
ABSTRACT: Nerve conduction studies play an important role in clinical prac-
tice and research. Given their widespread use, reliability of tests merits
careful attention. We assessed interexaminer and intraexaminer reliability of
median and ulnar sensory nerve measures of amplitude, onset latency, and
peak latency. In a two-phase cross-sectional study, two examiners tested
158 workers. Reliability was assessed with intraclass correlations (ICC) and
kappa statistics. Median nerve measures were more reliable (ICC range,
0.76 to 0.92) than ulnar measures (ICC range, 0.22 to 0.85). Ulnar-onset
latencies had the worst reliability. The median-ulnar peak latency difference
was a particularly stable measure (ICC range, 0.79 to 0.92). The median-
ulnar peak latency difference had high interexaminer reliability (k range, 0.71
to 0.79) for normal tests defined by cut points of 0.8 ms and 0.5 ms. Intraex-
aminer reliability was higher with the 0.8-ms cut point (k = 0.90 and k = 0.85
for examiners 1 and 2, respectively). Rather than absolute cut points to
describe normality, a more rational interpretation of results can be made with
ordered categories or continuous measures.
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Nerve conductions studies (NCS) are a standard
procedure for evaluation of peripheral neuropathy.
Increased use of NCS in clinical trials and research,
and attention to quality in health care has height-
ened interest in the reliability of results.20,26 Results
may be used as a basis for diagnosis and in preplace-

ment examinations for work restrictions, such as
those related to carpal tunnel syndrome (CTS).4 A
variety of tests may be performed to detect sensory
abnormalities, which are typical findings in early
stages of disease.6 Although methods for evaluating
nerve function have evolved since the 1940s,10,22,23

reliability has rarely been assessed, particularly
among workers.

In studies of 20 diabetic patients with varying de-
grees of neuropathy, Dyck et al.14 found better reli-
ability among measures of motor and sensory nerve
amplitude compared with conduction velocity and
distal latency measures. Valensi et al.31 studied a
group of 132 diabetic patients, and found good re-
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liability among measures of conduction velocity and
F-wave latency but poor reliability for amplitudes.
Chaudhry et al.7 tested the reliability of NCS in small
samples of healthy subjects (n = 7) and diabetic pa-
tients (n = 6)8 with mixed results. More recently, Bril
et al.3 found that adherence to strict protocols in
core monitoring laboratories improved reliability in
multicenter trials.

We are aware of no reliability assessments of NCS
among a large sample of active workers, as in this
study. We assessed interexaminer and intraexaminer
reliability of median and ulnar sensory nerve mea-
sures of amplitude and of onset and peak latency.

METHODS

As part of a large, two-part medical survey among
keyboard operators, interexaminer and intraexam-
iner reliability was assessed for measures of median
and ulnar sensory nerves. In round 1, tests were per-
formed on both wrists of each subject twice, once by
each examiner. In round 2, 3 weeks later, tests were
performed by one of the two examiners in the dom-
inant wrist only.

Sensory conduction studies involved stimulation
of the median and ulnar nerves at the wrist, record-
ing from digits II and V, respectively. Antidromic
stimulation was applied 14 cm proximal to standard
ring recording electrodes, separated by a distance of
3 cm. The latency to both the initial deflection (on-
set latency) and negative peak (peak latency) and
the amplitude of the sensory nerve action potential
(SNAP) were recorded for all subjects in accordance
with the guidelines outlined by the American Asso-
ciation of Electrodiagnostic Medicine.1

Midpalm temperature was recorded at the begin-
ning of testing, and subjects with cool hands were
warmed to at least 32.0°C, when possible. No needle
or surface electromyography was performed. (Al-
though the distinction is sometimes blurred, needle
electromyograph abnormalities are late findings in
CTS.5) Tests were conducted with standard tech-
niques on Teca TD-20 (Pleasantville, New York) or
Nicolet Compass (Madison, Wisconsin) equipment.

The examiners included a board-certified neu-
rologist (JWA) and physiatrist (RAW), both of whom
were also board-certified in electrodiagnostic medi-
cine. Two electrodiagnostic technologists assisted in
testing, each working under the direct supervision of
one examiner. The technologists prepared the sub-
jects, applied electrodes, and made distance and
temperature measurements.

On all test occasions, examiners were masked to
each other’s results and results obtained in other
parts of the survey. The complete medical survey

included physical examination of the neck and up-
per extremities, self-administered questionnaires of
symptoms and functional activities, and anthropo-
metric measurements.

All subjects in the medical survey provided writ-
ten informed consent that had been approved by the
University of Michigan Human Subjects Review
Committee. All subjects were active workers, and all
aspects of the survey were performed on company
time during normal work hours for each subject. No
personally identifiable information was provided to
the union or management.

Statistical Analysis. Initial assessment of reliability
was performed with Pearson product-moment corre-
lations as measures of association, in contrast to mea-
sures of agreement,25 as it is known that observations
may disagree sharply and yet still be highly corre-
lated. Paired t-tests were also used to compare exam-
iners, not as a measure of agreement, but to see
whether overall, they obtained the same mean mea-
surement. Intraclass correlation coefficients (ICC)
were used as true measures of agreement between
examiners. The ICC combines a measure of correla-
tion with a test of the difference of means.24

In addition, analyses were performed for reliabil-
ity of normal ratings. We constructed two-by-two
tables of the median-ulnar peak latency difference,
defining normal with two cut points, 0.5 ms and 0.8
ms, respectively. Values less than the cut point were
classified as normal. For the dichotomous data, reli-
ability was assessed with the kappa statistic,9 a mea-
sure of agreement corrected for chance, defined as:

k = (pobserved − pexpected)/(1 − pexpected),

where pobserved is the observed proportion of agree-
ment, and pexpected is the expected proportion of
agreement. The McNemar chi-squared statistic was
used to compare proportions. Values of kappa
greater than 0.75 were considered excellent; values
between 0.40 and 0.75 were fair to good; and values
of less than 0.40 represented poor agreement be-
yond chance.15

Statistical analyses were performed using Stata
Statistical Software.30 Tests were considered statisti-
cally significant at the a = 0.05 level.

Temperature Correction. Temperature is one of
the most important factors explaining variation in
nerve conduction and the most frequent cause of
misclassification of false-positive or borderline find-
ings.12 Even with control of temperature within an
acceptable range, it is an important covariate of la-
tency.29 There is a decrease in latency by 0.3 ms for
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every 1°C increase in temperature,23 with an ap-
proximately linear relationship between velocity and
temperature from 18°C to 36°C.11

Examiners were not assessed for reliability of skin
temperature measurements. Instead, after the initial
analyses were completed, a temperature correction
was applied to latency measurements. Onset and
peak latencies were adjusted for temperature differ-
ences according to the following formula, taking
35°C as the standard skin temperature:

latency corrected =
latency initial − 0.3 ms (35°C − temp°C).

Temperature correction was not applied to mea-
surements of amplitude, as no significant change in
amplitude has been reported with change in skin
temperature.13

RESULTS

One hundred sixty-one workers completed the medi-
cal survey in round 1, for a participation rate of 76%.
Three weeks later, 138 subjects returned for round 2.
Interexaminer reliability was analyzed with data from
158 subjects in round 1 (three subjects’ data were
lost for one examiner in round 1). Four subjects
declined NCS in round 2, so data from 134 subjects
were available for analysis. Intraexaminer reliability
was analyzed with data from 58 subjects tested by
examiner 1 and 76 subjects tested by examiner 2.

The average age of subjects was 35 years (range,
20 years to 58 years). Most subjects were right-
handed (91%) and women (91%). The majority of
participants in the medical survey were permanent
employees, with a mean of 1.4 years (range, 0.4 years
to 1.6 years) of seniority. There were no statistically

significant demographic differences between sub-
jects who completed both rounds compared with
those who participated in round 1 only.

Between the two examiners, 36 (22%) of the sub-
jects studied in round 1 had abnormal sensory stud-
ies in the dominant or nondominant hand using the
0.5-ms cut point; 16 (10%) of the subjects had ab-
normal studies using the 0.8-ms cut point. On physi-
cal examination (n = 160), 57 (36%) subjects had
positive Phalen, Tinel, or carpal compression tests.
Ninety-nine (61%) respondents reported wrist,
hand, or finger symptoms; 86 (53%) had numbness,
burning, tingling, or pain; 39 (24%) had nocturnal
symptoms; and 23 (14%) indicated classic or prob-
able indications of CTS on a hand diagram.17 Thirty-
one (19%) subjects reported substantial decrements
in functional activity.

Interexaminer Reliability. Overall, between the two
examiners, median sensory nerve measures were
more reliable (ICC range, 0.82 to 0.91) than ulnar
measures (ICC range, 0.33 to 0.85) (Table 1). Am-
plitude and peak latency had higher interexaminer
reliability (ICC range, 0.63 to 0.91) than did onset
latency (ICC range, 0.33 to 0.87). The median-ulnar
peak latency difference had consistently high reli-
ability (ICC = 0.89, dominant hand). Ulnar onset
latency had the poorest reliability (ICC = 0.35, dom-
inant hand). The pattern of ICC results was the same
for measures in the nondominant hand.

As noted, it was not a study objective to assess the
reliability of temperature measures. Instead, onset
and peak latency measures were corrected for tem-
perature differences (amplitudes were not ad-
justed). Temperature correction improved reliability

Table 1. Interexaminer summary statistics and reliability results for sensory nerve conduction studies.

Parameter

Examiner 1 Examiner 2
Pearson

correlation
Paired t-test
(P value)*

Intraclass
correlationMean (SD) Median (range) Mean (SD) Median (range)

Dominant hand (n = 157)
Median SNAP amplitude (µv) 45.2 (14.7) 44.8 (4.9–97.0) 44.7 (14.6) 43.8 (6.8–95.7) 0.87 NS 0.87
Median SNAP onset latency (ms) 2.5 (0.4) 2.4 (1.8–4.7) 2.6 (0.4) 2.5 (2.0–4.5) 0.87 0.01 0.87
Median SNAP peak latency (ms) 3.2 (0.4) 3.1 (2.6–5.4) 3.2 (0.4) 3.1 (2.6–5.6) 0.91 NS 0.91
Ulnar SNAP amplitude (µv) 41.9 (14.1) 40.5 (10.7–92.9) 42.4 (13.5) 42.0 (11.7–82.0) 0.85 NS 0.85
Ulnar SNAP onset latency (ms) 2.3 (0.2) 2.3 (1.5–2.9) 2.4 (0.2) 2.4 (2.0–3.0) 0.41 <0.01 0.35
Ulnar SNAP peak latency (ms) 3.0 (0.2) 3.0 (2.5–3.8) 3.0 (0.3) 3.0 (2.4–4.0) 0.64 NS 0.63
Median-ulnar peak latency difference (ms) 0.2 (0.4) 0.1 (−0.4–2.1) 0.2 (0.4) 0.1 (−0.6–2.4) 0.89 NS 0.89
Hand temperature (°C) 33.1 (0.9) 33.0 (28.5–35.0) 33.1 (1.0) 33.0 (29.0–35.2)

Nondominant hand (n = 158)
Median SNAP amplitude (µv) 51.2 (16.5) 50.8 (7.8–99.6) 49.2 (15.8) 47.8 (9.0–96.7) 0.83 0.01 0.82
Median SNAP onset latency (ms) 2.5 (0.3) 2.4 (1.8–4.8) 2.5 (0.3) 2.4 (2.0–4.9) 0.87 NS 0.87
Median SNAP peak latency (ms) 3.2 (0.4) 3.0 (2.5–6.5) 3.2 (0.4) 3.1 (2.6–6.3) 0.91 NS 0.91
Ulnar SNAP amplitude (µv) 44.7 (14.1) 43.1 (7.3–92.5) 44.1 (14.1) 42.0 (14.1–85.2) 0.78 NS 0.78
Ulnar SNAP onset latency (ms) 2.3 (0.2) 2.3 (1.5–2.7) 2.4 (0.2) 2.4 (1.8–2.8) 0.35 0.01 0.33
Ulnar SNAP peak latency (ms) 3.0 (0.2) 3.0 (2.6–3.6) 3.0 (0.2) 3.0 (2.0–4.0) 0.64 NS 0.63
Median-ulnar peak latency difference (ms) 0.1 (0.4) 0.1 (−0.4–3.1) 0.1 (0.4) 0.1 (−0.4–3.1) 0.88 NS 0.88
Hand temperature (°C) (n = 157) 33.0 (0.9) 33.0 (29.7–35.0) 33.0 (1.1) 33.0 (28.5–35.3)

*NS, not statistically significant at a = 0.05 level.
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of ulnar onset latency in the dominant hand (ulnar
onset latency, ICC = 0.47). Reliability of ulnar peak
latency decreased slightly (ICC = 0.56). Interexam-
iner reliability for median latency measures was still
excellent (ulnar onset latency, ICC = 0.80; peak la-
tency, ICC = 0.86). Similar results were found in the
nondominant hand.

Intraexaminer Reliability. Results of intraexaminer
reliability analyses showed high congruence between
examiners 1 and 2 (Table 2), with the same contrast
as interexaminer results between median and ulnar
nerve measures. Intraexaminer reliability was higher
for median measures (ICC range, 0.76 to 0.92) than
for ulnar measures (ICC range, 0.22 to 0.80). Again,
measures of amplitude and peak latency had higher
reliability than did onset latency. Ulnar onset laten-
cies had the poorest reliability (ICC = 0.22 and 0.23
for examiners 1 and 2, respectively). The median-
ulnar peak latency difference had excellent intraex-
aminer reliability (ICC = 0.92 and 0.79 for examiners
1 and 2, respectively).

Intraexaminer reliability with temperature cor-
rection reflected the same pattern of higher reliabil-
ity for median than ulnar measures. For examiner 1,
paradoxically, temperature correction reduced reli-
ability of median latency measures (median onset
and peak latency ICC = 0.68 and ICC = 0.79) and
ulnar onset latency (ICC = 0.13) but slightly im-
proved reliability of the ulnar peak latency measure
(ICC = 0.42). For examiner 2, reliability of median
latency and ulnar peak latency measures were similar
to results without temperature correction (median
onset latency ICC = 0.72, median peak latency ICC =
0.77, ulnar onset latency ICC = 0.20), but tempera-

ture correction slightly decreased reliability for ulnar
peak latency (ICC = 0.28).

Normal Rating Determinations. Two cut points, 0.5
ms and 0.8 ms, defined normal for the median-ulnar
peak latency difference (Table 3). Interexaminer re-
liability of the 0.8-ms cut point had slightly higher
reliability (k = 0.75 and k = 0.79, dominant and non-
dominant hands, respectively) than the 0.5-ms cut
point (k = 0.71). With temperature correction, inter-
examiner reliability for the 0.5-ms cut point re-
mained high (k = 0.71); interexaminer reliability for
the 0.8-ms cut point was also high (k = 0.75 and k =
0.72 for dominant and nondominant hands, respec-
tively).

Intraexaminer reliability measures of examiner 1
was excellent for ratings with the 0.80-ms cut point
(k = 0.90) (Table 4). The 0.5-ms cut point had re-
duced, though still good, reliability (k = 0.52). Ex-
aminer 2 had higher reliability with the 0.8-ms cut
point (k = 0.85) than the 0.5-ms cut point (k = 0.68).
With temperature correction, intraexaminer reliabil-
ity had similar patterns. The 0.8-ms cut point had
higher reliability (k = 0.78 and k = 0.79 for examin-
ers 1 and 2, respectively) than the 0.5-ms cut point (k
= 0.51 and k = 0.72 for examiners 1 and 2, respec-
tively).

DISCUSSION

In earlier assessments of NCS, reliability was mixed.
In one study, seven examiners (who also served as
subjects) each tested four healthy subjects on two
occasions.7 High interexaminer reliability was found
for eight of 12 measures (four sensory and eight
motor nerve). High intraexaminer reliability was re-

Table 2. Intraexaminer summary statistics and reliability results for sensory nerve conduction studies, dominant hand.

Parameter

Round 1 Round 2
Pearson

correlation
Paired t-test
(P value)*

Intraclass
correlationMean (SD) Median (Range) Mean (SD) Median (Range)

Examiner 1 (n = 58)
Median SNAP amplitude (µv) 44.9 (14.9) 44.2 (4.9–97.0) 43.4 (15.4) 42.5 (4.0–83.3) 0.88 NS 0.88
Median SNAP onset latency (ms) 2.5 (0.4) 2.4 (1.8–4.7) 2.6 (0.4) 2.4 (2.1–4.5) 0.92 NS 0.92
Median SNAP peak latency (ms) 3.3 (0.5) 3.1 (2.7–5.4) 3.2 (0.5) 3.1 (2.8–5.5) 0.92 NS 0.92
Ulnar SNAP amplitude (µv) 43.0 (14.6) 41.0 (10.7–81.7) 41.8 (16.0) 41.3 (13.4–90.4) 0.68 NS 0.68
Ulnar SNAP onset latency (ms) 2.3 (0.2) 2.3 (1.5–2.8) 2.3 (0.2) 2.3 (1.8–2.8) 0.22 NS 0.22
Ulnar SNAP peak latency (ms) 3.0 (0.2) 3.0 (2.5–3.4) 3.0 (0.2) 3.0 (2.5–3.6) 0.37 0.01 0.33
Median-ulnar peak latency difference (ms) 0.2 (0.5) 0.1 (−0.3–2.1) 0.3 (0.5) 0.1 (−0.3–2.2) 0.92 0.02 0.92
Hand temperature (°C) (n = 55) 33.0 (1.0) 33.0 (28.5–35.0) 33.8 (0.9) 34.0 (32.0–35.5)

Examiner 2 (n = 75)
Median SNAP amplitude (µv) 46.4 (13.9) 47.9 (11.1–82.0) 49.8 (15.2) 47.9 (17.2–84.2) 0.84 <0.01 0.81
Median SNAP onset latency (ms) 2.5 (0.3) 2.4 (2.0–4.1) 2.4 (0.3) 2.4 (1.9–3.8) 0.79 <0.01 0.76
Median SNAP peak latency (ms) 3.2 (0.4) 3.1 (2.6–4.7) 3.1 (0.4) 3.0 (2.6–5.0) 0.82 <0.01 0.80
Ulnar SNAP amplitude (µv) 43.0 (14.1) 42.0 (15.6–78.6) 44.1 (15.3) 41.4 (15.9–90.9) 0.81 NS 0.80
Ulnar SNAP onset latency (ms) 2.4 (0.2) 2.4 (2.1–3.0) 2.3 (0.2) 2.3 (2.0–3.0) 0.36 <0.01 0.23
Ulnar SNAP peak latency (ms) 3.0 (0.3) 3.0 (2.4–3.6) 2.9 (0.2) 2.9 (2.6–3.7) 0.47 0.01 0.43
Median-ulnar peak latency difference (ms) 0.2 (0.3) 0.1 (−0.6–1.6) 0.2 (0.3) 0.1 (−0.3–2.0) 0.79 NS 0.79
Hand temperature (°C) (n = 76) 33.0 (1.0) 33.0 (31.0–35.0) 33.4 (0.7) 33.5 (32.0–35.0)

*NS = Not statistically significant at a = 0.05 level.
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ported for all measures: sural and median SNAP am-
plitude and conduction velocity, peroneal and me-
dian motor nerve distal latency, compound muscle
action potential amplitude, conduction velocity, and
the shortest F-wave latency of 10 trials. In a second
study, six examiners each studied six patients with
diabetic neuropathy.8 High interexaminer reliability
was reported for eight of 12 measures, with consis-
tently lower reliability for sural SNAP and median
compound muscle action potential amplitudes.
High intraexaminer reliability was found for 11 of 12
measures. Although feasibility is an issue, results sug-
gested that the same examiner perform the repeated
NCS in longitudinal studies to minimize interexam-
iner variability.

Like the two previous studies, results of the cur-
rent study were mixed, and, at times, the difference
in reliability was striking. Interexaminer reliability of
median sensory latency measures was excellent, but
both interexaminer and intraexaminer ICCs were
lower for ulnar latencies (with and without tempera-
ture correction). In addition, while interexaminer
reliability of the median-ulnar peak latency differ-
ence in the dominant hand was clearly excellent, the
dichotomous normal ratings were less reliable.

One reason for the difference in reliability be-

tween median and ulnar nerve activity may be due to
inherent difficulties in measurement. Anatomically,
the ulnar nerve is smaller than the median nerve. In
consequence, the response of the ulnar nerve can
have a relatively small amplitude compared with the
median response, although in the present study, the
mean amplitudes of the ulnar and median nerves
were comparable. Also, a poorly defined takeoff of
the evoked response can make it difficult to accu-
rately identify the onset of response. Averaging was
not used, although it would have increased the ac-
curacy of determining onset latency. Because aver-
aging was not used, the reliability of onset latency
was probably underestimated.

Examiner 1 had computer-generated markings
for latency, whereas examiner 2 rendered manual
markings. This would not influence intraexaminer
reliability, but may have contributed to interexam-
iner variability of the median and ulnar latency mea-
sures. This apparently had minimal effect on inter-
examiner results, as median latencies were consistently
higher than ulnar latencies.

One factor that may have influenced intraexam-
iner reliability was timing. As mentioned, a 3-week
interval separated rounds 1 and 2 of the study. This
interval was chosen, in part, to minimize the possi-

Table 4. Intraexaminer reliability in sensory studies: median-ulnar peak latency difference.

Abnormal
ratings in
round 1

Abnormal
ratings in
round 2

Agreement
(%)

Expected
agreement (%)

Kappa
(95% CI*) P1

† P2
‡ P Value§

Examiner 1
Cut point 0.5 ms; dominant hand (n = 58) 9 11 86 71 0.52 (0.26,0.77) 0.16 0.19 NS
Cut point 0.8 ms; dominant hand (n = 58) 6 5 98 83 0.90 (0.64, 1) 0.10 0.09 NS

Examiner 2
Cut point 0.5 ms; dominant hand (n = 75) 12 10 92 75 0.68 (0.46,0.91) 0.16 0.13 NS
Cut point 0.8 ms; dominant hand (n = 75) 4 3 99 91 0.85 (0.63, 1) 0.05 0.04 NS

*95% confidence intervals for k = k ± 1.96 (SEK).
†Proportion with abnormal ratings in round 1.
‡Proportion with abnormal ratings in round 2.
§NS = Differences in the prevalences reported in round 1 and round 2 are not statistically significant at a = 0.05 level with the McNemar x2 test for
independent proportions.

Table 3. Interexaminer reliability in sensory studies: median-ulnar peak latency difference.

Abnormal
ratings by
examiner 1

Abnormal
ratings by
examiner 2

Agreement
(%)

Expected
Agreement (%)

Kappa
(95% Cl*) P1

† P2
‡ P Value§

Cut point 0.5 ms
Dominant hand (n = 157) 25 25 92 73 0.71 (0.56, 0.87) 0.16 0.16 NS
Nondominant hand (n = 158) 19 16 94 80 0.71 (0.56, 0.87) 0.12 0.10 NS

Cut point 0.8 ms
Dominant hand (n = 157) 14 12 96 85 0.75 (0.59, 0.90) 0.09 0.08 NS
Nondominant hand (n = 158) 7 8 98 91 0.79 (0.63, 0.95) 0.04 0.05 NS

*95% condifence intervals for k = k ± 1.96 (SEK).
†Proportion with abnormal ratings reported by examiner 1.
‡Proportion with abnormal ratings reported by examiner 2.
§NS, differences in the prevalences reported by examiner 1 and examiner 2 are not statistically significant at a = 0.05 level with the McNemar x2 test
for independent proportions.
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bility of change in the underlying physical condition
of workers and to minimize disruption of the work
process. During that time, there were no modifica-
tions in job tasks. However, part of the month pre-
ceding round 1 included the busiest season of the
year for the keyboard operation. The month preced-
ing round 2 had more typical work demands. The
worse intraexaminer reliability compared with inter-
examiner reliability suggests the possibility that
nerve conditions may have been different, reducing
apparent intraexaminer reliability. Furthermore, dif-
ferent technicians worked with the examiners be-
tween rounds 1 and 2. This could have led to differ-
ences in the positioning of the subject’s hand during
electrode placement and in distance measurement
that may have adversely affected reliability.

Although many paired t-tests demonstrated sig-
nificant statistical differences in this study, none was
clinically important. For example, the paired t-test
(Table 1) showed a statistically relevant difference
between examiners for the median sensory onset la-
tency, yet the means differed by only 0.1 ms, with
little clinical significance.

Effect of Reliability on Diagnostic Criteria. A key
question was how examiner differences affected as-
sessment of electrodiagnostic abnormality (i.e.,
Would examiner 1 rate a subject “normal” where
Examiner 2 would rate the subject “abnormal”?). To
explore this, we used two cut points for the median-
ulnar peak latency difference: 0.5 ms and 0.8 ms.
The conventional normal cut point for the median-
ulnar peak latency difference is 0.4 to 0.5 ms, to
avoid false-positive findings.27 However, strong em-
pirical evidence has shown that the normative value
among workers is 0.8 ms, defined by the upper 95th
percentile for the median-ulnar peak latency differ-
ence in the dominant hand.29

Results from this study showed that classification
into normal/abnormal categories amplified incon-
sistencies in ratings around the lower cut point of 0.5
ms for the median-ulnar peak latency difference.
The higher cut point of 0.8 ms was clearly able to
distinguish those with very abnormal findings. Also,
there was good to excellent interexaminer agree-
ment using the median-ulnar peak latency differ-
ence with the normal criterion of 0.8 ms (k = 0.75 on
the dominant side), while interexaminer reliability
was slightly lower using the 0.5-ms cut point (k =
0.71). Figure 1 provides a graphical illustration of
these data in relation to the two cut points. More
marked differences were seen with intraexaminer re-
liability. Kappa was 0.90 at the higher cut point of 0.8
ms and 0.52 at the 0.5-ms cut point for examiner 1.

For examiner 2, kappa was 0.85 at the higher cut
point and 0.68 at the 0.5-ms cut point. Presumably,
the 0.8-ms cut point reflected more advanced nerve
dysfunction. Subjects with very abnormal responses
were well above the 0.8-ms cut point.

Given the instability of the normal ratings and
the higher reliability of the median-ulnar peak la-
tency difference, a classification with more grada-
tions (e.g., normal, equivocal, mild, or definite ab-
normality) or the use of the original continuous
measures is indicated. This may better demonstrate
the magnitude of abnormality and provide a more
rational interpretation of results. Of course, appro-
priate normative values29 are critical for a reasonable
definition of normal within a worker population.
Also, 14-cm antidromic SNAPs are often only a first
step towards further electrodiagnostic studies.

Practical Considerations for Diagnosis of CTS. Nerve
conduction studies have been considered the gold
standard for CTS,18 but abnormal NCS alone, with-
out symptoms, do not define CTS.28 Symptoms and
physical findings are critical for accurate test inter-
pretation.21 Clinically, electrodiagnostic studies of
suspected CTS that involved normal or equivocal
findings for 14-cm antidromic median studies should
be evaluated further with short-segment ortho-
dromic studies.

Nerve conduction studies have false-positive rates
of perhaps 23% among active workers with the most
expanded symptom definition (i.e., numbness, tin-
gling, burning, or pain in the forearm, wrist, or
hands).16 Grundberg19 reported false-negative rates
of perhaps 10%. Barnhart et al.2 reported that NCS
improved specificity of CTS classification, as op-
posed to case definitions using only physical exami-
nation and symptom data among workers.

Still, the significance of abnormal NCS in asymp-
tomatic workers remains unclear. Abnormal NCS are

FIGURE 1. Interexaminer reliability of median-ulnar peak latency
difference for SNAP in the dominant hand.
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not predictive of CTS in asymptomatic workers, and
there is no justification for asymptomatic workers to
receive differential treatment (i.e., work restrictions
or special job placement).32

Strengths and Limitations. This study benefited
from highly trained and seasoned examiners includ-
ing experienced clinicians, one of whom trained the
other. Reliability may be worse among clinicians who
do not receive standardized training. In this context,
the results are best estimates of what would be found
between two experienced examiners with extended
training in a common methodology. As noted, strict
adherence to protocols improves the reliability of
results.3

Paradoxically, the strength of this study also lim-
its its generalizability, as it is subject to potential bias
due to the number of examiners (n = 2), testing two
nerves (median and ulnar) and only 14-cm segments
(no short-segment orthodromic SNAPs). With the
high proportion of women in the study, the results
may not apply to men, although we are unaware of
any data to suggest differential reliability of electro-
diagnostic measurements by gender. Also, given the
research design in the work setting, practical consid-
erations restricted the extent of testing. In addition,
a measurement issue arises, statistically, with the
small proportion of abnormal studies (between 10%
and 20%). This report from a field study of active
workers represents a worst-case scenario. One would
expect better reliability in a clinical setting among
subjects with a larger spectrum, or range, of findings,
and more severe morbidity.

The data for these analyses were collected in studies supported by
the Johns Hopkins University Center for VDT and Health Re-
search and other sources. The authors gratefully acknowledge the
workers and management who participated in the study and ex-
press appreciation to Kim Augenstein, MD, Lisa Carchidi, Mike
Gerard, Mark Gordon, MD, Randy Rabourn, and Teresa Spiegel-
berg for their assistance in the medical field studies.
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