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Carpal tunnel syndrome (CTS) and exposure to
vibration, repetitive wrist movements, and heavy
manual work: a case-referent study
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From the Department of Occupational Medicine, Southern Hospital, S-100 64 Stockholm, and Clinic ofHand
Surgery, Sabbatsberg Hospital, S-113 82 Stockholm, Sweden

ABSTRACT Possible connections between carpal tunnel syndrome (CTS) and exposure to vibrating
handheld tools, repetitive wrist movements, and heavy manual work were examined in a case-referent
study. The cases were 38 men operated on for CTS between 1974 and 1980. For each case, two
referents were drawn from among other surgical cases (hospital referents) and two further referents
from the population register and telephone directory, respectively (population referents). Thirty four
of 38 cases (89%) and 143 of 152 referents (94%) were interviewed by telephone. An increased
prevalence of obesity, rheumatoid disease, diabetes, or thyroid disease was observed among the cases
but most did not suffer from any of these disorders. CTS was significantly correlated with exposure to
vibration from handheld tools and to repetitive wrist movements but showed a weaker correlation
with work producing a heavy load on the wrist. A cause-effect relation between CTS and exposures to
handheld vibrating tools and to work causing repetitive movements of the wrist seems probable.
Some differences between hospital and population referents indicate that a case-referent study of this
type could be biased by inappropriate selection of referents.

An analysis of symptoms among patients examined at
the Southern Hospital (Sodersjukhuset) in Stockholm
between 1974 and 1980 because of suspected vibration
injury showed that 10 of 126 patients (7%) had
disturbed function of the median nerve distal to the
wrist typical of carpal tunnel syndrome (CTS).' This
observation initiated a case-referent study to examine
possible connections between CTS and exposure to
vibrating tools, repetitive wrist movements, and heavy
manual work. The influence of other factors which
could possibly induce CTS such as obesity,
rheumatoid arthritis, and some endocrine disorders
were also studied.

Material and methods

The cases were men aged 20-66 who were operated on
for CTS by division of the carpal ligament at the
Sabbatsberg Hospital during 1975-80. CTS was diag-
nosed clinically by a hand surgeon, and the diagnosis
was confirmed electroneurographically by measure-
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ment of the conduction velocities in the median nerve
at the wrist level. Patients on whom the transverse
carpal ligament was divided because ofpost-traumatic
nerve compression were excluded from the study. The
remaining 38 patients constituted the cases in this
study.
For each case, two referents were drawn from

among other surgical cases (hospital referents) and
two further referents from the general population
register and the telephone directory, respectively
(population referents). All referents were matched for
sex (only men were included), age (± 3 years), and the
hospital referents also for year of operation (±3
years).
The hospital referents were collected from the

medical register at the Southern Hospital. During
1975-80, the catchment areas for the surgical depart-
ment of this hospital and the clinic of hand surgery of
Sabbatsberg Hospital were similar. For each case, one
referent had been operated on for gall bladder disease
and the other for varicous veins in the legs.
The population referents were living in the catch-

ment area of the clinic of hand surgery of the
Sabbatsberg Hospital. A new population referent was
drawn if the first could not be interviewed because of
death, severe mental retardation, or admission to a
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mental hospital. The age of the telephone subscribers
was obtained from the population register.
Both cases and referents were interviewed on the

telephone by the same physician using a standard
questionnaire. Information was collected on type of
work and occupational exposure up to the day of
operation of the corresponding case. The interviews
dealt with the use of vibrating handheld tools, perfor-
mance of repetitive wrist movements' at work, and
work involving heavy load on the wrist. The degree of
exposure was evaluated both with regard to the total
number of work years and the average number of
exposed hours a week. The performance of repetitive
wrist movements at work was classified independently
by the person interviewed and an occupational
hygienist. Exposure to repetitive wrist movements was
considered to exist if both agreed and the number of
exposure years was defined as the average of their
evaluations.

Reference weights were calculated from tables
published by Bengtsson et al,2 and obesity was defined
as a body weight exceeding the reference weight by
more than 10%. Any information about rheumatoid
arthritis, diabetes, and thyroid gland disease was
noted.
Four of the 38 cases (11%) were not interviewed;

one had moved abroad and three had no telephone.
The corresponding figures for the hospital referents
were seven of 76 (9%); four had no telephone, two had
a secret telephone number, and one was not found for
unknown reasons. Two of the 76 population referents
(3%) were not interviewed; one had moved abroad
and one could not be found for unknown reasons.

Chi-squared statistics were used to calculate two
sided p values for the differences between cases and
referents, odds ratios, and 95% confidence intervals of
the odds ratios. The Mantel-Haenszel procedure was
used to calculate the total odds ratio and stratification
was used to calculate odds ratios for multiple
categories.3
The study was examined and approved by the

ethical committee of the Southern Medical Services
District in the County of Stockholm.

Results

There was a significantly higher proportion of subjects
with occupational exposure to handheld vibrating
tools and repetitive movements of the wrist among the
cases than among the referents (table 1). For both
types of exposure, the odds ratios tended to increase
with increasing exposure time. The proportion of
subjects with work causing a great load on the wrist,
however, did not differ significantly between cases and
referents, although the odds ratios did tend to increase
with increasing period of exposure.

Wieslander, Norback, C-J Gothe, Juhlin
The odds ratios for diabetes mellitus, thyroid, and

rheumatoid diseases were, throughout, numerically
larger than 1, but the numbers were too small to permit
statistical analysis of the separate diseases (table 2).
The proportion of subjects with at least one of these
diseases, however, was significantly higher among the
cases than among the referents. The frequency of
obese individuals and current smokers did not differ
significantly between cases and referents.
The proportion of persons with obesity and

occupational exposure to both handheld vibrating
tools, repetitive movements of the wrist, and a great
load on the wrist was significantly higher among the
hospital than among the population referents (table 3).
There were, however, no significant differences
between the two referent groups for smoking habits or
occurrence of diabetes mellitus, thyroid disease, or
rheumatoid arthritis.
As may be seen in table 4, the proportion of office

workers was lowest among the cases (12%) and
highest among the population referents (46%). The
unequal distribution of the total material is significant
(p < 0 005) as are the differences between cases and
population referents (p < 0.001) and hospital and
population referents (p < 0-005). The difference
between cases and hospital referents, however, is non-
significant (p > 0 10).
There were significant differences (table 5) between

hospital and population referents with regard to some
of the variables analysed in table 3. A comparison of
the data in tables I and 5 shows that the odds ratios for
CTS coupled to work with vibrating tools and
repetitive movements or great load on the wrists are
highest when the referent group is restricted to popula-

Table 1 Odds ratios ofsome occupational exposures among
34 cases with CTS by comparison with 143 referents

No of Odds ratio Two sided
Exposure Cases Referents (95% CI) p value

Use of hand held vibrating tools:
< I year 21 120 10 -

1-20years 8 17 2-7 (1-1- 6-7) 004
> 20 years 5 6 4-8 (15-15-6) 0-01

Mantel-Haenszel
estimate 34 143 3-3 (16- 68) 0-002

Repetitive movements of wrist:
< I year 20 113 10 -

1-20 years 5 19 1 5 (05- 44) NS
>20years 9 11 4-6(1 8-11-9) 0-002

Mantel-Haenszel
estimate 34 143 2-7 (1-3- 54) 0006

Work causing great load on wrist:
< I year 14 80 10 -

1-20years 12 41 1 7(0 7- 3 9) NS
>20 years 8 22 2-1 (0-8- 5 5) NS

Mantel-Haenszel
estimate 34 143 1-8 (0-96-35) NS
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Table 2 Odds ratios ofsome diseases, obesity, and smoking among 34 cases with CTS by comparison with 143 referents

Cases Referents

Exposure No % No % Odds ratio (95% CI) Two sidedp value

Diabetes mellitus 2 6 6 4 1-4
Rheumatoid arthritis 4 12 8 6 2-3
Thyroid disease 1 3 1 1 4-6 -

Any of the diseases mentioned above 7 21 12 8* 2-8 (1-04-7-6) 0-04
Obesity (>10% above reference weight) 9 26 22 15* 2-0 (08-48) NS
Current smoker 11 32 34 24 1-5 (0-7-3-5) NS

*Incomplete answer from one referent.

Table 3 Odds ratios ofsome occupational exposures, some diseases, obesity, and smoking among 69 hospital referents by
comparison with 74 population referents

Referents

Hospital Population

Exposure No % No % Odds ratio (95% CI) Two sidedp value

Use of handheld vibrating tools (> 1 year) 16 23 7 9 2-9 (1-1 -7-4) 0-03
Repetitive movements of wrist (> 1 year) 20 29 10 14 2-6 (1-1 -60) 0-02
Work causing great load on wrist (> 1 year) 37 54 26 35 2-1 (1-1 -4-2) 0-03
Diabetes mellitus, rheumatoid arthritis, or thyroid

disease 7 10 5 7 1-5 (0-5 -5-1) NS
Obesity (> 10% above reference weight) 15 22 7 9* 2-6 (1-02-6-8) < 0-05
Current smoker 20 29 14 19 1-7 (0-8 -3-8) NS

*Incomplete answer from one referent.

Table 4 Proportion ofoffice workers among cases and
referents

Office worker

Yes No Total

Cases 4 30 34
Hospital referents 16 53 69
Population referents 34 40 74

tion referents. Irrespective of duration of exposure,

obesity was more common among the cases than
among the population referents.
The subjects were stratified with regard to the

number ofrisk factors ofsignificance in this study. The
number of subjects having more than two risk factors
was too small for separate analysis. As seen in table 6,
the odds ratios tend to increase with increasing
number of risk factors.

Discussion

CTS is more common among women than men.4
Women with CTS show an increased prevalence of
gynaecological disorders,5 and CTS may start during

Table 5 Odds ratios ofsome occupational exposures and
obesity among 34 cases with CTS by comparison with 74
population referents

No of
Odds ratio Two sided

Variable Cases Referents (95% CI) p value

Use of hand held vibrating tools:
< I year 21 67 1-0
1-20 years 8 6 4-3 (1-4-12-9) 0-01
>20 years 5 1 16-0(2-8-90-2) 0-002

Mantel-Haenszel
estimate 34 74 6-1 (2-4-15-0) <0-001

Repetitive movements of wrist:
<I year 20 64 1-0
1-20 years 5 7 2-3 (0-7- 7-9) NS
>20 years 9 3 9-6(2-8-33-0) <0-001

Mantel-Haenszel
estimate 34 74 4-5 (1-9-10-4) <0-001

Work causing great load on wrist:
< I year 14 48 1-0
1-20 years 12 20 2-1 (0-8- 5-2) NS
> 20 years 8 6 6-6 (1-4-14-7) 0-01

Mantel-Haenszel
estimate 34 74 2-7 (1-3- 5-6) 0-006

Obesity
(> 10% above
reference
weight) 9 7* 3-4 (1-2- 9-8) 0-02

*Incomplete answer from one referent.

Carpal tunnel syndrome 45
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Table 6 Odds ratios correlated with number ofriskfactors
among 34 cases with CTS by comparison with 143 referents

No ofsubjects
Odds ratio Two-sided

No ofriskfactors* Cases Referents (95% CI) p value

Zero 12 85 1-0
One 8 34 1.7 (0-6- 44) NS
Two 8 17 3-3(1-2- 9-1) 002
>2 6 6 7-1 (2-2-22-7) <0 001
Mantel-Haenszel

estimate 34 142 29 (1-6- 52) <0-001

*Each individual can have 0-4 of the following risk factors:
vibration exposure > 1 year; repetitive movements of the wrist > I
year; any of the diseases mentioned in table 2; obesity (> 10% above
reference weight).

pregnancy or in the puerperium.61 Rheumatoid arth-
ritis,89 obesity,'" and endocrine disorders such as
diabetes mellitus" 12 and thyroid disease'3 have been
reported to increase the incidence of CTS.

In the present study an increased prevalence of
obesity, rheumatoid disease, diabetes, or thyroid dis-
ease was found among the cases with CTS. Most,
however, did not suffer from any of these disorders,
indicating that they are of minor importance in this
connection. In vibration exposed groups smoking or
taking snuff are linked to an increased risk of develop-
ing traumatic vasospastic disease,'4 but the results do
not indicate that exposure to nicotine is related to CTS
in a similar way.

There is an association between exposure to hand-
held vibrating tools and the occurrence of CTS,5 '9'8
and a connection between CTS and repetitive hand
movements has also been observed in, for example,
cleaning workers'9 and butchers.'0 Work with deviated
wrists and pinched hand positions is associated with
CTS in women with sewing jobs,4 and positive associa-
tions between cumulative trauma disorders (CTS
being one of the diagnoses included in this condition)
and high force-high repetitive manual jobs have been
observed.20 In a postmortem study histological chan-
ges were observed, especially in the most frequently
flexed and extended wrist area, suggesting a connec-
tion between CTS and repeated exertions with flexed
or extended wrists.2'
The results presented here confirm that exposure to

handheld vibrating tools, work causing repetitive
movements of the wrist, and possibly also work
causing heavy load on the wrist are of importance for
the development of CTS. These exposures are often
related to each other making it difficult to examine the
separate effects in a study such as this. CTS, however,
seems to be more closely related to exposure to
vibrations from handheld tools and to repetitive wrist
movements than to heavy loads on the wrist.

Case-referent studies are sensitive to selection bias
causing both false negative and false positive results,22

Wieslander, Norback, C-J Gothe, Juhlin
but the significance of occupational factors for CTS
was seldom taken into consideration during the 1970s,
making it unlikely that the cases, which were operated
on between 1975 and 1980 were subject to any
significant selection bias. Nevertheless, the observed
differences between hospital and population referents
indicate that a case-referent study of this type could be
biased by the inappropriate selection of referents.

Exposure to handheld vibrating tools, and probably
also to repetitive movements in the wrist, is more
common in blue collar than in white collar professions.
Blue collar workers tend to accumulate in inpatient
groups as compared with white collar workers,23 and
the differences between cases and referents for such
exposures tend to be smaller when the referents are
collected from inpatients than when they are collected
from the total population. Norell and Ahlbom have
found that a study of this type could be affected by
selection bias because hospital referents tend to con-
ceal effects due to the exposure under examination.24
The observed dose response relations and the
demonstrated additive effects of different risk factors
indicate a cause-effect relation between CTS and
exposures to handheld vibrating tools and possibly
also to work causing repetitive movements of the
wrist.
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