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Agreement Between Clinical Examination
and Quantitative Tests of Neurologic
Function Among 384 Subjects

Kyle Steenland,* Robert Dick, and Lawrence Fine

Background Quantitative neurological tests are often cheaper and easier than clinical
examinations, and provide continuous data which may discriminate between exposed and
nonexposed groups with more sensitivity than dichotomous (normal/abnormal)
examination data.

Methods We compare clinical examinations and analogous quantitative tests for arm
tremor, postural sway, and vibrotactile sensitivity (finger and toe), for 384 subjects.
Results The “abnormal” clinical outcomes studied were relatively common (range,
3-36%), and did not result in impairment of daily activity for affected subjects. All the
quantitative tests were reasonably good predictors of the corresponding clinical
outcome. The most predictive test was for toe vibrotactile sensitivity. The probability of an
abnormal clinical result for those in the worst quartile for the toe test was 0.63, compared
with 0.36 for all subjects.

Conclusions Our results suggest that certain quantitative tests might be used in
epidemiologic studies instead of a physical examination. Am. J. Ind. Med. 39:361-368,

2001.  Published 2001 Wiley-Liss, Inc.t
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INTRODUCTION

We recently completed an epidemiologic study of 193
termiticide applicators and 191 nonexposed controls [Steen-
land et al., 2000]. The focus of the study was on neurologic
function. Subjects were examined by a clinical neurologic
examination and a variety of quantitative tests. The clinical
examination and the quantitative tests were analogous for
three endpoints: (1) sensitivity to vibration in the toe and
finger (peripheral nerve function); (2) tremor (central nerve
function), and (3) sway (both peripheral and central nerve
function). Here, we report the relationship between findings
on the clinical examination, which were usually scored as
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“normal/abnormal,” and the quantitative tests, which were
generally scored as continuous variables.

The question of interest is the degree to which findings
on the quantitative tests can predict findings on the clinical
examination. If these tests are good predictors of a clinical
abnormality, they might be used in place of a clinical exam-
ination in epidemiologic field studies. It should be noted
that a finding a clinical abnormality for the outcomes here
was not uncommon and did not necessarily imply daily
impairment nor was sufficient, by itself, to make a
diagnosis.

The quantitative tests discussed here offer several ad-
vantages over a clinical examination. One advantage is that
the quantitative tests provide a result which is a continuous
rather than a dichotomous variable, and, therefore, allow
for detecting more subtle neurologic differences between
groups (e.g., exposed vs. nonexposed subjects in an epide-
miologic study) than does the clinical examination, assum-
ing the test and clinical examination are measuring the same
phenomenon. They also may be considerably less expensive
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and faster to perform than a clinical examination, especially
in field studies with large numbers of subjects. They are
easily automated and less subject to error or bias on the part
of the tester, relative to the clinician.

On the other hand, the quantitative tests do not yet have
validated norms among nonexposed populations, although
this situation is improving. A clinical test, in contrast, does
by definition have such norm. It usually divides subjects
into “normal” and ‘““abnormal,” albeit based on a qualita-
tive judgment of the neurologist rather than a quantitative
criterion.

If the quantitative tests were good predictors of the
clinical examination, they might be used in place of clinical
examinations to differentiate between exposed and non-
exposed groups in epidemiologic studies, and might also be
used as a screening tool to refer some subjects to subsequent
clinical testing. There exist only a few prior studies of this
subject (see Discussion).

METHODS

Details of the original cross-sectional study of 193
fermiticide applicators and 191 controls can be found in
Steenland et al. [2000]. Briefly, the focus of the study was
neurologic function, possibly related to exposure to pes-
ticide. Applicators were chosen from a state list of appli-
cators in central North Carolina. Nonexposed controls were
approximately evenly divided between either blue-collar
workers (North Carolina state employees) or friends of the
exposed. Tests were conducted on weekends at a central
location. All participants lived within 2 hr of the testing
site. Participants spent 4—5 hr going through a battery of
neurologic examinations. The clinical examination evalu-
ated selected cranial nerves, speech, resting and postural
tremor, coordination and strength, sensation, reflexes, stat-
ion, and gait. Quantitative tests included sensory, motor, and
cognitive tests. All subjects received US $250 compensation
for their time. The study was approved by a human subject
review board; all subjects signed consent forms. All subjects
were male except six females, who did not differ in out-
comes from males and were retained in the analysis. No
significant exposure-related effects were found for the tests
considered here, either clinical examinations or quantitative
tests. We, therefore, considered the combined exposed and
nonexposed population for the present analysis. In the
original study, we deleted two applicators without good
work history and two controls who had worked as appli-
cators. However, these four subjects were retained in the
present analysis.

The Clinical Examination

A clinical neurologic examination was performed by
two neurologists. Study subjects were randomly examined

by either one or the other neurologist, but not by both. Each
neurologist examined about half of the study subjects. Prior
to beginning the study, both neurologists performed several
practice examinations on study investigators and discussed
their findings to try to make their approach uniform. To
account for any differences between neurologist, we inclu-
ded an indicator variable for neurologist in our regression
analyses, which was tantamount to doing an analysis strati-
fied by neurologist.

The neurologists did not know the results of the
corresponding quantitative test. Similarly, the staff who
conducted the quantitative tests did not know the results of
the corresponding clinical examination. Furthermore, the
workers also did not know their own results for any quan-
titative test or clinical examination at the time these pro-
cedures were performed. In addition, neither neurologist or
testers knew the exposure status of participants.

The neurologists performed three common examina-
tions [Degowin and Degowin, 1981] which had analogous
quantitative tests.

(a) Vibrotactile sensitivity. Examination for sensitivity
to vibration for big toe and index finger (right and left),
using a tuning fork vibrating at 125 Hz. Each of the four
outcomes was coded as normal or abnormal, based on
whether the subject reported feeling the vibrating fork.
Findings between right and left digits were almost always
concordant (96% for toe, 98% for finger). In our analysis we
combined findings for right and left digits; a finding of
abnormal on either digit was counted as abnormal.

(b) Tremor. Examination for upper extremity tremor,
using right and left arms. Results were scored as none, mild,
moderate, and severe, depending on the clinical judgment of
the neurologist. No subjects had severe tremor. Again,
results for right or left arm were virtually always concordant
(98%), and we combined results for left and right arms; the
highest score for either arm was used as the score in the
analysis. Analyses considered either a three-category ordi-
nal outcome, or a dichotomous outcome, none versus mild/
moderate.

(c) Sway. The Romberg examination for sway consists
of comparing sway while standing with eyes open versus
eyes closed. This exam was scored as normal or abnormal,
depending on the clinical judgment of the neurologist.

Quantitative Tests

Below we list the quantitative tests which corresponded
to the clinical examinations.

(al) Vibrotactile sensitivity. Test of sensitivity for
vibration for the big toe and index finger (nondominant).
The fully automated test (Vibrometry System-Briiel &
Kjar) was conducted at two vibration frequencies (31.5 Hz
and 125 Hz) over an intensity range from 90 to 160 dB using
the Békésy method [Békésy, 1947]. Decibels are defined as



20 logo (arms/arer), Where a.y is the root mean square of the
vibration acceleration, and a.r a reference vibration
acceleration of 10 m/s”. In the analysis, we considered
both frequencies separately. The test produces a mean
threshold for detection at each frequency in decibels, which
was used for the analysis. This test corresponded directly to
the clinical examination for toe and finger sensitivity to
vibration.

(a2) Nerve Conduction velocity of the peroneal motor
and sural sensory nerves. This test was compared to the
clinical examination for the toe, since both are measures of
peripheral nerve function in the lower limbs. Nerve
conduction velocity is measured in meters per second. For
sensory nerves the meters measure the distance between
stimulating and recording electrodes, and the time measures
time elapsed between stimulation of the nerve and recording
of the response (sensory nerve action potential). For motor
nerves, two stimuli are given at two different points and two
times measured (time from stimulation to compound motor
action potential). Peak amplitude (the size of the maximal
response of the action potential) was also recorded. All tests
were done using surface electrodes, at 33.0°C. Sensory
impulses were antidromic (reverse of normal direction).

(b) Tests of arm tremor. This test corresponded directly
to the test of upper extremity tremor on the clinical exami-
nation. Tremor was measured by a NIOSH-developed hand-
held device which measured tremor via accelerometers
[Galinsky et al., 1990]. The instrumentation has the capa-
bility to detect both visible (approximately 1-6 Hz) and
nonvisible (approximately 7-30 Hz) tremor. The test is
microcomputer controlled and produces a power-spectrum
(a measure of the amplitude of tremor) for each tremor
frequency measured. Analyses considered horizontal tremor
and vertical tremor of the dominant arm, averaged across all
frequencies for each minute of a 3-min test. Here we report
analyses for total horizontal tremor measured during the
second minute [the log (base 10) of the sum across all
frequencies], which proved to be the best predictor of tremor
on the clinical examination.

(c) Tests of sway. This test corresponded directly to the
Romberg test of sway on the clinical examination. Postural
stability was measured during 30-sec tests with a micro-
computer controlled force platform (Advanced Mechanical
Technology Instruments) using varied test conditions
[Battacharya et al., 1995; Dick et al., 1999]. We used the
ratio of results for eyes closed to eyes open on a hard plat-
form, which was the best predictor of the analogous Rom-
berg clinical exam. We used the outcome of the ratio of
length of sway with eyes closed to eyes open on a hard
platform. This outcome was the most predictive of the cli-
nical examination result.

(3) Analytic approach. Analyses included of univariate
t-tests comparing the means of the quantitative tests by
category of the clinical examination (e.g., normal vs. abnor-

Examination and Tests of Neurologic Functions

363

mal). Subsequent analyses consisted of logistic regressions
in which the outcome was the clinical examination (normal/
abnormal), and the predictor variables were the results of the
quantitative tests, age, and neurologist conducting the exa-
mination. The latter two variables were significantly related
to most outcomes and were included as potential confoun-
ders. The variable for the quantitative tests was analyzed
either as a continuous or categorical (quartile) variable. The
test of significance of the continuous variable was taken as a
test for trend (linear trend in the log odds). Other potentially
confounding variables (e.g., exposure status, smoking, body
mass index, race) were not predictors of clinical examina-
tion results and were not included in the model. Interaction
terms between quantitative test and either age or neurologist
were tested but were not statistically significant, with the
exception of age and peroneal nerve conduction in pre-
dicting toe vibrotactile sensitivity. For this clinical outcome
a stronger predictive effect of peroneal nerve conduction
was seen in older subjects; we report results separately for
those over age 40.

Finally, we have also calculated the sensitivity, speci-
ficity, and (1-specificity) at four cutpoints (25th, 50th, 66th,
and 75th percentiles) for four of the most predictive quan-
titative tests, under the assumption that the clinical test is the
“gold standard.” A positive quantitative test is here defined
as one above the cutpoint. Sensitivity is defined as the per-
centage of positive tests among all those positive (abnormal)
on the clinical exam. Specificity is defined as the percentage
of negative tests among all those negative (normal) on the
clinical examination. Sensitivity and (1-specificity) at diff-
erent cutpoints are sometimes used to construct “‘receiver—
operator characteristic”” or “ROC”” curves, which are graphs
of sensitivity versus (1-specificity) with cutpoints dividing
“abnormal” versus ‘“‘normal” tests ranging across all the
values of the predictor values. We have also calculated the
positive predictive power (percent abnormal on examination
out of all abnormal on quantitative test) for the 75th
percentile cutpoint.

RESULTS

Table I shows the results of 7-tests comparing the means
of the quantitative tests for those normal or abnormal on the
clinical examination. Inspection of Table I shows that these
means were significantly different from each other at the
P < 0.05 level, with the exception of those for the Romberg
examination which was limited by a small sample size (only
12 subjects were found to be abnormal by the clinicians),
and for vertical tremor. These significant differences would
be expected assuming the quantitative tests had some pre-
dictive power for the outcomes on the examination. These
t-tests do not take into account potential confounding by age
or neurologist performing the examination.
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TABLE l. Univariate Results of Clinical and Quantitative Tests

P-value, t-test
Clinical No. of normals Normals:test  No.of abnormalson Abnormals: test difference
Quantitative test examination on exam (%) mean (SD) exam (%) mean (SD) intest means
Toe vibration (31.5 Hz) (dB) Toe vibration 245 (64) 111.5(8.0) 139 (36) 116.2(9.9) 0.0001
Toe vibration (125 Hz) (dB) Toe vibration 245 (64) 1139(11.2) 139 (36) 123.0(13.8) 0.0001
Peroneal velocity (m/sec) Toe vibration 245 (64) 472 (4.) 139 (36) 454(4.0) 0.0001
Peroneal amplitude, Toe vibration 245 (64) 793(2.57) 139 (36) 716 (2.95) 0.01
fibers ennervated
Sural velocity (m/sec) Toe vibration 245 (64) 475(4.2) 139 (36) 459(4.) 0.0004
Sural amplitude, fibers ennervated Toe vibration 245 (64) 200(6.7) 55 (14) 18.1(6.8) 0.007
Finger vibration (31.5 Hz) (dB) Finger vibration 329 (86) 1059 (8.0) 55(14) 109.6 (10.3) 0.01
Finger vibration (125 Hz) (dB) Finger vibration 329(86) 1041 (9.9) 55(14) 107.5 (11.5) 0.02
Horizontal arm tremor, Arm tremor 289 (75) 477(0.53) 95(25) 495(0.52) 0.005
units of power spectrum?
Vertical arm tremor, units of Arm tremor 289(75) 473(057) 95(25) 430(0.39) 014
power spectrum
Ratio of length of sway, eyes Romberg exam 372(97) 149 (0.30) 12(3) 169 (0.41) 003
closed to eyes open for sway

2Arm tremor abnormal on clinical examination groups moderate (n = 13)and mild (n = 82) arm tremor. The test means for these two groups for horizontal tremor were 5.38 (0.69) and 4.88 (0.46),

respectively, while the means for vertical tremor were 5.25 (0.46) and 4.74, respectively.

Tables II-V shows the results of the multivariate logi-
stic regression analyses in which the results of the quan-
titative tests are used to predict the outcome of the clinical
examination, while controlling for age and neurologist per-
forming the examination.

Table II shows that peroneal nerve conduction velocity
and amplitude were statistically significant predictors (based
on the P-value for trend) of an abnormal clinical examina-
tion of toe vibrotactile sensitivity. The relationship between
test and examination was strongest for older subjects.

Quantitative vibration sensitivity tests for the toe are
directly analogous to the clinical test, and show a strong
relationship with it in Table II, at either 31.5 Hz or 125 Hz
(these two quantitative tests are highly correlated, »=0.79).

Table III shows the results for an abnormal examination
for finger vibrotactile sensitivity, compared with the quanti-
tative test for finger vibrotactile sensitivity at 31.5 and
125 Hz. These two tests are correlated with each other
(Pearson’s correlation coefficient, 0.61). There are signifi-
cant trends of worse performance on the test predicting the

TABLEIL. Logistic Regression*,0dds of an Abnormal Examination forToe Vibrotactile Sensitivity by Nerve Conduc-
tion Velocity and Amplitude, and by Vibrotactile Sensitivity (Quantitative Test)

Odds ratio of abnormal examination

Quantitative test

by quartile (P-value)

P-value for trend®

Peroneal nerve velocity 1.00,0.72 (
Peroneal amplitude 1.00,1.58¢.
Peroneal nerve velocity, age 40+ 1.00,0.45 (
Peroneal amplitude, age 40+ 1.00,1.88(.
Sural nerve velocity 100,097 (
Sural amplitude 1.00,0.69(.
Toe vibrotactile sensitivity, 31.5 Hz 1,00,1.63(.
Toe vibrotactile sensitivity, 125 Hz 1.00,1,56(.

© N o N ow

N NN W

9),146 (.33), 166 (19) 0,009
4),154(.26),2.64 (01) 002
0),1.56 (45), 2.22 (15) 0003
9),1.65(.36), 3.95 (01) 0,008
2),1.80 (12), 163 (.24) 009
3),1.21(61),100 (99) 098
4),131(50),3.82 (002) 0002
7),1.80 (.15), 5.03 (.0001) 0.0001

*Controlled for age, neurologist performing test.

Test of coefficient for continuous variable for toe vibrotactile sensitivity.
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TABLEIII. LogisticRegression*,0dds of an Abnormal Examinationfor Finger Vibrotactile Sensitivity on Quantitative

Examination

0dds ratio of abnormal examination

Quantitative test by quartile (P-value) P-Value for trend®
Finger vibrotactile sensitivity, 1.00,1.85(.24), 3.85 (.006), 3.01 (.02) 0.004
315Hz
Finger vibrotactile sensitivity, 1.00,2.69 (.06),2.30(.10),3.07 (.02) 0.03
125 Hz

*Controlled for age, neurologist performing test.

“Test for coefficient for continuous variable for finger vibrotactile sensitivity.

TABLE IV. Logistic Regression*, 0dds of an Abnormal Examination for Upper Extremity Tremor by Arm Tremor on

Quantitative Test

0dds ratio of abnormal examination

Quantitative test by quartile (P-value) P-Value for trend®
Horizontal tremor during 1.00,2.50(.02),2.50(.02),4.68 (.02) 0.002

2nd minute
Vertical tremor during 1.00,1.22 (.60),2.27 (.02),2.29 (.02) 0.11

2nd minute

*Controlled for age, neurologist performing test.
Test for coefficient for continuous variable for tremor.

clinical outcome, but quartile analysis does not indicate
monotonically increasing odds ratios. It would appear that
subjects in all three of the upper quartiles of the finger
vibrotactile quantitative test have a two to threefold risk of
an abnormal clinical examination, suggesting lack of a
strong correspondence between the test and the examina-
tion.

Table IV shows the results for an abnormal examination
for arm tremor (mild and moderate combined) as predicted
by the quantitative tests for horizontal and vertical tremor in
the 2nd minute of a 3-min test. Horizontal tremor showed a
significant positive trends.

Table V shows the results for an abnormal Romberg test
on clinical examination, versus the best predictor of the
quantitative test for postural sway (ratio of length of sway,
eyes closed vs. eyes open, hard surface). Odds ratios by
quartile of the quantitative test do not indicate an mono-
tonically increasing trend. The predictive value of the quan-
titative test is inherently difficult to estimate because of the
low number (n = 12) of abnormals on the clinical Romberg
test.

Table VI shows the sensitivity, specificity, (1-specifi-
city), and positive predictive value for four of the tests which
were among the better predictors of clinical outcomes,

TABLE V. Logistic Regression*, Odds of an Abnormal Romberg (Sway) Examination by Postural Sway Results

(QuantitativeTest)

Odds ratio of abnormal examination

Quantitative test

by quartile (P-value)

P-Value for trend®

Ratio of length of sway, eyes
closed to eyes open, hard
surface

100,099 (.99), 3.78 (:24), 2.46 (43)

0.08

*Controlled for age, neurologist performing test.
Test for coefficient for continuous variable for ratio of sway.
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TABLE V1. Sensitivity, Specificity, and (1-Specificity) at 25th, 50th, 66th, and 75th Percentiles for Four Quantitative
Tests Most Predictive of an Abnormal Result on Clinical Examination*

Test, percentile Clinical Positive
cutpoint® examination Sensitivity  Specificity  1-Specificity predictive value
Toe vibration, 75% Toe vibration 045 0.85 0.15 063
Toe vibration, 66% Toe vibration 0.50 0.70 0.30

Toe vibration, 50% Toe vibration 0.68 0.55 045

Toe vibration, 25% Toe vibration 0.87 0.29 0.71

Peroneal velocity, 25%° Toe vibration 0.35 0.80 0.20 0.50
Peroneal velocity, 33% Toe vibration 046 0.74 0.26

Peroneal velocity, 50% Toe vibration 063 0.58 042

Peroneal velocity, 75% Toe vibration 0.82 0.29 0.71

Finger vibration, 75% Finger vibration 0.35 0.76 024 0.19
Finger vibration, 66% Finger vibration 047 0.71 0.29

Finger vibration, 50% Finger vibration 0.65 0.51 049

Finger vibration, 25% Finger vibration 0.82 0.25 0.75

Arm tremor, 75% Arm tremor 0.37 0.79 0.21 0.36
Arm tremor, 66% Arm tremor 043 070 0.30

Armtremor, 50% Arm tremor 064 0.55 045

Arm tremor, 25% Arm tremor 0.87 0.29 0.71

*Sensitivity, percent abnormals by test among all abnormals on exam; specificity, percent normals by test among all normals on examination;
positive predictive value, percent abnormals on exam among all abnormal on test (calculated only for most predictive quartile).

*Finger test using 31.5 Hz, toe test using 125 Hz, temor test using horizontal tremor. Values above cutpoint define an “abnormal” test, except for
peroneal amplitude where values below the cutpoint define an “abnormal” test.

"Worse peroneal velocity was slower velocity, so the ordering of categories is reversed.

evaluated at four different cutpoints (25th, 50th, 66th, and
75th percentiles). For each cutpoint the quantitative test was
defined as ““positive” if the test result exceeded the cutpoint
(with the exception of peroneal nerve amplitude, where the
reverse was true). This table assumes that the clinical test is
the ““gold standard.” Table VI shows the usual trade-off of
sensitivity and specificity. The degree to which sensitivity
generally exceeds (l-specificity) is one measure of the
predictive ability of the test for the clinical outcome, the
degree to which the test correctly predicts true abnormals
versus the degree to which it incorrectly predicts abnormals
from normals. For example, consider toe vibrotactile sensi-
tivity test as the predictor of a clinical finding of abnormal
toe sensitivity. Using the median value of the test as the
cutoff, this test correctly identifies as abnormal two-thirds of
all subjects; nonetheless it also has a 45% false positive rate
at this cutoff point. Another measure of predictive ability is
the positive predictive power, the percent of those classified
as abnormal on the quantitative test who were also abnormal
on the clinical exam. This measure is notably high only for
the toe vibrotactile sensitivity.

Table VI illustrates the predictive power of the quanti-
tative test, without reference to age. The logistic regressions
with both age and quantitative test into the model can
potentially provide additional useful information, especially

when age is an important predictor of the clinical exam
result in addition to the quantitative test. Age is a highly
significant predictor of all examinations in Table VI except
sensitivity to finger vibration. Table VII gives the logistic
model results (with age and test in the model) for the same
tests/examination as Table VI. Also given are the sensitivity,
specificity, and predictive power of a positive test, based on
using the 75th percentile of the predicted probabilities from
the logistic model. The models in Table VII do not include a
dichotomous variable for neurologist as in the earlier tables,
as that variable was specific to our own study and not gene-
ralizable. Table VII does not indicate, in general, much
change from Table VI, although the addition of age to the
model provides some improvement for tests for an abnormal
toe exam.

DISCUSSION

We have evaluated the predictive ability of quantitative
tests of neurologic function for results of a clinical neuro-
logic examination. The single best predictor was the vibro-
tactile sensitivity test for predicting abnormal toe vibrotac-
tile sensitivity on clinical examination. Peroneal nerve
conduction was also a good predictor of toe abnormality on
clinical exam.
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TABLE VII. Logistic Model Results for Selective Quantitative Tests and Examinations

Logistic model Sensitivity Specificity Positive
Clinical forlog odds of at75th at 75th predictive value

Test examination abnormal exam percentile® percentile’  at 75" percentile®
Toe vibration Toe vibration —8.854+-0.068 age+ 048 0.88 0.72

0.046 toe test
Peroneal velocity ~ Toe vibration —0.228+.082 age— 048 0.88 068

0.080 velocity
Finger vibration®  Fingervibration ~ —553+0013 age+ 0.31 0.75 0.17

0.028 finger test
Arm tremor® Arm tremor —5504-0.039 age+ 0.36 0.79 0.36

0.582 tremor

*Sensitivity, percentabnormals by testamong allabnormals on examination; specificity, percentnormals by testamongalinormals on examination;
positive predictive value, percent abnormals on examination among all abnormal on test (calculated only for most predictive quartile). The cutpoint
for determining sensitivity, specificity, and positive predictive value was the 75th percentile of the predicted probabilities from the logisitic model.
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*Finger testusing 31.5 Hz, toe test using 125 Hz, temor test using horizontal tremor

The finding of a stronger relationship between the
peroneal nerve conduction test and an abnormal clinical
finding for toe vibrotactile sensitivity for older people versus
younger ones may be related to the fact that nerve con-
duction velocity is fairly constant until age 50, when it
begins to decrease [Davis-King et al., 1992]. Clinical dys-
function may occur only after the number of healthy neu-
rons drops below some critical number (a threshold effect).

The weaker correspondence between quantitative test
and clinical examination for index finger tactile sensitivity,
compared with great toe vibrotactile sensitivity, may be
related to the fact that the sensory neurons of the lower limb
are more vulnerable to damage because of their greater
length, compared to the shorter length of the neurons in the
upper limb. In our study population the prevalence of an
abnormal clinical outcome for the toe was 36%, compared
with 14% for the finger. The standard deviation of the
quantitative test for toe vibrotactile sensitivity (at 125 Hz)
was 13.0, compared 10.2 for the comparable statistic for the
finger. The greater variation in the quantatitive test for the
toe compared to the finger, and the greater prevalence of an
abnormal clinical outcome for the toe compared to the finger,
may underlie the more pronounced correspondence between
test and clinical outcome for the toe versus the finger.

The weak relationship between the quantitative test for
postural sway and the clinical Romberg examination may be
partly a product of limited sample size; there were only 12
abnormal Romberg examinations.

It should be noted that we have here considered the
clinical examination as a ‘“‘gold standard” whereas in fact
the decision by the two clinicians in this study to label a
subject as normal or abnormal was a subjective judgment
which necessarily involved some error in relation to some

unknown true classification based on current clinical pra-
ctice across all neurologists. The degree to which the
clinicians in this study were themselves inaccurate will tend
to reduce the true predictive ability of the quantitative tests.

Our results are consistent with findings from the few
other studies on this issue. Dick et al. [1997] found good
agreement between an arm tremor score in the upper 20%
on the same quantitative test used here, and a diagnosis of
abnormal tremor by clinicians, in a study of 63 aluminum
workers.

Gerr et al. [1991] studied 79 patients referred to a clinic
for neurophysiological evaluation, who had clinical exam-
inations of vibrotactile sensitivity of index finger and great
toe (scored as normal, equivocal, abnormal), quantitative
tests of vibrotactile sensitivity by scoring reported sensation
to a vibrating pole (the Vibraton, continuous scoring using
the method of limits), and nerve conduction velocity tests of
a variety of upper and lower extremity nerves. The authors
found a good correlation between quantitative vibrotactile
sensitivity and the clinical examination results which had
three possible scores (Pearson correlation for index finger
0.66, for great toe 0.70). Our results are not directly
comparable, as we had only a dichotomous classification of
the clinical examination (normal/abnormal), prohibiting a
meaningful calculation of a correlation coefficient. Gerr
et al. did not report the predictive power of the nerve
conduction tests for the clinical examination.

Gerr et al. also correlated nerve conduction velocity and
amplitude for the peroneal nerve and sural nerve with the
quantitative test for toe vibrotactile sensitivity (Pearson
correlation coefficients —0.55 for peroneal velocity, —0.29
for peroneal amplitude, —0.28 for sural velocity, —0.29 for
sural amplitude). Our corresponding Pearson correlation
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coefficients were lower (—0.23, —0.13, —0.33, —0.22, res-
pectively). It is known that nerve conduction velocity and a
quantitative test of vibrotactile sensitivity do measure exa-
ctly the same neurologic phenomena [Gerr and Letz, 1993].
Nonetheless, for the lower extremity we found that both tests
were good predictors of an abnormal clinical examination.

Wennemark et al. [1996] compared quantitative tests
for finger vibrotactile sensitivity with self-reported symp-
toms and did not find a strong relationship. They did not
conduct a clinical examination and thus their findings are
not directly comparable to ours. However, we also found
that the probability of an abnormal clinical examination for
vibrotactile sensitivity was high among all top three quar-
tiles of our quantitative test results, indicating poor pre-
dictive power for the quantitative test.

Flodmark and Lundborg [1997] studied 135 blue collar
workers in manufacturing, for vibrotactile sensitivity meas-
ured quantitatively and via a clinical examination. Results
are not reported in units comparable to ours, making comp-
arison difficult. These authors do mention that abnormal
clinical examinations for sensation (Phalen’s test and two-
point discrimination) were only increased in those with the
worst finger vibrotactile sensitivity on quantitative test. In
contrast we did not find that abnormal finger tactile sen-
sitivity on clinical examination was limited to those with the
worst (e.g., worst quartile) vibrotactile sensitivity on the
quantitative test.

In conclusion, several quantitative tests were reason-
able predictors of abnormality on clinical examination in
our data. The choice of whether to rely on quantitative tests
alone rather than a clinical examination in an epidemiologic
field study will depend on a study’s budget and goals. If the
budget is limited, and if the goal of the study is to detect
differences between exposed and nonexposed rather than
identify subjects with clinical abnormality, then quantitative
tests alone will suffice. It should be remembered that the
clinical “‘abnormalities’ detected in a typical clinical exa-
mination are fairly prevalent and do not generally cause any
dysfunction, and that results of the clinical examination will
vary neurologist to neurologist and, therefore, such results
themselves are not necessarily an ideal “gold standard.”
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