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Abstract. Carpal tunnel syndrome is one of the most costly upper extremity disorders in the working population. Past literature
has shown an association between personal and work factors to a case definition of carpal tunnel syndrome but little is known
about the combined effects of these factors with the development of this disorder. Few studies have examined these associations
in longitudinal studies. The purpose of this paper is to identify risk factors for incident carpal tunnel syndrome in a longitudinal

study of workers across a wide range of occupations.
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1. Introduction

Carpal tunnel syndrome (CTS) is the most com-
mon upper extremity peripheral neuropathy, and car-
pal tunnel release surgery is the most commonly per-
formed surgery of the hand, with estimates of
200,000 to 500,000 procedures performed annually
in the United States [1,2]. The prevalence ranges
from 1%-5% among the general population, and up
to 14.5% among specific occupational groups [3,4].
The incidence of CTS in general populations has
varied from 1.8 per 1000 [5] to 2.8 per 1000 [6] in
studies NCS to confirm the diagnosis. Higher inci-
dence and prevalence have been reported in some
working populations.

Despite great interest in CTS on the part of re-
searchers and the public, a number of gaps in our
knowledge limit potential prevention and treatment
efforts. CTS is recognized as a multi-factorial disease
with both personal and work-related risk factors, yet
little is known about the interactions between physi-
cal, personal, and psychosocial factors, nor about the
quantitative relationship between increasing physical
exposures and increasing risk. The purpose of this

paper is to identify risk factors for incident carpal
tunnel syndrome in a longitudinal study of workers
across a wide range of occupations.

2. Method

We enrolled 1107 newly employed workers from a
variety of industries in a three year prospective study.
At baseline each worker received a physical exam of
the upper extremities and nerve conduction studies
(NCS) of sensory and motor conduction in the bilat-
eral median and ulnar nerves. Workers also com-
pleted a questionnaire that included hand symptoms,
job title, self-reported work exposures, personal
health, and psychosocial factors. Questionnaires were
repeated at 6, 18, and 36 months; physical exam and
NCS were repeated at 36 months. We used two case
definitions of CTS: the first required the presence of
symptoms of numbness, tingling, burning, or pain in
at least two digits in the median nerve distribution
AND abnormal NCS. The second case definition
required only abnormal NCS, defined as median dis-
tal sensory latency greater than 3.5 milliseconds or
distal motor latency greater than 4.5 milliseconds or
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median-ulnar sensory latency difference greater than
0.5 milliseconds. Incident (new) cases were those
who met a case definition at 3 year follow-up but not
at baseline examination.

Work-related exposures were estimated by self-
report and by job title. Workers reported average
daily time for 7 physical exposures using a modified
Nordstrom questionnaire: hand/wrist bending, fore-
arm rotation, pinch grip, use of hand-held vibrating
power tools, finger/thumb pushing/pressing, forceful
grip, and lifting >1 kg. Based on job titles, 13 expo-
sure variables were extracted from O*NET, a pub-
licly available database developed by the U.S. De-
partment of Labor, using variables related to hand
strength, dexterity and speed and repetitive move-
ments. We ran separate analyses using these self-
reported exposures and job-title based exposures.

Logistic regression models used the most recent
exposure preceding the repeat nerve conduction test-
ing and report of symptoms. Subjects that met the
case definitions at baseline were eliminated from the
analysis. Clinical covariates were body mass index
(BMI), age, and gender. A single self-reported physi-
cal exposure or job-title based exposure was added to
each model.

3. Results

Of 1107 workers enrolled at baseline, repeat nerve
conduction studies and questionnaire were available
on 745 (67%) at 3 year follow-up. In the first case
definition of CTS (symptoms AND abnormal NCS),
723 subjects were eligible for the incident analysis
and 29 (4%) met the case definition (22 had positive
findings at baseline). In the second case definition
(abnormal NCS) of 549 subjects with normal base-
line NCS, 55 (10%) had abnormal NCS at follow-up
(196 had abnormal NCS at baseline).

In logistic regression models adjusted for age, gen-
der, and body mass index (BMI), preliminary analy-
ses showed that two self-reported physical exposures
were statistically significantly associated with inci-
dent CTS (symptoms AND abnormal NCS), includ-
ing forceful gripping (Odds ratio of 2.59; 95% Con-
fidence interval of 1.12-5.99) and lifting > 1kg (Odds

ratios of 3.27; 95% Confidence interval of 1.27-8.44).

In logistic regression models with incident abnormal
NCS as the outcome, the self-reported exposure of
time spent using hand-held vibrating power tools was
significant (Odds ratio of 2.02; 95% Confidence in-
terval of 1.04-3.90).

In models using job-title based estimates of expo-
sure, factor analysis combined the 13 O*NET vari-
ables into three factors, corresponding to force, repe-
tition, and vibration. When these three factors were
entered separately into logistic regression models that
also included age, gender, and BMI, the force vari-
able was significantly associated with incident ab-
normal NCS (Odds ratio of 1.45; 95% Confidence
interval of 1.06-1.99).

4. Discussion

We examined new cases of abnormal NCS and
those meeting a case definition of CTS in a 3-year
follow-up of newly-hired workers. These outcomes
of CTS were associated with workplace physical ex-
posures in this prospective cohort study. This cohort
continues to be followed for work exposures and will
receive additional follow-up testing with nerve con-
duction testing and questionnaires. Future analyses
will explore the associations of work exposures with
self-reported symptoms, NCS, and the combination
of symptoms and abnormal NCS case definitions.

Acknowledgements

This study was supported by research funding
from the Centers for Disease Control / National Insti-
tute of Occupational Safety and Health (ROl
OHO008017-01) and from the National Center for Re-
search Resources (NCRR), a component of the Na-
tional Institutes of Health (NIH), and NIH Roadmap
for Medical Research (UL1 RR024992).

References

[1] L.P. Hanrahan, D.Higgins, H. Anderson, L. Haskins,
and S. Tai. Project SENSOR: Wisconsin surveillance
of occupational carpal tunnel syndrome. Wis Med J
(1991), 80, 82-83.

[2] D. W. Levine, B.P. Simmons, and M.J. Koris, et al. A
self-administered questionnaire for the assessment of
severity of symptoms and functional status in carpal
tunnel syndrome. J Bone Joint Surg (1993), 1585-1592.

[3] I Atroshi, C. Gummesson, R. Johnsson, E. Ornstein, J.
Ranstam, and I. Rosen. Prevalence of carpal tunnel
syndrome in a general population. JAMA (1999), 153-
158.

[4] Y. Roquelaure, C. Ha, M.C. Pelier-Cady, G. Nicolas, A.
Descatha, and A. Leclerc, et al. Work increases the in-
cidence of carpal tunnel syndrome in the general popu-
lation. Muscle Nerve (2008), 77-82.



4452

(3]

B. Evanoffet al. / Risk Factors for Incident Carpal Tunnel Syndrome

M. Mondelli, F. Giannini, and M. Giacchi. Carpal tun-
nel syndrome incidence in a general population. Neuro-
logy (2002), 289-294.

(6]

F. J. Bongers, F.G. Schellevis, W.J. van den Bosch, and
J. van der Zee. Carpal tunnel syndrome in general prac-
tice (1987 and 2001): incidence and the role of occupa-
tional and non-occupational factors. Br J Gen Pract
(2007), 36-39.



