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Upper Extremity Mononeuropathy

Among Engineers

Craig F. Conlon, MD
David M. Rempel, MD, MPH

Objectives: The objectives of this study were to estimate the prevalence
of mononeuropathy at the wrist among engineers who use computers
and to identify associated risk factors. Methods: This is a cross-sectional
study of 202 engineers using questionnaires and electrophysiological
nerve lesting. The definition for median or ulnar mononeuropathy
required the combination of distal wpper extremity discomfort and
abnormal distal motor latency. Results: The prevalence of neuropathy at
the wrist among engineers was 10.3% (right median), 3.4 % (left
median), 1.8 % (right ulnar), and 2.9% (left ulnar). Logistic regres-
sion analysis identified three variables with positive associations (body
mass index, hours of computer use, and antihypertensive medication)
and three variables with negative associations (typing speed, driving
hours, total break time). Conclusions: Mononeuropathies at the wrist
occur among computer-using engineers and are related to a number of
factors, including hours of computer use. (J] Occup Environ Med.
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espite much speculation regarding a
link between computer use and en-
trapment neuropathy at the wrist
such as carpal tunnel syndrome
(CTS), the evidence for this associa-
tion is mixed. There is a robust
literature linking forceful and repeti-
tive hand intensive tasks to CTS.'™
There is some evidence that repeti-
tive tasks without high force may be
a risk factor for CTS. Thomsen et al
reported an association between CTS
and highly repetitive work among
Danish postal or bank employees
who performed mail sorting, envel-
oping, and data entry.® Although
computer work is repetitive, com-
puter work does not usually involve
high forces. Most studies of entrap-
ment neuropathies among computer
users are cross-sectional in design
and suffer from a lack of variability
of exposure or no measure of nerve
conduction latency.”™

There are two prospective studies
of computer users that include CTS
as an end point. Gerr et al conducted
a 3-year study of 632 computer users
and performed nerve conduction
studies when participants experi-
enced moderately severe hand symp-
toms (symptoms greater than 5 on a
10-point scale).'® The authors re-
ported an annual incidence of 0.9
cases of CTS per 100 person-years.
However, they concluded that their
study did not have an adequate sam-
ple size to examine the relationship
between hours of computer use and
risk of developing carpal tunnel syn-
drome. In the second prospective
study, a 1-year study by Andersen et
al of 5658 Danish professional tech-
nicians, the authors reported no rela-



JOEM - Volume 47, Number 12, December 2005

tionship between hours of keyboard
use and incidence of CTS.'"" For
computer use, participants were
grouped by hours of keyboard use
(mean, 8-9 hours per week) and
hours of mouse use. However, de-
spite the large size of this study, the
authors reported the need to collapse
the higher keyboard use categories as
a result of small numbers of cases.
They used a single category of
greater than 20 hours of keyboard
use per week, which had an elevated,
but not significant, odds ratio of 1.4
and 1.6 for CTS prevalence and in-
cidence, respectively. The Andersen
study average computer use is less
than that reported for customer ser-
vice operators’ and newspaper em-
ployees.'> The Andersen study did
report a significantly increased risk
of CTS (odds ratio, 2.6-3.2) in sub-
jects who reported use of a mouse for
more than 20 hours per week.

The exploration of the relationship
between computer use and CTS is
complicated by an apparent relation-
ship between this condition and other
medical conditions such as diabetes,
inflammatory arthritis, pregnancy,
hypothyroidism, and renal fail-
ure.">™"” Several studies also report
a relationship between prolonged la-
tency and body mass index or
weight.'®~° Therefore, studies ex-
ploring the relationship between
computer use and entrapment neu-
ropathy should account for these po-
tential confounders.

Determining whether there is a
link between entrapment neuropathy
and computer use is important as a
result of the morbidity associated
with entrapment neuropathies and
the ever increasing use of computers
in the workplace and at home. Carpal
tunnel syndrome is associated with
greater lost work time than other
common work-related musculoskele-
tal disorders.”""** These studies do
not report what proportion of the
CTS cases were associated with
computer use; however, an evalua-
tion of the data from the Massachu-
setts Sentinel Event Notification
System for Occupational Risks

(SENSOR) reported a high state bur-
den of work-related CTS among
office workers.** U.S. national statis-
tics show a rising secular trend of
upper extremity musculoskeletal in-
juries.”* These statistics reveal that
although upper extremity musculo-
skeletal disorders made up only 18%
of all work-related illness in 1982, by
2001, these disorders made up 65%
of the total. U.S. Bureau of Census
numbers demonstrate a correspond-
ing temporal rise in home computer
use.”® In 1984, the first year this
census question was asked, 8.2% of
households had computers. By 1998,
this number had risen to 42% of
households, and by 2000, computers
were present in 51% of households.

Studies of computer users have
examined nonprofessional popula-
tions such as transcriptionists,” cler-
ical workers,”'° or customer service
operators’*® and professional popu-
lations such as reporters'>*’ and
technical workers.'"*® Engineers are
a professional population with exten-
sive exposure to computers but who
are thought to have greater decision
latitude and control at the workplace
than nonprofessionals. Therefore,
they may experience a different risk
pattern for upper extremity disorders
in comparison to other computer us-
ers. This is a cross-sectional study of
engineering professionals to investi-
gate the risk factors associated with
entrapment neuropathies at the wrist.
The study used a new, portable nerve
conduction system to measure motor
latency of the median and ulnar
nerve at the wrist. The primary null
hypothesis was that increasing hours
of computer use was not related to
increased risk of entrapment neurop-
athy at the wrist.

Materials and Methods
Design and Study Population

This is a cross-sectional epidemi-
ologic study of engineers employed
at a large engineering firm in South-
ern California. Participants com-
pleted a health questionnaire, and
nerve conduction studies were con-
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ducted of their median and ulnar
nerves at both wrists. The study was
carried out in 2002 and 2003.

Eligibility criteria included em-
ployment as a member of the engi-
neering staff or related professional
field and use of a computer for at
least 15 hours per week. Although
the majority of participants worked
in traditional engineering fields such
as electrical, mechanical, design, in-
dustrial hygiene, and quality engi-
neering (Table 1), the study also
included professional categories that
support the engineering projects such
as computer programming, graphic
design, financial planning, and
project developers. Nonprofessional
occupations were excluded; these in-
cluded administrative assistants (sec-
retaries) and production technicians
(ie, welders, machinists, test me-
chanics, plumbers, inspectors, car-
penters, and facilities personnel).

Potential participants were re-
cruited at small departmental meet-
ings where the study and eligibility
criteria were described. All eligible
employees were asked to complete a
brief anonymous survey to assess
current symptoms to compare partic-
ipants with nonparticipants. Those
who were eligible and agreed to par-
ticipate completed the health ques-
tionnaire and a nerve conduction test
at a later time. The University of
California at San Francisco Commit-
tee on Human Research approved the
study design.

Anonymous Survey

The anonymous survey included
demographic questions (eg, age, gen-
der, job title), questions about hours

TABLE 1
Subject Occupations (n = 202)

Job Titles N (%)
Engineers-staff 164 (81.2)
Engineering managers 9 (4.9
Engineering team leaders 7 (3.5)
Engineering—industrial 8 (4.0

hygiene
Engineering support staff
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of computer use both at work and
outside of work, and years of com-
puter use above 20 hours per week.
The survey also collected the “worst
discomfort level experienced during
the prior week” in the right and left
elbow, forearm, wrist or hand, here-
after referred to as the distal upper
extremity. For each region, discom-
fort was rated on a visual analog
scale with numeric anchors from 0 to
10 and verbal anchors at either end
of the scale of “no discomfort” to
“unbearable discomfort.” Subjects
also reported how many days during
the prior week they had difficulty
working as a result of musculoskel-
etal discomfort and how many days
they took medications as a result of
discomfort.

Health Questionnaire

Each participant completed an on-
line health questionnaire that was
prepared in five parts in hypertext
markup language and placed on a
company server. The link to the
questionnaire was provided to partic-
ipants through an e-mail message so
that the subject could simply click on
a hyperlink to open up and fill out
the questionnaire. As the participants
completed each part of the five-part
questionnaire, they electronically
submitted their answers directly into
a Microsoft Access database.

The health questionnaire collected
demographic information such as
age, marital status, gender, ethnicity,
and highest level of schooling. The
questionnaire also assessed informa-
tion on known or suspected risk fac-
tors for CTS such as pregnancy,
menopause, hysterectomy, oopho-
rectomy, diabetes, renal failure, ar-
thritis, medication use, prior trauma,
and prior upper extremity surgeries.
The participants were also surveyed
for other potential risk factors or
confounders for entrapment neurop-
athies such as height, weight, num-
ber of small children or disabled
individuals in the home, smoking
history, exercise habits, and hobbies.

Mononeuropathy Among Engineers ® Conlon and Rempel

Nerve Testing

Upper extremity peripheral nerve
function at the wrist was tested in
each participant using an automated
electrophysiological neurodiagnostic
device (NC-Stat; NeuroMetrix, Inc.).
The device measures distal motor
latency (DML) and has been found
to have good accuracy when com-
pared with conventional methods.>”
Four tests were performed using a
different biosensor for the ulnar
nerve and the median nerve in both
extremities. The biosensor consists
of two stimulation electrodes, two
detection electrodes, a temperature
electrode, and one reference elec-
trode. Biosensors for the median
nerve come in small, medium, and
large and are selected based on the
participant’s weight. Motor latency
is measured by stimulating the nerve
proximal to the wrist. The electrical
stimuli evoke myoelectric responses
in the innervated muscles. The bio-
sensor detects these myoelectric
responses, which are compound
muscle action potentials, as electrical
potentials on the skin. For example,
with the median nerve test, the stim-
ulus cathode is located 3 cm proxi-
mal to the distal wrist crease. The
compound muscle action potential of
the abductor pollicis brevis (APB) is
detected through volume conduction
by electrodes located proximal to the
wrist crease. The measurements used
in this study included the DML for
the ulnar and median nerves at the
wrist. The device calculates the me-
dian or ulnar distal motor latency
(calculated DMLs) and adjusts for
skin temperature. The collected re-
sponses to stimuli are downloaded to
the NeuroMetrix server and norma-
tive values, adjusted for age, gender,
and height, are returned as tempera-
ture-corrected DML values and as
percentiles. In the logistic analyses,
an abnormal DML was defined as a
value at or below the population fifth
percentile. Our case definition of
ulnar or median entrapment neurop-
athy required the presence of an ab-
normal DML and the participant’s

TABLE 2
Total Nerves Tested by Site (n = 202)
Nerve N (%)
Right median DMLs 196 (97.0
Left median DMLs 197 (97.5

)
(97.5)
Right ulnar DMLs 191 (94.6)
Left ulnar DMLs 192 (95.0)

DMLs indicates distal motor latencies.

rating of ipsilateral distal upper ex-
tremity discomfort greater than 1 on
the scale of 0 to 10.>° Because of
technical difficulties or subject com-
pliance, complete studies were not
available for all subjects (Table 2).

Data Analysis

The anonymous survey was used to
compare participants with nonpartici-
pants using the ¢ test or x> analysis.
Participants with medical conditions
associated with peripheral neuropa-
thies (eg, pregnancy, diabetes, rheuma-
toid arthritis or lupus erythematosus,
renal failure, or thyroid disorders)
were excluded from the subsequent
data analysis.®'>'7>'=? The relation-
ship between independent variables, as
derived from the health questionnaire,
to entrapment neuropathy was initially
investigated using univariate logistic
regression analysis. Variables with a P
value of less than 0.50 in the univariate
analysis were then tested in a com-
bined model. Those variables with the
highest P value were sequentially
eliminated from this combined model.
The final model included only those
variables with a P value less than 0.10.

The relationship between indepen-
dent variables and DML was simi-
larly investigated by univariate linear
regression. Again, a multivariate lin-
ear regression model was developed
by stepwise elimination of variables.
Estimates of computer use at work
ranged from 15 hours to 50 hours per
week. Four levels of computer use
exposure were developed as expo-
sure quartiles. Because subject esti-
mates of hours of computer use at
work tended to cluster, the number of
subjects per quartile is not the same.
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Results
Participants

Based on meetings with depart-
ment supervisors and employees at
department meetings, 441 eligible
employees were identified and all
completed the anonymous survey. Of
these, 206 (47%) consented to par-
ticipate in the study. Of these 206
volunteers, 202 (98%) complied with
all aspects of the study. The study
participants differed from the non-
participants in several characteristics
(Table 3). Participants reported
higher levels of discomfort in the
right and left distal upper extremi-
ties. Participants were also more
likely to take medications for dis-
comfort related to work. Although
females represented 22% of the eli-
gible employees, they were more
likely to volunteer for the study than
males. Study participants’ ages were
only slightly lower on average than
nonparticipants (42.5 vs 44.2), and
this difference did not reach statisti-
cal significance. Study participants
did not differ from nonparticipants
on hours worked per week, hours per
week on a computer at work, total
hours per week on a computer, or the
number of years before their current

position that they worked on com-
puters at greater than 20 hours per
week.

The presence of medical condi-
tions associated with peripheral neu-
ropathies was an a priori exclusion
criterion for data analysis and re-
sulted in the elimination of 22 sub-
jects (12 subjects with diabetes, 3
subjects with rheumatoid arthritis or
systemic lupus, 3 subjects with renal
failure, 7 subjects with thyroid disor-
ders, and one pregnancy), leaving
180 subjects in the final analysis.

Prevalence of
Entrapment Neuropathy

The prevalence of distal upper ex-
tremity discomfort and prolonged
distal motor latency are presented in
Table 4. Of the 180 subjects, 57.2%
reported right distal upper extremity
discomfort in the past week of
greater than 1 on a scale of 0 to 10
and 46.2% reported left distal upper
extremity discomfort. Subjects re-
ceived a diagnosis of an entrapment
neuropathy if they reported regional
discomfort in the distal upper ex-
tremity and the distal motor latency
was abnormal (Table 4). The most
common entrapment neuropathy in-
volved the right median nerve with a
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prevalence of 10.3%. Of the 25 neu-
ropathy cases, 18 (72%) were identi-
fied with right median neuropathy.
The prevalence of left median, right
ulnar, and left ulnar neuropathy was
less common. Of the eight cases with
ulnar neuropathy, two were also di-
agnosed with median neuropathy.
Five of the 19 cases identified with
median neuropathy were bilateral
(26%).

The relationship between the inde-
pendent variables and entrapment
neuropathy (N = 25) was initially
evaluated using univariate logistic
regression (Table 5). Independent
variables with a P value of less than
0.50 in this univariate analysis were
tested in a combined model. Vari-
ables with the highest P value were
sequentially eliminated from this
combined model and the final model
included only those variables with a
P value less than 0.10.

In the final logistic regression
model (Table 6), body mass index,
number of hours per day on a com-
puter at work, and taking blood pres-
sure medications were associated
with an increased risk of entrapment
neuropathy (odds ratio greater than
1.0), whereas typing speed, total
driving hours per week, and total

TABLE 3
Comparison of Participants With Nonparticipants
Participants Nonparticipants
(n = 202) (n = 239)
Characteristic No. (SD) No. (SD) P Value*

Mean age (yr) 42.5(9.7) 44.2 (10.3) 0.07
Gender (% female) 27.5% 16.9% 0.007
Right distal upper extremity discomfortt 3.1(2.9) 2.0(2.3 <0.001
Left distal upper extremity discomfortt 1.5(2.2) 0.93 (1.7) 0.003
Right distal upper extremity discomfort >1 (%) 60.2% 47.2% 0.006
Left distal upper extremity discomfort >1 (%) 31.6% 19.2% 0.003
Medications taken for discomfortf 0.77 (1.6) 0.26 (1.0) 0.0001
Days affected by discomfort§ 0.23 (0.86) 0.12 (0.67) 0.15
Work hours (hr/wk) 41.4 (4.5) 41.5 (3.6) 0.78
Computer use at work (hr/wk) 29 2(7.5) 29 6(7.9) 0.51
Other computer use (hr per wk) 0(5.8) 8 (6.5) 0.73
Total computer use (hr per wk) 36 2 (9.5) 36 3 (11.0) 0.91
Computer use before current employment (yr) 5(6.1) 3(6.2) 0.79

*Student t test for comparison of means. x? statistic for testing of frequencies.

tMean rating; discomfort range 0-10.

F“How many days during the past week, if any, did you take medications for the discomfort?”
§“Please indicate how many days in the past week, if any, you were unable to keep up with your usual work duties due to discomfort.”

SD indicates standard deviation.
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minutes of break time per day were
associated with a lower risk of en-
trapment neuropathy (odds ratio less

TABLE 4
Prevalence of Symptoms, Prolonged Motor Latency, and Entrapment
Neuropathy (N = 180)

Nerve N Total Subjects Prevalence than 1.0).
Right distal upper extremity discomfort* 103 180 57.2% Distal Motor Latency AnaIySiS
Left distal upper extremity discomfort* 55 180 30.6% .. .
Right median prolonged DML 33 180 18.3% The association between potential
Left median prolonged DML 19 180 10.1% covariates and the subjects’ right me-
Right ulnar prolonged DML 9 180 5.0% dian nerve DML results was ex-
'F-{?fthu'”ard_F’ro'onged D'\é”- f; 1?2 1;;3’ plored with linear regression. In the
ight median neuropathyt e final linear regression model (Table
Left median neuropathy 6 177 3.4% ) .
Right ulnar neuropathy 3 170 1.8% 7), body mass index, height, and
Left ulnar neuropathy 5 172 2.9% taking blood pressure medications
Total cases of neuropathy: 25 180 13.9% were associated with an increased
g!:atera: ”:ed'a” g 138 20-3% right median nerve DML (coefficient
llateral uinar (! .
Isolated median 14 180 7.8% greater than Zero?’ Where.as typing
Isolated ulnar 6 180 3.3% speed was associated with a de-

creased right median nerve DML

*Discomfort is defined as discomfort greater than 1 out of 10 on a scale from 0 to 10. (coefficient less than zero)

TA neuropathy case requires both abnormal symptoms and prolonged motor latency.
DML indicates distal motor latency. Discussion

This is the first study of peripheral
neuropathies at the wrist among en-
gineers and associated professionals
who use a computer for more than 15
hours per week. The most common
neuropathy was median entrapment
neuropathy at the wrist (eg, CTS)

TABLE 5
Univariate Logistic Regression for Independent Variables and Cases of
Entrapment Neuropathy

Variable OR (95% CI P>z .
(85% i with a prevalence of 10.3%. In the
Age 1.07.(1.02-1.13) 0.004 final entrapment neuropathy model
Gender (female) 1.30 (0.46-3.70) 0.624 b pathy ’
Computer use at work (units in 10 hrs/wK) 1.73 (0.94-3.18) 0.076 number of hours of computer use per
Additional hr on a computer per week 1.01 (0.95-1.08) 0.739 week, using antihypertensive medi-
Hours of computer use per week cations, and body mass index were
15-21 hr/wk 1.0 - associated with an increased risk of
22-28 hr/wk 0.92(0.14-5.86) 0.929 neuropathy, whereas increasing typ-
29-35 hr/wk 2.67 (0.68-10.5) 0.162 : pathy, Sing typ
Over 35 hr/wk 3.58 (0.93-13.8) 0.064 ing speed and hours of driving per
Hours per week at work 1.03 (0.92-1.15) 0.621 week were protective. Other vari-
Previous yr at >20 hrs/wk on computert 0.95 (0.87-1.04) 0.266 ables related to computer use such as
F’t‘j" yr at >§((’ hrséw/k ‘_’r; computert 2,82 2882‘11 88)) 8:?)?1 hours of computer use outside of
yping speea (words/min . Jo—1. .
Break time per day (units in 20 min/d) 0.84 (0.54-1.31) 0.454 work, years of heavy (>20 hours per
Total number of breaks per day 1.19 (0.74-1.91) 0.472 week) computer use, number of
Blood pressure medication use 4.08 (1.24-13.4) 0.020 breaks per day, or break time per day
Cholesterol medication use 0.68 (0.08-5.58) 0.716 were not significantly related to risk
Current smoker 1.25(0.14-11.2) 0.842 of peripheral neuropathy, although in
Pack-yr (current smokers) 1.00 (0.89-1.12) 0.971 . .
; the final model, total number of min-
Exercise frequency§ 1.23 (0.74-2.05) 0.424 .
Aerobic activity (hr/wK)| 1.09 (0.93-1.27) 0.298 utes break time per day was of bor-
Upper extremity activity (hr/wk)q 1.01 (0.98-1.05) 0.567 derline significance (P = 0.06). The
Driving a car (hr per week) 0.91 (0.81-1.02) 0.091 linear regression analysis of the ef-
\éVecljght kg) dox (e 1?11)’ (18?‘11 215) ggg fect of the same independent vari-
ody mass index (kg/m") A1(1.01-1.21) ) ables on the right median nerve
*Variables with P value < 0.5 are identified in bold and were tested in the combined model. DML also showed an adverse effect
tNumber of yr at prior jobs with at least 20 hr/wk spent at a computer. with increasing body mass index

FTotal numbgr of yr at any jqb \{vi.th at least ?O hr/wk at a computer. and using antihypertensive medica-
§Number of times per week individual exercises or plays sports. . .

[[Hours per week performing aerobic exercises. FlOIlS and a protective effect O.f typ-
fiHours per week performing hand intensive hobbies or exercises. ing speed. However, total minutes
OR indicates odds ratio; Cl, confidence interval. of break time and hours of com-
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TABLE 6
Final Logistic Model for Entrapment Neuropathy (n = 180)*
Variable OR PValue 95% Cl Delta R? Mean
Hours of computer use at work 0.072 29
15-21 hr per week (n = 43) 1.00
22-28 hr per week (n = 31) 1.28 0.80 0.18-9.23
29-35 hr per week (n = 54) 5.78 0.025 1.24-26.9
Over 35 hr per week (n = 52) 6.53 0.015 1.44-29.7
Typing speed (words/min) 0.96 0.004 0.93-0.98 0.069 39
Driving (hr/wk) 0.84 0.014 0.73-0.96 0.056 8.8
Taking blood pressure medications 5.26 0.022 1.28-21.8 0.034
Body mass index (kg/m?) 111 0.044 1.00-1.23  0.027 27
Total break time (20 min/d) 0.57 0.062 0.32-1.02 0.025 2.0

*Model’s pseudo R? = 0.20 (P < 0.001).

OR indicates odds ratio; Cl, confidence interval.

puter use did not reach statistical
significance.

This study also evaluated ulnar
neuropathy at the wrist, which is less
common than CTS.** Given the sim-
ilar anatomic position of the ulnar
nerve and the median nerve at the
wrist, the risk factors involved in
computer use may be similar.?>-*
Werner and Franzblau evaluated me-
dian and ulnar nerve testing based on
hand dominance.>” They found no
significant difference between the
right and left hand for both ulnar
and median nerve amplitudes for
lefthanders, but significantly worse
amplitude in the dominant hand for
righthanders. Although they could
not duplicate this finding with nerve
latency testing, they concluded that
right hand-dominant workers tend
not to use their nondominant hand in
comparison to left hand-dominant
workers.

Participants in this study reported
a mean exposure to computer use at
work of 29 hours per week (inter-
quartile range of 25 to 35). Among
newspaper employees, self-reported

assessments of computer use dura-
tion are double actual exposure when
compared with independent expo-
sure monitoring.>® However, the
correlation between self-reported ex-
posure and more objective measures
is high. It is not known how accu-
rately engineers self-report exposure.

Few studies have investigated the
association between computer use
and upper extremity neuropathy. As
a result of differences in study meth-
ods, a comparison of our study with
the Gerr et al'® and Andersen et al'!
studies is problematic but provides
some insight about relationships be-
tween CTS and keyboard or mouse
use. As noted in the introduction, the
sample size of the prospective study
by Gerr et al was too small to exam-
ine the relationship between hours of
computer use and increased risk of
CTS. The study by Andersen et al
found a statistically significant in-
creased risk of CTS symptoms with
more than 20 hours of mouse use per
week and a not significant increased
risk of CTS symptoms with more
than 20 hours of keyboard use per

TABLE 7
Final Linear Regression Model for Distal Motor Latency (n = 174)*
Variable B Coefficient P Value Delta R?
Height (inches) 0.033 0.00 0.049
Typing speed (words/min) —0.004 0.03 0.018
Taking blood pressure medications 0.253 0.04 0.017
Body mass index (kg/m?) 0.017 0.02 0.010

*Model’s adjusted R? = 0.15 (P < 0.0001).
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week (odds ratio of 1.6 for CTS
prevalence, 1.4 for CTS incidence).
In considering the lack of association
in their study between keyboard use
and CTS, it is important to note that
in their analyses of keyboard use, the
highest categorical levels of use were
collapsed to “>20 hours per week.”
In our study, subjects with low hours
of computer use (<15 hours per
week) were excluded and the median
hours of computer use for par-
ticipants was 29 hours per week.
Therefore, our analysis compared
moderate computer use with high
levels of computer use, whereas the
Andersen study looked at a broader
range. Our findings are suggestive of
a threshold effect occurring above 28
hours per week of computer use. Our
study collected data on hours of
“computer use” and did not differen-
tiate between hours of mouse and
keyboard use. Based on pilot data
collected from this same population
of engineers, we estimate that hours
of device exposure during computer
use are evenly split between key-
board and mouse. If so, the mean
exposure to keyboards is higher in
our study than that reported in the
Andersen et al study, whereas mouse
use is lower.

Stevens et al conducted a cross-
sectional study of 257 medical
secretaries, schedulers, and tran-
scriptionists with a symptom survey
and nerve conduction study.” They
found no difference in weekly hours
of keyboard use between subjects
with CTS and those without CTS.
The participants reported an average
of 32 hours per week of keyboard
use. However, there was a relation-
ship between frequent mouse use and
CTS that was not discussed by the
authors. Of the clerical workers with
CTS, 48.1% reported frequent mouse
use, whereas among the non-CTS
clerical workers, 27.9% reported fre-
quent mouse use (P = 0.03, x~ test).

In our study, entrapment neuropa-
thy was defined as the combination
of a prolonged DML plus distal up-
per extremity discomfort. Based on
this definition, we found a 13.9%
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prevalence of upper extremity en-
trapment neuropathy at the wrist in a
population of engineers. The preva-
lence of median nerve entrapment
was just over 10%. Because no gold
standard exists, CTS continues to
remain a clinical diagnosis based on
a combination of symptoms, physical
examination findings, and electro-
physiological findings.>® Reported
prevalences of CTS, when using the
combination of symptom reporting
and abnormal nerve conduction stud-
ies, vary between studies. Studies of
the general population have reported
a prevalence of CTS ranging from
less than 1% to over 16%.°~* The
annual incidence of CTS has been
reported as 0.1% in a general popu-
lation** and 0.9% in a population of
computer users.'® Among blue collar
workers, the prevalence of CTS
has varied between 0.6% and
61%."*>~*° Among computer users,
the prevalence range is 0.5% to
18.5%.%'%%% The differences in
prevalence appear to be a function of
differing populations and differences
in case definition. In the study of
medical clerical workers, Stevens et
al reported a CTS prevalence of
10.5% by clinical evaluation and
3.5% with clinical CTS plus nerve
conduction study confirmation.’
However, in comparison to our
study, this study population was pre-
dominantly clerical and over 90%
female. Gerr et al describes an initial
prevalence of 0.5% among newly
hired employees whose jobs required
greater than 15 hours of computer
use per week.'® Because this was a
study of new hires, this study popu-
lation differed from ours by age
(78% under 40 years old vs our mean
of 42.5 years), obesity (60% less
than 25 kg/m*> vs our mean of 27
kg/m?), and years exposure to high
computer use (73% with less than 6
prior years of keying =20 hours per
week vs our mean of 5.5 years). Our
study excluded participants with
medical risk factors for CTS, an
exclusion that will lower our esti-
mated prevalence of median neurop-
athy. The majority of our study
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population included engineers who
often perform computer-aided design
tasks. Our study would be expected
to differ from computer use studies
of data entry personnel because fin-
ger forces exerted when using a
keyboard and mouse are higher in
computer-aided design activities in
comparison to data entry tasks.””
The association between CTS and
obesity or body mass index has been
observed in a number of stud-
ies. 18192051 1y gy study, the 25th,
50th, and 75th percentiles of body
mass index quartiles are 23.1, 26.6,
and 29.1 kg/m?, respectively. With
an odds ratio of 1.11, each increase
in body mass index by 5.0 kg/m?
doubles the odds of entrapment neu-
ropathy. The association between
CTS and blood pressure medications
has not been previously studied.
There are several anecdotal reports
of patients with CTS on beta block-
ers whose symptoms resolved after
discontinuation of the beta block-
ers.’>>* Because extraneural pres-
sure is elevated in patients with CTS,
the reduction in mean arterial pres-
sure with antihypertensive medica-
tions may compromise blood flow to
the nerve and lead to hand symp-
toms.>> Diuretic antihypertensives
have been studied for the treatment
of CTS, following the theory that
edema may contribute to increased
extraneural pressure, but were found
to be ineffective.’® Although taking
blood pressure medications is asso-
ciated with a large odds ratio, the
relatively low delta R> (Table 6)
indicates that the taking of blood
pressure medications plays a minor
role in predicting the prevalence of
neuropathy in this study population
(approximately 9% of the subjects
were on blood pressure medications).
Increased automobile driving was
protective in our study with an odds
ratio of 0.84. Based on this odds
ratio, every additional 1-hour in-
crease in driving per week reduces
the odds of developing entrapment
neuropathy by 20%. No other studies
have evaluated the relationship of
commute driving and the risk of

CTS. An explanation may be that
those with hand symptoms elect to
drive less or that driving may actu-
ally provide some protective value,
although the mechanisms for protect-
ing the nerve are not clear. Increased
break time during the day was also
protective with an odds ratio of 0.57.
This odds ratio predicts a 50% de-
cline in the odds of developing
entrapment neuropathy with the ad-
dition of a 23-minute break each day.
In a study of data entry clerks, Ga-
linsky reported a significant reduc-
tion in right wrist, hand, and forearm
discomfort with the addition of 20
extra minutes of break time per
day.”’

One of the limitations of this study
is the cross-sectional design. An at-
tempt was made to include predictor
variables that are stable over time
and less sensitive to the outcome,
neuropathy. For variables that are
relatively stable with time, eg, body
mass index, use of blood pressure
medications, and driving hours,
there will be greater confidence in
the findings in the final model. For
those factors that may be influenced
by a neuropathy, eg, use of pain
medications, sleep pattern, typing
speed, and hours of computer work,
there will be less confidence in a
causal relationship. It is possible that
estimates of typing speed could de-
crease with symptoms of entrapment
neuropathy and thereby produce an
artificial appearance that typing
speed is protective. However, it
would be unlikely that entrapment
neuropathy would lead to increasing
hours of computer work.

Another limitation is the relatively
low participation rate (47%) com-
bined with the increased prevalence
of upper extremity symptoms among
the participants in comparison with
the nonparticipants. This self-selec-
tion bias is likely to increase the
estimated population prevalence of
neuropathy but is unlikely to change
the identified risk factors in the final
model. If we assume that the preva-
lence of median neuropathy among
the nonparticipants was related to
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their prevalence of distal upper ex-
tremity symptoms, then the preva-
lence estimation for right median
neuropathy would decrease from
10.3% to approximately 9.2%.

Our case definition of entrapment
neuropathy included nonspecific dis-
tal upper extremity symptoms that
may have led to a higher estimation
of prevalence of upper extremity
neuropathy compared with the use of
a more specific question on paresthe-
sias in the median nerve distribution
of the hand or the use of a hand
diagram.”® However, this is balanced
against our requirement of an abnor-
mal distal motor latency. An abnor-
mal DML is highly specific for CTS
but less sensitive than a conventional
nerve conduction study that also in-
cludes sensory latency.”® The high
specificity of DML will improve the
accuracy of the diagnosis of neurop-
athy, but the low sensitivity could
lead to an underestimation of entrap-
ment neuropathy prevalence. There-
fore, we are uncertain whether the
case definition that we adopted will
increase or decrease the estimated
prevalence of neuropathy in compar-
ison to use of a hand diagram and a
conventional nerve conduction
study.

This study, with a unique popula-
tion of engineers and related profes-
sionals, revealed a prevalence of
neuropathy at the wrist of 13% and a
prevalence of 10% for the most
common neuropathy, right median
neuropathy at the wrist. The actual
prevalence of neuropathy in this pop-
ulation is likely to be somewhat less
because nonparticipants were less
symptomatic. The risk of entrapment
neuropathy increased with increasing
hours of computer use per week and
increasing body mass index, whereas
increasing typing speed, break time,
and hours of driving per week were
protective. The finding of an associ-
ation between computer work and
entrapment neuropathy at the wrist
among engineers should be con-
firmed by other studies. However,
these findings suggest the need to
evaluate interventions to reduce

these and other risk factors for en-
trapment neuropathy.
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