ABSTRACT: To determine normative values for nerve conduction studies
among workers, we selected a subset of 326 workers from 955 subjects who
participated in medical surveys in the workplace. The reference cohort was
composed exclusively of active workers, in contrast to the typical conve-
nience samples. Nerve conduction measures included bilateral median and
ulnar sensory amplitude and latency (onset and peak). Workers with upper
extremity symptoms, medical conditions that could adversely affect periph-
eral nerve function, low hand temperature, or highly repetitive jobs were
excluded from the “normal” cohort. Linear regression models explained be-
tween 21% and 51% of the variance in nerve function, with covariates of
age, sex, hand temperature, and anthropometric factors. The most robust
models were fitted for sensory amplitudes in the median and ulnar nerves for
dominant and nondominant hands. The median—ulnar difference was least
sensitive to adjustment, indicating it is the best measure to use if corrections
are not made to account for relevant covariates. A key point was that the
magnitude of variance increased with age and anthropometric factors.
These findings provide strong evidence that to improve diagnostic accuracy,
electrodiagnostic testing should control for relevant covariates, particularly
age, sex, hand temperature, and anthropometric factors.
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Necrve conduction studies (NCS) are commonly
used in the diagnosis of peripheral nerve disorders,
and results are routinely compared to normative val-
ues to discern abnormalities. For this reason, proper
comparison values are critical for valid interpreta-
tion. Recently, there has been increased attention to
the quality of normative data against which test re-
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Normative Values among Workers

sults are compared.® We investigated how the elec-
trophysiological definition of ‘“‘normal’ affects the
confirmation of diagnosis of carpal tunnel syndrome
(CTS) among workers, since active workers may im-
pose special requirements on how normative data
are used. This report focuses on the evaluation of
NCS for upper extremity mononeuropathies and
CTS, particularly among workers.

A distinctive feature of this investigation is that
our reference cohort was well defined and com-
posed exclusively of active workers, in contrast to the
typical convenience samples of patients in a hospital
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or clinic. The ‘“normal” cohort was selected from
the larger worker population under surveillance. In
addition, as recommended in discussions of refer-
ence values® and interpretation of electrodiagnostic
findings,>?**"?! we present models exploring the
relationship of sensory nerve function to age, sex,
hand temperature, and anthropometric factors.

NORMATIVE VALUE DETERMINATION

A normal range may be defined in different ways in
clinical medicine, depending on the nature and pur-
pose of the measurement. One approach is to obtain
measurements from a large sample of randomly se-
lected, asymptomatic subjects without known dis-
eases associated with neuropathy, and to define val-
ues within the 95th, 97.5th, or 99th percentiles as
normal. Another approach is to use parametric
analyses to define the normal range statistically as
values within two standard deviations of the mean.
However, the latter method depends on a normal
distribution. As noted by Robinson et al.,?® few elec-
trodiagnostic parameters follow a normal distribu-
tion. Hence, proper use of parametric analyses may
require transformation of the raw data to approxi-
mate a more normal distribution.

Underlying all efforts to define normative values
is the question of whether the sample is truly repre-
sentative of the population for which the normal
values will be used. Few studies of electrophysiologi-
cal measurements meet this criterion, particularly
for a worker population. This leads to reliance on
normal values of uncertain statistical, clinical, or epi-
demiological relevance to workers. Our study at-
tempts to address these concerns.

METHODS
Medical surveys were conducted among workers
from seven work sites, representing a variety of
manufacturing and office environments. The proto-
colincluded bilateral electrodiagnostic testing of dis-
tal sensory responses at the wrists, self-administered
questionnaires, anthropometric measurements, and
physical examination of the neck, shoulders, and up-
per extremities. Examiners were masked to data col-
lected in other parts of the survey. Study participants
provided written informed consent that had been
previously approved by the institutional review board
at the University of Michigan School of Public Health.
Except for Site 4, examinations were performed
during normal work hours on company time by per-
sonnel from the University of Michigan. Workers
were relieved of their job duties to allow for comple-
tion of the medical survey. At Site 4, workers were
required to complete the study protocol before or
after their normal work hours, and they were not
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paid. This resulted in a participation rate that was
substantially lower among workers at Site 4 (45%).
All other sites had participation rates greater than
70%, and most were greater than 80%. Overall there
were 1255 eligible workers, and 955 survey partici-
pants, resulting in a participation rate of 76%, which
mitigates problems with selection bias.

Electrodiagnostic testing included measurement
of the antidromic sensory response from the median
and ulnar nerves. Ring electrodes were placed on
digits II and V, respectively, and antidromic stimula-
tion was applied 14 cm proximally. Participants had
midpalm temperatures recorded, and were warmed
if the hand temperature was below 32.0°C. All tests
were performed by physicians certified in electrodiag-
nostic medicine (JWA, MBB, RAW) and/or registered
electrodiagnostic technologists working under their su-
pervision. No needle examination was performed.

Each participant completed a self-administered
questionnaire that included demographics, educa-
tion, cigarette usage, past medical history, current
health status, a discomfort survey of the upper ex-
tremities, and a psychosocial section eliciting infor-
mation about the work environment. The reliability
of the questionnaire is generally good to excellent.'”
Subjects were instructed to report symptoms involv-
ing the wrists, hands, or fingers if there had been
problems in those areas on more than three separate
episodes, or one episode had lasted more than 1
week in the 12 months preceding the study.

Anthropometric data collection included bilat-
eral measurements of the index finger length and
circumference, wrist width and depth, and right tri-
ceps skinfold thickness. In addition, weight and
height were measured, and body mass index (BMI)
(kg/ m?) was calculated.

Exclusion criteria for determination of the nor-
mative cohort included: any symptoms in the wrists,
hands, or fingers (n = 490); self-reported medical
conditions diagnosed by a physician including carpal
tunnel syndrome (n = 76), diabetes, excluding dia-
betes solely related to pregnancy (n = 27), gout (n =
15), rheumatoid arthritis (n = 20), thoracic outlet
syndrome (7 = 3), thyroid dysfunction (n = 52), and
ulnar neuropathy (n = 15); current pregnancy (n =
8); hand temperatures less than 32°C despite warm-
ing (n=43); and jobs characterized by highly repeti-
tive work (n = 178).'¢ A total of 629 subjects met one
or more exclusion criteria.

Statistical Analysis. Statistical analyses were per-
formed using Stata™ 5.0 for Windows.”® Summary
statistics for the demographic and electrophysiologic
variables were generated, and ordinary least squares
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regression models built. Quantile-normal graphs
were produced for visual inspection, and tests for
skewness and kurtosis performed to determine the
source of nonnormality problems. Transformations
were done based on Tukey’s ladder of powers to
correct for both skewed and kurtotic distributions.

Best fit equations were developed using linear
regression, and standardized regression coefficients
reported. Inclusion criteria were that the beta coef-
ficient had a Pvalue less than 0.05, or the partial R*
associated with adding the variable was greater than
0.05, and biological plausibility. Plots of residuals
versus fitted values were checked for heteroscedas-
ticity, as well as the Cook-Weisberg test for noncon-
stant variance. Correlation matrices were inspected
for collinearity among the explanatory variables.

Prediction equations were fitted to forecast elec-
trophysiologic outcomes of the mean sensory ampli-
tudes, and onset and peak latencies for women and
men, ages 20, 30, 40, and 50 years, with hand tem-
perature of 33°C (the average ‘‘normal’”’ tempera-
ture), based on selected parameter settings. Based
on one-sided prediction intervals, the lower 95th
percentiles for amplitudes, and upper 95th percen-
tiles for latencies were also compiled.

RESULTS

After using the ‘‘normal’” exclusion criteria, a cohort
of 326 workers was identified without wrist, hand, or
finger symptoms, certain medical history, hand tem-
peratures less than 32°C, or highly repetitive jobs.
This cohort was 34% of all workers, and represented
30-44% of workers from each site.

The average age in the normative cohort was 36.2
years (range: 19-66 years). One hundred fifty-nine
(49%) of the workers were female. Mean BMI was
27.1 kg/m2 for women, and 27.8 kg/m2 for men.
Right hand dominance was reported by 293 (90%).
Over half (54%) had never smoked. There were no

significant differences between the workers in the
“normal”” cohort and workers excluded from the
“normal”” cohort in age, sex, hand dominance, and
smoking status (data not shown). Mean BMI was also
comparable for women and men between the two
groups; however, the range was greater in the ‘“‘nor-
mal”’ cohort.

Table 1 summarizes the NCS results for the nor-
mative cohort of 326 workers. The 5th percentile of
the median sensory amplitude in the dominant hand
was 14.0 pV. The 95th percentile onset latency and
peak latency were 3.2 ms and 4.0 ms, respectively.
The 95th percentile for the difference between me-
dian and ulnar sensory peak latencies was 0.8 ms in
the dominant hand.

Appropriate transforms were identified for the
electrophysiologic measures. These transforms in-
volved inverses, inverse cubes, square roots, or loga-
rithms of the original measures (see Table 2) to create
acceptable distributions approximating normality. Or-
dinary least squares regression modeling with the
transformed variables resulted in equations that in-
dicated age, sex, hand temperature, and certain an-
thropometric factors were significant covariates (the
regression models have fewer than 326 observations
due to missing data for some covariates). Table 2 lists
the standardized regression coefficients, illustrating
the relative importance of the explanatory variables
in each model. The signs of the coefficients are dif-
ferent from those typically expected due to the effect
of the transforms.

DISCUSSION

Sampling. Most studies of normative values have
made use of convenience or feasibility samples, com-
posed of available hospital personnel, clinical col-
leagues, or students. 21213182132 wihjile convenient,
and providing valuable information, this type of
sample has limitations for generalizability. Many of

Table 1. Electrophysiologic results from normative cohort.

Dominant hand

Nondominant hand

Mean Median 90th  95th  99th Mean Median 90th  95th  99th

Parameter n (SD) [Range] %-ile  %-ile  %-ile n (SD) [Range] %-ile  %-ile  %-ile
Median sensory (wrist)

Amplitude (uV)* 324 356(14.8) 34.6[5.5-83.3] 18.0 14.0 70 324 396(17.2) 38.0[3.9-103.7] 20.0 137 8.9

Onset latency (ms) 324 2.5(0.3) 2.5[2.0-4.8] 3.0 3.2 3.7 324 2.5(0.3) 2.4 [1.7-4.6] 2.9 3.1 3.5

Peak latency (ms) 324 3.2(0.4) 3.2[2.6-6.0] 3.7 4.0 45 324 3.2(0.4) 3.1[2.4-5.7] 3.7 3.9 4.7
Ulnar sensory (wrist)

Amplitude (uV)* 324 33.6(16.2) 30.4[4.0-102.7] 166 125 59 3283 357(17.2) 320[4.9-1015] 16.0 11.3 9.0

Onset latency (ms) 324 2.4(0.2) 2.4[1.8-3.5] 2.7 2.8 3.2 328 25(0.2) 2.4[1.8-3.7] 2.8 2.8 3.1

Peak latency (ms) 324 3.1(0.3) 3.1[2.6-4.1] 3.4 3.6 3.8 328 3.1(0.2) 3.1[2.4-4.1] 3.4 3.6 3.8
Median-ulnar peak

latency (ms) 324 0.2 (0.4) 0.1[-0.8-2.6] 0.5 0.8 1.5 328 0.1(0.3) 0.0 [-0.7-2.8] 0.5 0.7 1.1
Hand temperature (°C)* 315 33.2(0.8) 33.0[32.0-35.7] 320 320 320 312 33.3(09) 33.0[32.0-36.0] 320 32.0 320
*Note that percentiles are ‘reversed’ for amplitudes and hand temperature, and represent the 10th, 5th and 1st percentiles.
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Table 2.

Summary of regression models for normative cohort.

Standardized regression coefficients

Dependent Hand Wrist Wrist Finger Finger
variable* Number  Constant Age Sext temperature Weight BMI width depth length circumference R
Dominant hand
Median sensory amplitude 323 11.64 -0.3949  0.2445 -0.3370 0.51
Median sensory onset latency 313 -0.1019 -0.3283  0.2981 0.2320 -0.2076  0.3477 -0.2752 0.27
Median sensory peak latency 313 -0.0699 -0.3568  0.2691 0.3017 —-0.1901 0.3093 -0.1823 0.27
Ulnar sensory amplitude 323 10.66 -0.3464  0.3245 -0.2732 0.48
Ulnar sensory onset latency 313 -0.0036 -0.2974  0.3407 0.2896 0.1551 -0.1855 0.27
Ulnar sensory peak latency 313 -0.0309 -0.3167  0.3032 0.3649 0.2127 —-0.2620 0.31
Median-ulnar peak
latency difference 324 —-0.0598 0.1784 0.1453  -0.2188 0.08
Nondominant hand
Median sensory amplitude 323 10.90 -0.3482  0.3322 -0.2515 0.46
Median sensory onset latency 311 0.0003 -0.3089  0.3083 0.2074 -0.2185 0.2028 0.21
Median sensory peak latency 311 —0.0580 -0.3253  0.1929 0.3023 —-0.1093 0.23
Ulnar sensory amplitude 322 10.78 -0.2825  0.3337 -0.2860 0.45
Ulnar sensory onset latency 310 -0.0527 -0.2812 0.3816 0.3287 0.31
Ulnar sensory peak latency 310 -0.0268  -0.3450 0.2405 0.3866 0.1250 -0.1594 0.36
Median-ulnar peak
latency difference 323 0.1554 0.2342 -0.1344 0.07

*Transformations of dependent variables were as follows: amplitudes (square root), median onset and peak latencies in the dominant hand and median peak latency in the
nondominant hand (inverse cube), ulnar onset and peak latencies and median sensory onset latency in the nondominant hand (inverse), median-ulnar peak latency differences

[log (difference +1)].
tMen = 0, women = 1. P values for F statistics in all models < 0.00005.

these studies were small, and thus lack adequate sta-
tistical power. Also, we suspect that many of the con-
venience samples have a spectrum bias,”” producing
results of questionable validity for comparison with
the general population or active workers.

In contrast to convenience samples, community
sampling is a routine practice for determining ‘‘nor-
mal values’ for biological parameters such as in spi-
rometric testing.”'" However, other than reports by
Dyck et al.? and Stetson et al.,*' we are unaware of
any well-designed epidemiological studies that have
collected data from randomly selected asymptomat-
ic, nondiseased community residents or workers, as
has been done in the present study.

We focused exclusively on active workers to gen-
erate a large set of electrophysiologic parameters to
assess normative values. The importance of selecting
an appropriate reference cohort was emphasized by
O’Brien and Dyck20 in their guide for setting normal
values. As mentioned, the workers in the present
study represented a wide variety of employment set-
tings, including various manufacturing and office
environments, enhancing the robustness of findings.
This type of sample provided a unique opportunity
to establish normative values, and strengthens the
validity of the results for a worker population.

Explanatory Variables. As Kimura'® outlined in his
review of nerve conduction techniques, several vari-
ables affect nerve conduction, including tempera-
ture, age, and the normal variation in nerve func-
tion. However, in our experience, laboratories
typically establish cutoffs for normal ranges of nerve
conduction measures without considering such fac-
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tors. In clinical practice, there is usually no quanti-
tative adjustment for age, sex, anthropometry, or sur-
face temperature. This practice continues despite
mounting evidence that variables such as age and
ternperature6 need to be considered for accurate in-
terpretation of results. Various studies”!>!%-222431,33
have suggested that age, sex, BMI, wrist ratio, oral
contraceptive use, oophorectomy, wrist dimension,
weight, height, or certain medical conditions may
contribute valuable information about nerve function.
Normal values that are not corrected (for age, for in-
stance) have been cited as inadequate reference val-
ues.22%%” The present study provides further evidence
of the need to create an electrodiagnostic algorithm
accounting for significant explanatory variables.

Our results suggest that adjusting sensory nerve
conduction test results for relevant variables will im-
prove the accuracy of interpretation. Age, sex, and
hand temperature were significant covariates in our
models of mean peak and onset latencies in both the
median and ulnar nerves for dominant and non-
dominant hands. The most robust models were for
sensory amplitudes both in the median and ulnar
nerves for dominant and nondominant hands. Al-
most 50% of the variance in nerve function was ex-
plained by these models. The median—ulnar differ-
ence was found to be the least sensitive to age, sex,
and temperature, suggesting it may be the best mea-
sure to use if covariates are not considered. None-
theless, the overall accuracy of testing would im-
prove by taking relevant variables into consideration.
If one excludes the median—ulnar difference, our
regression models explained between 21% and 51%
of the variance.
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The models demonstrated remarkable internal
consistency—age, sex, hand temperature, and cer-
tain anthropometric factors were significant in all
models of onset and peak latencies. Similar to pre-
vious reports,'”*! amplitudes were affected by finger
circumference. In addition, there was striking sym-
metry between the dominant and nondominant
hands, with variables of similar significance and co-
efficients of similar magnitude. Except for ulnar on-
set and peak latencies, models for the dominant
hand explained slightly more variance. Smoking (ex-
pressed as pack years or ever/never smoked) had no
significant association with amplitude or latency
measures. Letz and Gerr'” found negative associa-
tions between current smoking status and ampli-
tudes, but no significant association with median or
ulnar sensory nerve conduction velocity.

We checked the robustness of the models of ex-
amining alternate explanatory variables. For ex-
ample, substituting BMI for weight resulted in less
than a 2% reduction in R in the model for median
sensory peak latencies of the dominant hand. Alter-
nately, wrist width and depth could be exchanged
for the ratio of width to depth without substantial
difference in explanatory power. Substitution of al-
ternate covariates may be more practical, since some
of the covariates used (e.g., finger circumference)
are not routinely collected from patients in clinical
settings.

These findings are consistent with prior studies
that have shown age and anthropometry as signifi-
cant covariates of peripheral nerve function. Letz
and Gerr'’ reported skin temperature, height, BMI,
age, race, and smoking status as important covariates
in median and ulnar sensory amplitude models. Stet-
son et al.’! reported age, height, and finger circum-
ference as significant factors in median and ulnar
sensory amplitudes; age, height, and wrist ratio for
median sensory latency; and age and height as im-
portant for ulnar sensory latency.

One curious finding is that even though nerve
function was measured using the 5th digit for the
ulnar nerves, the length of the 2nd digit was signifi-
cant in the ulnar peak latency regression models.
Although the length of the 5th digit was not mea-
sured, we suspect that there is good correlation be-
tween the lengths of digits 2 and 5, and that the
length of digit 2 serves as a surrogate for the length
of digit 5 in such models.

The prediction intervals for the median sensory
amplitude showed a decreasing trend with age and
finger circumference (Table 3). The onset and peak
latency predictions increased with age and BMI or
weight (e.g., median peak latencies increased ap-
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proximately 20% between ages 20 and 50 years).
Women had larger amplitudes than men, even after
adjusting for finger circumference. Of particular im-
portance, the magnitude of the variance increased
with age and anthropometric factors in all models
(i.e., not only did the mean of the predicted value
increase, the distance between the mean and upper
bound increased as well).

This study challenges the conventional cutoff cri-
teria for making the diagnosis of a median mono-
neuropathy. Absolute cutoffs as well as relative cut-
offs between median and ulnar latencies have been
published in previous studies,'** with most suggest-
ing a peak median sensory latency of 3.5-3.8 ms. In
our group of 324 workers, we found 4.0 ms was the
upper 95th percentile in the dominant hand. Based
on our prediction equation that accounted for age,
sex, and weight, the upper 95th percentile for the
dominant hand ranged from 3.3 to 5.2 ms.

The standard relative median to ulnar compari-
son is 0.4 to 0.5 ms. This is reported to avoid false
positive findings,”® but our data suggest a cutoff of
0.8 ms as the upper limit of normal in the dominant
hand of active workers. Use of this new diagnostic
criterion would make a significant impact on the
clinical management of cases. With the conventional
cutoff criteria, many cases of CTS may be ‘“‘con-
firmed” in individuals who are electrically normal.

Given that the reference values are valid, the
question remains as to whether the measures are
reliable. Letz and Gerr'” reported highly significant
variability between examiners in their work with over
4000 subjects. They noted that with such a large
sample size, even trivial differences could appear sta-
tistically significant, even though the findings might
be of little clinical consequence. Chaudhry et al.**
also have addressed this concern in two reports—
one of 7 healthy subjects and another with 6 patients
with diabetic neuropathy. In both studies, they
found a high degree of intraexaminer reliability;
however, significant interexaminer differences were
found, although both studies were very small. Our
studies are subject to this variability as well, and we
intend to evaluate the reliability issue more directly
via repeated nerve conduction studies with multiple
examiners

Due to the large number of electrophysiological
tests, it may not be practical to standardize all tests.
However, more commonly used tests could be stan-
dardized by studying large numbers of properly se-
lected control subjects. An approach similar to that
used with spirometry testing would improve the va-
lidity of interpretation of electrophysiological out-
comes and the accuracy of CTS and other diagnoses.
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Table 3. Predicted normative values for nerve conduction studies—dominant hand.

Median sensory amplitude

Median sensory onset latency

Median sensory peak latency

Dominant finger  Predicted  95th percentile— Predicted Predicted
Age circumference mean lower bound BMI mean 95th Percentile-  Weight mean 95th percentile—
(years) Sex (mm) value (uV) (uv) (kg/m?) value (ms) upper bound (ms) (kg) value (ms) upper bound (ms)
20 Female 55 61.0 39.8 23 2.3 2.6 50 29 3.3
20 Female 63 53.4 33.7 28 2.3 2.7 80 3.0 3.4
20 Female 71 46.3 28.1 32 2.3 2.8 110 3.1 3.6
20 Female 79 39.7 22.8 37 2.4 2.8 140 3.2 3.8
30 Female 55 53.4 33.8 23 2.4 2.8 50 3.0 35
30 Female 63 46.3 28.2 28 2.4 2.8 80 3.1 3.6
30 Female 71 39.7 23.1 32 2.4 29 110 3.2 3.8
30 Female 79 33.6 18.3 37 25 3.0 140 3.2 4.0
40 Female 55 46.4 28.2 23 2.4 2.9 50 3.1 3.6
40 Female 63 39.8 23.2 28 25 3.0 80 3.2 3.8
40 Female 71 33.7 18.5 32 25 3.1 110 3.3 4.0
40 Female 79 28.1 14.3 37 2.6 3.2 140 3.2 4.3
50 Female 55 39.8 23.1 23 25 3.1 50 3.2 3.8
50 Female 63 33.7 18.6 28 2.6 3.2 80 3.3 4.0
50 Female 71 28.1 14.5 32 2.6 3.3 110 3.4 4.3
50 Female 79 23.0 10.8 37 2.7 35 140 35 4.7
20 Male 55 51.6 32.0 23 2.4 2.8 50 3.0 3.5
20 Male 63 44.6 26.8 28 2.4 29 80 3.1 3.6
20 Male 71 38.2 21.9 32 2.4 3.0 110 3.2 3.7
20 Male 79 32.2 17.4 37 25 3.1 140 3.2 4.0
30 Male 55 44.7 26.6 23 2.4 3.0 50 3.1 3.6
30 Male 63 38.2 219 28 25 3.1 80 3.2 3.8
30 Male 71 32.2 17.5 32 25 3.1 110 3.3 4.0
30 Male 79 26.8 13.5 37 2.6 3.3 140 3.4 4.2
40 Male 55 38.2 21.7 23 25 3.2 50 3.2 3.8
40 Male 63 32.3 17.4 28 2.6 3.3 80 3.3 4.0
40 Male 71 26.8 13.6 32 2.6 3.4 110 3.4 4.3
40 Male 79 21.8 10.1 37 2.7 3.6 140 35 4.6
50 Male 55 32.3 17.2 23 2.6 3.4 50 3.3 41
50 Male 63 26.8 13.5 28 2.7 3.6 80 3.4 4.3
50 Male 71 21.9 10.1 32 2.7 3.8 110 35 4.7
50 Male 79 17.4 7.2 37 2.8 41 140 3.7 52

Predicted values were calculated from regression equations based on dominant hand temperature of 33°C; wrist width of 52 mm in females, 59 mm in
males; and wrist depth of 37 mm in females, 41 mm in males, when indicated.

Computer technology now allows for immediate dis-
play of raw and predicted measurements with confi-
dence intervals to interpret results. This could be
done with adjustment for the previously mentioned
variables in multiple regression models, despite the
underlying complexity of variable transformation, as
is current standard practice in pulmonary laboratories.

It is apparent from this study that fixed absolute
thresholds without adjustment for age, sex, tempera-
ture, or anthropometric factors may result in many
false positive (and false negative) results. Even with
control of temperature within an acceptable range,
hand temperature was still an important covariate of
latency. Measurement of anthropometric variables
and strict control for temperature (e.g., warming of
cool limbs) are essential for more valid interpreta-
tion of nerve conduction outcomes. Even with these
adjustments, however, current standards for diagnos-
ing CTS among workers appear too sensitive, and
need fine-tuning to avoid misclassification of results
that are within a normal reference range.

Conclusion. There are a number of strengths in
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this study, most notably: 1) the composition of the
sample; 2) the use of rigorous exclusion criteria to
select healthy subjects; and 3) the sample size. The
sample, consisting of workers from various industrial
and office settings, provided a valid reference for
normative values of workers. Without being too
strict, the criteria used to select subjects for the nor-
mative analyses provided a reasonable definition of
normal. Unmeasured factors related to increased
risk of peripheral neuropathy, such as solvent expo-
sure or use of neurotoxic medications (e.g., certain
antineoplastic agents), were unlikely confounders at
the study sites or among active workers. The gener-
ally high rate of worker participation and the large
sample further strengthen the validity of the norma-
tive values.

Additional studies are needed involving large
numbers of randomly selected, asymptomatic sub-
jects from worker populations without known dis-
eases associated with neuropathy to further validate
electrophysiological models and to determine ap-
propriate covariates for a computer-based algorithm.
The normative values presented in this study should
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provide better precision in estimating nerve function
in the working population. It is clear that improving
the body of normative data provides the means for a
more accurate interpretation of ‘‘‘normal’ nerve
conduction studies among workers.

The purpose of this study was to evaluate nerve
conduction data among asymptomatic, healthy work-
ers to assess what is considered ‘‘normal.”” The cur-
rent diagnostic methods of using fixed thresholds
without adjustment for age and sex are not appro-
priate for a worker population, and could result in
substantial misclassification. Age, sex, and hand tem-
perature were the most important variables in our
electrophysiologic models. Weight, BMI, wrist width,
wrist depth, finger length, and finger circumference
also had significant explanatory power. The models
presented illustrate the importance of considering
covariates such as age, sex, hand temperature, and
anthropometric factors when interpreting nerve
conduction studies.

Presented, in part, at the International Conference on Occupa-
tional Disorders of the Upper Extremities, Ann Arbor, Michigan,
October 24-25, 1996.

The data for these analyses were collected in studies supported
by governmental agencies and private industry. We express our
appreciation to the workers and managers who participated in the
studies, and thank the Office Ergonomics Research Committee
for supporting the work presented here. We also thank M. An-
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