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Objectives The purpose of the study was to evaluate both nonoccupational and occupational factors associated 
with carpal tunnel syndrome (CTS) in industrial workers. 
Methods Sixty-five worlters with CTS were compared with 65 referents matched for gender, age, and plant. 
The medical history and household activities of the worlters and the ergonomic and organizational characteris- 
tics of the job were analyzed. 
Results Exertion of force over 1 kg was associated with CTS [odds ratio (OR) 9.01. Two risk factors were 
related to motion repetitiveness: length of the shortest elementary operation of 2 10 s (OR 8.8) and lack of 
change in tasks or lack of breaks for at least 15% of the daily worlttirne (OR 6.0). No posture of the upper limb 
was associated with CTS. Worltstation design involving the manual supply of the workers (OR 5.0) and the lack 
of job rotation (OR 6.3) were associated with CTS. The only personal factor associated with CTS was ?parity of 
at least 3 (OR 3.2). There was a continuous increase in the odds ratio against the number of risk factors 
accumulated by the workers; the odds ratio thus ranged from 5.6 when 3 of the 6 risk factors were present to2 90 
when 4, 5, or 6 risk factors were accumulated. 
Conclusions The results were in agreement with a model for CTS which included 1 personal and 5 occupa- 
tional risk factors. The number of risk factors cumulated by the workers seems to be a major determinant of 
CTS. 
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Carpal tunnel syndrome (CTS) is the most commoilly 
reported nerve entrapment in both industrial (1) and non- 
industrial populations (2, 3). Armstrong et a1 (4) had 
proposed a conceptual model for CTS which addressed 
its complex, multifactorial nature. Personal factors asso- 
ciated with CTS include female gender (2), gynecologi- 
cal status (5, 6), various medical conditions (2, 3, 7, 8), 
and individual factors such as wrist depth:width ratio (9), 
general physical condition (lo), obesity (1 1), and smok- 
ing habits (5). Occupational risk factors for CTS include 
highly repetitive or forceful exertions of the hand and the 
wrist (12), repetitive or forceful pinching (12, 13), re- 

peated flexion or extension of the wrist (7), ulnas devia- 
tion of the wrist (4), segmental vibration (13), and me- 
chanical stress on the base of the palm (2). Psychosocial 
stressors and work organizational factors have been as- 
sociated with musculoskeletal disorders, although the ex- 
act nature of the relationship remains unclear (14). 

The occurrence of many cases of CTS in 3 large 
plants in the area of Angers, in the west of France, 
initiated a case-referent study to examine the respective 
influence of medical history, nonvocational activities, 
and work conditions on the causation of the CTS factors 
in these industrial populations. 

1 DCpartement de SantC au Travail et d'Ergonomie [Department of Occupational Health and Ergonomics], Centre 
Hospitalier Universitaire [University Hospitaq, Angers Cedex, France. 

2 Service MCdical Interentreprises de I'Anjou [Occupational Health Service of Anjou], Angers Cedex, France. 
3 Institut National de la SantC et de la Recherche MCdicale [National Institute of Health and Medical Research], Villejuif 

Cedex, France. 

Reprint requests to: Dr Y Roquelaure, DCpartement de SantC au Travail et d'Ergonomie, Centre Hospitalier Universitaire, 4, 
rue Larrey, F-49033 Angers Cedex, France. 



Roquelaure et a1 

Subjects and mefhods 

This case-referent study was performed in 1993-1994 
in 3 plants where television sets (plant A), shoes 
(plant B), and automobile brakes (plant C) were manu- 
factured. Production-line work was common in these 
highly efficient manufacturing companies, which em- 
ployed 1000, 600, and 650 wage earners, respectively. 

Subjects 

The medical files (which were filled out each year by the 
occupational physician of the company) of all the em- 
ployees aged from 18 to 59 years were reviewed by 
2 assessors. All blue-collar workers with a medical his- 
tory of CTS between 1 January 1990 and 30 December 
1992 were screened. The subjects who already had a 
long history of CTS or another musculoslteletal problem 
before 1990 were not accepted as cases since the pattern 
of determinants could have been obscured in the course 
of time. Subjects with malignancies, rheumatic diseases, 
thyroid dysfunction, and diabetes before 1 January 1990 
were also excluded. The case of CTS was included in the 
study if the medical files related at least 3 of the follow- 
ing conditions (12): (i) tingling, pain, or numbness in the 
median nerve distribution of the hand with nocturnal 
exacerbation with more than 20 occurrences or lasting 
more than 3 weeks in the previous year; (ii) a positive 
Tinel's sign and a positive Phalen's test or hypoesthesia 
in the territory of the median nerve; (iii) slowing of the 
sensory or motor conduction velocities (< 40 m/s) in the 
median nerve at the wrist level; and (iv) surgical release 
of the transverse carpal ligament. 

All the electroneurographic studies were made with 
the same technical setup according to a standardized 
protocol. Electromyography was perforined on the ab- 
ductor pollicis brevis, first dorsal interosseous, flexor 
pollicis longus, flexor carpi radialis, and brachioradialis 
muscles. The median nerve was supramaximally stimu- 
lated at the elbow to measure the maximal motor nerve 
conduction velocity at forearin and wrist levels. The most 
symptomatic finger or the third digit was then stimulated 
with simultaneous recording from bipolar surface elec- 
trodes over the median nerve proximal to the carpal 
ligament with a distance of 6-8 cm. Hand temperature 
was carefully controlled and kept above 28°C. Abnormal 
electroneurographic findings were not required for inclu- 
sion in the study if the CTS has been treated surgically. 

Altogether 65 workers [55 women, 10 men; mean 
age 41.1 (SD 7.5) years] who had been diagnosed as 
having CTS were included in the study. Twenty-four 
workers came from plant A, 24 from plant B, and 17 
from plant C. The CTS was unilateral in 52 workers (32 
right, 20 left) and bilateral in 13. Fifty-five cases were 
surgically treated in the same hand surgery center, and 

the others had been treated with cortisone injections or 
physical therapy. 

For each case worker, a referent was randomly se- 
lected from the blue-collar worlters of the same gender 
and the same year of birth froin the pay-roll rosters of the 
coi-sesponding plant. The medical files of all the refer- 
ents - which were filled out each year by the same 
occupational physician with the same methodology as 
for the case workers - were reviewed by the same 
2 assessors. The referents had to be free of CTS and 
musculoskeletal disorders of the upper limb from 1984 
to 1992. No nerve conduction studies were performed. 
The exclusion criteria were the same as those applied to 
the case workers. Sixty-five referents [55 women, 10 
men; mean age 41.2 (SD 7.2) years] were included in the 
study. 

The age and gender characteristics of the case work- 
ers and their referents were similar. There was no signif- 
icant difference between the groups as far as number of 
children in household, education, and habitat were con- 
cerned, nor did their body mass index (weightlsquare 
height) differ significantly [case workers 24.2 (SD 4.1) 
kg/m2 versus referents 24.5 (SD 4.9) kg/m2, P = 0.811. 
Obesity (BMI >30) was not associated with CTS (12.3% 
versus 15.4%, P = 0.61). The number of current smolters 
was not significantly higher in the case group (P = 0.24). 

Data collection 

Medical history. The medical history before the onset of 
CTS or the corresponding date of the matched referent 
was assessed by 2 assessors specializing in occupational 
health and ergonoinics by screening the medical files of 
the selected workers. Information on weight, height, hand 
dominance, smoking habits, alcohol consumption, and 
use of painkillers, steroids and nonsteroidal antiinflain- 
matory drugs for over 3 weeks - which was systemati- 
cally included in the medical records - was studied. 
Inforination about pregnancy, natural menopause, gyne- 
cological surgery, and oral contraceptive use was also 
collected. 

Nonoccupational activities. Using a self-administered 
questionnaire, we collected inforination on schooling, 
inarital situation, habitat, household duties, sewing, ltnit- 
ting, odd jobs, gardening, music, and physical exercise. 

Occupational activities. The workstation studied was the 
one occupied by the case workers 6 months before CTS 
was diagnosed. For the referents, it was the workstation 
occupied at the end of 1992. 

The length of elnployinent and the duration of previ- 
ous manual work were calculated at the date of the diag- 
nosis of CTS for the case workers and at the correspond- 
ing date for the matched referents. Previous work was 
considered to have been repetitive if the time cycle was 
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under 30 s; it was considered to have had high force if it 
required prehensive efforts of over 1 kg. 

Two specially trained assessors performed the job- 
site work analysis by direct observation unaware of the 
medical status of the workers. They used the same 
checklist for the case worlters and the referents. When 
the workers had two or more workstations, the analysis 
was performed on the workstation most often occupied. 
The job rotation between different workstations was 
recorded. The workstation information included the way 
in which parts were supplied to and forwarded from the 
workstation and also the number of parts produced. Also 
taken into account were the type of tools used, the na- 
ture of the materials, and the work pace and its possible 
alterations. The workers were questioned about their 
possibilities to choose the way the work was done 
("freedom of action"). Exposure to cold and vibration 
was recorded. Motion repetitiveness and the segmental 
posture of the upper limb were evaluated for the most 
common daily task. A step-by-step description of the 
motions required to perform the job was carried out 
according to the "motion time" methods, as modified by 
Armstrong et a1 (15). The number of motions per time 
cycle and the length of the shortest elementary opera- 
tion were calculated, and the average of 10 work cycles 
was used. Workhours and the duration of the main task, 
secondary tasks (such as preparatory work or quality 
control), and breaks were determined. The job was con- 
sidered continuous when the duration of the breaks or 
the secondary tasks accounted for under 15% of the job 
duration (excluding meal breaks). A checklist based on 
the RULA method (16) was used to evaluate the angular 
position of the elbow (flexion < 135"), forearm (prono- 
supination), and wrist (flexion >45", neutral, extension 
> 45"), the frequency of certain activities (pinching, 
gripping, screwing, pulling, pushing, lifting, turning), 
and the nature of the motion performed by the hand 
(precise, forceful). Hand-exerted forces were determined 
by the weight of the tools and the parts handled. Force 
was considered "high" when the load was greater than 
1 kg with a frequency of exertion in excess of 10 times 
per hour. 

Analysis 

Matched odds ratios were calculated using McNemar's 
method to estimate the association between CTS and 
dichotomous exposure factors after adjustment for gen- 
der and age criteria. Quantitative data were analyzed by 
the paired Wilcoxon test. Multiple regression techniques 
were used to estimate associations between CTS and 
exposure with control for age (in 4 decade groups), gen- 
der, and plant. The data acquisition was done on Epi-info 
5.0 software and the statistical package for the social 
sciences (SPSS for Windows version 6.1). 

Results 

Medical history 

Regarding women's gynecological history, no associa- 
tion was found between CTS on the one hand and hyster- 
ectomy (P = 0.72), ovariectomy (P = 1.00), menopause 
(P = 0.48), or the use of oral contraceptives (P = 0.34) on 
the other. The parity of women in the case group [ I  .6 
(SD 1 .O)] was similar to that in the reference group [ I  .6 
(SD 1.2)]. There were, however, significantly more often 
(P < 0.001) more than 3 children born to women in the 
case group. 

Nonoccupational exposure 

The following results were obtained from the question- 
naire. The average weekly duration of household chores 
was similar in both groups [8.4 (SD 6.1) hours versus 8.3 
(SD 5.8) hours, P = 0.921. In both groups, a large number 
of children involved longer weekly household chores 
than for mothers with fewer than 3 children [10.8 
(SD 5.9) hours versus 7.8 (SD 5.9) hours, P<0.03]. Over 
1 hour of household chores per day was not associated 
with CTS (73.8% versus 69.2%, P = 0.73). There was no 
difference concerning odd jobs (P = 0.83), gardening 
(P = 0.66), or sports (P = 0.26). 

Occupational exposure 

Corporate seniority was similar in both groups [19.2 (SD 
7.5) years versus 17.5 (SD 7.1) years P = 0.331, nor did 
the duration of exposure to repetitive work differ signifi- 
cantly between the groups (P = 0.36). The average sen- 
iority on the same workstation was high for both groups 
[8.5 (SD 8.2) years versus 10.0 (SD 8.0) years, P = 0.241. 
Daily worlttime was also similar (ie, 7.5 hours). In addi- 
tion, there was no difference in the average number of 
breaks and the total average length of breaks during 
the day. 

A logistic model was constructed including age, gen- 
der, plant, household chores (> 1 hlday), and all the di- 
chotomous exposure factors and personal factors sig- 
nificantly associated with CTS with a P-value below 
0.20. The logistic model (table 1) displayed 6 risk fac- 
tors. Exertion of effort - determined by the weight of 
the tools or the parts handled - of 1 kg was associated 
with the highest odds ratio [odds ratio (OR) 9.01. Eight 
case workers and no referents exerted effort of 2 2  kg. 
Two risk factors were related to motion repetitiveness, 
length of the shortest elementary operation of < 10 s 
(OR 8 4 ,  and lack of change in task or breaks for at least 
15% of the daily worktime, excluding breaks for meals 
(OR 6.0). Cycle time or <30 s was not associated with 
CTS (P = 0.36). 

The model displayed two other work-related factors. 
One concerned workstation design with manual supply 
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Table 4 .  Risk factors for carpal tunnel syndrome in the final logistic model. (OR = odds ratio, 95% CI = 95% confidence interval) 

Case group Reference group 

Force > I kg 
Elementary operation 10 s 
Changes in activity or breaks 
< 15% daily worktime 
No job rotation 
Manual workstation supply 
Parity 2 3C 

a Dichotomous factors. The reference is alternative. 
-2 log LR = 117.516; goodness of fit = 144.293, ddl = 6. 
Zero for men, -1 for women whose parity was i 3 and + 1 for women whose parity was r 3 
Women only (total out of 55). 

by the workers (OR 5.0), and the other was the lack of 
job rotation between different workstations (OR 6.3). 
Screwing was more frequent in the case group (27.7%) 
than in the reference group (12.3%), but the difference 
was not statistically significant (P = 0.07). The model 
did not exhibit any other posture of the wrist, elbow, or 
the trunk or other specific motion of the hand in associa- 
tion with CTS. 

After adjustment for all the factors entered into the 
logistic model, only 1 personal factor was associated 
with CTS, namely, parity of 2 3 (OR 3.2). No interaction 
was found between parity and the 5 other factors in the 
logistic model. 

The studied workers were categorized according to 
the number of risk factors displayed when the 6 key 
factors were included in the logistic model. As shown in 
table 2, there was a monotonic increase in the odds ratios 
against the number of risk factors cumulated by the work- 
ers; the odds ratios thus ranged from 5.6 when 3 of the 
6 risk factors were present to 90.0 or more when 4, 5, or 
all 6 risk factors were cumulated. 

Discussion 

The cases included in the study were severe CTS syn- 
dromes, as most of the workers had undergone surgery. 
The vast majority of the case workers had resumed work 
on the same workstation after surgery or medical treat- 
ment. This situation is similar to what Adams et a1 (17) 
reported, as it was due not only to the success of the 
surgery, but also to the fact that it was impossible to offer 
the workers less stressful jobs in their companies. 

The main biomechanical risk factor identified was 
the high level of prehension forces. The threshold chosen 
as high was merely 1 kg because very few of the workers 
exerted effort in excess of 4 or even 2 kg. The employees 
assembled brakes, television sets, or shoes, and the work 
called for precise motion and pinching rather than full- 

Table 2. Number of risk factors accumulated by each worker. Each 
worker could display from 0 to 6 of the following risk factors: par- 
ity 2 3, manual workstation supply, no operator turnover, force 
> 1 kg, changes in activity or breaks i 15% daily worktime, el- 
ementary operation l 10 s. (OR = odds ratio, 95% CI = 95% con- 
fidence interval) 

Number of Case Reference OR 95% CI 
risk factors group group 

N % N %  

hand grasping. The muscle masses involved in such fine 
prehension are low, and a 1-kg effort can be considered 
significant (18). On the other hand, efforts such as 
squeezing or pressing were underestimated. Electromy- 
ography would probably display much higher force 
peaks. 

Cycle time is an overall measurement of repetitive- 
ness which considers neither the diversity of motion nor 
the interruption of motion activity in the work cycle. 
Consequently, this study defined repetitiveness of mo- 
tion using 3 other variables that reflect various compo- 
nents of repetitive work, namely, the number of elemen- 
tary operations per work cycle (motion diversity), the 
lack of breaks or changes in activity during the day 
(continuousness), and the duration of the shortest ele- 
mentary operation (work cadence). Contrary to the re- 
sults of previous studies (1 2), cycle time under 30 s was 
not associated with CTS. But the relation between CTS 
and exposure to cycle time under 1 minute was nearly 
significant in the logistic model. The diversity of the 
elementary operations was not a risk factor, apart from 
the brevity of the elementary operations. 

No specific limb posture was clearly identified as a 
risk factor, a fact which has already been observed in 
several epidemiologic surveys using observation check- 
lists (1 9). 
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The study suggests that the manual supplying of ina- 
terials to worltstations is a risk factor for CTS. This 
finding differs from our initial assumption whereby 
workstation supply by automation meant an increase in 
time constraint. On the contrary, it seems that the biome- 
chanical stress applied to the upper limb due to repeated 
manual supply is a more significant risk than the increase 
in time constraint due to workstation supply by automa- 
tion. It would be worthwhile to confirm the significance 
of this factor in other companies because it could be due 
to specific organizational patterns in the 3 plants studied. 
Other features, such as work 011 mobile objects, are prob- 
ably consequential, but they could not be pointed out due 
to the overlapping of the case worlters and the referents. 

The lack of job rotation was associated with the onset 
of CTS. The lack of turnover between different work- 
stations may be partly explained by the fact that it was 
impossible to offer the case workers less stressful jobs in 
their companies before surgical treatment. On the other 
hand, given the substantial workstation seniority, a bio- 
mechanical explanation is more probable. When worlters 
do not change workstations, biomechanical stresses are 
constantly applied to the same areas, which can entail 
chronic tissue lesions. Changing worltstations makes it 
possible to change the application point of mechanical 
stress, which allows tissues to recover. The findings open 
up avenues for CTS prevention. It is likely that changing 
activities or taking breaks during the day plays the same 
preventive role as changing operator. The study does not 
demonstrate the influence of the duration or distribution 
of breaks, but the clear association between CTS and the 
lack of change in activities or of breaks less than 15% of 
the work time suggests that breaks play a major role in 
preventing CTS. 

Contrary to what was observed among American 
blue-collar workers (1 0, 1 I ) ,  obesity was not associated 
with CTS in the industrial population examined. Unlike 
the findings of several studies (5, 8), gynecological his- 
tory was not stressed. The only personal factor identified 
was high parity for women. Pregnancy is well estab- 
lished as a ~najor risk factor for CTS (2) due to the 
endocrinous modifications and edematous syndrome it 
involves. Although clinical signs disappear after child 
birth in most cases, the literature features a report of a 
clinical series of CTS that appeared during pregnancy 
and led to clinical signs several years after delivery (6). 
But given the average age of the women in this study - 
and the time elapsed since their last child birth - CTS 
relapse is unlikely. Having a large number of children 
can be a risk factor for CTS due to the increase in house- 
hold chores, and we also found a higher risk for mothers 
of 3 or more children. Yet parity remained a risk factor 
significantly associated with CTS when household chores 
were taken into consideration in the logistic model. The 
association between CTS and parity is therefore prob- 

ably not due to increased household chores only. Endo- 
crinous modifications due to repeated pregnancies may 
be noteworthy (6). Though often pointed out, other do- 
mestic and recreational activities were not connected 
with the onset of CTS. Psychological factors and stress 
were not addressed due to the retrospective nature of the 
data collection. 

The CTS inodel produced was a tnultifactorial model 
with 5 occupational factors and 1 personal factor. Risk 
distribution between the case workers and referents 
pointed to the importance of the cumulating factors for 
the case workers since there was a monotonic increase in 
the odds ratio with the number of risk factors cumulated 
by the workers. These findings confirm studies that den- 
onstrate the cumulative effect of risk factors (12, 13). 
And due to the probable multiplying effect between risk 
factors, radically eliminating 1 or 2 is probably more 
effective than mildly reducing them all. Depending on 
production requirements and technical organization, it 
might be easier to reduce force in certain situations or to 
minimize repetitiveness in others. In any event, jobs 
should be expanded or operators should be encouraged 
to move from one workstation to another so as to under- 
go different kinds of ~nechanical stress. This type of job 
organization should be done in a participative approach 
to diminish the risk of psychosocial stress. 

In conclusion, the key CTS risk factors in an industri- 
al setting are occupational. The logistic model featured 
1 personal and 5 occupational factors. Risk factors dis- 
played a cumulative effect and CTS likelihood increased 
sharply when the number of risk factors rose from 3 to 4 
or more. The prevention of CTS in the workplace can be 
achieved by participatory ergonomics. Minimizing effort 
and the repetitiveness of motion generally means job 
enrichment. Operators should be encouraged to move 
from one workstation to another so as to undergo a varie- 
ty of stress. Though overlooked by design engineers, 
workstation supply should be taken into consideration in 
the prevention of CTS. Prevention also calls for em- 
ployee involvement and information about CTS risks 
and knowledge of the key ergonomic measures that could 
be taken (9). 
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