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Abstract—Background: Nerve conduction (NC) tests, using rigid cut-offs separating normal from abnormal test values,
are commonly used to confirm median neuropathy at the wrist (MNW). The authors studied patients with clinically
defined mild MNW and a normal median distal motor latency to determine 1) how much sensory or mixed NC test results
increase (or decrease) the probability of MNW and 2) the NC test values required to confirm (or exclude) MNW for the
range of pretest probabilities of MNW. Methods: Palmar, digit 4 (D4), and digit 2 (D2) median NC tests were reviewed in
125 hands with mild carpal tunnel syndrome (CTS) and 100 control hands with musculoskeletal pain. Receiver operating
characteristic curves and interval likelihood ratios were plotted for the three tests. Using Bayes theorem, post-test
probability of MNW was then determined for the range of pretest probabilities and NC test values. Results: Receiver
operating characteristic curves showed that for a set specificity of 97%, palmar and D4 studies had higher electrodiagnos-
tic utility than D2 studies with cut-off test values (sensitivities of 0.3 msec, 64.0%; 0.4 msec, 71.2%; and 50 m/sec, 44.8%).
However, Bayesian analysis showed that to confirm MNW more conservative cut-off values (palmar 0.5 msec, D4 0.7 msec,
D2 44 m/sec) were required for pretest probabilities �50%, whereas borderline abnormal values (palmar 0.4 msec, D4 0.5
msec, D2 48 m/sec) sufficed when pretest probabilities were �75%. Conversely, normal test values could exclude MNW
only for pretest probabilities �25%. Conclusions: For a given NC test value, post-test probability of MNW can be
determined from the estimated pretest probability (derived from clinical data), interval likelihood ratios, and Bayes
theorem. Use of rigid cut-off values to confirm MNW is problematic, because more conservative cut-offs are required for
low pretest probability. Conversely, NC tests with sensitivity �95% cannot exclude MNW when pretest probability is high.
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Nerve conduction (NC) tests are commonly used in
patients with symptoms of carpal tunnel syndrome
(CTS)1,2 to confirm the presence of median neuropa-
thy at the wrist (MNW).3,4 NC evaluation of patients
with possible MNW has evolved over the years to
increase diagnostic sensitivity by shortening the me-
dian nerve segment tested (e.g., palmar median
study)5-7 or by using an internal control, ulnar nerve
segment for comparison (e.g., digit 4 [D4] median vs
D4 ulnar),4,8,9 or both (e.g., palmar median vs ulnar
comparison).4,10 High electrodiagnostic sensitivity
and specificity is particularly important in the sub-
group of patients with mild CTS in whom results of
routine studies are often normal, and in whom the
palmar and D4 median–ulnar comparison NC tests
are often required.

However, most reports of these NC techniques
have set normal cut-off values, thereby dichotomiz-
ing the continuous test value range into normal and
abnormal. There are several problems with this ap-
proach. First, there are no ideal cut-off values that
yield 100% sensitivity and 100% specificity. Setting
cut-off values requires a trade-off of false-positives
for false-negatives: the lower the one, the higher the
other. Second, classifying test values as either nor-

mal or abnormal loses information, because an ex-
tremely abnormal test value is more likely to be a
true positive than is a mildly abnormal result. Third,
this standard approach does not account for varia-
tion in pretest probability (PreTP) of disease as put
forth in Bayes theorem; that is, that the post-test
probability (PostTP) of a specific abnormal test re-
sult declines as PreTP of disease declines.11-13 Thus,
when PreTP of disease is low, an abnormal test re-
sult using the standard cut-offs of mean � 2 SD, for
example, may not suffice to confirm MNW.

These problems derive from viewing the diagnos-
tic impact of an electrophysiologic test solely on its
sensitivity and specificity for a rigid cut-off value. In
this report, we focus on PostTP of disease as deter-
mined by the actual test value obtained and hypo-
thetical estimates of PreTP of disease. Using
patients with clinically defined mild CTS (and with a
normal median distal motor latency) and a control
group with musculoskeletal pain, the purpose of this
study was to evaluate three commonly performed NC
tests used in the electrodiagnostic evaluation of pa-
tients with putative CTS. For each of the three tests,
our goals were to determine the following: 1) the
PostTP of MNW for all NC test values and PreTP, 2)
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the NC cut-off value required to confirm MNW (de-
fined arbitrarily as a �95% PostTP) for each PreTP
of MNW, and 3) the test requirements necessary to
exclude MNW (defined arbitrarily as a �5% PostTP)
for each PreTP of MNW.

Methods. Patient selection. From January 1999 to November
2001, electrodiagnostic studies were reviewed retrospectively for
all patients referred to our EMG laboratory with clinical evidence
of mild CTS3,14,15 or a pure musculoskeletal pain syndrome. History
and physical examination were routinely performed and docu-
mented before performance of the electrophysiologic evaluation by
one of the authors (H.N., D.N.H., E.L.L.).

The case definition for mild CTS was 1) nocturnal or use-
related paresthesias in the median distribution with or without
sensory signs on examination,3,16 2) no weakness of thumb abduc-
tion or opposition, 3) no clinical or electrophysiologic evidence of
other mononeuropathies, cervical radiculopathy, or polyneuropathy,
and 4) normal distal motor latency to the abductor pollicis brevis
(�4.4 msec).4 A total of 125 consecutive hands from 112 patients met
these entry criteria and composed the mild CTS patient group.

The case definition for musculoskeletal pain syndrome was 1)
upper extremity pain or ache directly over joints or tendons, 2) no
paresthesias, 3) no objective sensory loss, weakness of any mus-
cles including thumb abduction and opposition, or Tinel or Phalen
signs,16 and 4) no clinical or electrophysiologic evidence of other
mononeuropathies, cervical radiculopathy, or polyneuropathy. A
total of 100 consecutive hands in 86 patients met these criteria
and composed the musculoskeletal pain disease control group.

Electrophysiologic testing. The palmar median–ulnar mixed
nerve comparison (palmar) and digit 4 antidromic median–ulnar
sensory nerve comparison (D4) were performed as previously de-
scribed.15,17 In brief, the palmar study was performed with percu-
taneous stimulation of the median and ulnar nerves in the palm
and surface-recording of the averaged mixed median and ulnar
nerve response over the wrist using bar electrodes and a distance

of 8 cm. The onset latency of the median response was subtracted
from that of the ulnar response. The D4 study was performed with
percutaneous stimulation of the median and ulnar nerves at the
wrist, and the averaged antidromic median and ulnar sensory
response over digit 4 was recorded using ring electrodes and a
distance of 13 cm. The onset latency of the median response was
then subtracted from that of the ulnar response. The averaged
digit 2 antidromic sensory response (D2) was recorded over the
proximal phalanx of the index finger using ring electrodes after
percutaneous stimulation of the median nerve at the wrist 13 cm
proximally. Conduction velocity of the D2 median sensory response
was then calculated using the onset latency. Finally, routine median
and ulnar motor studies (standardized distal distance of 7 cm) and F
responses, ulnar sensory conduction studies (standardized distance
of 11 cm), and needle EMG were also performed. Hand temperature
was maintained �32 degrees centigrade.

Data evaluation. Receiver operator characteristic (ROC) curves.
For each of the three tests, sensitivity (the percentage of patients
with MNW with a test value above [palmar or D4] or below [D2] that
value) and specificity (the percentage of musculoskeletal patients
with a test value at or below [palmar or D4] or at or above [D2] that
value) were calculated for each possible test value. These results
were then used to plot ROC curves with (100 � specificity) on the
x-axis and sensitivity on the y-axis. Cut-off values for the three NC
studies were defined as those that produced a specificity �97% in the
musculoskeletal pain control group.18 Using those cut-off values, sen-
sitivities for the three tests were then calculated and compared in
the CTS group. In addition, subgroups of the patients with CTS were
compared to determine whether NC test abnormalities (using cut-off
test values defined above) were more frequent or more severe in
patients with CTS with objective sensory loss vs patients with CTS
without sensory loss, and in patients with CTS with classic sensory
disturbance vs patients with CTS with probable or possible sensory
disturbance (see below). The �2 test and Mann-Whitney U test were
used for comparison of proportions and means with p � 0.05 being
considered significant.

Table Summary of demographic and electrophysiologic data

Characteristics Control CTS p Value Sensitivity, % Specificity, %

Number of hands (patients) 100 (86) 125 (112)

Male/female 22/64 21/91 NS*

Age, y, mean � SD (range) 41.2 � 10.8 (14–68) 44.2 � 12.3 (21–85) NS†

Palmar

Onset difference, msec
(normal �0.3); no. of
abnormal

2 80

Mean � SD (range) 0.1 � 0.1 (�0.3 to �0.4) 0.4 � 0.2 (�0.3 to �1.2) �0.001† 64.0 98.0

D4

Onset difference, msec
(normal �0.4); no. of
abnormal

2 89

Mean � SD (range) 0.1 � 0.2 (�0.3 to �0.6) 0.6 � 0.3 (�0.3 to �1.8) �0.001† 71.2 98.0

D2

Digit–wrist CV, m/s
(normal �50); no. of
abnormal

3 56

Mean � SD (range) 56.6 � 4.6 (45 to 68) 49.8 � 4.7 (35 to 62) �0.001† 44.8 97.0

Abnormal palmar, D4, or
D2, n (%)

7 (7) 114 (91) �0.001*

* Chi-square test.
† Mann-Whitney U test.

CTS � carpal tunnel syndrome; palmar � palmar median-ulnar mixed nerve comparison; D4 � digit 4 antidromic median-ulnar sen-
sory nerve comparison; D2 � digit 2 antidromic segmental sensory nerve conduction study; CV � conduction velocity.
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Frequency distributions. For each of the three NC tests, the
frequency distribution of individual test values was plotted for
both the CTS and control groups. Interval likelihood ratios (ILR)
of MNW, representing the odds that a given test value indicates
MNW vs control, were then determined for each test value by the
following quotient:

Frequency of a given test value
in patients with MNW

Frequency of a given test value in patients
with musculoskeletal pain11,19 –21

Bayesian analysis. Different PreTP were set arbitrarily to
simulate different levels of clinical suspicion of mild CTS as fol-
lows: PreTP 0.9 (very likely), 0.75 (likely), 0.5 (equivocal), 0.25
(unlikely), and 0.1 (very unlikely).

Using the frequency distribution data, PostTP of MNW for all
possible test values and PreTP were then calculated for each of
the three NC tests as follows:

�PreTP � CTS frequency	

�PreTP � CTS frequency	 � 
�1 � PreTP	 �
control frequency�11,19 –21

(Alternatively, PostTP could also be calculated using the standard
nomogram,22 specifying the ILR and PreTP.) PostTP of MNW was
then plotted for the entire range of possible NC test values and
PreTP.

Confirmation of MNW was arbitrarily defined as a PostTP of
95% or above, and exclusion of MNW as a PostTP of 5% or less.
The NC cut-off values required for confirmation of MNW were
then determined and plotted for the various PreTP of disease.
Conversely, the cut-off test values, ILR, and test sensitivities re-
quired to exclude MNW were also determined for the various
PreTP of disease.

Results. Clinical data. In the CTS group, the distribution of
median sensory symptoms (determined by questioning, not by
hand diagram) was as follows: digit 1 (100 patients, 80%), digit 2
(114 patients, 91%), digit 3 (109 patients, 87%), and digit 4 (76
patients, 61%). Overall, the sensory distribution was classified as
per Katz et al.23,24 as classic (symptoms affect �2 of digits 1 to 3) in
47 hands (38%), probable (classic � symptoms in the palm) in 59
(47%), and possible (symptoms involve only 1 of digits 1 to 3) in 19
(15%). Patients with additional minor sensory symptoms in the
fifth digit or proximal to the wrist were not excluded.25 Loss of
sensation to touch–pressure or reduced sharp–dull discrimination
in the median nerve distribution was found in 47 hands (38%).
Tinel sign over the median nerve at the wrist and Phalen sign
were positive in 37 (30%) and 27 (22%).16 In the musculoskeletal
pain disease control group, 45 (45%) had focal tenderness on ex-
amination over tendons or joints that reproduced their symptom.
Age and sex were similar between the CTS and disease control
groups (table, p � NS).

ROC curves. ROC curves for each of the three tests and their
respective normal–abnormal cut-off values are shown in figure 1.
Palmar and D4 curves show sharper turns than does the D2 curve
for the cut-off values that optimize specificity at 97%.13,18,26 To
achieve this specificity, the following cut-off values were required:
�0.3 msec (palmar) and �0.4 msec (D4) of the median over the
respective ulnar onset latencies, and digit to wrist conduction
velocity (CV) �50 m/sec (D2). Using these cut-off values, the sen-
sitivity for the palmar (64%) and D4 (71%) median–ulnar compar-
ison studies was not different (p � NS) but the sensitivity for both
the palmar and D4 studies was greater than that of the D2 study
(45%, p � 0.01). Combining the results of all three tests, NC
abnormalities were identified in 114 patients with CTS (91%) but
only in 7 controls (7%) (see the table, p � 0.001).

Of note, the cut-offs and sensitivities found above were exactly
the same when all the left-hand studies were eliminated in those
patients with bilateral studies, thus reducing the MNW group to 112
patients and the musculoskeletal pain group to 86 patients. Hence,
inclusion of patients with bilateral studies did not appear to bias the
results. Second, as expected, digit 2 conduction velocity was nega-
tively correlated with age in both the musculoskeletal pain (r �
�0.32) and MNW (r � �0.40) groups, but there was no correlation
with age for the D4 or palmar studies. Third, prevalence and severity
of electrodiagnostic test abnormalities were not different in the CTS
patient subgroups with objective sensory loss vs the CTS subgroup
without sensory loss, or in the CTS subgroups with a classic hand
diagram vs the subgroup with a probable or the subgroup with a
possible hand diagram. Finally, there was no correlation between the
presence (or absence) of symptoms in a given digit and abnormalities
(or lack thereof) on one of the three NC tests; that is, symptom
location did not predict electrophysiologic test results.

Frequency distributions. The frequency of NC test values and
the resultant interval ILR of MNW for all test values are shown in
figure 2 for the CTS and control groups. It can be seen that there
is less overlap of test values in the palmar and D4 distributions
than for the D2 distribution. In addition, this kind of display is
useful in the electrodiagnostic laboratory as it shows the relative
likelihood of CTS vs control for a given test interval (e.g., ILR). By
contrast, the ROC curve alone can provide similar data for all test
values greater than a given cut-off value, but not for a given test
value or small interval of test values.

Bayesian analysis. PostTP of MNW is shown for the three
tests in figure 3, and examples of the calculation of PostTP are
shown in the Appendix. With the cut-off values described above,
PostTP is higher for palmar and D4 than for D2 studies, and
depends on both the actual test value and the PreTP. For all three
tests, with high PreTP, a mildly abnormal test value (e.g., digit
4 � 0.5 msec) results in a very high PostTP (i.e., �95%), whereas
with low PreTP, the same value results in only an intermediate
PostTP. By contrast, a very abnormal value of 0.7 msec for the
same test results in a PostTP of 100% regardless of PreTP. Con-
versely, there were no normal palmar or D4 NC test values that
could exclude MNW (e.g., achieve a PostTP �5%) when PreTP
was higher than 25%. Only extremely high D2 velocities of �61

Figure 1. Receiver operator characteristic (ROC) curves for the (A) palmar, (B) digit 4 (D4), and (C) digit 2 (D2) studies
showing the trade-off between sensitivity and specificity for various test values. Normal cut-off values (arrows) were set to
obtain �97% specificity (dotted lines). For the palmar and D4 studies, the ROC curves show sharp turns at the respective
cut-off values, thereby maximizing sensitivity and specificity. For the D2 study, the turn is less well defined.
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m/sec could exclude CTS for PreTP of disease of 50% or below, but
could not exclude CTS for PreTP of 75 or 90%.

The cut-off test value required to confirm MNW and achieve a
95% PostTP varies according to PreTP of disease (figure 4). When
PreTP of MNW is low, a 95% PostTP of MNW can only be attained
when the cut-off values are adjusted upwards to 0.7 msec for D4
and 0.5 msec for palmar (see figure 4A) and downwards to 44
m/sec for D2 (see figure 4B).

In this study, NC tests could not exclude MNW in patients
with symptoms of mild CTS and high PreTP, because for all NC
test values within the normal range, the ILR are not low enough
(or their sensitivities are not high enough). For example, to
achieve a 5% or lower PostTP of MNW, very low ILR of 0.05 or
less (figure 5A) or very high sensitivities of about 95% or more
(see figure 5B) are required for PreTP of 50% or greater. Even
when all three NC tests are combined, yielding a combined sensi-
tivity of 91% and a combined specificity of 93%, MNW cannot be
excluded when PreTP is 50% or above (see figure 5C).

Discussion. This study is the first Bayesian analy-
sis in the English literature that examines the diagnos-
tic power of NC tests commonly used to confirm MNW
in patients with CTS, and one of only a few electro-
physiologic studies that utilizes ROC curves,26-30 fre-
quency distributions, or ILR. The only other Bayesian

analysis of electrophysiologic testing for CTS was that
of Madrazo et al.,31 who examined the effect of PreTP
on efficacy of electrodiagnostic testing in general, but
did not determine the PostTP of MNW for individual
NC test values and the entire range of PreTP, as in
this study.

Rather than viewing a NC test result as normal or
abnormal, our study looks at NC testing as an in-
strument to modify PreTP of MNW. The resultant
PostTP of MNW depends on estimates of PreTP, on
the actual NC test measurement itself, and on
knowledge of the test’s frequency distribution (e.g.,
providing frequencies for all NC test outcomes in the
CTS and control group), ILR, and Bayes theorem.
This analysis shows that to confirm MNW, the elec-
trophysiologist cannot apply the same cut-off test
value to patients with different PreTP of disease,
because a patient with low PreTP requires a higher
D4 or palmar or lower D2 velocity cut-off to achieve a
95% PostTP of MNW than does a patient with a high
PreTP. Conversely, to exclude MNW, very high test

Figure 2. Frequency distribution of electrodiagnostic test values in the carpal tunnel syndrome (CTS) and control groups
is plotted and the interval likelihood ratio of median neuropathy at the wrist is displayed above each test value or inter-
val. Arrows indicate upper limits of normal as determined above. Note the sharp increase in frequency in the CTS group
for the (A) palmar (above 0.3 msec) and (B) digit 4 (D4) (above 0.4 msec) median–ulnar comparison studies, and increase
in frequency in the control group below 0.3 msec (palmar) and below 0.4 msec (D4). In contrast, there is broader overlap
in frequencies of (C) D2 conduction velocities in the CTS and control groups. F � CTS; � � control.

Figure 3. Post-test probabilities (PostTP) of median neuropathy at the wrist (MNW) calculated with different pretest
probabilities (PreTP) of MNW for each test value obtained. Note: 1) PostTP depends on both the actual test value and the
PreTP, with higher PreTP yielding higher PostTP; 2) PostTP is always higher for palmar (A) and digit 4 (D4) (B) studies
than for the digit 2 (D2) (C) study for the standard cut-off values (see the table); 3) a borderline abnormal test value (e.g.,
palmar � 0.4 msec, D4 � 0.5 msec, D2 � 47 to 49 m/sec) yields very high PostTP (�95%) when PreTP is high, whereas
the same test values result in only intermediate PostTP when PreTP is low; and 4) by contrast, abnormal test values (e.g.,
0.7 msec in palmar and D4 and 43 m/sec in D2) yield a PostTP of 100% regardless of the PreTP. } � PreTP 0.9; � �
0.75; Œ � 0.5; � � 0.25; � � 0.1.
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sensitivities of 95 to 100% are required when PreTP
is above 50%, well above those of these three tests,
alone or combined. Finally, this study also confirmed
that the palmar and D4 studies have comparable
sensitivities in mild CTS, ROC curve analyses, and
impact on PostTP, whereas the D2 study is a less
powerful diagnostic test.

ROC curves have been underutilized in the evalu-
ation of electrodiagnostic tests in general. In the CTS
literature, there are only five studies employing ROC
curves.26-30 Their inherent advantage is that they dis-
play the sensitivity and specificity of all possible cut-
off values for a given test. From the ROC curve one
can easily 1) visualize the trade-off between sensitiv-
ity and specificity for a given test value—the higher
the one, the lower the other; 2) determine an optimal
cut-off value in the traditional sense28-30; 3) deter-
mine the cut-off to achieve a given specificity; 4)
given a set specificity, compare the sensitivities of
different tests; and 5) evaluate the diagnostic power
of the test by calculating the area under the ROC
curve.27,28 In this study, nearly all of these ROC ap-
plications were achieved. When setting specificity at
97%, the optimal cut-offs for the various tests essen-
tially matched those reported by others (see above),

with the sensitivities of digit 4 and palmar studies
being superior to that of the digit 2 study.

Although useful for comparison of diagnostic tests,
ROC curves do not provide data on a given test value
or small interval of test values, but rather yield data
for all values above (or below) a given test cut-off
value. Therefore, they are less useful in clinical deci-
sion making than frequency distributions and ILR.
For example, if the electrophysiologist wants to know
the likelihood of MNW vs control for a patient with a
D2 conduction velocity of 48 m/sec (e.g., within the
interval from 47 to 49 m/sec), the ROC curve alone
does not suffice for this purpose. By contrast, the
frequency distributions do allow easy determination
of ILR for MNW vs control for given test value inter-
vals (see figure 2) by simply dividing the CTS fre-
quency by the control frequency for each interval.
Thus, for a patient with a D2 velocity of 48 m/sec,
the likelihood of MNW is 7.6 times that of control.
However, the remaining drawback of the frequency
distributions and ILR is that they do not account for
PreTP of disease.

Bayes theorem does incorporate PreTP of disease,
and with the frequency distribution data or ILR al-
lows for calculation of PostTP of MNW for the entire

Figure 4. (A) Digit 4 [D4] and palmar
and (B) digit 2 [D2] show the test cut-offs
required to achieve a post-test probability
(PostTP) of 95% or greater for various pre-
test probabilities (PreTP) of median neu-
ropathy at the wrist (MNW). Note that
higher palmar and D4 median–ulnar
comparison and lower D2 conduction ve-
locity cut-offs are necessary to confirm
MNW when PreTP of MNW declines. � �
D4; Œ � palmar; } � D2.

Figure 5. (A) Single nerve conduction (NC) test: Interval likelihood ratios (ILR) required to attain a post-test probability
(PostTP) of 0.05 or less for the range of pretest probabilities (PreTP). Note that for PreTP above 50%, the only NC test
value (see figure 2) with an ILR low enough (e.g., �0.053) to attain a PostTP of �0.05 is a digit 2 (D2) conduction veloc-
ity of �61 m/sec. (B) Single NC test: Sensitivities required to attain a PostTP of 0.05 or less for the range of PreTP, as-
suming a test specificity of 97% and a negative single test outcome. Arrows indicate sensitivities of the three NC tests. (C)
Three NC tests combined: Test sensitivities required to attain a PostTP of 0.05 or less for the range of PreTP, assuming a
combined test specificity of 93% and a negative NC test outcome on all three tests. Arrow indicates 91% sensitivity of the
3 NC tests combined (specificity � 93%). Note that single NC tests (A) have a maximum sensitivity of 71% and therefore
can exclude median neuropathy at the wrist (MNW) for a PreTP of 10%, but not for 25% or above. Even when all three
tests are combined (B), with a sensitivity of 91%, MNW can be excluded for PreTP up to 25%, but not for 50% or above.
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range of individual test values, and a given a priori
PreTP. The advantage of Bayesian analysis is that it
1) maximizes the diagnostic information of a given
test outcome, rather than simply grouping test out-
comes as normal and abnormal, and 2) accounts for
PreTP of disease. In the example of a patient with a
D2 velocity of 48 m/sec, and a likelihood ratio of 7.6,
the PostTP of MNW still varies dramatically from
about 45% to 98%, depending on PreTP (see figure 3,
Appendix).

PreTP of disease is a foreign concept to most neu-
rologists and electrophysiologists, and more impor-
tantly, at least for mild MNW, it is not easily
quantifiable at this time. However, it is widely ac-
cepted that electrodiagnostic testing is an extension
of the clinical evaluation, and that electrophysiologic
results must be interpreted in light of the clinical
picture. Most clinical electrophysiologists are wary of
electrodiagnosis of any disorder based on mildly ab-
normal electrical findings in the absence of compati-
ble clinical findings and therefore this study
quantitates what most good clinicians do anyway.
This is particularly true for technically challenging
cases in which test reproducibility (e.g., test–retest
variability) may be suboptimal.

The major question raised by our study, and one
that requires further research, is whether PreTP of
mild MNW can be quantitated using clinical and
demographic characteristics. Others have attempted
this in various non-neurologic disorders using clini-
cal features.32-35 We are aware of four studies that
have attempted this in CTS,23-25,36 using the hand
diagram,23-25,36 a hand sensory questionnaire,25 and
Phalen and Tinel signs,24,36 but the authors used
electrodiagnostic NC test values as the gold standard
for CTS (see below). Despite this drawback, using these
and other clinical features,16 we believe it is possible to
decide whether the diagnosis of mild MNW is at least
unlikely, equivocal, or likely and therefore could at-
tempt to determine an approximate PreTP as 25%,
50%, or 75%. Whether estimates of PreTP can be fine-
tuned further to add in two other PreTP (10%, very
unlikely, and 90%, very likely) as in this study is un-
certain, but there is little doubt about the basic mes-
sage of this analysis; namely, that borderline abnormal
results (e.g., D4 � 0.5 msec) cannot confirm MNW (e.g.,
achieve a PostTP of 95%) in the absence of clinical
features strongly compatible with the diagnosis,
whereas very abnormal results (e.g., D4 � 0.7 msec)
can. Conversely, there are virtually no normal NC test
values with low enough ILR to exclude MNW when
PreTP of disease is 50% or above.

This study has limitations, the most important
being lack of a gold standard for diagnosis of mild
CTS. We used clinical criteria for this purpose, as
recommended by the American Association of Elect-
rodiagnostic Medicine4 and the American Public
Health Association3 for studies of CTS. We were par-
ticularly interested in patients with mild CTS, as
these are the most challenging for the electrophysi-
ologist and require the most sensitive tests (e.g., pal-

mar and digit 4).4 The disease control group was
chosen deliberately because electrophysiologists are
not referred normal subjects, and it is particularly
important to be able to distinguish patients with
mild CTS from those with musculoskeletal pain.
Given the limitation of a clinical classification sys-
tem, it is striking that 1) the standard cut-off values
obtained for the palmar (0.3 msec) and digit 4 (0.4
msec) studies in our patients are exactly the same as
those reported by others,4,8,15,30 2) the sensitivity of
the palmar and digit 4 in our study was 64 to 71%—
very similar to that reported by others in mild
CTS,14,17,30 and 3) the combined sensitivity of all
three tests was 91% with a 93% specificity. Still, the
lack of a gold standard may have resulted in higher
false positives and false negatives and increased the
overlap of the NC test value frequency distribution
curves shown in figure 2. Nevertheless, it is unlikely
that cut-off values with a 100% sensitivity and spec-
ificity exist for these NC tests, and therefore Bayes-
ian analysis is likely to be informative even if there
was a true gold standard.

Test- and diagnostic-review bias37 could have led
to inaccurate group classification of CTS and disease
control patients in our study. However, because the
Nicolet microprocessor automatically marks the NC
test latencies, test-review bias is probably small.
Diagnostic-review bias is possible in this study be-
cause the clinicians were not blinded to the test results,
but is also likely small because the documented clinical
evaluation always preceded the NC testing.

There are two points about likelihood ratios that
require comment. First, this analysis assumes that
ILR do not change significantly as PreTP of MNW
varies. Although ILR are thought to be stable with
varying PreTP,11 it is conceivable that as PreTP de-
clines, the frequency distribution curve for the CTS
group could approach that of the control group,
thereby shifting the ILR toward 1.0. But, to the ex-
tent this occurs, PostTP shown in figure 3 for abnor-
mal NC test values would decline and those for
normal values would rise, thus requiring even more
conservative cut-off NC test values to confirm MNW
(e.g., higher palmar and D4 values) and also making
it more difficult to exclude MNW. Second, the calcu-
lated ILR are average ILR for the heterogeneous
CTS group. Although there were no electrodiagnostic
differences between CTS subgroups, it is likely that
ILR for a given test interval may vary according to
disease characteristics, age, or sex.38 This is clearly
the case for the digit 2 study because D2 velocity was
found to vary inversely with age, and therefore a given
low D2 velocity in a 20-year-old actually has a higher
ILR than does the same velocity in a 60-year-old pa-
tient. This is probably true for other anthropometric
measurements,39,40 and therefore, the analysis in this
study might be further refined by the use of percentiles
and normal deviates rather than raw NC values.41

Finally, it could be argued that our arbitrary re-
quirement of a 95% PostTP to confirm MNW is too
restrictive. Our reason for setting such a stringent
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rule-in criterion was to minimize the consequences of
a false positive diagnosis (e.g., unnecessary surgical
decompression), and to set stretch targets for opti-
mal clinical decision-making. Despite its limitations,
this study underscores the importance of considering
PreTP and the actual NC test value when attempting
to confirm or exclude MNW. It also emphasizes the
utility of the ILR over that of more traditional mea-
sures when presenting NC test data, and suggests that
this kind of analysis would be informative for other
neurodiagnostic applications. Ultimately, however,
methods to quantitate PreTP will be required to maxi-
mize the diagnostic potential of this approach.
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Appendix
Calculation of post-test probability (PostTP) for three different pretest prob-
abilities (PreTP) (0.25, 0.50, 0.75) assuming digit 2 conduction velocity � 48
m/sec, and therefore, per figure 2, carpal tunnel syndrome frequency �
15.2% and control frequency � 2%

1) For PreTP � 0.25:

PostTP �
0.25 � 15.2

�0.25 � 15.2	 � 
�1 � 0.25	 � 2�
� 0.717 �71.7%	

2) For PreTP � 0.50:

PostTP �
0.50 � 15.2

�0.50 � 15.2	 � 
�1 � 0.50	 � 2�
� 0.884 �88.4%	

3) For PreTP � 0.75:

PostTP �
0.75 � 15.2

�0.75 � 15.2	 � 
�1 � 0.75	 � 2�
� 0.958 �95.8%	
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