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limb disorders in repetitive work. Scand J Work Environ Health 2001;27(4):268—278.

Objectives A longitudinal study was conducted to determine the predictability of personal and occupational
factors with respect to the incidence of upper-limb disorders in occupations requiring repetitive work.
Methods A sample of 598 workers in five activity sectors completed a self-administered questionnaire; the
workers were examined by an occupational health physician in 1993—1994 and 3 years later. Three disorders
were considered, carpal tunnel syndrome (CTS), lateral epicondylitis and wrist tendinitis.
Results The results of this longitudinal study indicated that the following three sets of risk factors independently affect the incidence of upper-limb disorders: (i) biomechanical constraints, (ii) psychosocial factors, and (iii)
personal factors. The combination of risk factors differed between CTS, lateral epicondylitis, and wrist
tendinitis. The presence of psychosomatic problems was a strong predictor of wrist tendinitis. Social support at
work was also associated with the incidence of wrist tendinitis. The presence of depressive symptoms and other
upper-limb disorders predicted the first occurrence of lateral epicondylitis. Age was associated only with
epicondylitis. The results were consistent with those concerning the role of forceful movements of the elbow for
epicondylitis and confirmed the role of forceful movements for CTS.
Conclusions This study considered different sets of risk factors simultaneously with a longitudinal approach, in
a population with a high level of occupational exposure. The results indicate that three sets of risk factors
independently affect the incidence of upper-limb disorders. In addition to biomechanical constraints, psychosocial and personal factors play a role.
Key terms carpal tunnel syndrome, epicondylitis, longitudinal study, psychosocial factors, work characteristics, wrist tendinitis.

Work-related upper-limb disorders represent an important problem throughout the world, especially in industrialized countries. Several reviews, synthesis articles,
reports, and books have recently been devoted to the
subject (1—8). They include results from numerous
studies on the associations of these disorders with personal and occupational factors, both biomechanical and
psychosocial. Knowledge remains sparse in some
areas, however. The specific diagnosis that has been
studied most is carpal tunnel syndrome (9). Fewer studies have examined epicondylitis (10, 11). Occupational
risk factors have been studied hardly at all for less common disorders, such as De Quervain’s disease (12).
Another limitation of the studies on this subject is
the scarcity of longitudinal studies, especially those that

1
2

look at risk factors for the incidence of specific disorders and describe occupational constraints in detail.
Models have been proposed to take into account a large
range of etiologic factors and mechanisms, but the dimension of time has not been the object of much investigation (13).
A few prospective surveys have studied the natural
course of nonspecific disorders (14, 15), the incidence
of specific disorders among the general population (16),
and the role of occupational factors in morbidity score
modification (17, 18). A general review, based on 13
studies, focused on the question of the prognosis and
clinical course of nonspecific work-related musculoskeletal disorders of the neck and upper extremities
(19).
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A small number of longitudinal studies or repeated
cross-sectional examinations has been performed in
groups of workers at high risk of upper-limb disorders.
The main objectives have been to estimate the incidence
and improve knowledge of the frequency and natural
course of specific disorders or to study the effects of
changes in exposure or occupation (20—27). Findings
from these studies are not always comparable; for example, the term “incidence” is used with several meanings, including the rate of absenteeism episodes (27).
Longitudinal studies in high-risk sectors have shown
links between work conditions and symptom development (24, 26), without providing much detail on the role
of occupational risk factors.
Many authors insist that selection effects at the
workplace limit the interpretation of results from crosssectional studies (11, 24, 28). Not enough is known,
however, about the extent of health selection effects due
to specific disorders in different work environments.
The results presented in this report come from the
continuation of a cross-sectional study conducted in
1993—1994 (29—31). Three years later, a subsample
of the workers from that study, who were exposed to
repetitive work, was included in a follow-up longitudinal study. Our principal objective was to study the predictability of personal and occupational factors with respect to the incidence of upper-limb disorders.
“Incidence” was defined as the risk of occurrence
of a specific disorder during the 3-year period among
subjects without this disorder at baseline.
We studied the following three categories of upperlimb disorders, assessed in medical examinations during 1993—1994 and 1996—1997: (i) incidence of definite or suspected carpal tunnel syndrome, (ii) incidence
of definite or suspected lateral epicondylitis, and (iii)
incidence of definite or suspected wrist tendinitis, including three disorders, hand or wrist extensor peritendinitis or tenosynovitis, hand or wrist flexor peritendinitis or tenosynovitis, and De Quervain’s disease.

Subjects and methods
Subjects
In 1993—1994, 1420 workers whose occupations required repetitive work completed a self-administered
questionnaire about their work conditions and upperlimb disorders. They also underwent a standardized
physical examination by the occupational health physician in charge of the medical surveillance of the workers in their company.
The workers were selected according to occupational
criteria. They were required to be exposed to repetitive

work in one of the following five activity sectors: (i)
assembly line in the manufacture of small electrical appliances, motor vehicle accessories, or ski accessories (packaging excluded), (ii) clothing and shoe industry (packaging excluded), (iii) food industry (mainly,
meat industry), packaging excluded, (iv) packaging (primarily in the food industry), (v) supermarket cashiering.
Four of the subgroups included both genders; all the
supermarket cashiers were women.
The 39 occupational health physicians responsible
for surveying small groups of workers in the cross-sectional study were asked to repeat the study 3 years later. Six could not conduct a second survey because of
major changes in their companies, such as factory closings or drastic layoffs. Twelve were too busy to participate. One no longer surveyed the study population and
could not be replaced. Two participated only partially,
and more than half their initial subjects were lost to follow-up.
The remaining 18 physicians had examined 700
workers in 18 different firms in 1993—1994. These 700
persons were the target population of the longitudinal
study. Of them, 102 (15%) were completely or partly
lost to follow-up, including those with one questionnaire
(self-administered or medical) missing. Most of those
in this group of 102 no longer worked for the same company.
In all, 598 workers completed the self-administered
questionnaire and were examined by the physician. Most
of these workers had the same (or similar) occupational
constraints as 3 years earlier, in the same company. Four
of them did not work in the same firm; 134 (22.4%) said
that their job or their work station had changed in the
period in question. For 36 of them, the change was for
medical reasons. Table 1 describes the sample.

Medical variables
Each worker underwent a standardized clinical examination, performed by the occupational health physician
at the beginning of the study and again at the end of the
follow-up. A list of criteria for the diagnoses recorded
in the medical questionnaire was prepared for this survey. These guidelines covered 33 diagnoses at the beginning of the study and 35 at the time of the followup, the slight changes between the two lists being limited to shoulder tendinitis.
The list included the following diagnoses and corresponding criteria: (i) carpal tunnel syndrome: Tinel’s
sign or Phalen’s test positive (or diagnosis based on
nerve conduction velocity, for “proved diagnosis before
the medical examination”); (ii) lateral epicondylitis: epicondylar pain or epicondylar tenderness and pain on
Scand J Work Environ Health 2001, vol 27, no 4
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Table 1. Description of the sample and the prevalence of upper-limb disorders at the beginning of the study.
Carpal tunnel syndromea
N
Gender
Male
Female
Sector
Assembly
Clothing
Food
Packaging
Cashiers
Age
≤ 29 years
30-39 years
40-49 years
≥50 years
Whole sample
a

Cases (N)

Prevalence (%)

Lateral epicondylitisa
Cases (N)

Prevalence (%)

Wrist tendinitisa
Cases (N)

Prevalence (%)

178
420

20
111

11.2
26.4

17
56

9.6
13.3

34
33

19.1
7.9

247
63
143
103
42

54
17
19
32
9

21.9
27.0
13.3
31.1
21.4

50
3
10
8
2

20.2
4.8
7.0
7.8
4.8

21
2
30
11
3

8.5
3.2
21.0
10.7
7.1

117
225
203
53
598

16
52
51
12
131

13.7
23.1
25.1
22.6
21.9

5
19
35
14
73

4.3
8.4
17.2
26.4
12.2

21
25
14
7
67

17.9
11.1
6.9
13.2
11.2

Proved or suspected.

resisted extension of the wrist, (iii) hand or wrist extensor peritendinitis or tenosynovitis: pain in the dorsal
wrist, swelling of the affected tendons or palpable crepitus of the affected tendons, (iv) hand or wrist flexor peritendinitis or tenosynovitis: pain in the ventral wrist,
swelling of the affected tendons, palpable crepitus of the
affected tendons, or finger extension and flexion deficits, (v) De Quervain’s disease: pain on the radial side
of the wrist, tender swelling, or pain produced by thumb
extension, thumb abduction or the Finkelstein test. The
latter three diagnoses were grouped together as “wrist
tendinitis” in this study. A similar grouping has been
used in other studies (12, 32, 33).
The following three situations or levels were possible for each of the five diagnoses: (i) proved diagnosis
in the medical examination (= Tinel’s sign or Phalen’s
test positive for carpal tunnel syndrome; all criteria met
for the other diagnoses), (ii) proved diagnosis before the
medical examination (for example, diagnosis made by
a specialist), and (iii) suspected diagnosis (not all the
criteria met in the medical examination or diagnosis
based on the description of symptoms that were no longer present at the time of the examination).
The four most frequent diagnoses were shoulder
tendinitis, carpal tunnel syndrome, lateral epicondylitis,
and wrist tendinitis. Shoulder tendinitis was not included, since the medical questionnaire and the guideline for
this disorder had changed between the two examinations.
We defined disorders extensively (ie, we included
both proved and suspected diagnoses) in this study and
consequently used a strict definition of “healthy at baseline” as complete absence of the disorder (neither
proved nor suspected) . This criterion increased the sta-
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tistical power since the number of incident cases was
larger. For carpal tunnel syndrome, lateral epicondylitis, and wrist tendinitis, the subjects classified as “suspected” at baseline were not included in the study of
the incidence of the corresponding disorder. For wrist
tendinitis, the subjects taken into account for the study
on incidence were those who had none (neither proved
not suspected) of the three disorders that made up the
definition of wrist tendinitis.
The incident cases of carpal tunnel syndrome, lateral epicondylitis, and wrist tendinitis included cases with
symptoms in the 3-year period between the three questionnaires but with no symptoms at the time of the second examination. These subjects had no symptoms for
the corresponding disorder before (or at the time of) the
first questionnaire.
The definitions were based exclusively on the results
of the medical examination. The answers to the hand
diagram in the self-administered questionnaire were not
taken into account in order to rely on independent sources of information for the medical condition and for occupational exposure. In addition, the reference period
in the self-administered questionnaire was the last 6
months, which was not a reference period in the medical examination.
The list of potential determinants of the incidence
of one disorder included the total number of proved or
suspected other diagnoses (0, 1, 2, 3 or more) from the
list of 33.

Potential risk factors
All three disorders were studied with the same list of
potential risk factors, including the total number of other
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diagnoses. This list included personal and occupational
variables, that is, self-assessment of whether specific
postural and biomechanical constraints and psychosocial stresses were present at work.
The list of variables was based on the results from
other studies and considered variables known or suspected to be a risk factor for at least one of the three disorders studied. The list was similar to that used in the analyses focusing on prevalence in the cross-sectional study.
These variables are summarized under the subheadings
that follow.

Personal and occupational variables. The personal and
occupational variables included the following:

· Gender
· Age, in four categories (≤ 29, 30—39, 40—49, ≥ 50
·
·
·
·
·

·

years)
Occupational variables: activity sector (of the 5 possible) and number of years on the job (< 1, 1 — < 10,
≥ 10 years)
Smoking (nonsmoker, ex-smoker, smoker)
Body mass index (BMI): overweight, defined as BMI
> 27 kg/m2 for men and > 26.5 kg/m2 for women
Increase in weight: BMI increased by ≥ 2 kg/m2 between the two questionnaires
Presence of somatic problems: “presence” was defined
as a yes answer to at least one of the following questions: do you often have headaches; do you often have
sleep disorders; are you often bothered by your heart
beating hard; do you have personal worries that get
you down physically. (An alternative score without
sleep disorders was also used, since sleep disorders
can be a consequence of carpal tunnel syndrome.)
Presence of depressive symptom(s): “presence” was
defined as a yes answer to at least one of the following problems: are you in low spirits or very low spirits most of the time; are you often bothered by nervousness; do you often feel that nothing ever turns out
the way you want it to; do you sometimes wonder if
anything is worthwhile anymore.

Postures and biomechanical constraints. The job duties
mentioned in the questionnaire included the following
actions: turn and screw, tighten with force, work with
force (other than tighten), press with the hand, press with
the elbow, hit, pull, push, hold in position. For each of
these constraints, two categories were used, repetitively (self-assessed) versus not repetitively or never. The
use of vibrating tools was self-assessed (irrespective of
frequency).
Psycosocial work factors. Job control (a score from 0 to
8) was calculated as the sum of the following yes or no

items: no choice of the timing of breaks; unscheduled
short breaks not possible; pace dictated by the machine,
by colleagues, by other constraints; no control over the
quantity of work; no control over the pace of the work;
lack of variety of work. A low level of job control was
defined as a score of ≥ 5.
For the psychological demand of the job, a high level
of demand was defined as positive answers to both of
the following relevant questions: are you permanently
overloaded with work and do you have periods with increased workload?
With respect to social support at work, lack of social support was defined as a negative answer either
about work relations in general or about relations with
colleagues.
For satisfaction at work, a low level of satisfaction
was defined as a negative answer either about satisfaction with the workstation or about general job satisfaction.

Methods
The relations between the incidence of upper-limb disorders and the risk factors at baseline were studied first
with bivariate associations and chi-square tests for the
overall population and separately for the men and women. The potential determinants in this part of the analysis were gender, age, activity sector, number of years
on the job, smoking, total number of diagnoses given
by the occupational physician, BMI, psychological problems (somatic and depressive), work postures and biomechanical constraints, and psychosocial work factors.
For BMI we considered that a change in BMI between
the two questionnaires was more relevant than the baseline BMI; in addition, the onset of a new disorder may
result from a change in BMI, but the opposite (BMI
changing as a consequence of the onset of a disorder) is
much less likely.
A logistic model was used to study the potential determinants of incidence with BMDP software (34). We
used a backward stepwise modeling strategy. The initial variables in the model were those measured in
1993—1994 (plus BMI change). The list was limited to
age, gender, and the variables associated with the incidence at a P-level of ≤ 0.15 in the bivariate analysis. At
each step, nonsignificant terms (P > 0.15) were removed,
except age and gender, which were kept in the model.
The final model included age, gender, and the variables
associated with incidence in the last step (P < 0.15). For
carpal tunnel syndrome, the determinants of incidence
were studied separately for the men and women with
logistic models, because bivariate analyses indicated that
the determinants differed between the two genders. The
final models were run also with a stricter definition for
Scand J Work Environ Health 2001, vol 27, no 4
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incident cases — only proved diagnosis — in order to
verify that the results were not changed if an alternative definition for cases was adopted.

Factors associated with loss to follow-up
The 102 workers lost to follow-up were compared with
the 598 with two complete questionnaires. Loss to follow-up was significantly associated with age and activity sector. It was more frequent in the extreme age categories (those younger than 30 years and at least 50 years
of age) and among supermarket cashiers.
At the time of the first questionnaire, the workers
subsequently lost to follow-up did not, with one exception, differ significantly from the rest of the target group
for the frequency of upper-limb disorders, irrespective
of the definition of a disorder (self-assessment of health
or medical diagnosis). The exception was self-assessed
shoulder pain, for which the frequency among those lost
to follow-up (51%) was significantly higher than the frequency in the rest of the group (39%). The difference
was mainly due to the subgroup of women less than 40
years of age, which included a large proportion of supermarket cashiers lost to follow-up.
For 47 of the 102 workers, some (minimal) information on their status at follow-up was available, either
from the portion of the questionnaire they did complete
or from the occupational health physician. Among this
group, the most frequent reasons for the loss to followup were parental or maternity leave, resignation, and
dismissal. Health reasons were reported less frequently.
The 598 workers with a complete questionnaire were
also compared with those in the cross-sectional study
who could not be included in the longitudinal analyses
(because of the unavailability of the occupational health
physician). The two groups differed. Those in the longitudinal study had a higher frequency of some disorders; for example, the prevalence of proved or suspected carpal tunnel syndrome was 21.9% in 1993—1994
among the 598 subjects in this study and14.5% among
those who could not be included in the longitudinal analyses. The corresponding figures for lateral epicondylitis were 12.2% and 11.2%.

Results
Prevalence at the beginning of the study and
subsequent incidence of upper-limb disorders
The prevalence of proved or suspected carpal tunnel
syndrome among the 598 subjects was 21.9% at the beginning of the study (table 2). The risk of the onset of
the disorder during the 3-year interval was 12.2% (57
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incident cases among the 467 without the syndrome) (table 2). Among the 57 cases, 20 were “proved in the
medical examination”, 14 were “proved before the medical examination”, and 23 were “suspected” cases. For
lateral epicondylitis the prevalence was 12.2% with an
incidence of 12.2%. Among the 64 cases, 33 were
“proved in the medical examination”, 16 were “proved
before the medical examination”, and 15 were “suspected” cases. For wrist tendinitis the prevalence was 11.2%
with an incidence of 5.7%. Fifteen of the 30 cases of
hand or wrist extensor or flexor peritendinitis or tenosynovitis or De Quervain’s disease had at least one
disorder proved in the examination. Seven cases of wrist
tendinitis had only one (or several) suspected disorder(s).

Associations between incidence and risk factors at the
beginning of the study
For each of the three disorders, the subjects with incident cases were compared with the subjects who remained unaffected by this specific disorder. The subjects affected by the disorder at the beginning of the
study were excluded from the analysis.

Gender, age, activity sector, number of years on the job,
smoking and the number of upper-limb disorders. Gender, number of years on the job, and smoking were not
associated with the incidence of any type of disorder.
Age, activity sector, and number of other upper-limb
disorders were associated with the incidence of lateral
epicondylitis, as table 3 shows. The comparison of these
results with those for the prevalence at the beginning of
the study (table 1) indicated similarities, but also discrepancies.
Gender was not associated with incidence, but it was
associated with prevalence in that more women had carpal tunnel syndrome and more men had wrist tendinitis.
Working on an assembly line was a risk factor for
both the prevalence and the incidence of lateral epicondylitis. Differences in the prevalence of carpal tunnel syndrome and wrist tendinitis across the activity sectors were either not found (carpal tunnel syndrome and
packaging) or were attenuated (tendinitis and food industry) for incidence.
Both the prevalence and incidence of lateral epicondylitis increased with age.
Other personal and occupational risk factors. The associations significant at a P-level of ≥0.15, which were
taken into account in the logistic models, are presented
in this section.
Somatic and depressive symptoms were not associated with carpal tunnel syndrome at the beginning of the
study, but they were both significantly associated with
lateral epicondylitis and wrist tendinitis.

Leclerc et al

A BMI increase of ≥2 kg/m2 was associated with the
incidence of wrist tendinitis and, for women only, with
the incidence of carpal tunnel syndrome.
Among the 10 constraints included in the study, five
were associated with the onset of one or several disorders. Having to drive screws repeatedly was a strong
predictor of epicondylitis. On the other hand, those who
said they had to drive screws were less at risk of wrist
tendinitis. Tighten with force was a risk factor for both
carpal tunnel syndrome and epicondylitis. Having to
press with the hand was associated with carpal tunnel
syndrome in an unexpected direction in that the risk increased for those who said they did not press with their
hand. “Press with the elbow” was associated with the onset of both carpal tunnel syndrome and tendinitis. Hitting
was associated with the incidence of tendinitis. Holding
in position was a risk factor for carpal tunnel syndrome.
Two of the four job-related psychosocial factors in
the analysis were associated with the subsequent incidence of at least one disorder. The incidence of wrist
tendinitis was associated with social support at work.
Job satisfaction at the beginning of the study was not
significantly associated with the incidence of carpal tunnel syndrome for the overall sample, but an association
was observed for the women.

order. We chose not to include activity sector in the
models in order to obtain a better understanding of the
role of postural and biomechanical constraints, which
differ according to sector. Tables 4 to 7 present the final models.

Carpal tunnel syndrome. Since the relations between carpal tunnel syndrome and the risk factors were different
for the men and women, separate models are presented.
The two models refer to different activity sectors. The
men were predominantly employed in the food industry, packaging excluded; 17 of the 21 incident cases
among the men came from this activity sector. Among
the women, the predominant sector was work on an assembly line, 20 cases of carpal tunnel syndrome out of
a total of 36 having occurred in this activity sector.
The models for the men and women used the same
list of explanatory variables — all those associated with
Table 2. Three-year incidence of carpal tunnel syndrome, lateral
epidordylitis, and wrist tendinitis.
Carpal tunnel
syndrome a
N

%c

N

Prevalent cases at baseline 131 ·
“Healthy” at baselineb
467 ·
Incident cases
57 12.2%

Predictive factors for incidence

a

The logistic models initially included gender, age, and
the risk factors associated with the incidence of the dis-

b
c

Lateral
Wrist
epicondylitis a tendinitis a
%c

73 ·
525 ·
64 12.2%

N

%c

67 ·
531 ·
30 5.7%

Proved or suspected.
Without proved or suspected.
Incidence (risk in 3 years).

Table 3. Incidence of upper-limb disorders and age, sector, and number of upper-limb disorders at the beginning of the study. (NS = not
significant)
Carpal tunnel syndrome a
(467 subjects; 57 incident cases)

Sector
Assembly
Clothing
Food
Packaging
Cashiers
Age
≤29 years
30-39 years
40-49 years
≥50 years

Lateral epicondylitis a
(525 subjects; 64 incident cases)

P-value d

Nb

Incidencec

P-value d

Wrist tendinitis a
(531 subjects; 30 incident cases)

Nb

Incidence c

Nb

Incidencec

P-value d

193
46
124
71
33

10.9
17.4
15.3
8.4
9.1

NS

197
60
133
95
40

17.3
8.3
11.3
9.5
2.5

0.04

226
61
113
92
39

3.5
6.6
8.0
7.6
5.1

NS

101
173
152
41

11.9
15.6
10.5
4.9

NS

112
206
168
39

4.5
11.2
17.9
15.4

0.01

96
200
189
46

6.2
7.5
3.2
6.5

NS

176
144
85
62

11.9
10.4
12.9
16.1

NS

176
165
111
73

7.9
11.5
12.6
23.3

0.01

176
160
113
82

5.7
5.6
2.6
9.8

NS

Number of other
upper-limb disorders
0
1
2
≥3
a
b
c
d

Proved or suspected.
Number of subjects at the beginning of the study (free from the disorder).
Risk in a 3-year period (percentages).
Comparisons based on chi-square tests..
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incidence for the men or the women, at a P-level of
≥0.15, as well as age. The predictive factors in the final
model differed for the men and women. For the men
(table 4), the only determinants were three biomechanical constraints (tightening with force, holding in position, and not pressing with the hand). For the women
(table 5), the variables associated with incidence were
an increase in the BMI and a low level of job satisfaction.

at baseline and presence of depressive symptoms)
remained in the final model (P<0.15). Risk increased
with age and the number of other disorders,
Table 6. Factors predicting the incidence of epicondylitis for the
men and women — results from the logistic model (not included
in the final model: somatic problems, tighten with force). (OR =
odds ratio, 95% CI = 95% confidence interval)
Epicondylitis a

Lateral epicondylitis. Of the nine potential determinants of
lateral epicondylitis, two (age and “turn and screw”) were
associated with the incidence at a P-level of <0.05 in the
final model. Two other factors (number of other disorders
Table 4. Factors predicting the incidence of carpal tunnel syndrome for the men — results from the logistic model (not in the
final model: increased body mass index, press with the elbow,
job satisfaction). (OR = odds ratio, 95% CI = 95% confidence
interval)
Men a
OR
Age
≤29 years
30—39 years
≥40 years
Tighten with force
No
Yes
Press with the hand
No
Yes
Hold in position
No
yes
a

95% CI

1
1.05
0.46

·
0.34—3.25
0.10—2.04

1
4.09

·
1.43—11.7

1
0.28

·
0.09—0.82

1
3.59

·
1.06—12.1

Age
≤29 years
30-39 years
≥40 years
Number of upper limb diagnoses
0
1
2
≥3
Depressive symptom(s)
No
Yes
“Turn and screw”
No
Yes
a

95% CI

1
1.01

·
0.51—2.00

1
2.39
3.40

·
0.86—6.61
1.24—9.32

1
1.26
1.41
2.94

·
0.60—2.67
0.62—3.1
1.33—6.52

1
1.65

·
0.94—2.90

1
2.07

·
1.16—3.70

525 healthy at the beginning of the study; 64 incident cases.

Table 7. Factors predicting the incidence of wrist tendinitis for
the men and women — results from the logistic model (not in the
final model: depressive symptoms, “turn and screw”, press with
the elbow). (OR = odds ratio, 95% CI = 95% confidence interval,
BMI = body mass index)
Wrist tendinitis a

158 healthy at the beginning of the study; 21 incident cases.

Table 5. Factors predicting the incidence of carpal tunnel syndrome for the women — results from the logistic model (not in
the final model: tighten with force, press with the hand, press
with the elbow, hold in position). (OR = odds ratio, 95% CI = 95%
confidence interval, BMI = body mass index)

Age
≤ 29 years
30-39 years
≥ 40 years
Increased BMI ≥ 2 kg/m2
No
Yes
Job satisfaction
Medium or high level
Low level

95% CI

1
0.58

·
0.24—1.40

1
0.98
0.43

·
0.34—2.84
0.13—1.39

1
2.2

·
0.92—5.26

1
3.78

·
1.63—8.75

OR

95% CI

1
1.55
1.09

·
0.47—5.11
0.33—3.56

1
2.38

·
1.04— 5.47

Repetitive hitting
No
Yes

1
2.16

·
0.84—5.56

1
1.79

·
0.84—3.84

Social support
Yes
No

1
2.49

·
0.96—6.44

309 healthy at the beginning of the study; 36 incident cases.
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Gender
Male
Female

OR

Age
≤29 years
30-39 years
≥40 years
Increased BMI ≥2 (kg/m2)
No
Yes
Somatic problems
No
Yes

Women a

a

Gender
Male
Female

OR
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a

531 healthy at the beginning of the study; 30 incident cases.
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according to a clear gradient. Risk was higher for the
subjects who declared they had to drive screws (OR
2.07, 95% CI 1.16—3.70) and those who had depressive symptoms at the beginning of the study.
The only psychosocial constraint initially included
in the model (job control) did not remain in the final
model.

Wrist tendinitis. The strongest predictor of the incidence
of wrist tendinitis was the level of somatic problems at
the beginning of the study (OR 3.78, 95% CI 1.63—
8.75). The other risk factors associated with the incidence of this disorder were lack of social support, increased BMI, and having to “hit” repetitively. Age was
also associated with the incidence. In contrast to the results for epicondylitis, the youngest workers were at increased risk. When an alternative score of somatic problems without “sleep disorders” was used, the results did
not change, except that the odds ratio for somatic problems increased from 3.78 to 5.10 (95% CI 2.23—11.7).

Predictive factors for the incidence of proved diagnosis
When the final models presented in tables 4 to 7 were
run with a stricter definition for incident cases (only
proved diagnosis), no major changes in the magnitude
of the odds ratios were observed. A part of the significant associations was no longer significant, possibly because of the smaller number of cases. However, among
the women, the association between carpal tunnel syndrome and job satisfaction became significant, with an
odds ratio of 2.87 (95% CI 1.13—7.29).

Discussion
The 598 workers in this longitudinal study were not selected according to health criteria, and the selection for
health reasons between the first and second questionnaires was minimal. Some of the firms that participated
in the cross-sectional part of the study were not included in the target group of the longitudinal study, for reasons related to the company or its occupational health
physician. This step tended to exclude the less stable
firms and those with a higher level of turnover. The occupational health physicians in the firms with a high level of upper-limb disorders volunteered more often for
the longitudinal study. This characteristic of the study
explains the high prevalence of carpal tunnel syndrome
in the studied group at the beginning of the study.
The second stage of selection involved loss to follow-up. The 102 workers lost did not differ very much
from the rest of the sample. Moreover, most of the work-

ers in the study, even those who suffered from upperlimb disorders in 1993—1994, were exposed to similar
constraints at the beginning of the study and at the time
of the follow-up.
The limited health selection of the study was probably due to workers who suffer from upper-limb disorders
in repetitive work having no alternative to continuing to
work in their jobs or in similar jobs. Financial considerations prevent them from stopping work, even if they have
a disease for which they can receive compensation. It is
difficult for them to find a job in another firm. A study of
severe cases of lateral epicondylitis in France indicated
that only 7% of the 105 previously active workers who
suffered from epicondylitis had definitely stopped working for medical reasons (35). Over a 31-month period in
a meat-processing factory in Finland, of 337 workers in
strenuous manual jobs, only one stopped working because
of an upper-limb illness, and job transfers were rare (27).
In some contexts selection bias seems to be minimal (20,
23). Selection effects may be greater in the general population than in some prospective epidemiologic studies,
since a prospective study is not feasible in a firm with a
high level of turnover. A relatively high number of subjects indicated that their job or their workstation had
changed in relation to health problems; therefore it
seems that the firms in our study offered such possibilities. Selection effects may also differ according to the
national or industrial rules for compensation and the
possibilities for early retirement for health reasons (19).
We did, nonetheless, encounter difficulties related
to health selection in interpreting our data. It is difficult
to interpret results about the incidence of specific disorders in a group in which many workers are already
affected at the beginning. The “healthy” workers at
baseline represented a selected group, since they were
unaffected despite a high level of occupational exposure.
For example, more than 30% of the workers in packaging suffered from proved or suspected carpal tunnel syndrome in 1993—1994. The risk factors for subsequent
carpal tunnel syndrome among those unaffected at that
time may have been specific to those who withstood occupational constraints better than their colleagues
through 1993—1994.
In our study the answers with respect to the pain and
hand diagram from the self-administered questionnaires
were omitted. However, the judgment of the occupational health physician was globally consistent with the responses to the self-administered questionnaire, even
though the reference periods were not the same. For example, only 9 out of the 57 incident cases of carpal tunnel syndrome did not involve complaints of pain in the
area supplied by the median nerve during the previous
6 months. One case, classified as a “proved diagnosis
before the medical examination”, had had a successful
carpal tunnel syndrome release 1 year before.
Scand J Work Environ Health 2001, vol 27, no 4
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Another difficulty in our study was the participation
of 18 different observers. Despite training for the
physical examination at the beginning of the study, observer biases were observed, especially for shoulder disorders and, to a less extent, for lateral epicondylitis. For
carpal tunnel syndrome the differences between the observers were minimal (29). However, they had no direct consequences in our study, since each worker was
examined by the same occupational health physician in
both examinations.
The figures for incidence are close in our study to
the risk over this 3-year period. Hence they cannot be
easily compared with figures from other prospective
studies. For example, the 3-year risk for carpal tunnel
syndrome was at least 12.2% for our population, since
some of the cases that both began and ended in the 3year period were not taken into account. This figure corresponds to an incidence rate of at least 4 per 100 person-years, which is about 4 times the incidence of probable or definite carpal tunnel syndrome for “handlers
[and] laborers” in a prospective study of the general
population (36). The incidence of strictly defined carpal tunnel syndrome was higher (11/100 person-years)
in a meat-packing plant, whereas the prevalence rate of
21% was similar to that observed in our study (22).
A difficulty specific to longitudinal studies of upper-limb disorders is the paucity of knowledge on the
temporal aspects of causality. It is generally assumed
in epidemiology that a longitudinal design adequately
answers questions about causality. This would be true
in an experimental situation, and if we knew precisely
the time lag between occupational exposure and the onset of the upper-limb disorder, but we did not. For example, a risk factor present at baseline is not necessarily a “new” risk factor. If it has strong short-term effects,
the effect may have appeared before the beginning of
the study, and no association with incidence would
therefore be observed. This may have been the case for
some of our risk factors, such as job demand.
The study design enabled us to include 18 different
companies in various activity sectors. This was, on the
whole, an advantage, but it did imply important limitations in the assessment of occupational exposure. The
results relied on self-assessment of biomechanical constraints, which is not very precise (37).
Generally speaking, the biomechanical risk factors
of our study can hardly be considered isolated risk indicators, since etiologically relevant exposures may be
strongly correlated (28). The detailed results therefore
cannot be easily extrapolated to other populations. In
addition, the set of biomechanical constraints leading to
a specific disorder depends on the principal potential
constraints of the job. An example for this data set is
the fact that the incident cases of carpal tunnel syndrome
were not in the same activity sectors for the men and
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women. Previous studies have also found that risk factors vary according to gender (22, 38).
This longitudinal study confirms the role of biomechanical hazards, which have so far been studied primarily in cross-sectional studies.
It also confirms that different disorders have different and specific biomechanical risk factors. Even with
the imprecision of our diagnoses, and the fact that the
three groups of incident cases are not mutually exclusive,
the combination of risk factors differed for carpal tunnel
syndrome, lateral epicondylitis, and wrist tendinitis. For
epicondylitis, the results concerning the role of driving
screws were expected. They were consistent both with the
results of the cross-sectional study (29) and with results
from the literature. Ritz (11), for example, found a positive dose-response relationship between epicondylitis and
the duration of employment in jobs requiring forceful
rotation in the elbow joint. For carpal tunnel syndrome,
on the other hand, the relative discrepancies between the
cross-sectional and longitudinal survey may be explained by the importance of risk factors experienced
by women in high-risk sectors, especially packaging, in
the cross-sectional study. The health selection effects
discussed earlier may have played a different role for
the men and women and for different activity sectors.
Among the men, 11.2% were no longer at risk for carpal tunnel syndrome because they already had the disorder at the beginning of the study. The corresponding
percentage for women was 26%. In packaging, which
was a high-risk sector for prevalence, only five incident
cases were observed among the women; this figure corresponds to a 3-year risk of 9.3.
The results concerning the incidence of carpal tunnel syndrome among the men highlight the importance
of forceful movements (tighten with force, hold in position). Pressing with the hand appeared to be protective against the syndrome, whereas it had been, as expected, a risk factor for prevalence (29). Prolonged direct pressure on the palm has been found to be a risk
factor for carpal tunnel syndrome (9). One explanation
for the finding is that the results for the men described
the risk factors in jobs such as meat-cutting in the food
industry. This job exposes the workers to forceful movements, and the workers have to use a knife rather than
their hands.
For wrist tendinitis, repetitive hitting was the only
biomechanical factor in the final model. Other biomechanical factors may have short-term effects that would
have been seen if the interval between the exposure and
incidence had been shorter than 3 years.
The results from this longitudinal approach indicate
that three sets of risk factors independently affect the
incidence of upper-limb disorders. In addition to biomechanical constraints, psychosocial and personal factors play a role (39).
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Prospective studies have shown associations between psychosocial factors at work and disorders of the
neck, shoulder, and upper limbs (17). We observed that
psychosocial factors affected the incidence of wrist
tendinitis (social support) and carpal tunnel syndrome
among women (job satisfaction), but not very strongly.
It may be that psychosocial factors have relatively shortterm effects which would be better seen with another
study design, more precisely with a shorter interval between the exposure and the occurrence of the disorder.
The presence of depressive symptoms predicted the
first occurrence of lateral epicondylitis, and the presence of somatic problems was a strong predictor of wrist
tendinitis. This study confirms the predictive role of
psychological problems for musculoskeletal disorders
(40). It is not clear, however, whether these factors
should be considered to be purely personal or, at least
partly, to be responses to stressful work conditions other than the psychosocial work factors already taken into
account in the model.
Smoking was not a risk factor in this study, although
several prospective studies have observed an association with smoking (18). A BMI increase of ≥2 kg/m2
was associated with the incidence of carpal tunnel syndrome among the women when we controlled for occupational exposures. This finding supports a causal link
with weight and is consistent with results from crosssectional studies (41) and one case-referent study (36).
It was not predictive for the men however, but very few
men had a BMI increase of ≥2 kg/m2. The association
between an increase in the BMI and wrist tendinitis was
less expected.
The relations with age clearly differed from one disorder to another. The incidence of epicondylitis was significantly higher for older subjects, as its prevalence had
been (29). On the other hand, workers aged 40 years or
older were less likely to develop wrist tendinitis. The
same contrast between epicondylitis and wrist tendinitis has been observed among a small group of workers
by Roto & Kivi (32). The role of age in epicondylitis
has also been stressed by other authors (11, 32).
Although lateral epicondylitis is also a kind of tendinitis, its strong and specific association with the number
of other disorders suggests that overuse of the elbow,
which is at the origin of epicondylitis, may be the consequence of other disorders, especially wrist disorders,
that lead workers to modify motions they have previously used.
In conclusion, the results of this longitudinal study
suggest that, in the future, more attention should be paid
to cumulative health disorders among workers heavily
exposed to biomechanical constraints in repetitive work.
The subjects’ history of disorders and of occupational
exposure must both be taken into account. In addition,
more attention should be paid to an assessment of the

psychosocial environment at work and to the relation
of upper-limb disorders with psychological risk factors.
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