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Abstract: Objective: To assess whether work-related physical activities are associated
with CTS,
even when controlling for personal risk factors.

Methods: A cross-sectional assessment of 1108 workers from 8 employers and 3 unions
completed

nerve conduction testing, physical exam, and questionnaires. CTS was

defined by median neuropathy and associated symptomes.

Results: Eighteen workers had CTS and 131 had evidence of median neuropathy. CTS
was

highest among construction workers (3.0%) compared to other subjects (<1%). Logistic
regression

models for median neuropathy both personal and work-related risk factors. Work-
related exposures

were estimated by two methods: self-report and job-title based rafings.

Conclusions: Both work and personal factors mediated median nerve impairment.,
Construction

workers are at an increased risk of CTS so awareness should be raised and interventions
shouldspecifically target this risk group.

INTRODUCTION

Carpal tunnel syndrome (CTS), a result of compression of the median nerve at
the wrist,

is a common cause of hand discomfort and functional impairment. Using a case
definition of

CTS combining symptoms and electrodiagnostic testing, prevalence estimates
are between 1-5% in the general populationt,2and up to 10% among active
workers in certain occupations.s, 4 CTS has been identified as a leading cause of
work disability with considerable associated costs. In 2005, the median number
of days away from work due to CTS was 27, fied with fractures as the highest



among all major disabling workplace injuries and illnesses in the United States.s
From 1990-1994, the cumulative worker’s compensation costs for CTS claims in
the state of

Washington alone were about 310 million dollars.e Nationwide, the estimated
medical costs

associated with CTS exceed 2 billion dollars annually.7

Although CTS is more common in some occupations, the contributions of
workplace

physical activities and personal risk factors in its etiology are not fully understood.
Among

earlier studies of the work-relatedness of CTS, many had small sample sizes, used
varying

definitions of CTS, and did not consistently account for known personal risk
factors such as

increasing age, high body mass index (BMI), and comorbid diseases such as
diabetes mellitus.s, ¢

Similarly, numerous recent studies characterizing the personal factors associated
with CTS have

not adequately measured or analyzed occupational factors.s, 10-12 Other recent
studies have

shown that both personal and occupational factors are independently
associated with CTS.13-15

Evaluating the independent contributions of occupational versus non-
occupational risk factors

for CTS has implications for prevention, tfreatment, and for medical-legal issues.

The present study assessed the independent conftributions of both personal and
workrelated

risk factors for median neuropathy and for CTS, defined as median nerve
abnormality

and appropriate symptoms in the same hand in a group of newly hired workers
in several

different industries.

METHODS

Subject Recruitment

This cross-sectional study presents baseline data from the Predictors of Carpal
Tunnel

Syndrome (PrediCTS) Study, an ongoing prospective study of CTS in newly hired
workers.



Subjects were recruited from both high and low hand-intensive jobs within the St.
Louis area

between July 2004 and October 2006. Subjects were recruited from eight
employers and three

apprenticeship programs and included carpenters, floorlayers, sheetmetal
workers, engineers,

laboratory workers, computer workers, and hospital support staff. Eligibility
criteria included

starting a new job or having a change in job status, working a minimum of 30
hours per week, a

minimum age of 18 years, and ability to speak English. Exclusion criteria were
pregnancy, a

prior diagnosis of CTS made by a healthcare provider, fraumatic nerve injury or
peripheral

neuropathy, and physical conditions considered contraindications to nerve
conduction testing.

Workers were recruited at the fime of pre-placement, post-offer health exams,
during employee orientation sessions, or at apprenticeship training programs.
The Washington University School of Medicine and the University of Michigan
Institutional Review Boards approved this study and all subjects provided written
informed consent to participate. Subjects were compensated for participation.

Data Collection
Questionnaire
Each subject completed a self-administered questionnaire including items
about neck and
upper extremity symptoms, demographics, medical history, and past work
history. Questions for upper extremity symptoms assessed general location,
quality, severity, frequency, and duration. Subjects filled out a modified Katz
hand diagramie, 17 to depict the location of burning, pain, tingling or numbness
in the hands. Demographics included age, gender, race, exercise habits, and
smoking. Self-reported medical history included family history of CTS,
medications, surgeries, and physician diagnosis of conditions previously
described as risk factors for CTS.
Work-related physical exposures were measured in two ways. First, subjects
completed a
validated questionnaireisdescribing hand and arm activities in their most recent
job held prior to study enrollment. These questions are listed in the appendix.
Second, we assigned job-title based physical exposure ratings using the
Occupational InNformation Network (O*NETm), a publicly available database
provided by the US Department of Labor which describes the physical
requirements of over 800 jobs (http://www.onetcenter.org/database.html). To
3



assign exposure ratings for each subject, we matched the self-reported job title
with the closest title in the O*NET database and used the values provided for
upper extremity activities. The variables we analyzed are listed in the appendix.

Physical Examination and Nerve Conduction Studies

We performed a structured physical examination of the upper extremities that
included

use of a dial caliper to measure wrist width and depth at the distal wrist crease.
From these

measurements, we calculated the wrist index (the ratio of depth/width).10, 11,19
We measured each subject’s height and weight to calculate their BMI (kg/m2).
Results of the physical exam were confidential and did not affect the worker’s
job placement or offer of employment.

Nerve conduction studies were performed by research assistants frained to
operate an

automated nerve testing device, the NC-stat (NEUROMetrix, Inc., Waltham, MA).
This

instrument has been shown to have good criterion validity when compared to
fraditional methods of nerve conduction testing.2o24 We measured distal motor
latencies for the median and ulnar nerve (wrist-thenar eminence and wrist-
hypothenar eminence, respectively), and antidromic distal sensory latencies for
the median and ulnar nerve (wrist-third finger and wrist-fifth finger, respectively)
bilaterally. Summmary results included amplitudes, latencies normalized to a
temperature of 32°C using correction factors provided by the manufacturer
(.135 msec/degree C for median distal sensory latency), and percentile scores
for the measurements, based on age and height-specific reference ranges for
the general population provided by the manufacturer.

Case Definitions
We defined electrophysiological median neuropathy as a severe prolongation
of median
nerve conduction time in either hand using the nerve tesfing device
manufacturer’s reference
ranges:

e Sensory median-ulnar latency difference = 97.5tn percentile, or

e Median distal sensory or motor latency > 99.8i percentile
Our case definition for CTS followed consensus criteria of Rempel, et al. 25
requiring the
combination of electrophysiological abnormality of the median nerve and
appropriate symptoms in the same hand. Positive symptoms were defined as a
“classic” or “probable” score on a modified Katz hand diagram, which was
rated by a panel of 3 experts using a consensus process. Raters of the hand
diagrams were blinded to all other subject data.



Data Analysis

The software used for data analysis was SPSS version 14.0 (©SPSS Inc, Chicago,
IL).
We calculated the prevalence of CTS and median neuropathy; ninety-five
percent confidence
intervals (Cls) were calculated using the continuity correction. Basic parametric
and nonparametric statistics were used to compare potential risk factors
between groups. We performed multivariate logistic regression analysis only for
the median neuropathy outcome because there were too few cases of CTS to
permit the analysis. The base model contained personal risk factors that were
significantly associated with median neuropathy. In subsequent models, we
examined the contributions of individual work-related exposure variables and
combinations of these variables, controlling for the personal factors that were
significant in the base model. Because of collinearity among the O*NET
variables describing work-related physical activities, we performed a factor
analysis using the “factor” procedure in SPSS to collapse the information into a
smaller number of variables. Similar techniques have been used elsewhere to
reduce the number of variables used to model biomechanical exposures.2s We
constructed additional logistic regression models using the “factors” as overall
indices of physical exposure in the prior job. We used the C-statistic to assess the
predictive ability of the final models. There is no universally agreed upon cut
point for defining abnormal nerve conduction, therefore we performed a
sensitivity analysis in which we repeated the prevalence estimates and
regression models using a broader definition of median neuropathy:

e All individuals meeting the initial criteria, as well as individuals with

e Sensory median-ulnar latency difference = 95 percentile, or

e Median distal sensory latency > 95 percentile
We also calculated linear regression models for the median nerve distal sensory
latency for the
left and right hands to verify that our assessment of risk factors did not depend
on the form of the statistical model.

RESULTS

Study group

Among the 11 participating employers and tfrade unions, 2970 potentially
eligible

workers were invited to join the study and 1108 (37.3%) participated.
Recruitment rates were

44.9% in the three construction trades apprenticeship programs, 48.3% at the
hospital, and 17.8% in the other employers combined. Data analysis was



restricted to the 1071 subjects with complete data sets. The analytical group
consisted of 435 apprentice construction workers, 478 hospital workers, and 158
workers in computer or laboratory jobs. There was wide variability in prior jobs
reported. Based on the O*NET occupation categories, there were 258 different
job fitles represented among the subjects included in the analysis. The
demographic characteristics and medical history of the study group are shown
in Table 1.

Prevalence

Of 1071 subjects, 131 (12.2%. 95% Cl, 10.2%-14.2%) had electrophysiological
evidence

of median neuropathy. Of these subjects, 18 (1.7%; 95% CI, 0.9%-2.5%) met our
case definition

of CTS, which required characteristic symptoms in addition to neuropathy.
Twenty-nine

workers had characteristic symptoms but did not meet our criteria for
electrophysiological

abnormality. Prevalence rates of median neuropathy, characteristic symptoms,
and CTS by new

occupational group and proportion of individuals previously working in a
manual tfrade are

shown in Table 2. Newly hired construction workers had the highest prevalence
of median

neuropathy, characteristic symptoms, and CTS; they were also more likely to
have worked in a

previous manual labor job.

Analysis of Risk Factors for Carpal Tunnel Syndrome
Among the 15 variables analyzed, we found that both personal and work-
related risk
factors were associated with CTS. We compared the 18 subjects meeting the
case definition of
CTS to the 940 subjects with normal nerve conduction on all personal and work
exposure
variables and found that those with CTS had a higher BMI, but the difference
was not
statistically significant (31.0 vs. 28.1; p = 0.058). Additionally, the group with CTS
had a higher
median wrist index (ratio of depth/width) (0.72 vs. 0.69; p = .0006). Compared to
workers with
normal nerve conduction, a higher proportion of workers with CTS reported
exposure to each of the eight physical exposure variables measured. This higher
proportion of exposure was
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statistically significant for five of the eight variables: lifting 2 or more Ibs., using
vibrating hand

tools, using the fingers or thumb as a pressing tool, using the fingers in a pinch
grip, and forceful gripping. All other personal variables listed in Table 1 showed
no statistically significant

difference between those with CTS and those with normal nerve conduction.

Analysis of Risk Factors for Symptoms of Carpal Tunnel Syndrome

To assess predictors of symptoms of CTS, we also examined differences in
personal and

work exposure variables between workers with and without characteristic
symptoms of CTS. We compared the 40 subjects with characteristic symptoms of
CTS (Katz hand diagram of 2 or 3), regardless of nerve conduction status, to the
990 subjects without symptoms in the median nerve distribution (no symptoms or
Katz hand diagram of 0, regardless of nerve conduction status). We found that
those with characteristic symptoms of CTS were slightly younger (mean age 29.9
years vs. 30.8; p= 0.007). A higher proportion of workers with characteristic
symptoms of CTS reported exposure to each of the eight physical exposure
variables measured. This higher proportfion of exposure was statistically
significant for five of the eight variables: using vibrating hand tools, using a
twisting motion of the forearm, using the fingers or thumb as a pressing tool,
using the fingers in a pinch grip, and forceful gripping. All other personal
variables listed in Table 1 showed no statistically significant difference between
those with and without

characteristic symptoms of CTS.

Logistic Regression Models for Median Neuropathy

Personal Factors

All variables listed in Table 1 were included in the original model. The demographic and
medical risk factors that best predicted prevalent cases of median neuropathy (p<0.05
for

univariates) were retained as the base model and included in all subsequent models
(see Table 3).

In addition to gender, age, BMI, wrist index = 0.7, and history of diabetes, history of
shoulder

tendonitis was retained in the model with a significance of p = .088.

Self-Reported Work Exposures

Self-reported past work exposures were added to the base model one at a time with
median neuropathy as the outcome. Table 4 shows the odds ratios for each physical
exposure. As

univariates, all variables had odds ratios greater than 1 with statistically significant
confidence



intfervals, except using fingers/thumio as pressing tool and using fingers in pinch grip.
When

mulfiple self-reported physical exposures were added to the base model
simultaneously, the best

predictive model (C-statistic = 0.768) contained lifting 2 or more pounds, using vibrating
hand

tools and working on assembly line. This model is shown in Table 5. Because gender was
unequally distributed between the current occupational categories, particularly with
regard to the

construction tfrades, we repeated this analysis with the removal of gender, and with the
addition

of a variable representing the occupational category for each worker’s new job. The
removal of

gender from the model caused littfle change in the other risk factors for median
neuropathy. As

shown in Table 5, addition of current job category showed that new workers in
construction and

in the hospital had a higher risk of median neuropathy than those in the clerical/other
group.

Gender was not a significant predictor after controlling for current occupational
category, but

other personal and work-related risk factors were minimally changed by this addition.

Job Title Based Work Exposures

Table 6 shows the odds ratios for ascending quartiles of the job title based ratings, with
the variables added one at a time for the outcome of median neuropathy. The
following variables

had at least one level with a statistically significant odds ratio greater than 1: static
strength,

dynamic strength, general physical activity, intensity level of handling objects, and time
spent

handling objects.

Using factor analysis, physical exposure variables from the O*NET database were
collapsed into three factors. The first factor explained 56.6% of the variance with the
following variables loading primarily onto it (rotated factor loading > 0.4): static,
explosive, and dynamic strength, manual dexterity, general physical activity, intensity
level of handling/manipulating objects with the hands, and time spent handling
objects. The highest loadings (> 0.8) were among the strength variables and general
physical activity, therefore this factor represented the upper extremity force
requirement. The second factor explained an additional 13.1% of the variance. It
represented the dexterity requirement, with the variables of manual dexterity, finger
dexterity, wrist finger speed, and time spent handling objects loading primarily onto it.
The third factor explained an additional 10.1% of the variance and represented the
repetition requirement.



Time spent making repetitive motions and time spent handling objects were the primary
variables loading onto it. The force and repetition requirements, but not the manuall
dexterity

requirement, were significant predictors in the regression model, which had an overall
C-statistic

of 0.763 (Table 7). Removal of gender from the model strengthened the associations
between

force and median neuropathy with little change in the associations with repetition.
Adding

current occupational category to the model as in Table 5 reduced the strength of
association with

force and repetition.

Sensitivity Analysis

Additional analyses with a more sensitive definition of nerve conduction abnormality
(sensory median-ulnar latency difference = 95th percentile, or median distal sensory
latency >

95th percentile) found that the prevalence of median neuropathy nearly doubled
(23.7%). while

the prevalence of CTS remained essentially unchanged (2.3%). Using this more sensitive
outcome, the logistic regression model for personal and work-related risk factors
associated with

median neuropathy showed similar results. Linear regression models of the median
nerve distal

sensory latencies of the right and left hands found that gender, age, BMI, wrist index,
history of

diabetes, regular physical exercise, family history of CTS, and a number of workplace
physical

exposure variables were significant predictors.

DISCUSSION

We have shown that both personal and work-related risk factors are significant
conftributors to median neuropathy among newly hired workers. The study describes
both sets of risk factors for CTS and median neuropathy in a large cohort of newly hired
workers representing a wide range of prior occupational physical exposures.

Prevalence

The prevalence of CTS in this group of newly hired workers was not higher than
the

prevalence in the general population, as would be expected in a group of
healthy workers

seeking new employment. Apprentice construction workers had the highest
prevalence of CTS in our study, while newly hired computer, clerical, and
laboratory workers had the lowest. The



maijority of the apprentice construction workers had a history of working in
manual trades,

supporting the hypothesis that forceful upper extremity work poses an increased
risk of CTS.

This finding is consistent with prior evidence indicating that occupations with
high-force, high repetition physical demands have an increased risk of CTS,3, 14
and jobs entailing typing and

computer use present minimal risk.27, 28

The prevalence of median neuropathy in our population was similar to the
prevalence

found in previous studies. Prior estimates have placed the prevalence of median
neuropathy

between 4.7% and 18.9% in the general population and between 15% and 39%
among manual

laborers.1, 4,29-32 The majority of subjects (86.3%) classified as having abnormall
median nerve

conduction in our study did not have symptoms meeting our case definition of
CTS. The finding

that nerve conduction reference ranges based on the general population are
overly sensitive when applied to a working population has been shown
previously, and is not unique to our methods of nerve conduction testing. Using
standard methods of nerve conduction, Bingham et al. found that 90% of a
group of workers with electrophysiological median neuropathy were
asymptomatic 29 and Salerno et al. showed that reference ranges based on a
population of active workers were prolonged with respect to accepted norms
based on the general population. 33

Risk Factors

The univariate analyses showed that personal factors as well as occupational
factors

including hand force and exposure to vibration were associated with CTS.
However, the low

prevalence of CTS in the study population limited the strength of the statistical
inferences that

could be drawn regarding risk factors. Among the personal factors that were
significant in our regression models for median neuropathy were male gender
and shoulder tendonifis. Prior studies have found women to be at higher risk for
CTS than men, though other studies have found that women are more likely to
report symptoms but are no more likely than men to have electrophysiological
median neuropathy. 8 34 Because the odds ratio for male gender decreased
when physical exposures were added to the model, and largely eliminated
when job category was added, it is likely that the effect of male gender was

10



predominantly due to the greater number of males in physically demanding
occupations, particularly the construction trades. The risk factor of shoulder
tendonitis may also be a surrogate marker for strenuous upper extremity work.
Our regression models confirmed that physical exposures in the previously held
job were

independently associated with median neuropathy, even after controlling for a
variety of personal factors. In a cross-sectional study, it is possible that subjects
with symptoms may report physical exposures differently than those without
symptoms. However, our study found a relationship between job physical
exposures and median neuropathy whether the physical exposures were
modeled using self-reported data or using the job title based ratings. This latter
relationship is important to the validity of our findings since exposure estimates
based on job title are not subject to reporting bias by the subjects. Additionally,
since the majority of subjects with median neuropathy were asymptomatic, it is
unlikely that reporting bias due to symptoms affected the logistic regression
models for self-reported work activities. Among the different regression models
we constructed, forceful work with the hands had the most consistent
association with median neuropathy, appearing in some form in many of the
models examining work-related factors. Work requirements of force, repetition,
and vibration have been previously described as risk factors for CTS.9,13, 15

Sensitivity Analysis

Using the less strict definition of abnormal median nerve conduction increased
the

prevalence of cases (23.7%) but reduced the number of significant variables in
the model.

Evaluation of the continuous distal median sensory latency as a proxy for
neuropathy in the right and left hands increased the number of personal
variables in the model while retaining a variety of occupational physical
exposures. Despite these minor changes in the logistic modeling, controlling for
this new set of personal risk factors continued to show muiltiple self-reported
physical exposures and job fitle based ratings as significant predictors of median
neuropathy. Regardless of our modeling technique, both personal and
occupational variables were associated with delayed median nerve
conduction.

Limitations
A limitation of our multivariate modeling of risk factors was the use of
electrophysiological median neuropathy as a surrogate for CTS. Consistent
findings have shown that asymptomatic individuals with median neuropathy
have a 3-4 fold increased risk of developing CTS over a period of 5-10 years.13, 15,
34-36 Though the majority of people with asymptomatic median neuropathy will
not develop symptoms,34 this finding may represent a preclinical

11



stage of CTS in a subset of individuals. Other studies have shown that risk factors
for

median neuropathy are similar to those for symptomatic CTS. Age, gender,
obesity, and systemic diseases are known covariates of median nerve distal
sensory and motor latencies, as well as known risk factors for CTS.37
Occupational activities can also affect median nerve conduction. A study of 45
new employees in a pork processing plant showed that distal sensory latencies
in the median nerve became significantly prolonged compared to baseline
after 2 months of forceful manual work.3s

Our study has several other limitations. The cross-sectional design permitted only
a

limited demonstration of a temporal relationship between outcomes and
exposures that have been reported as common risk factors among workers with
CTS.39 The low prevalence of medical comorbidities such as diabetes, arthritis,
and hypothyroidism in our study group limited our ability to statistically model
their effects but also decreased the likelihood that the observed relationships
between work-related factors, CTS and median neuropathy were confounded
by these medical comorbidities.

Another limitation is that both of the methods we used to evaluate work-related
physical

activities could have led to exposure misclassification. We accounted only for
the immediate

prior job, and did not adjust for the number of years at the job nor other previous
jobs. We also

dichotomized physical exposures in our analysis. It is likely that these factors led
fo

underestimation of the role of work exposures in CTS and median neuropathy.
The large effect

seen for current job group in Table 5 suggests that our exposure measures did
not fully explain

the variance due 1o job exposures.

CONCLUSIONS

We demonstrated that in a relatively young, healthy population of workers,
work-related

upper extremity physical activities are significantly associated with median
neuropathy, even

when controlling for known cofactors such as gender, age, BMI, wrist index, and
comorbid

12



diseases. This relationship was observed for both self-reported work exposures
and for exposures derived from job titles and a standardized database of job
descriptions. We also showed that physical exposures were significantly
associated with CTS in our cohort. These findings indicate that reductions in
workplace physical exposures may be useful for preventing CTS and median
neuropathy. Workers in construction trades are at an especially increased risk of
CTS, suggesting that interventions should specifically target this high-risk group.
Prospective studies with more precise exposure measurements will help confirm
or modify the associations found in this study.

ACKNOWLEDGEMENTS

This study was funded by the Centers for Disease Control and Prevention, National
Institute for Occupational Safety and Health grant no. ROTOHO08017-01. Material
assistance in the form of nerve testing sensors was provided by NEUROMetrix Inc,
Waltham, MA. Dr. Evanoff had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of the data analysis. This
study was presented at the Sixth International Scientific Conference on Prevention of
Work-Related Musculoskeletal Disorders (PREMUS), August, 2007.

No authors in this study are affiliated with any organization that to any author's
knowledge have direct interests, including financial interest, in the subject matter or
materials discussed. The authors Bradley Evanoff, Ann Marie Dale and Alfred Franzblau
were involved with the concepftion and design of this project as well as the funding for
the project. Bradley Evanoff, Ann Marie Dale, Alfred Franzblau and Ted Armstrong
participated in acquisition of data, analysis and manuscript preparation. The authors
wish to thank Carla Farrell, Jeff Krato, and Alicia Johnson for their diligent efforts in
subject recruitment and testing. We wish to thank Jaime Strickland for her essential work
in data management and study coordination.

The Corresponding Author has the right to grant on behalf of all authors and does grant
on behalf of

all authors, an exclusive license (or non-exclusive for government employees) on a
worldwide

basis to the BMJ Publishing Group Ltd and its Licensees to permit this article (if
accepted) to be

published in OEM and any other BMJPGL products to exploit all subsidiary rights, as set
outin

our license.

REFERENCES

1. Atroshi |, Gummesson C, Johnsson R, Ornstein E, Ranstam J, Rosen, |. Prevalence of
carpal

tunnel syndrome in a general population. JAMA. 1999,282:153-8.

2. De Krom MC, Knipschild PG, Kester AD, Thijs CT, Boekkooi PF, Spaans F. Carpal tunnel
syndrome: prevalence in the general population. J Clin Epidemiol. 1992;45:373-6.

13



3. Frost P, Andersen JH, Nielsen VK. Occurrence of carpal funnel syndrome among
slaughterhouse workers. Scand J Work Environ Health. 1998,;24:285-92,

4. Rosecrance JC, Cook TM, Anton DC, Merlino LA. Carpal tunnel syndrome among
apprentice

construction workers. Am J Ind Med. 2002;42:107-16.

5. Cherniack M. Vibration, pathophysiology, and industrial control. J Occup Environ
Med.

1999:41:419-32.

6. Daniell WE, Fulton-Kehoe D, Chiou LA, Franklin GM. Work-related carpal tunnel
syndrome

in Washington State workers' compensation: temporal frends, clinical practices, and
disability. Am J Ind Med. 2005,48:259-69.

7. Palmer DH, Hanrahan LP. Social and economic costs of carpal tunnel surgery. Instr
Course

Lect. 1995;44:167-72.

8. Becker J, Nora DB, Gomes |, ef al. An evaluation of gender, obesity, age and
diabetes mellitus

as risk factors for carpal tunnel syndrome. Clin Neurophysiol. 2002;113:1429-34.

9. Bernard B. Musculoskeletal Disorders and Workplace Factors: A Critical Review of
Epidemiologic Evidence for Work-Related Musculoskeletal Disorders of the Neck, Upper
Extremity, and Low Back: DHHS (NIOSH) Publication No. 97-141; 1997.

10. Boz C, Ozmenoglu M, Altunayoglu V, Velioglu S, Alioglu Z. Individual risk factors for
carpal tunnel syndrome: an evaluation of body mass index, wrist index and hand
anthropometric measurements. Clin Neurol Neurosurg. 2004;106:294-9.

11. Kouyoumdijian JA, Zanetta DM, Morita MP. Evaluation of age, body mass index, and
wrist

index as risk factors for carpal tunnel syndrome severity. Muscle Nerve. 2002;25:93-7.
12. Palumbo CF, Szabo RM, OImsted SL. The effects of hypothyroidism and thyroid
replacement on the development of carpal tunnel syndrome. J Hand Surg (Am).
2000;25:734-9.

13. Gell N, Werner RA, Franzblau A, Ulin SS, Armstrong, TJ. A longitudinal study of
industrial

and clerical workers: incidence of carpal funnel syndrome and assessment of risk
factors. J

Occup Rehabil. 2005;15:47-55.

14. Latko WA, Armstrong TJ, Franzblau A, Ulin SS, Werner RA, Albers JW. Cross-sectional
study of the relationship between repetitive work and the prevalence of upper limb
musculoskeletal disorders. Am J Ind Med. 1999;36:248-59.

15. Werner RA, Franzblau A, Gell N, Hartigan AG, Ebersole, M, Armstrong, TJ. Incidence
of

carpal tunnel syndrome among automobile assembly workers and assessment of risk
factors.

J Occup Environ Med. 2005,;47:1044-50.

16. Franzblau A, Werner RA, Albers JW, Grant CL, Olinski D, Johnston E. Workplace
surveillance for carpal tunnel syndrome using hand diagrams. J Occup Rehabil.
1994;4:185-

14



98.

17. Katz JN, Stirrat CR, Larson MG, Fossel AH, Eaton HM, Liang MH. A self-administered
hand symptom diagram for the diagnosis and epidemiologic study of carpal tunnel
syndrome.

J Rheumatol. 1990;17:1495-8.

18. Nordstrom DL, Vierkant RA, Layde PM, Smith MJ. Comparison of self-reported and
expertobserved

physical activities at work in a general population. Am J Ind Med. 1998;34:29-35.

19. Johnson EW, Gatens T, Poindexter D, Bowers D. Wrist dimensions: correlation with
median

sensory latencies. Arch Phys Med Rehabil. 1983;64:556-7.

20. Armstrong T, Dale AM, Franzblau A. Median and Ulnar Nerve Conduction Studies at
the

Wrist: Comparison of Automated and Traditional Methods. J Occup Environ Med. 2007:
currently in press.

21. Kong X, Gozani SN, Hayes MT, Weinberg DH. NC-stat sensory nerve conduction
studies in

the median and ulnar nerves of symptomatic patients. Clin Neurophysiol. 2006;117:405-
13.

22. Leffler CT, Gozani SN, Cros D. Median neuropathy at the wrist: diagnostic utility of
clinical

findings and an automated electrodiagnostic device. J Occup Environ Med.
2000;42:398-409.

23. Rotman MB, Enkvetchakul BV, Megerian JT, Gozani SN. Time course and predictors
of

median nerve conduction after carpal tunnel release. J Hand Surg (Am). 2004,29:367-
72.

24. Vinik Al, Emley MS, Megerian JT, Gozani SN. Median and ulnar nerve conduction
measurements in patients with symptoms of diabetic peripheral neuropathy using the
NC-stat

system. Diabetes Technol Ther. 2004;6:816-24.

25. Rempel D, Evanoff B, Amadio PC, et al. Consensus criteria for the classification of
carpal

tunnel syndrome in epidemiologic studies. Am J Public Health. 1998,88:1447-51.

26. Descatha A, Roguelaure Y, Evanoff B, et al. Selected questions on biomechanical
exposures

for surveillance of upper-limb work-related musculoskeletal disorders. Int Arch Occup
Environ Health. 2007;81:1-8.

27. Andersen JH, Thomsen JF, Overgaard E, et al. Computer use and carpal tunnel
syndrome: a

1-year follow-up study. JAMA. 2003;289:2963-9.

28. Stevens JC, Witt JC, Smith BE, Weaver AL. The frequency of carpal funnel syndrome
in

computer users at a medical facility. Neurology. 2001;56:1568-70.

29. Bingham RC, Rosecrance JC, Cook TM. Prevalence of abnormal median nerve
conduction in

15



applicants for industrial jolbs. Am J Ind Med. 1996,30:355-61.

30. Ferry S, Pritchard T, Keenan J, Croft P, Siiman AJ. Estimating the prevalence of
delayed

median nerve conduction in the general population. Br J Rheumatol. 1998;37:630-5.

31. Nathan PA, Meadows KD, Doyle LS. Relationship of age and sex to sensory
conduction of

the median nerve at the carpal tunnel and association of slowed conduction with
symptomes.

Muscle Nerve. 1988;11:1149-53.

32. Nathan PA, Meadows KD, Doyle LS. Occupation as a risk factor for impaired sensory
conduction of the median nerve at the carpal tunnel. J Hand Surg (Br). 1988;13:167-70.
33. Salerno DF, Franzblau A, Werner RA, Bromberg MB, Armstrong TJ, Albers JW. Median
and ulnar nerve conduction studies among workers: normative values. Muscle Nerve.
1998;21:999-1005.

34. Nathan PA, Keniston RC, Myers LD, Meadows KD, Lockwood RS. Natural history of
median nerve sensory conduction in industry: relationship to symptoms and carpal
tunnel

syndrome in 558 hands over 11 years. Muscle Nerve. 1998;21:711-21.

35. Werner RA, Franzblau A, Albers JW, Buchele H, Armstrong TJ. Use of screening nerve
conduction studies for predicting future carpal tunnel syndrome. Occup Environ Med.
1997:54:96-100.

36. Werner RA, Gell N, Franzblau A, Armstrong TJ. Prolonged median sensory latency as
a

predictor of future carpal tunnel syndrome. Muscle Nerve. 2001;24:1462-7.

37. Werner RA. Evaluation of work-related carpal tunnel syndrome. J Occup Rehabil.
2006;16:207-22.

38. Kearns J, Gresch EE, Weichel CY, Eby P, Pallapothu SR. Pre- and post-employment
median

nerve latency in pork processing employees. J Occup Environ Med. 2000;42:96-100.

39. Atcheson SG, Ward JR, Lowe W. Concurrent medical disease in work-related carpal
tunnel

syndrome. Arch Intern Med. 1998;158:1506-12.

Table 1.

16



Table 1. Characteristics of the study group*

Characteristic Analytic
Sample (n =
1071)
Age, mean (SD), y 30.8 (10.3)
Body mass index, mean (SD) 28.5 (6.6)
Wrist index, mean (SD)+ 0.70 (0.03)
Female gender 377 (35.2)
Race
White 656 (61.3)
Other 415 (38.7)
Exercise regularly 726 (67.8)
History of cigarette smoking 509 (47.5)
History of diabetes 24 (2.2)
History of rheumatoid arthritis 12 (1.1)
History of osteoarthritis 22 (2.1)
History of thyroid disease 25 (2.3)

History of tendonitis
Finger, hand, wrist, forearm, or 42 (3.9)
elbow
Shoulder 27 (2.5)
History of fractured finger, hand, 263 (24.6)
wrist, forearm, or elbow
Family history of CTS

Yes 183 (17.1)
No 849 (79.3)
Unknown 39 (3.6)

Abbreviations: CTS, carpal tunnel syndrome.

*Data are expressed as Mo, (%) unless otherwise indicated

FCalculated as weight in kilograms divided by height imn meters squared.

FCalculated as depth divided by width of wrist measured in centimeters at distal crease, average
of left and right hands.
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Table 2. Prevalence of median neuropathy, CTS symptoms and CTS case definition by
current occupation and prior history of manual labor

Occupation Age Male Median CTS Symptoms* CTS Case Prior Job

Category of Neuropamyf*“ Definition® Claszsified as

New Jobt Manual
Labor, %I

Mean (SD) e Mo, Prevalence, Mo. Prevalence, MNo. Prevalence,
Range %2 (95% Cl) %o (95% CI) %o (95% CI)

Construction 26.6 (6.6) 99 66 152 (11.7-18.7) 28 34(4.0819) 13 30(1.34.7) 706

Workers (18-51)

{n=435)

Hospital 338 (11.68) 38 59 12.3(9.3-154) 9 19(0.6-3.2) 4 038 (0.0-1.8) 282

Workers (18-BT)

{n=478)

Computer / 33.2 {10.1) 53 6 3.8(0.5-71) 3 15(0.0-4.3) 1 06 (0.0-2.2) 70

Other (20-54)

{n=138])

Total 30.8 (10.3) 100 131 122{10.2-14.2) 40 3.7 (2.6-4.9) 18 1.7 (0.9-2.5) 423

(n=1071)  (18-67)

Abbreviations: CTS, carpal tunnel syndrome; Cl, confidence interval

*Median neuropathy defined as electrophysiclogical abnormality in either hand. CTS Symptoms defined
as a rating of ‘possible’ or ‘classic’ on a Katz hand diagram (Katz 1990). CTS case definiion defined as a
combination of median neurcpathy and classic/probable symptoms in same hand (Rempel 1993).
TConstruction workers included apprentice carpenters, floor layers, and sheet metal workers. Hospital
workers included primarily custodians, food service workers, medical technicians and clerical workers.
Computeriother included subjects working at a desk or in a laboratory

1Classified based on the O*NET job title code corresponding to each subject’s prior job. The first 2 digits
of the code, representing general families of related jobs, were used for this determination

*defined as sensory median-ulnar latency difference = g7.5" percentile, or median distal sensory or motor
latency = 99.8 percentile

Table 3.

Table 3. Base model for logistic regression analysis: medical and demographic
factors associated with prevalent median neuropathy

Independent Variables Odds Ratio 95% CI
Gender (male-female) 224 1.43-3.50
Age (per 10-year increase) 1.55 1.31-1.86
BMI (per 5-point increase) 1.32 1.15-1.52
Wrist index = 0.7 (yes:no) 253 1.70-3.78
History of diabetes (yes:no) 271 1.02-7.15
History of shoulder tendonitis (yes:no) 2.55 0.97-6.73

Abbreviations: Cl, confidence interval, EMI, body mass index.

M =1071, p<.001.

TCalculated as weight in kilograms divided by height in meters sguared.

iCalculated as depth divided by width of wrist measured in centimeters at distal crease, average
of left and right hands.
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Table 4.

Table 4. Logistic regression analysis: odds ratios for median neuropathy for self-
reported physical exposures in the prior job.

Self-reported Exposure Odds 95% Cl Exposed
Ratio* Subjects
No. (%)
Lifting 2 or more Ibs. (yes:no) 3.31 1.54- 897 (83.8)
712
Using vibrating hand tools (yes no) 1.68 1.23 410 (38.3)
285
Working on assembly line (yes:no) 2.86 1.64- 84 (7.8)
5.01
Twisting forearm (yesmno) 1.78 1.18- o64 (52.7)
2.69
Bending wrist frequently (yesno) 1.72 1.07- 73 (72.2)
276
Using forceful hand grip (yes:no) 168 1.12- 539 (50.3)
253
Using fingers/thumb as pressing tool  1.19 0.80- 399 (37.3)
(yesno) 1.76
Using fingers in pinch grip (yesmno) 1.24 0.82- 321 (30.0)
1.86

Abbreviations: Cl, confidence interval.

M = 1071, p = .001 for all models.

*Adjusted for age, gender, body mass index, wrist index, history of diabetes, and history of
shoulder tend

Table 5.

Table 5. Logistic regression analysis: personal factors and self-reported physical work
exposures associated with prevalent median neuropathy with occupational category
excluded and included in separate models

Independent Variables Odds Ratio* 95% CI Odds Ratio™ a5% CI
Gender (male:female) 1.68 1.03-2.74 113 0.64-2.02
Age (per 10-year increase) 1.58 1.32-1.89 1.79 1.48-2.37
BMI (per S-point increase)t 1.28 1.12-1.49 1.34 1.10-1.54
Wrist index = 0.7 (yesno) } 2.54 1.69-3.82 274 1.81-4.14
History of diabetes (yes:no) 245 0.92-6.53 258 0.96-6.92
History of shoulder tendonitis (yes-no) 2. B6 097-729 244 0.96-6.92
Liftimg 2 or more lbs. (yesno) 26T 1.21-5.88 2.36 1.06-5.26
Usging vibrating hand tools (yes: no) 1.50 0.98-2.31 —_ —_
Working on assembly line (yes:no) 257 1.46-4 .54 271 1.52-4 .82
Clericalfother® - -— 1.0

Hospital® - -— 242 0.95-5.09
Construction” -- -— 7.01 2.65-18.54

Abbreviation: Cl, confidence interval, BMI, body mass index.

M = 1071, p=.001, C-statistic = .T68

*Adjusted for all other variables presented in the model.

tCalculated as weight in kilograms divided by height in meters squared.

TCalculated as depth divided by width of wrist measured in centimeters at distal crease, average of left
and right hands.

+ Clerical/other included subjects working at a desk or in a laboratory. Hospital workers included primarily
custodians, food service workers, medical technicians and clerical workers. Construction workers
included apprentice carpenters, floor layers, and sheet metal workers.
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Table 6. Logistic regression analysis: odds ratios for median neuropathy for O*NET
ratings of physical exposures in the prior job.

O*NET Exposure Rating  Odds Ratio® 95% Cl

Static strength

2™ quartile 267 1.46-4 89

3™ quartile 225 122417

4™ quartile 203 1.05-3.89
Explosive strength (yesino) 1.27 0.84-1.92
Oynamic strength

2™ quartile N 1.75-592

3™ quartile 257 1.34-4.91

4™ quartile 277 141546
Manuzal dexterity

2™ quartile 0.83 0.45-1.54

3™ quartile 143 0.84-2.44

4™ quartile 156 0.90-2 67
Finger dexterity

2" quartile 094 0.57-1.56

3™ quartile 0.64 0.36-1.12

4™ quartile 0va 0.45-1.36
Whist-finger speed

2" quartile 164 0.92-2 89

3" quartile 155 0.89-272

4™ quartile 135 0.76-2.42
General physical activity

2™ quartile 255 1.38-4.69

3™ quartile 244 1.31454

4™ quartile 239 121470
Handle objects

2™ quartile 174 0.95-3.20

3™ quartile 260 143473

4™ quartile 219 1.18-4.08
Time handling objects

2™ quartile 137 0.76-2.47

3™ quartile 178 1.00-3.18

4™ quartile 197 1.11-352
Time repetitive motions

2" quartile 079 0.43-1.43

3" quartile 117 0.70-1.94

4™ quartile 125 0.75-2.09

Abbreviation: Cl, confidence interval.

N =1071, p < 001 for all models.

* Adjusted for age, gender, body mass index, wrist index, history of diabetes, and history of
shoulder tendonitis. Odds ratics for each variable are in comparison to a referent group of the
lowest quariile of exposure, except when otherwise noted. Quarile cutoffs are available upon
request.



Table 7.

Table 7. Logistic regression analysis: personal factors and O*NET occupational
ratings associated with prevalent median neuropathy.

Independent Variables Odds Ratio* 95% Cl
Gender (male:female) 1.80 1.09-2.96
Age (per 10-year increase) 1.61 1.36-1.93
BMI (per 5-point increase) 1.32 1.14-1.52
Wrist index = 0.7 (yes:no) £ 260 1.73-3.90
History of diabetes (yes:no) 266 0.96-7.39
History of shoulder tendonitis (yes:no) 2.95 1.09-7.95
Force requirement™

2™ quariile 215 1.10-4.18

3" quartile 3.48 1.81-6.66

4" quartile 248 1.19-5.15
Repetition requirement™

2™ quartile 1.48 0.80-2.74

3™ quartile 1.11 0.61-2.00

A" quartile 1.79 1.01-3.18

Abbreviation: Cl, confidence interval, BMI, body mass index.

M = 1071, p<.001, C-statistic = 763

*Adjusted for all other variables presentad in the model.

**Derived from factor analysis of O*MET ratings of physical exposures in prior job. Reference
category for odds ratios was lowest quartile of exposure score.

tCalculated as weight in kilograms divided by height in meters squared.

iCalculated as depth divided by width of wrist measured in centimeters at distal crease, average
of left and right hands.



Appendix

Appendix Self-reported exposures and Independent ratings (O*MET database)

Self-reported Exposures®
MHame
Lifting
Using Vibrating Tools

Assembly Line

Twisting Motion of Forearm

Frequent Bending of Hand W nst
Forceful Grp
FingerfThumb as Pressing Tool

Finger Pinch Grip

Description

On average, how long altogether each day did you lift, cary,
push or pull objects weighing more than 2 pounds?

On average, how long altogether each day did you work with
hand-held or hand-operated vibrating tools or equipment?
On average, how long altogether each day did you work on
an assembly line?

On average, how long altogether each day did you do tasks
where there was twisting, rotating, or screwing motion of the
forearm (using a screwdriver, ringing out a rag)?

On average, how long altogether each day did you
frequently bend or twist hands or wrists?

On average, how long altogether each day did you use your
hand in a forceful grnp?

On average, how long altogether each day did you use the
tip of a finger or thumb as a pressing or pushing tool?

On average, how long altogether each day did you use your
hand in a finger pinch grip?

Independent Ratings (O*NET
database)
MHame
Manual Dexterity{

Finger Dexterityt

Wrist-finger Speedi

Static Strengthi

Explosive Strengthi

Dynamic Strengthi
Performing General Physical
Activitiest

Handling and Moving Objects{

Spend Time Using Your Hands to

Handle, Control, or Feel Objects, Tools

or Controlst
Spend Time Making Repetitive
Motionst

Description

The ability to quickly mowve your hand, your hand together
with your arm, or your two hands to grasp, manipulate, or
assemble objects.

The ability to make precisely coordinated movements of the
fingers of one or both hands to grasp, manipulate, or
assemble objects.

The ability to make fast, simple, repeated movements of the
fingers, hands, and wrists.

The ability to exert maximum muscle force to Iift, push, pull,
or camy objects.

The ability to use short bursts of muscle force to propel
onegelf (as in jumping or sprinting), or to throw an cbhject.
The ability to exert muscle force repeatedly or continuously
owver time. This involves muscular endurance and resistance
to muscle fatigue.

Performing physical activities that require considerable use
of your arms and legs and moving your whole body, such as
climbking, lifting, balancing, walking, stooping, and handling
of materials.

Using hands and arms in handling, installing, positioning,
and moving materials, and manipulating things.

How much does this job require using your hands to handle,
control, or feel objects, tools or controls?

How much does this job require making repetitive motions?

"Cluantified using categorical time scale. broken down into 12 categores from < 5 min. to > 8 hours.
T Quantified using weighted average of scores on a scale from 0-F, representing extent or intensity of activity

defined by verbal anchors.

T Quantified using weighted average of scores on a scale from 1-5, representing amount of time from newver

to continuoushy.
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