been validated in
French [16]. The GHQ-12 has a 4-point scale correspon-
ding to symptoms observed “not at all, same as usual,
rather more than usual, much more than usual”. The
score was calculated with Likert scale (0-1-2-3), resulting
in a possible total score of 36, with higher scores repre-
senting higher levels of psychological distress [15].

Exposure measurements

Exposure was assessed both by the self-administered
questionnaire and standardized workpost analysis for
each worker. The work situations of the six plants were
classified into twelve groups (e.g. cutting, sewing, pasting,
mechanized assembly) according to studies previously
performed in the French footwear industry [17].
Self-assessment of exposure. Physical strain and
ergonomic factors (force level, repetition level, motion
velocity, work postures, local mechanical stress, visual
demand, ability to take breaks, job rotation) were self-
assessed using a 6-point scale ranging from very low to
very high for each factor. Psychological and social aspects
of the work situations were only self-assessed. Questions
about control on the job (four questions about the possi-
bility of self organization, responsibility at work, clarity of
work, availability of means to ensure good quality of
work), psychological demand (nine questions about per-
manent work overload, vigilance strain, permanent ten-
sions, permanent time pressure, possibility of changing
movements, possibility of taking breaks, frequency of dis-
ruption of work, intensity of work performance control,
possibility of forgetting about work at home) and social
support (four questions about merits recognized by supe-
riors or not, quality of relationships with colleagues and
superiors, quality of the social climate at work) were
selected from a validated French questionnaire [18]. The
6-point scale was dichotomized for statistical analysis with
the two higher levels considered as positive. Three scores
were then calculated: decision latitude score (sum out of
4), psychological work demand score (sum out of 9) and
social support score (sum out of 4).

Workpost analysis. The analysis was performed for each
worker by direct observation and questioning by two spe-
cially trained interviewers using a checklist [19]. When the
workers performed two or more jobs, the analysis focused
on the most frequent one. The risk factors were: repeti-
tiveness (work cycle <30 sec or >1/2 cycle spent repeat-
ing the same motions), force (carrying an object weighing
>4.5 kg, holding an object weighing >2.7 or 1 kg per
hand), mechanical contact stress and posture (pinch grip,
wrist flexion, extension and ulnar deviation). The
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response modality was dichotomous for the risk factor
“repetitiveness” and “local mechanical stress”.
Ergonomic factors regarding force, posture, equipment
and tools had to be present for more than a third of the
working cycle to be considered as “positive”. Ergonomic
scores were calculated for each job performance for right,
left and both hands as the sum of “positive” risk factors.

Statistical analysis

The prevalence of CTS in 1996 was calculated as the
annual number of registered cases, divided by the total
number of workers examined during this year. The inci-
dence rate (IR) in 1997 was calculated as the number of
CTS cases occurring in 1997 divided by the total number
of workers free from CTS in 1996. All potential risk fac-
tors were assessed at baseline. The relationships between
the incidence of CTS and potential risk factors were first
studied with chi-square tests, exact Fisher's test and one-
way analysis of variance (ANOVA) among workers free
from CTS in 1996. Ods ratios (OR) were then estimated
with backward stepwise logistic regression analysis. All the
variables associated with the incidence of CTS with p =
0.15 or less in the bivariate analysis were included in the
model [20]. Age (<40, 40-50, >50 years), gender and
occurrence of another WMSD in 1996 were forced into
the model because of their potential confounding effects.
The significance of the variables in the logistic model was
assessed with the likelihood ratio test. At each step,
insignificant terms (p > 0.15) were removed. Therefore,
the final model included the variables associated with
cases of CTS occurring in 1997 at the last step (p < 0.15).
All statistical analyses were performed with the SPSS sta-
tistical package (SPSS version 10.0).

RESULTS

The populations surveyed in 1996 and 1997 did not differ
with regard to gender, years of employment and types of
jobs performed. The duration of employment was very
long for the majority of the workers (Table 1). Most of the
37 workers who dropped out in 1997 had been transferred
to tasks other than footwear production due to the eco-

[JOMEH, VVol. 14, No. 4, 2001

nomic crisis. These workers were slightly younger than
those followed-up (39.0 £ 5.6 years vs 41.4 £ 7.0 years; p =
0.05). The years at the company and the types of jobs per-
formed maintained similar for all workers whether fol-
lowed-up or not. Loss to follow-up was significantly asso-
ciated with higher ergonomic scores (9.2 £2.3vs 8.0 £2.4;
p = 0.01).

Thirty-three cases of CTS were diagnosed in 1996, i.e. the
prevalence at baseline (PR(lg%)) of 16.6% (95%ClI: 11.4-
21.7). Fifteen of these cases had a positive diagnosis in
1997 and 10 had recovered. Thirty four cases were diag-
nosed in 1997. Of these, 19 new cases of CTS were diag-
nosed in 134 workers free from CTS in 1996, i.e. IR(1997)
of 11.7% (95%CI: 6.7-16.8). The clinical features of 19
new cases of CTS are described in Table 2. The new cases
of CTS affected right (42%), left (21%), or both hands
(37%), and were associated with one pre-existing WMSD
at baseline in three cases, while being free from CTS at
baseline. CTS cases were associated with one or two new
WMSDs in 1997 in § cases (26%) (epicondylitis in 2 cases,
cubital tunnel syndrome in 1 case, shoulder tendinitis in 1
case, De Quervain disease in 1 case).

On univariate analysis, female gender (Table 3) was not
associated with CTS (52% vs 59%; p = 0.623). Age was
not significantly different for workers with or without CTS
(42.0 £ 8.0 years vs 41.0 = 7.0 years; p = 0.602). No co-
morbidity such as thyroid dysfunction, diabetes mellitus or
gynecological disease was associated with new cases of
CTS. Parity did not differ between women with and with-
out CTS (p = 0.86). The mean body mass index (BMI) did
not differ between workers with or without CTS (24.9 +
4.6 kg/m? vs 24.0 + 4.0 kg/m?; p = 0.36). However, obesity
(BMI > 30 kg/m?) at baseline was more frequent for new
cases of CTS (26% vs 7%; p = 0.008). Current smoking at
baseline was not predictive of CTS (11% vs. 21%; p =
0.37) and neither was the occurrence of co-existing
WMSD at baseline (p = 0.94).

The mean GHQ-12 score was over 14 (range 0 to 27),
indicating at least mild psychological distress in 32.8% of
workers, and it did not differ between workers with or
without incident CTS (123 £ 7.4 vs 11.9 £ 5.4; p = 0.79).
Abnormal GHQ-score (over 14) was not more frequent in
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Table 2. Clinical findings and jobs performed by workers with CTS

. 2
5 % é * 5 = % g § g é
: 2 = § ¢ £ £ T 8 5 , % 2 Z £
S 8 £ £ & 2 F € £ € B § & £ £
1 E33 R L L L L L 15 15 Sewing
2 M,53 R B B B B B B 30 3 Carding
3 M,39 R R R R R 21 16 Mechanized assembly
4 M,51 R B R B R R R R 30 16 Finishing
5% FA4S R B B R B CubB 27 27 Pasting
0**  Md8 R B B B B B STR 28 28 Cutting
7 M,44 R R R R R R R 26 26 Mechanized assembly
8 E46 R B R R R R R 26 26 Finishing
9 E46 R B L L L L L L 28 28 Sewing preparation
10 M5S0 R L L L L L 29 29 Cutting
1 E42 R B B B L L 24 17 Finishing
12 E54 R R R R R R 33 33 Sewing
13 M,25 R B R B B 6 6 Mechanized assembly
14 E44 R B B B L L B B 26 1 Sewing
15**  E33 R B B B B R B FTL 15 15  Finishing
16 M44 R B R R R 18 18 Carding
17 E36 R R R R R R 16 16 Sewing
18 E31 R B L L L L B R B 13 13 Sewing
19 M 34 L R R R R 19 4 Mechanized assembly

F - female; M - male; R - right; L - left; B - bilateral; ST - shoulder tendinitis; Cub — ulnar tunnel syndrome; FT - flexor digitorum tendinitis.

* In at least one of the first three digits.
** The cases of CTS associated with co-existing WMSDs at baseline.

workers with CTS (37% vs 32%; p = 0.79). However,
GHQ-12 score over the 90th percentile (i.e. over 18.5),
which indicates high psychological distress, was more fre-
quent in workers with CTS (21% vs 8%; p = 0.09). Use of
anxiety-relieving drugs was not predictive of CTS (p =
0.47).

With regard to non-occupational exposure, mean dura-
tion of weekly household chores was not significantly dif-
ferent between workers with or without CTS (3.4 +4.4 h
vs 49 £ 5.6 h; p = 0.26). No association was found
between CTS and sports or leisure activities.

Workpost analysis to assess potential risk factors (Table 4)
revealed that most of the workers remained in the same
workpost for many years, and only one had changed the
workpost in 1997. No specific type of job, such as sewing

or footwear assembly, was associated with CTS. Physical
workload was high for most of the workers since 93% of
them were exposed to high repetitiveness (work cycle <
30 sec and/or > 1/2 cycle spent repeating the same
motions). However, the force level was below 2.7 kg and
even 1 kg for all workers. All the workers were exposed to
at least one of the risk factors studied by the checklist.
Mean bilateral ergonomic scores were not significantly
different between subjects with or without CTS (8.3 £ 2.2
vs. 8.1 £ 2.4; p = 0.65). Rapid trigger movements of the
finger were most frequent in workers with CTS (21% vs
9%; p = 0.11).

Of the self-assessed potential physical risk factors (Table
5), high physical workload, high force level, high move-
ment repetitiveness and velocity were not predictive of
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Table 3. Unadjusted odds ratios (OR) for personal factors at baseline. Total number of workers = 134

CTS, 1997

Personal factors Cases (%) cas];]:?%) OR 959% C1
Female gender 52 59 0.8 (0.3-2.0)
Age
< 40yr) 37 37 -
40-49 42 51 0.7 (0.2-2.0)
250 21 11 2.1 (0.5-8.2)
BMI > 27 kg/m? 26 14 22 (0.6-8.5)
BMI > 30 kg/m? 26 7 4.8 (1.2-19.4)*
Daily use of prescribed psychoactive drugs 1 2 0.3 (0.0-2.8)
Use of oral contraceptive 47 49 1.0 (0.3-2.8)
Current smokers 11 21 0.5 (0.1-2.2)
GHQ-12 score > 14/36 37 32 12 (0.4-3.7)
GHQ-12 score 290 percentile (18/36) 21 8 3.1 (0.7-9.3)

*p <0.05

CTS. With regard to self-assessed psychosocial factors,
perceived high psychological and visual workloads were
not predictive of CTS. The incidence of CTS was associ-
ated with the lack of possibility to take breaks (p = 0.07),
which is indicative of low autonomy at work.
Unexpectedly, strong control of the work performance by
superiors was less frequent in workers with CTS (37% vs
57%; p = 0.11). Psychologically demanding work score
did not differ between workers with or without CTS (4.7 £

1.8 vs 4.6 £ 1.7; p = 0.79). Decision latitude score (1.7 £
1.2vs 2.0 £ 1.3; p = 0.35) and social support score (2.0 £
1.2vs 2.2 £ 1.3; p = 0.40) were not significantly different
between workers with and without CTS.

The cases of CTS were categorized according to the pres-
ence or absence of co-existing WMSDs at baseline. Age,
BMI and GHQ-12 score did not differ between the groups.
Past medical history and non-occupational activities were
similar for both groups. However, duration of employment

Table 4. Unadjusted odds ratios (OR) for the ergonomic risk factors assessed by workpost analysis at baseline.

Total number of workers =134

CTS, 1997
Objective workload assessment Cases (%) Non OR 95% CI
cases (%)
No job rotation between different workpost 21 34 0.5 (0.1-1.8)
Work cycle time < 30 sec 68 76 0.7 (0.2-2.3)
Similar movement pattern for more than 50% of work time 84 85 0.9 (0.2-4.8)
Wrist deviation 37 37 1.0 (0.4-3.1)
Rapid trigger movements 21 9 2.8 (0.6-11.5)
Vibration transmitted to the hand 11 6 1.8 (0.2-10.8)
Wrist flexion > 45° 11 16 0.6 (0.1-32)
Wrist extension > 45° 42 39 12 (0.4-3.4)
Left hand ergonomic score over 4 53 67 0.6 (0.2-1.6)
Right hand ergonomic score over 4 63 67 0.8 (0.3-2.6)
Both hands ergonomic score over 8 58 63 0.8 (0.3-2.4)
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Table 5. Unadjusted odds ratios (OR) of the self-assessed physical and psychosocial risk factors.

Total number of workers = 134

CTS, 1997
Subjective workload assessment Cases(%) Non OR 95% CI
cases (%)
Perceived high physical workload 26 37 0.6 (0.2-2.0)
Perceived high psychological workload 37 37 1.0 (0.3-3.1)
Perceived high force level 32 30 11 (0.3-3.3)
High movement precision 53 50 1.4 (0.5-4.1)
High visual load 68 66 1.1 (0.4-3.6)
Permanent tension during work 37 30 3 (0.4-4.1)
Permanent time pressure 37 30 13 (0.4-4.1)
VLV?IZ]; (()1fe zrif:((iiom to change movements 84 67 24 (0.6-112)
Few possibilities to take breaks 68 46 25 (0.8-8.1)*
Work strongly controlled by superiors 37 57 0.5 (0.2-1.3)
Lack of job clarity 42 47 0.8 (0.3-2.3)
High work demand score? 32 22 1.7 (0.5-5.4)
Low score for task control? 42 36 13 (0.4-3.8)
Low score for social support® 42 32 1.6 (0.5-4.9)

Total score for nine questions about permanent work overload, vigilance strain, permanent tensions, permanent time pres-
sure, possibility of changing movements, possibility of taking breaks, frequency of disruptions at work, intensity of control
of the work performed, possibility of forgetting work at home.

b Total score of four questions about possibility of self organization, responsibility at work, clarity of work, having the means
to do good quality work.

¢ Total score of four questions about recognition of merit by the superiors or not; quality of relationships with colleagues

and with superiors, quality of social climate at work.
“p>0.05-0.10.

at the same workpost was longer in cases of associated
WMSDs at baseline (24.0 £ 7.2 years vs 14.9 £ 9.4 years).
No differences were observed for ergonomic scores or job
characteristics such as physical or psychological workload.
Out of the potential determinants of CTS, two were
associated with CTS in the logistic model (Table 6) with
p-level below 0.05. Obesity was associated with high risk
of CTS occurrence (OR = 4.4 (95%CI: 1.1-17.1); p =
0.033). Psychological distress at baseline assessed by a

very high GHQ-12 score (over the 90th percentile) was
strongly predictive of CTS (OR = 4.3 (95%ClI: 1.0-18.6);
p = 0.049). Two other factors remained in the model
with p-value below 0.15. Performance of rapid trigger
movements of the finger with hand tools was predictive
of CTS (OR = 3.8 (95%CIL: 1.0-17.2); p = 0.058).
However, high hierarchical control of the work per-
formed was negatively associated with CTS (OR = 0.5
(95%CI: 0.2-1.3); p = 0.039).

Table 6. Risk factors for new cases of CTS in 1997, according to the logistic model. Number
of cases = 19 out of 134 workers

Factors OR 95% CI P-value?
BMI > 30 kg/m? 4.4 (1.1-17.1) 0.033
GHQ-12 score > 90th percentile 4.3 (1.0-18.6) 0.049
Rapid trigger movements 38 (1.0-172) 0.058
Work strongly controled by superiors 0.5 (0.2-1.3) 0.139

Variables included in the model were not significantly associated with new CTS cases: age (<30; 30-40; >40 years),
female gender, limited possibility to take breaks.
22 LR = 95.866, degree of freedom = 4, X2 = 13.225, p = 0.010.
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DISCUSSION

This study examined a wide range of potential risk factors
because any single behavior or characteristics seem to be
indispensable and sufficient to cause CTS [21]. Risk fac-
tors were assessed before the onset of CTS, allowing the
assessment of etiological risk factors [8]. The workers’
turnover was low because they attempted to organize
themselves to keep up with the daily demands of the job,
despite frequent hand symptoms. Stability of the work
force is valuable in conducting a follow-up study. Few
workers dropped out from the study mainly due to eco-
nomic reasons. The prevalence of CTS and other WMSDs
in the drop-out-group in 1996 did not differ from the
remaining group, and therefore those lost to follow-up
probably had a low impact on the risk estimate. The main
limitation of the study was the small number of CTS cases,
which was due to the high level of the disorder prevalence
and a small size of the sample studied. All associations
should therefore be interpreted with caution.

The definition of CTS corresponded to the clinical crite-
ria of the NIOSH definition [22]. Misclassification of case
status may have occurred, as Tinel's and Phalen's signs
have been reported to have limited sensitivity and speci-
ficity [22]. According to the NIOSH definition of CTS,
neurophysiological studies were not systematic. The
choice of this definition of the outcomes, which disagrees
with a recent consensus requiring nerve conduction stud-
ies [23], is explained by the lack of available conduction
nerve device in the occupational setting. However, the
definition is in agreement with a recent consensus [24], for
which typical symptoms combined with one clinical find-
ing were considered sufficient for the diagnosis of CTS.
Most of the workers had the same year to year work con-
straints because of the few changes in the technical
processes in the footwear factory. In particular, exposure
of the subjects who changed from non-case to case during
the follow-up period had obviously not changed over time.
Most of the workers suffering from one WMSD in 1996
remained at the same workpost during the follow-up period.
This was not due to successful treatment, but to the fact
that it was impossible to offer patients less stressful jobs in
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the company [25]. One feature of the study was the com-
bination of objective and subjective methods to provide
appropriate evaluation of the complete individual job
exposure [26]. Objective assessment by direct observation,
using a checklist allows sensitive evaluation of the main
physical ergonomic stressors [19], while subjective assess-
ment takes into consideration the worker’s perception of
the work strain. The self-questionnaire on the physical
load had previously been validated in France [18].
Psychological demands and factors related to work organ-
ization were self-assessed because of their subjective
nature [13]. Psychological problems were assessed by
GHQ-12, which is the most widely used screening instru-
ment for common mental disorders [27]. Its brevity makes
it attractive for use in occupational settings, although it
cannot be employed for diagnostic purposes. Likert scor-
ing has been validated and provides similar screening
properties to conventional scoring [28].

Both the prevalence and incidence of CTS were high in
the whole factory because of the high level of ergonomic
strains, according to previous studies in the footwear
industry [6,17,29]. The incidence was much higher than in
the general population [1-3] and numerous industries and
activities [2,4]. The incidence rate of CTS was higher than
WC claims records for the footwear industry, which con-
firms that WC records underestimate the incidence of
WMSDs [30]. However, it was similar to that in a modern
meat processing plant (i.e. 11 cases per 100 person-years)
[31], and higher than that observed in a panel of eighteen
French factories, for which a 3-year incidence of CTS was
about 12% [32].

In a study that simultaneously assessed the role of a broad
range of putative CTS risk factors, we found associations
between CTS and four personal and occupational factors.
The study demonstrates a strong association between CTS
and psychological distress at baseline. The mean score
observed in the whole sample (about 12/36) was similar to
that observed in 3000 persons aged between 16 and 64
years in the general population [33]. The cut-off point of
the GHQ score at 14/36 allows the best ratio between sen-
sitivity and specificity [28]. A higher threshold, correspon-
ding to the 90th percentile (i.e., 18.5/36), was also chosen
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to provide a high positive predictive value [28]. The GHQ
score of the workers may have been relatively high
because the GHQ includes not only symptoms of anxiety
and depression but also of mild psychiatric symptoms [34].
However, the scores observed in the present study agree
with the results of a previous study conducted in the
footwear industry using Langner's screening question-
naire [17]. Of the 1778 workers studied, 8.5% had a score
over 8, which indicates mild to severe psychological dis-
tress, and 12.3% had a score from 5 to 7, which suggests
slight to mild psychological distress. Due to the prospec-
tive nature of the study, the results demonstrate that high
psychological distress is a cause rather than a conse-
quence of CTS. Psychological distress has more often
been found to be predictive of low-back pain and neck-
shoulder disorders [35,36] than of CTS. Psychological dis-
tress can change the workers’ estimation of illness and
pain [13]. However, as the diagnosis of CTS relied not
only on symptoms but also on physical examination, the
change in the perception of pain probably played a minor
role in the diagnostic process. It has been speculated that
psychosocial factors may induce physiological changes
that might result in musculoskeletal disorders [11].
However, the mechanisms remain unclear and are prob-
ably different for musculoskeletal disorders of the prox-
imal and distal parts of the upper limb [11,13,37]. This
study cannot explain the causes of psychological distress,
which may be not only due to personal psychological char-
acteristics and private life but also to working conditions
other than psychosocial work factors already taken into
account in the model [12].

This study confirms that obesity is predictive of CTS,
which agrees with the results of studies [32] conducted in
the general [9,38] and industrial populations [12,32,39].
The percentage of co-morbid conditions was very small
(i.e. thyroid dysfunction in one case and menopause in
one case) in comparison with findings in the general
population [1,40], which agrees with other studies con-
ducted in the working population [10,12].

The logistic model highlights the use of rapid trigger
movements with the finger as a risk factor for CTS. Rapid
finger trigger movements required to activate electric

tools such as screw drivers and cutters increased the risk
of CTS in this study. Trigger finger movements with tools
have more often been associated with tenoynovitis of the
flexor tendons (trigger finger) [19] than with CTS. No
other biomechanical risk factors were identified in the fac-
tory. This could be due to a lack of statistical power in the
study. Work organization may affect the level of job stress
and mental strain experienced by workers through various
stressors [41]. The psychological demand was high for
most workers, while monotonous work, time pressure and
perceived high workload were not related to CTS. Strong
control over the work by superiors was associated with
CTS in an unexpected way. Control of the work perform-
ance by superiors increases psychological demand, which
is expected to increase the level of work stress and thus
the occurrence of musculoskeletal problems [11,13,37].
However, such high level of supervision may be interpret-
ed by workers as recognition of the quality of the work
performed and, consequently, as recognition of their per-
sonal merit by their superiors, which is known to diminish
psychological strain [42]. Work organization in the
footwear factory does not encourage workers to take
breaks whenever they are needed or to change their
movements. This rigid structure of tasks creates condi-
tions in which workers are overworked [41], according to
the “job demand - decision latitude” model [11,13,43].
However, no clear relationship was found between the
incidence of CTS, psychological demands and lack of
social support.

CONCLUSION

The prevalence and incidence of CTS in this workforce
were substantially higher than in the general population
and numerous industries. The study emphasizes the mul-
tifactorial nature of CTS, since personal factors and expo-
sure to physical and psychosocial stressors at work inde-
pendently affect the incidence of CTS. Psychosocial fac-
tors play a major role in the factory studied, which exposes
its workers to a high level of physical load. In particular,
high psychological distress seems to be a cause rather than
a consequence of CTS.
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