ABSTRACT: The purpose of the study was to determine whether abnormal
median sensory nerve conduction among asymptomatic workers was pre-
dictive of future symptoms suggestive of carpal tunnel syndrome (CTS). This
was a prospective study involving 77 workers who were identified as asymp-
tomatic cases with electrodiagnostic findings of median mononeuropathy
compared to an age- and sex-matched control group. Follow-up was com-
pleted an average of 70 months later, and subjects who reported pain,
numbness, tingling, or burning in the distribution of the median nerve, based
upon a hand diagram, were classified as having CTS symptoms. The follow-
up participation rate was 70%. Among subjects with abnormal median sen-
sory latencies, 23% went on to develop symptoms consistent with CTS
within the follow-up period, compared with 6% in the control group (P =
.010). Age and hand repetition were also risk factors for CTS, but the ma-
jority of asymptomatic workers with a median mononeuropathy do not be-
come symptomatic over an extended time.
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Carpal tunnel syndrome (CTS) has been identified
as the most common type of upper extremity periph-
eral neuropathy."” It is a known cause of work dis-
ability, with an estimated direct cost of $1 billion per
year.]2 In an effort to avoid future medical costs,
some industry employers utilize nerve conduction
testing for pre-employment screening.>”'* A prem-
ise of this testing is that people with asymptomatic
median mononeuropathy are more likely to develop
CTS in the future than are those with normal test
results. The proposed benefit of this practice is that
prospective employees deemed to be a higher risk
based on nerve conduction results will be placed in
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lower-risk jobs. In addition, these employees may be
turned down for employment based on the test re-
sults, regardless of symptom status or physical exami-
nation results.>® Recent litigation results have up-
held this practice despite the Equal Employment
Opportunity Commission (EEOC) contention that it
was not based upon scientific data.”

The present study is an extension of that by
Werner et al.,'® which surveyed workers with asymp-
tomatic median mononeuropathy after a mean fol-
low-up of 17 months to determine what percentage
developed symptoms consistent with CTS (numb-
ness, tingling, burning, pain in the hand or fingers
occurring three or more times or lasting more than
1 week) compared with a group of matched controls.
Results showed that asymptomatic subjects with a
median mononeuropathy were not at a higher risk
of developing symptoms compared with asymptom-
atic subjects with a healthy median nerve during the
follow-up period: 12% of cases compared with 10%
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in the control group (X* = .12, P = .73). Another
recent study followed industrial workers over an 11-
year time period and found a correlation between
initial severity of nerve conduction slowing and the
probability of developing CTS in the future.'” Those
workers with the most severe nerve conduction ab-
normalities had a 30% risk of developing symptoms
consistent with CTS, whereas workers with normal
nerve conduction studies had a 10% chance of de-
veloping such symptoms. Despite this association,
the majority (>70%) of those in the study with the
most severe conduction slowing at baseline did not
have symptoms of CTS after 11 years.

The purpose of the present study was to deter-
mine whether asymptomatic workers with or without
median mononeuropathy develop symptoms consis-
tent with CTS over an extended period of time and
what other factors may influence the onset of CTS
symptoms.

MATERIALS AND METHODS

This was a continuation of a previous prospective
study of workers at five different sites.'® Cases were
defined as asymptomatic workers with electrodiag-
nostic findings of a median mononeuropathy in ei-
ther hand from a comparison of peak latencies of
median and ulnar sensory nerve action potentials. A
relative prolongation of 0.5 ms of the median sen-
sory response was defined as abnormal. Controls
were asymptomatic workers with normal nerve con-
duction studies in both hands matched by age, sex,
and job site. Each job was rated on a scale of 1 to 10
in terms of frequency of hand repetition.'' Normal
nerve conduction was defined as a median to ulnar
sensory response latency (to peak) difference of 0.2
ms with both the median and ulnar absolute laten-
cies within the normal range (median sensory peak
= 3.7 ms and ulnar sensory peak = 3.5 ms).

Electrodiagnostic studies of the median and sen-
sory nerves were conducted bilaterally with the tech-
niques described by Kimura.'” The tests were per-
formed with antidromic supramaximal stimulation, a
distance of 14 cm, and ring-recording electrodes
placed around digits 2 and 5. A standard distance of
3 cm between electrodes was used. Hand tempera-
ture was recorded, and the hand was warmed if the
midpalmar temperature was below 32°C. All studies
were performed by a certified electromyographer
and/or a certified electrodiagnostic technician on a
Teca TD 20 machine (Teca, Pleasantville, New
York). The sensory latency to peak, sensory response
amplitude, and take-off latency were recorded for
each sensory nerve.

The sites included an automobile parts manufac-
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turer, a spark plug manufacturer, a paper container
manufacturer, and an insurance company (clerical
staff).® The follow-up consisted of a mailed question-
naire that included a hand diagram. If the workers
had symptoms of pain, numbness, tingling or pares-
thesias in the hand or the fingers that lasted for
more than 1 week or recurred at least three times,
they filled out the hand diagram. Workers at all five
sites were contacted through the mail. In addition, at
four of the five sites, we attempted to contact workers
directly to participate in a more extensive screening
that included a physical examination as well as re-
peat nerve conduction studies. The fifth site had too
much personnel turnover to make the on-site screen-
ing feasible; these workers were contacted via post
only. Workers still employed by two of the companies
(one manufacturing and one clerical) were tested
on-site. Workers no longer employed by the same
company were screened at an off-site location. Sub-
jects from the other two companies were also seen
off-site. Data on workers who did not participate in
the follow-up screenings were collected via a posted
symptom questionnaire in which the patient self-
reported symptoms of numbness, tingling, burning,
or pain in the hand or fingers that lasted for more
than 1 week or occurred three or more times in the
past year. The posted questionnaire contained ques-
tions identical to those used in the initial question-
naire, described in previous publications.® If the
worker did not return the questionnaire, telephone
contact was attempted.

Subjects signed a written consent form that was
approved by our institution’s review board, and each
subject completed an initial symptoms question-
naire. Age, sex, and medical history were self-
reported in the questionnaire.

Workers who reported symptoms of numbness,
tingling, burning, or pain were asked to shade in a
hand diagram? and to answer questions regarding
frequency and length of episodes, treatment, change
in work activity, and functional status. To be classi-
fied as positive, the worker had to complain of symp-
toms in the hand that had originally been found to
have a median mononeuropathy. The hand dia-
grams were scored independently by two physicians
using the 0-3 rating system described previously.>®
Differences in ratings were resolved by consensus. If
the subject shaded in any portion of the palmar side
of digits 1, 2, or 3, this was considered positive.

The statistical analyses were performed with Stata
(Stata Corp., College Station, Texas). Student’s +
tests were used to compare the means of demo-
graphic variables (age, body mass index [BMI],
months of follow-up), repetition levels, and electro-
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physiologic variables between responders and non-
responders as well as workers with and without fol-
low-up symptoms. Chi-squared tests were used to
compare the percentage of subjects with and without
median mononeuropathy who had symptoms in the
follow-up period; we did not use a matched-pair
analysis, as we included all responders in the analy-
sis. No cases were dropped, even if the matched
worker did not respond. The analysis was completed
using both a 0.5-ms and 0.8-ms prolongation in the
peak latency of the median compared with the ulnar
sensory response to define a median mononeuropa-
thy. Backwards stepwise logistic regression was per-
formed with presence or absence of symptoms at
follow-up as the dependent variable and demo-
graphic factors (age, sex, months of follow-up, hand
dominance) as well as electrophysiologic and an-
thropometric variables and repetition levels as the
independent variables. All values are reported as a
mean (SD).

RESULTS

Of the original cases and controls, 70% (n = 106)
responded to the posted questionnaire or partici-
pated in the follow-up screening. Of the 45 subjects
who did not participate, 3 were deceased, 15 did not
respond, and neither phone nor current address was
available for the remaining 27 subjects. Excluding
those subjects lost to follow-up, there was an 88%
response rate. All subjects with follow-up data are
described in Table 1. The mean length of time of
follow-up was 70 months (range, 56-94 months).
The mean + SD age, at the time of follow-up,
among all subjects completing the study was 47 + 9
years (range, 27-70 years); 65% were men. The sub-
jects who did not complete the study did not differ
from those who did, with regards to age, sex, hand

dominance, repetition level, or electrophysiologic
variables. The subjects who did not complete the
study tended to have an earlier initial study com-
pared with subjects who did complete the study (73
+ 16 versus 67 = 11; P = .005). Among subjects who
did complete the study, age, prevalence of right-
hand dominance, months of follow-up, and repeti-
tion level did not differ between cases and controls.
The BMI (kg/mQ) was statistically higher in the cases
(29.9 £ 5.8 versus 27.8 + 4.3; P= .03 [Table 1]), and
there was a higher percentage of men among cases
compared with controls (75% versus 56%; P =.04).

Among the 106 subjects who did complete the
study, 15 reported persistent or repeated symptoms
of numbness, tingling, burning, or pain in any fin-
gers in the median distribution during the year prior
to follow-up. All cases had symptoms in a hand that
was initially found to have a median mononeuropa-
thy. In 23% of the cases (12 of 52), symptoms devel-
oped, compared with 6% of controls (3 of 54), X* =
6.6; P=.01. Table 2 shows the percentage of workers
who reported any symptoms in the follow-up period,
stratified by presence or absence of a median mono-
neuropathy. When a subset of cases with a median—
ulnar latency difference of 0.8 ms was analyzed, 33%
of the cases (8 of 24) developed symptoms compared
with 6%, X* = 10.6; P=0.001. The same relationship
held if the presence of nocturnal symptoms were
added to the definition of new symptoms.

Among subjects who did complete the study,
there was no difference in age, sex, hand domi-
nance, repetition level (at baseline), or follow-up
time between those who reported symptoms and
those who did not report symptoms (Table 3). Sub-
jects who reported symptoms tended to have a
higher BMI at baseline than those without symptoms
(31.0 versus 28.5; Student’s ¢t = 1.8; P = .08). There

Table 1. Demographic factors and electrophysiologic variables stratified by cases (positive median mononeuropathy at baseline)
and controls (mean + SD).

P-value

Cases Controls (cases vs.
Factors (n=52) (n=54) controls)
Age at follow-up (range, 27-70 years) 48.3 +£8.0 46.7 £ 9.9 .36
Percent men 75 56 .04
Right-hand dominant (%) 85 87 72
BMI (kg/m?) at baseline 299 +58 278 +4.3 .03
Repetition rate at baseline 49+26 4924 .98
Months of follow-up (range, 56-94) 66.5+11.3 68.9 + 129 .30
Median sensory response peak latency (ms)* 4.1+ .69 3.1+.25 .00
Ulnar sensory response peak latency (ms)* 3.3+ .31 32+ .25 .06
Median sensory response amplitude (uV)* 21.0+11.3 338+ 114 .00
Median — ulnar latency difference (ms)* 79 + 64 -.01+.11 .00

*Electrophysiologic data are from the dominant hand.
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Table 2. Workers with positive hand diagram for CTS in the
follow-up period stratified by presence or absence of a
median mononeuropathy (defined by 0.5-ms and 0.8-ms

difference between median and ulnar sensory peak latencies).

Follow-up

symptoms in Cases Cases

hands (0.5-ms (0.8-ms

or fingers difference) difference) Controls Total
Absent n (%) 40 (77)* 21(72)t 51 (94) 91 (86)
Present n (%) 12 (23)* 8 (28)" 3 (6) 15 (12)
Totals 52 29 54 106

X? = 6.7, P =.010.
X2 = 10.6, P = .001.

was a significant difference in subjects with symp-
toms and those without for median—ulnar latency
difference (.83 + .97 versus .31 + .48; Student’s ¢ =
3.3; P=.001) and median nerve peak latency (4.1 =
1.0 versus 3.5 + .39, Student’s ¢ = 2.96; P = .004).

A backward stepwise logistic regression model of
responders including demographic, electrophysi-
ologic, and ergonomic factors demonstrated that
age, hand repetition level, and history of a more
severe median mononeuropathy were significant risk
factors in the model when controlling for other vari-
ables (pseudo R? = .18; P = .0014). Workers older
than 46 years at baseline were 4.7 times more likely
to report onset of symptoms consistent with CTS
than were younger workers (P = .02). Those with a
more severe median mononeuropathy at baseline
(using the criteria of the median sensory response
latency of .8 ms compared with the ulnar sensory
response latency) were 3.8 times more likely to have
positive symptoms (P = .01). The BMI at baseline,
sex, months of follow-up, and the less restrictive defi-
nition of a median mononeuropathy (prolonged
median sensory response latency of 0.5 ms compared
with the ulnar sensory response latency) did not con-
tribute to the model.

A stratified analysis of only workers with a high
repetition rating (>6.0) showed a similar relation-
ship with age and severity of median nerve conduc-
tion slowing, with only these factors contributing to
the model for predicting development of hand and
finger symptoms. When the data were stratified by
sex, median sensory response amplitude was a sig-
nificant factor. Men with a baseline response ampli-
tude of greater than 20 pV had less than a 3% risk of
developing CTS symptoms, whereas those men with
a small-amplitude response had a 26% likelihood of
developing symptoms (Table 4).

The analysis of the electrodiagnostic measures of
workers who had nerve conduction studies at the
initial evaluation as well as at follow-up is presented
in Table 5. In general, cases (workers with an abnor-
mal median nerve at the initial screening) did not
change significantly over the 6 years of follow-up.
However, controls did have a small but significant
change in median nerve function over time. The
median sensory latency was slower in the controls,
but the ulnar sensory latency did not change. The
difference between the median and ulnar sensory
latencies also became more prolonged over time
within the control group (baseline = .001 ms versus
follow-up = .11 ms; P =.003). There was a high cor-
relation between the initial and follow-up latency dif-
ferences (median — ulnar sensory peak latency), with
a correlation coefficient of 0.83. Table 5 stratifies the
data based upon their presentation of symptoms. All
subjects were asymptomatic at the onset of the study.
Those workers who became symptomatic showed no
change in median sensory function, whereas workers
who did not become symptomatic had a slight pro-
longation of the median sensory latency over time;
this was not influenced by whether they were origi-
nally a case or a control subject. Among controls who
had a change in the median to ulnar sensory laten-
cies, such that they now had a prolonged median

Table 3. Comparison of subjects with and without symptoms.

Subjects with

Subjects without

symptoms symptoms

n=15 n=91 T score P value
Age (yr) 50.8 (£7.7) 46.9 (+£9.2) 1.55 0.13
No. (%) men 6 (40) 31(34) 0.20 0.655
No. (%) right-hand dominant 12 (80) 79 (87) 0.49 0.483
Baseline median sensory peak latency (ms)* 4.1 (£1.0) 3.5(x.59) 2.96 0.004
Baseline ulnar sensory peak latency (ms)* 3.2 (x.32) 3.2 (x.28) 0.42 0.68
Baseline median — ulnar latency difference (ms)* .83 (£.97) .31 (£.48) 3.3 0.001
BMI at baseline (kg/m?) 31.0(£5.2) 28.5 (+5.1) 1.8 0.08
Repetition rate at baseline 5.7 (£2.7) 4.7 (£2.4) 1.3 0.20
Months of follow-up 67.5(x£9.9) 67.8 (x12.5) -0.09 0.93

*Electrophysiologic data are from the dominant hand.
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sensory latency, none of the six subjects had symp-
toms associated with the change in median nerve
function, i.e., none of the workers who developed a
prolonged median sensory response developed CTS.

DISCUSSION

The present study is a continuation of a previously
published one'® that found no increased risk for the
development of CTS symptoms based upon initial
nerve conduction findings. The original study had a
mean 17-month follow-up period. After a mean fol-
low-up of 70 months, our current findings are differ-
ent. After approximately 6 years, there is an in-
creased risk of developing CTS symptoms if the
worker had an abnormal finding earlier. In addition,
the more abnormal the median nerve function at
baseline, the more likely the risk of developing symp-
toms consistent with CTS. These findings are in ac-
cordance with those in the study of Nathan et al.,"*
which had an 11-year follow-up of industrial workers.
In each study, approximately 25% of asymptomatic
workers having median mononeuropathy went on to
develop symptoms of CTS. This is not surprising
given that prolongation of the median sensory nerve
is one of the hallmarks of CTS. The relationship is
statistically significant, but the issue of nerve conduc-
tion studies as a screening device is still unclear. The
vast majority of workers with an abnormal median
sensory latency at baseline did not go on to develop
symptoms of CTS. In our previous paper, we con-
cluded that electrodiagnostic screening was defi-
nitely not recommended. This study supports the
usefulness of nerve conduction studies for screening
in the theoretical sense, but it has limited practical
value. Most workers who would be screened are go-
ing to have normal median nerve function, and of
the 20% who have an abnormal finding, only 25%
will go on to develop symptoms over time. The find-
ing among men that a relatively preserved median
sensory response amplitude places the worker at
lower risk than does a small-amplitude response of
the median nerve may help refine a screening pro-
cess.

Table 4. Male workers with hand or finger symptoms in the
follow-up period stratified by median sensory response
amplitude (dominant hand) at baseline.

No symptoms ~ Symptoms

at follow-up  at follow-up
(%) (%) Total
Median sensory response
amplitude =20 pV 23 (74) 8 (26) 31
Median sensory response
amplitude >20 pV 37 (97) 1(3) 38
Total 60 (87) 9(13) 69

Pearson x? = 8.08; P = .004.

The other risk factors for the development of
CTS include older age, higher BMI, and more re-
petitive jobs. Age is a well-established risk factor for
nerve entrapment. With advancing age, peripheral
nerve axons are lost. If the total number of axons
declines, the loss of a few of the surviving axons re-
sults in a more profound impairment. Interestingly,
the literature has demonstrated progressive impair-
ment of all nerves with age, whereas the current
study demonstrates that the ulnar nerve is relatively
spared over the 6 years, in contrast to median nerve.
This suggests that intensive activity of the hand may
have a greater effect on the median nerve than on
the ulnar nerve.

Additionally, the finding that higher hand-
intensive work is associated with a higher risk for
developing CTS is not new. We found the same re-
lationship in our earlier studies,'"'® and the Na-
tional Institute of Occupational Safety and Health
reached the same conclusion in its review of the lit-
erature.” Workers with a baseline prolongation of
the median sensory response had a higher BMI,
which is consistent with the reported literature,'” but
this factor did not significantly influence the devel-
opment of future CTS symptoms.

The follow-up nerve conduction data demon-
strate that change in the median sensory distal la-
tency did not correlate with the development of
symptoms. The median sensory distal latency did
tend to increase over time among individuals who

Table 5. Comparison of electrophysiologic factors (mean + SD) in subjects with baseline and follow-up nerve conduction testing,
stratified by workers with and without symptoms at follow-up (dominant hand).

Symptomatic at follow-up Asymptomatic at follow-up

Baseline Follow-up Baseline Follow-up
n=28 n=28 P value n=>55 n=>55 P value
Median sensory peak latency (ms) 41+£13 42+1.4 0.59 3.4+ .45 3.5+ .51 0.25
Ulnar sensory peak latency (ms) 3.3+.33 3.3=+.27 0.87 3.2+ .26 3.2+ .25 0.57
Median sensory amplitude (uV) 204 +89 214+ 115 0.94 28.8 + 10.6 27.9 +13.0 0.40
Median — ulnar peak latency difference (ms) 85+1.2 90+13 0.71 21+ .38 .33 = .50 0.02
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did not develop symptoms. By contrast, among those
who did develop symptoms, there was essentially no
change. Among those workers who developed a sig-
nificant prolongation of the median sensory distal
latency over time, none reported symptoms. This
challenges our concepts as to why workers become
symptomatic with CTS. Not all individuals with a me-
dian mononeuropathy report symptoms.

In conclusion, we have demonstrated that asymp-
tomatic workers with a history of a prolongation in
latency of the sensory responses of the median nerve
are more likely to develop symptoms consistent with
CTS. Despite this relationship, the vast majority of
asymptomatic workers with a median mononeuropa-
thy will not develop CTS, and changes in median
nerve conduction over time do not correlate with the
development of symptoms.

The opinions contained in this publication are those of the
grantee and do not necessarily reflect those of the United States
Department of Education. Support for this research is provided
by the National Institute on Disability and Rehabilitation Re-
search of the United States Department of Education, grant no.
H133E980007.
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