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� Our objective in this study was to com-
pare the sensitivity and specificity of the
median sensory nerve conduction velocity
(SNCV) from digit 1 to wrist with those of
the distoproximal (D/P) ratio of the me-
dian SNCV from palm to digit 3/palm to
wrist in the diagnosis of mild carpal tun-
nel syndrome (CTS) by using a receiver
operating characteristic (ROC) curve. To
achieve this objective, we studied pro-
spectively (January 1997–October 1998)
370 patients referred for CTS. One hun-
dred forty-two patients (38.4%) with
moderate to severe CTS and 15 patients
(4.1%) with multiple (≥3) compressive
neuropathies in upper limbs with sub-
clinical peripheral neuropathy were ex-
cluded. The remaining 213 patients (302
hands with mild CTS; 167 women; mean
age, 50 y ± 12 y) and 38 controls (71
hands; 25 women; mean age, 47 y ± 13 y)
had median and ulnar nerve conduction
studies. ROC curves were constructed for
median SNCV digit 1 to wrist and median
SNCV D/P ratio from the patients’ and
controls’ data. The median SNCV at ≤45.9
m/s, corresponding to an optimal cutoff
point on ROC curve, discriminated 89.5%
of mild CTS from controls with specificity
of 98.6%. The median D/P ratio at ≥1.12,
corresponding to an optimal cutoff point

© 2001 American Academy of Clinical
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on ROC curve, discriminated 67.2% of mild CTS from controls with specificity of 97.2%.
Of the 10.3% (31/302) of hands in which digit 1 to wrist was within normal limits at the
selected optimal cutoff value (≤45.9 ms), 7% (21/302) had an abnormal D/P ratio
(≥1.12), and 3.3% (10/302) had a normal electrophysiologic examination. The likeli-
hood ratio (true-positive ratio to false-positive ratio, assessing the discriminative
power of a test) of the median SNCV digit 1 to wrist, at an optimal point on ROC curve
(63.9), was higher than that of the median SNCV D/P ratio (23.9, χ2 = 36.9, P < .001).
These findings suggest that the median SNCV digit 1 to wrist is more sensitive than the
median SNCV D/P ratio in the diagnosis of mild CTS. �

Compression of the median nerve at the wrist (carpal tunnel) is the
most common entrapment neuropathy. Several electrophysiologic
procedures are available to confirm the clinical impression of carpal
tunnel syndrome (CTS). The Quality Assurance Committee of the
American Association of Electrodiagnostic Medicine (1993) critically
reviewed the literature, reported sensitivities of electrodiagnostic
studies ranging from 49% to 84% and specificities of ≥95%, and
proposed guidelines to improve sensitivities and specificity for future
research.

With increased awareness of CTS, patients are referred earlier in the
course of disease, and up to 40% of patients with typical CTS symptoms
may lack electrodiagnostic abnormalities when using standard
diagnostic criteria (Buchthal and Rosenfalck, 1971; Kimura and Ayyar,
1985; Stevens, 1997; Cioni et al, 1989; Pease et al, 1989; Charles et al,
1990; MacDonell et al, 1990).  When diagnosing mild CTS (Stevens,
1997), it is important to exclude other conditions that may mimic CTS
in order to avoid costly diagnostic procedures such as magnetic
resonance imaging (Spinner et al, 1989) and to establish the most
suitable treatment. Recent studies (Kothari et al, 1995; Trojaborg et al,
1996) have shown highest sensitivity (93%–94%) for median sensory
nerve conduction from digit 1 to wrist for detection of early CTS,
whereas other investigators (Padua et al, 1996) have shown highest
sensitivity with the use of the distoproximal (D/P) ratio (palm to digit
3/palm to wrist) of median sensory nerve conduction velocity (SNCV).
Our aim in this study was to compare the sensitivity and specificity of
these two electrodiagnostic procedures (digit 1 to wrist vs D/P ratio) in
the detection of early CTS by using receiver operating characteristic
(ROC) curves. ROC curves are an ideal method for tests with a
continuous scale of values. They provide optimal diagnostic efficacy of a
test by affording equal status to both false-negative (FN) and false-
positive (FP) test outcomes—unlike the traditional method (mean ± 2
SD), in which special status is given to FP test results, usually P(FP) =
.05 or .001, to maximize P, true-positive (McNeil et al, 1975; Campbell
and Machin, 1993; Eisen et al, 1993; Rivner, 1994; Schulzer, 1994;
Gunnarsson et al, 1997).
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Methods

Patients
We studied prospectively 370 patients referred
consecutively to our laboratory from January 1997
to October 1998 with signs and symptoms of
sensorimotor CTS (Kimura, 1993). The clinical
inclusion criteria for this study were the
characteristic CTS symptoms of pain, sensory
discomfort, or numbness in the hand; nocturnal
awakening because of hand pain; and clumsiness
and loss of dexterity of the affected hand—as well as
the signs of motor deficit and sensory deficit in the
median nerve distribution in keeping with a lesion at
the wrist; positive Tinel’s sign; and Phalen’s sign. All
the patients qualifying for this study had ≥2 of these
characteristic symptoms and ≥1 of these signs. All
patients had detailed electrophysiologic evaluation
(to be described). The severity of CTS was graded
using electrophysiologic criteria (Stevens, 1997).
Mild CTS was characterized by only median sensory
nerve abnormality (details to be described) with
normal distal motor latency (DML) and compound
muscle action potential (CMAP) amplitude;
moderate CTS was characterized by abnormal
median sensory nerve abnormality (as in mild CTS)
and prolongation of DML; and severe CTS was
characterized by prolonged median DML with either
(a) absent sensory response or low amplitude or (b)
absent thenar CMAP amplitude. Electrophysiologic
criteria for the diagnosis of mild CTS included, in
addition to DML to abductor pollicis brevis (APB)
≤4.2 ms, either  (a) slowed median SNCV digit 1 to
wrist ≤45.9 m/s (stimulating digit 1 and recording at
wrist at a distance of 9–10 cm) or (b) D/P ratio of
median SNCV ≥1.12 (calculated as palm to digit 3
CV/palm to wrist CV [m/s]).

Of these 370 patients, 142 patients (213 hands)
with moderate to severe CTS and 15 patients (4.1%)
with multiple (≥3) compressive neuropathies in upper
limbs with underlying subclinical peripheral
sensorimotor axonal neuropathy were excluded from
consideration in this study of criteria for the earliest
diagnosis of CTS. Two of the 213 hands (142 patients)
with moderate to severe CTS had median DML to
APB <4.2 ms but had reduced CMAP amplitude <3.4
mV (2.8 mV, 2.3 mV). Of the remaining 213 patients,
203 patients (292 hands; 138 women [208 hands];
mean age, 50 y ± 12 y [range, 21–80 y]; 190 right
hand dominant) with mild CTS and 10 patients (10
hands; 9 women; mean age, 43.7 y ± 9 y [range, 29–
56 y]) with normal electrophysiologic examination
were selected for study. Patients who had mild to
severe CTS and who had associated peripheral
sensorimotor neuropathy were not included in this
study.

Controls
Thirty-eight normal volunteers (71 hands; 26
women; mean age, 47 y ± 13 y [range, 28–86 y]; 34
right hand dominant) with no symptoms or signs of
neuromuscular disorders were studied. The 71
control hands had electrophysiologic studies similar
to those of the patients (to be discussed).

Electrophysiology
All the studies were performed using TECA
Sapphire/Premier electromyograph (TECA Corp.,
Pleasantville, NY), standard recording stainless-steel
disc electrode (10 mm), stainless-steel ground
electrode (32 mm), ring electrode (Medelec Model E/
DS-K 16639; Old Woking, Surrey, England), and a
bipolar (prong) surface stimulator (Medelec DPNSP
15675). The standard filter settings for motor (2–
10,000 Hz) and sensory (10–5,000 Hz) studies were
used. Stimulus strength of supramaximal (10%–15%
above maximal stimulation) intensity was used to
ensure a supramaximal response. Skin temperature
was maintained at ≥32°C.

Nerve Conduction Studies
Nerve conduction studies (sensory, motor, F waves)
were performed in the symptomatic upper extremity
using standard methods. In subjects with multiple
compressive neuropathy (≥3 nerves) in upper extremi-
ties, sural nerve and tibial H-reflex were studied
(dominant lower limb) to exclude asymptomatic
peripheral neuropathy (Bertelsmann et al, 1986;
Hendriksen et al, 1993). The following studies were
performed on all hands (patients and controls):

1. Median orthodromic SNCV palm to wrist, stimulat-
ing in the midpalm with a bipolar prong
(interelectrode distance, 2 cm) stimulator with
the stimulating cathode 7 to 8 cm from the
recording distal electrode at the wrist.

2. Median orthodromic SNCV from digit 1 to wrist.
Active recording disc electrode (G1) was kept
at the same position as that for median SNCV
palm to wrist, and the active stimulating ring
electrode was placed on digit 1 at metacar-
pophalangeal joint at a distance of 9 to 10 cm
measured on a straight line with the thumb in
the neutral position (neither abducted nor
adducted) from the G1 at the wrist and the
reference ring electrode distally at the inter-
phalangeal joint.

3. Median SNCV (antidromic) from palm to digit 3,
stimulating at the midpalm with a bipolar
stimulator 6 to 8 cm from proximal recording
ring electrode placed over the proximal inter-
phalangeal joint of digit 3 with the reference
electrode at distal phalange.
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4. Median DML. The median motor nerves were
stimulated supramaximally at the midwrist, 7
cm proximal to G1 placed over the muscle
belly of APB and G2 over the distal tendinous
insertion to obtain the CMAP amplitude from
the APB muscle.

In addition to having these studies, all the patients
underwent determination of the median motor
nerve CV by stimulation at the elbow as well as 10 F-
wave responses. They also had ulnar motor nerve
conduction studies (DML, 7 cm from stimulating site
at the wrist to G1 placed over the abductor digiti
minimi, CV below the elbow, across the elbow, and
10 F-wave responses; and orthodromic ulnar SNCV
D5 to W (11–12 cm).

The latency of the sensory nerve action potential
(SNAP) was measured from the takeoff of the negative
response or from the base of the positivity if it
preceded the negative component of SNAP. The onset
latency of SNAP, which is less affected by temporal
dispersion of the potential than is the peak latency of
the potential, was used to calculate the CV (Mills,
1985). The CV of the median nerve SNAP at the wrist
and D3 was preferred to the latency, as this measure
compensates for different hand sizes (MacDonell et al,
1990). The amplitude of the SNAP was measured from
the baseline to the negative peak or from the base of
the positivity if it preceded the negative component of
the SNAP. All sensory responses were averaged 4 to 8
times to obtain clear onset latencies. The motor onset
latency was measured at the takeoff of the negative
component of the CMAP response, and the CMAP
amplitude was measured from the baseline to peak.
All distances were measured to the nearest 1 mm and
were measured from cathode to active electrode or
from cathode to cathode sites, depending on each
study. CVs were calculated using onset latencies and
were expressed as meters/second (m/s). All the nerve
conduction study parameters were rounded to the
integers or to one decimal place.

Electromyography
All patients had electromyography of APB and first
dorsal interosseous (FDI) muscles with concentric
disposable needle electrode. Selected patients had
studies of proximal ulnar, median innervated
muscles, and radial innervated proximal and distal
muscles. The control subjects did not have the needle
electrode examination.

Data Analysis

Receiver Operating Characteristic Curve
We examined the ability of median SNCV digit 1 to
wrist and median SNCV D/P ratio to identify

correctly normal and symptomatically mild CTS
subjects by means of an ROC curve for each of these
tests (Metz, 1978). ROC curves were designed during
World War II to assess the ability of the receiver to
distinguish radar signals embedded in noise (Egan,
1975). ROC curves have been successfully used by
radiologists to analyze information designed from
imaging techniques (Hanley and McNeil, 1982) and
by others to evaluate the performance of various
laboratory tests (Beck and Shultz, 1986; Hermann et
al, 1986). In their application to the study of
sensitivity and specificity of diagnostic tests, ROC
curves consisted of plots of true-positive (TP) ratio
(sensitivity) versus false-positive (FP) ratio (1.0
specificity) of a diagnostic test. The plots are derived
by varying the level of the cutpoint used to divide
the range of observations into “positive” and
“negative” diagnostic portions (Fig. 1). A perfect
diagnostic test would be one with no FP or false-
negative (FN) results and would be represented by a
line that starts at the origin and goes up the y-axis to
a sensitivity of 1.0, and then across to an FP ratio of
0 (Fig. 1). The closer a given curve courses the ideal
curve, the better its discriminating ability. A test with
no discriminating ability would produce equal TP
ratio and FP ratio at every cutpoint and would
produce an ROC curve on the diagonal line y = x
(Fig. 1). Any reasonable diagnostic test will display
an ROC curve in the upper left triangle (above the
diagonal line, as seen in this study—Fig. 1). When
more than one laboratory test is available for the
same clinical problem, one can compare ROC curves
by plotting both on the same figure (Fig. 1).

Test Selection. Tests can be selected by comparing
their ROC curves. A good diagnostic test has a high TP
ratio (ie, optimal sensitivity) and a low FP ratio; it
correctly identifies a large portion of diseased patients
without incorrectly including patients without disease.
The ratio of the TP ratio to the FP ratio is known as
the likelihood ratio. Tests with a high likelihood ratio
are better discriminators of disease than are tests with
a low likelihood ratio. The chi-square test was used to
compare the likelihood ratios of the two ROC curves
at various cutoff points for their sensitivity and
specificity in the diagnosis of mild CTS.

Selecting Cutoff Points. With the use of an ROC
curve, a test may be developed by selecting different
cutoff points according to desired sensitivity and
specificity or by selecting the overall features of its
ROC curve. A common “omnibus” criterion for
optimality is a larger area under the curve. An ROC
curve can be adapted to reflect variation in the true
prevalence rate of the disease in the test population
(Bayes’s theorem), representing the predictive values
of the test—and also for nongaussian distributions of
the test scores (Tosteson and Begg, 1988). When
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there is too much overlap between normal and
abnormal values, it is not possible to devise a test
sensitive enough to select all abnormal values but
specific enough to exclude normal values. Usually,
the normal value for a test is set where the ROC
curve flattens. This optimizes the number of TPs
detected while limiting the number of FPs.

ROC Curve Limitations. Some of the several
drawbacks of ROC analysis should be acknowledged.
First, the technique requires the ability to establish,
independent of the analytic system being evaluated,
the true condition of many cases. This may prove
difficult, time-consuming, and expensive. In this study,
we did not assess the ability of either test literally to
distinguish normal from symptomatic CTS patients.
What we did was assess the ability of these tests to
separate two groups of subjects preclassified as
symptomatic (patients) or asymptomatic (controls).
Second, as in other investigations, reasonable unbiased
population samples must be obtained. But these may
not be obtained if verification of the underlying
conditions is influenced by the test results themselves.

Descriptive Statistics
Stat View II (Abacus Concepts, Inc., Berkeley, CA)
was used for data analysis. Descriptive statistics
including mean, maximum, minimum, standard
deviation, and 95% confidence intervals were
determined for each of the nerve conduction study
parameters for controls and patients. An unpaired
two-tailed Student’s ttest was used for comparative
statistics. The chi-square test was used to compare
the likelihood ratio of the two ROC curves at
various cutoff points for their sensitivity and
specificity in the diagnosis of mild CTS. The
sensitivity of each test was calculated as number of
hands with positive test and mild CTS (as defined) /
total number of hands with mild CTS × 100. The
specificity of each test was calculated as number of
asymptomatic hands (controls) with negative test /
total number of asymptomatic hands (controls) ×
100. Statistical significance for all analyses was
defined as P < .05. Data were adjusted for multiple
comparisons using Bonferroni’s multiple
comparisons.

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Receiver operating characteristic (ROC) curves for median sensory nerve conduction velocity (SNCV) from digit 1 to wrist (open circle
with solid line), median SNCV distoproximal (D/P) ratio (closed circle with dotted line), and diagonal line (solid line) ROC curve. ROC curve for
median SNCV digit 1 to wrist at selected optimal cutoff point (shown by closed arrow), with corresponding reference value at ≤45.9 m/s,
provides sensitivity of 89.5% and specificity of 98.6%; ROC curve for median SNCV D/P ratio at its optimal cutoff point (shown by open arrow),
with corresponding reference value at ≥1.12, provides sensitivity of 66.9% and specificity of 97.2%. Diagonal-line ROC curve y = x corresponds
to a totally uninformative test; at every cutpoint, the test will produce equal true-positive and false-positive ratios.
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Results

Demographic and Nerve Conduction Parameters
There were no significant differences between the
demographic data (age, height, male:female ratio,
dominant hand) of patients and controls. The skew
deviation of both parameters (median SNCV digit 1
to wrist, median SNCV D/P ratio) and demographic
data (age, height) in patients and controls was close
to 0 (–.05 to –.12) and did not require
transformation.

Results for the calculated median SNCV (digit 1 to
wrist, palm to wrist, palm to digit 3), amplitude, and
D/P ratio are shown in Table 1. Mean values for
median SNCV (digit 1 to wrist, palm to wrist) in
controls were significantly higher (P < .001) than in
patients with mild CTS. Median SNCV D/P ratio in
controls was lower than in patients with mild CTS (P <
.0001). Median SNAP amplitude (digit 1 to wrist, palm
to wrist) in controls was significantly higher (P < .009)
than in patients. Median SNCV and SNAP amplitude
in the distal segment (palm to digit 3) in controls and
patients with mild CTS were similar (P = .8).

Sensitivity and Specificity of Nerve Conduction
Parameters
The ability of median SNCV digit 1 to wrist and
median SNCV D/P ratio to distinguish between normal
controls and patients with mild CTS was studied in
greater depth using ROC curve analysis (Fig. 1). The
median SNCV digit 1 to wrist ROC curve is closer to
the ideal curve (0 FP, 1 TP) and more left to the
diagonal line (no discriminating ability—equal TP and
FP rates at every cutpoint) than is the median SNCV
D/P ratio ROC curve (Fig. 1). Also, ROC curves for
both tests do not intersect (in abnormal range),
implying that diagnostic performance of median SNCV
digit 1 to wrist is superior to that of median SNCV D/P
ratio throughout the region of interest. Further, to
delineate the discriminating ability of these two

parameters, we used the likelihood ratio (ratio of TP
rate to FP rate) at selected cutoff points of these two
curves rather than the area under the curves. The
likelihood ratios of these two curves at various
operating points on these curves, with corresponding
abnormal cutoff values for these two parameters, are
shown in Table 2. Compared with the likelihood ratio
of the median SNCV D/P ratio, the likelihood ratio of
the median SNCV digit 1 to wrist was higher (P < .001,
Table 2) at each operating point (from starting point of
the curve to the end). This suggests that, of these two
tests, the median SNCV digit 1 to wrist better
discriminates patients with mild CTS from controls
than the median SNCV D/P ratio does. We selected
optimal (higher sensitivity with acceptable specificity)
cutoff values for median SNCV at ≤ 45.9 ms and
median SNCV D/P ratio at ≥ 1.12. At these optimal
cutoff values for each parameter, the median SNCV
digit 1 to wrist sensitivity (89.5% with specificity of
98.6%) was higher than that of the median SNCV D/P
ratio (66.9% with specificity of 97.2%, P < .001).

Clinical CTS With or Without Abnormal
Electrophysiologic Examination
In 59.9% (181/302) of hands, both tests (median
SNCV digit 1 to wrist, median SNCV D/P ratio) were
abnormal at selected optimal cutoff values for the
respective tests. Of the 10.3% (31/302) of hands in
which median SNCV digit 1 to wrist was within
normal limits at the selected optimal cutoff value
(≤ 45.9 ms), 7% (21/302) had an abnormal median
SNCV D/P ratio (≥1.12), and 3.3% (10/302) had
normal electrophysiologic examination.

Multiple Testing
In this study, mild CTS was diagnosed when one or
both tests (median SNCV digit 1 to wrist, median
SNCV D/P ratio) were positive. Given this duplicate
test program, in a symptomatic patient, an FN (1.0
TP ratio) diagnosis would occur with a probability of

Table 1Table 1Table 1Table 1Table 1 Details of Median Sensory Nerve Conduction Study Parameters of Controls and Patients

D1–W CV D1–W Amp P–W CV P–W Amp P–D3 CV P–D3 Amp D/P Ratio
m/s µV m/s µV m/s µV

Controlsa Mean 50.6 ± 3 18.0 ± 6.5 53.5 ± 3.7 47.2 ± 16.8 53.3 ± 3.3 20.1 ± 7.7 0.99 ± 0.06

Range 44.0–58.8 4.5–49.6 45.7–66.5 11.6–80.3 47.4–61.2 4.9–79.3 0.86–1.16

Patientsb Mean 40.0 ± 5.6 15.2 ± 8.5 43.8 ± 6.7 32.2 ± 17.0 52.9 ± 5.7 20.0 ± 9.9 1.26 ± 0.2

Range 25.5–57.4 1.8–49.0 20.3–62.0 5.0–99.3 34.3–69.5 2.3–74.4 0.87–2.03

P value .0001 .009 .0001 .0001 .7 .8 .0001

Data are expressed as means ± SD. D1 = digit 1; W = wrist; CV = conduction velocity; Amp = amplitude; P = palm; D3 = digit 3; D/P =
distoproximal; m/s = meters per second.
aN = 71. bN = 302.
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0.105 × 0.328 = 3.4% (Schulzer, 1994), and resultant
combined sensitivity would be 96.6%, which would
be higher than the individual tests (89.5%, 67.2%).
However, in a normal person, a true-negative
diagnosis (1.0 FP ratio) would occur with probability
of 0.986 × 0.972 = 95.8% (Schulzer, 1994), which
would be lower than the individual tests (98.6%,
97.2%). To increase combined sensitivity from
96.6% to 97.4%, with the corresponding cutoff
value for median SNCV digit 1 at ≤46.5 ms and D/P
ratio at ≥1.11, would decrease the specificity from
95.8% to 90.4%. Similarly, to increase the sensitivity
to 99.04% with corresponding cutoff value of
median SNCV digit 1 to wrist at ≤47.5 ms and D/P
ratio of ≥1.05 would further decrease the specificity
from 90.1% to 74.9%. Therefore, we selected
optimal (higher sensitivity with acceptable
specificity) cutoff values for median SNCV at ≤45.9
ms and median SNCV D/P ratio (≥1.12). At these
values, the combined sensitivity was 96.6%, and
specificity was 95.8%.

Although all the study subjects (patients, controls)
had palm to wrist median SNCV as part of D/P ratio
determination, we did not use this measurement as
the third electrophysiologic test for diagnosis of mild
CTS (ie, in addition to median SNCV digit 1 to wrist
and median SNCV D/P ratio). The reason was
twofold: The aims of this study were (a) to compare
the sensitivity and specificity of the median SNCV

from digit l to wrist with that of D/P ratio of median
SNCV from palm to digit 3/palm to wrist in the
diagnosis of mild CTS and (b) to minimize type I
error (normal subject is mistakenly called abnormal)
to ≤5% (Rivner, 1994). Addition of each test
increases type I error by 2.5% (Rivner, 1994). As no
two tests for a single condition are completely
independent, the total error is less than the sum of
the individual errors for each test. Even after
accounting for interdependency, the total error of
combined tests may be unacceptably high. Further, if
a single, highly discriminating test is not available,
and multiple tests are used, abnormalities in two or
more tests are needed to distinguish between normal
and abnormal subjects (Rivner, 1994).

Sensitivity With Traditional Method
If we had analyzed data by traditional methods for
determining the reference values (mean ± 2 SD for
each parameter), then the median SNCV digit 1 to
wrist would have diagnosed 77.5% of mild CTS with
specificity of 97.5%, and median SNCV D/P ratio
would have diagnosed 66.7% with specificity of
97.5%. As reported earlier (Eisen et al, 1993; Rivner,
1994; Schulzer, 1994), this underdiagnosis of mild
CTS and overdiagnosis of FPs with traditional
methods are due to significant overlapping of data of
controls and patients, whose condition could not be
diagnosed even with correction for other factors like

Table 2Table 2Table 2Table 2Table 2 Likelihood Ratio with Corresponding Cutoff Values

Parameter Cutoff Value Likelihood Ratio Sensitivity Specificity P Value

D1–W CV (m/s) <44.0 75.5 75.5 100

vs

D/P ratio >1.161 54 54 100  <.0001

D1–W CV (m/s) <45.0 58.8 82.4 98.6

vs

D/P ratio >1.15 40.7 57.3 98.6 <.0001

D1–W CV (m/s) <46.0 63.9 89.5 98.6

vs

D/P ratio >1.12 23.8 66.9 97.2  <.0001

D1–W CV (m/s) <46.5 21.6 91.3 95.8

vs

D/P ratio >1.11 12.5 70.2 94.4  <.001

D1–W CV (m/s) <47.0 9.5 93.8 90.1

vs

D/P ratio >1.05 5.2 84.5 84.5  <.001

D1–W CV (m/s) <47.5 5.7 95.6 83.1

vs
D/P ratio >1.0 2.4 87.4 63.4 <.001

Comparison of likelihood ratio of receiver operating characteristic (ROC) curve of median sensory nerve conduction velocity (SNCV) from digit
1 to wrist (D1–W) and median SNCV distoproximal (D/P) ratio (palm to digit 3/palm to wrist) at selected points on each ROC curve and their
corresponding abnormal cutoff values on respective parameters.
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age, height, temperature, and transformation of data
for correction of skew deviation. With the use of
ROC curves, sensitivity for median SNCV digit 1 to
wrist was significantly increased from 77.5% to
89.5% with optimal specificity of 98.6%.

Median DML and CMAP Amplitude
Median DML was within the upper limit of the normal
range (4.2 ms) in patients and controls combined.
However, median DML was significantly prolonged (P
< .0l) in patients (3.7 ± 0.4 ms) versus controls (3.4 ±
0.4 ms). Median CMAP amplitude was similar (P = .09)
in patients (9.7 ± 3.8 mV) and controls (10.6 ± 3.6
mV). None of the patients had CMAP amplitude below
the lower limit of normal (3.4 mV). Median motor CV
in the forearm was similar (P = .07) in patients (55.6 ±
3.4 m/s) and controls (56.6 ± 3.0 m/s).

Ulnar Nerve: DML, CMAP Amplitude, SNAP, and CV
Details of ulnar nerve parameters are not shown, as
they were not the focus of this study. In brief, though,
there was no difference between the ulnar nerve
parameters of patients and controls except in 68 of
302 hands (22.5%) that had ulnar nerve dysfunction
at the elbow. Details of median F waves, ulnar F
waves, and needle electrode examination of the upper
extremities are not shown for similar reason.

CTS With Peripheral Neuropathy
Of all 370 patients (547 hands), 68 patients (18.4%)
had multiple (≥3) compressive neuropathies in both
upper extremities. Among these 68 patients with
multiple compressive neuropathies, 15 patients
(22.1%) had underlying subclinical peripheral
sensorimotor axonal neuropathy. This emphasizes the
importance of studying the sural sensory nerve and
tibial H-reflex in detecting subclinical generalized
peripheral neuropathy in patients with multiple
compressive neuropathies in upper extremities.

Discussion

The main findings from this study were:

l. Median SNCV digit 1 to wrist is more sensitive
in discriminating patients with mild CTS from
controls (89.5%) than is median SNCV D/P
ratio (67.2%).

2. Specificity of these two tests at these sensitivi-
ties was similar (98.6% vs 97.2%).

3. Compared with the traditional method of mean
± 2 SD (sensitivity, 77.5%; specificity, 97.5%),
ROC curve was the more sensitive (89.5% with
specificity of 98.6%) and appropriate method
in determining normative cutoff values that
would discriminate patients with mild CTS
from asymptomatic subjects (controls).

4. Mean median DML was significantly prolonged
in patients (3.7 ± 0.4 ms) versus controls (3.4
± 0.4 ms).

5. Median CMAP amplitudes were similar in
patients and controls.

These findings suggest that median SNCV digit 1 to
wrist is more sensitive than D/P ratio for the diagnosis
of mild CTS. Similarly, other investigators (Kothari et
al, 1995; Trojaborg et al, 1996) have noted higher
sensitivity (86%–94%) for median SNCV digit 1 to
wrist in comparison to the SNCV in other digits in the
diagnosis of mild to moderate CTS. Padua et al (1996)
observed highest sensitivity for median SNCV D/P
ratio (98%) in diagnosis of 43 patients (50 hands)
with mild to moderate CTS—when compared to other
techniques (palm to wrist, 76%; radial–median ratio,
74%; digit 1 to wrist, 66%; digit 3 to wrist, 64%;
DML, 44%). In their study, the median nerve was
stimulated via ring electrodes placed at digit 3, and
SNAPs were recorded at the palm (digit 3 to palm) and
at the wrist (digit 3 to wrist). Median SNCV palm to
wrist was calculated with a subtraction formula: palm
– wrist distance (mm) / (digit 3 to wrist latency) (–)
(digit 3 to palm latency in ms). D/P ratio was
calculated as: median SNCV digit 3 to palm / median
SNCV palm to wrist (m/s). D/P ratio sensitivity was
67.2% in the present study, 98% in Padua et al’s
study, and 69% in Kuntzer’s (1994) study (in which
D/P ratio was obtained at digit 2 rather than digit 3).
Controls’ D/P ratio in Padua et al’s study was lower
(0.82 ± 0.08) compared with that in the present study
(0.99 ± 0.06), in Kimura’s (1979) study (0.98 ± 0.02),
in Buchthal et al’s (1974) study (0.97 ± 0.06), and in
Kuntzer’s (1994) study (0.98 ± 0.17). Similarly
Tackmann et al (1981) calculated median SNCV palm
to wrist and palm to digit 3 in 32 normal subjects by
stimulating the median sensory nerve in the palm
(needle electrode) and recorded SNAP at the wrist and
digit 3 simultaneously (surface electrode). In 9
subjects (28%), CV in the proximal segment (palm to
wrist) was slower (0.3–6.3 m/s) compared with the
distal segment (palm to digit 3). In the present study, 8
of the 71 controls (11%) had D/P ratio of >1 compared
to 0 in Padua et al’s (1996) study. Also, 18 (6.2%) of
the patients in the present study had D/P ratio <1
compared with only 1 patient (2%) in Padua et al’s
study. Therefore, the most likely reason for higher
sensitivity of D/P ratio versus digit 1 to wrist was due
to lower D/P ratio in controls in Padua et al’s study as
compared with that in other studies (Buchthal et al,
1974; Tackmann et al, 1981; Charles et al, 1990;
Kuntzer, 1994), including the present study. The
reasons for low D/P ratio in controls in Padua et al’s
study are not clear, but they did use a technique
different from that used in the present study and in
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other studies (Buchthal et al, 1974; Tackmann et al,
1981; Charles et al, 1990; Kuntzer, 1994).

It is possible that the technical factors that favor
median SNCV digit 1 to wrist could explain in part its
higher sensitivity (compared with that of median SNCV
D/P ratio) in the present study’s diagnosis of mild CTS.
Each calculation used to obtain final values will
increase the inherent error. Median SNCV digit 1 to
wrist uses only one calculation (CV), whereas median
SNCV D/P ratio uses three calculations (palm to wrist
CV, palm to digit CV, and their ratio). Unfortunately,
one needs two values to calculate a ratio. One could
use absolute latencies obtained at fixed distances to
reduce the number of calculations. CV of the median
nerve SNAP at the wrist and D3 were preferred to the
latency, as this measure compensates for different hand
sizes (MacDonell et al, 1990).

Several investigators have attempted to determine
the most sensitive test for early diagnosis of CTS. The
precise comparison of interstudy sensitivities is not
possible because of differences in study design,
inclusion criteria, disease severity, and normative
cutoff values. However, variable sensitivities have
been reported for several electrodiagnostic tests
(techniques) in mild CTS: median–ulnar palmar
mixed latency difference, 51% to 97% (Jackson and
Clifford, 1989; Uncini et al, 1993; Preston et al, 1994;
Andary et al, 1996); digit 4 median–ulnar latency
difference, 42% to 91% (Uncini et al, 1989, 1993;
Preston et al, 1994; Andary et al, 1996; Terzis et al,
1998); median–radial sensory latency difference, 44%
to 90% (Jackson and Clifford, 1989; Pease et al,
1989; Campbell and Machin, 1993; Andary et al,
1996); second lumbrical–interossei latency difference,
10% to 88% (Uncini et al, 1993; Preston et al, 1994);
and the motor and sensory inching method, which is
more laborious, limiting its clinical utility, 52% to
96% (Kimura, 1979; Seror, 1998). A higher
sensitivity, >80%, has also been reported for median
SNCV digit 3 versus 62% for digit 2 (Cioni et al,
1989); that higher sensitivity is similar to the 86%
reported for digit 1 and digit 3 (Buchthal et al, 1974)
and to the 88% reported for digit 4 versus 77% for
digit 2 (Uncini et al, 1989), 56% for standard
techniques (Valls and Llanas, 1988; Uncini et al,
1993), and 61% for digit 1, 22% for digit 2, and 50%
for digit 3 (Terzis et al, 1998). However, except for
Terzis et al (1998), all these studies did not study
sensory conduction along median sensory fibers of
the thumb. Also, they all studied mild to severe cases,
except for Uncini et al (1989, 1993), who found 77%
to 78% sensitivity, and Terzis et al, who found 88%
sensitivity. Moreover, Lauritzen et al (1991) studied
38 patients with mild to moderately severe CTS by
comparing ring finger with digit 1 and digit 3,
concluded that the ring finger (74% sensitivity) was

not superior to digit 1 or digit 3, and recommended
that the ring finger should be tested for screening
purposes because of its high specificity (double peak).
Similarly, Trojaborg et al (1996) demonstrated low
specificity of the double-peak (40%), and low
sensitivity (50%) of ring finger compared with digit 1
(68%), in patients with mild to moderate CTS.

The higher sensitivity of median SNCV digit 1 to
wrist observed in the present study and in other
studies (Kothari et al, 1995; Trojaborg et al, 1996),
compared with standard techniques using other
digits, might be related to the fascicular topography
of the median nerve in the distal portion of the carpal
tunnel, where compression is usually more severe
(Sunderland, 1945; Kimura, 1979). Sensory fibers
from digit 1, digit 4, and the medial side of digit 3 lie
more anterior in the nerve, just beneath the
transverse carpal ligament, whereas sensory fibers
from digit 2 lie more posterior in the distal median
nerve. Therefore, the sensory fibers from digit 1 and
digit 4 are more susceptible to injury than are the
fibers from digit 2. This is suggested by a recent report
of a case of partial anterior median nerve laceration,
in which the sensory fibers to the thumb were
destroyed, but those to digit 2 and digit 3 were
relatively spared (Vennix and Glennon, 1994).

In summary, our findings suggest that median SNCV
in digit 1 to wrist is more sensitive than median SNCV
D/P ratio in the diagnosis of early CTS. It is
advantageous to determine sensitivity and specificity of
a test by using ROC curve than by using the traditional
method (mean ± 2 SD) for early diagnosis of mild CTS.
Determining median SNCV D/P ratio in patients who
are suspected as having CTS and who have normal
median SNCV digit 1 to wrist would significantly
increase the sensitivity for early diagnosis of CTS.

Acknowledgments

Professor Robert C. Duncan, PhD, kindly provided
guidance for data analysis. Thanks are extended to
Regina Menendez-Choy for help in preparation of
the manuscript.

References

AAEM Quality Assurance Committee, Jablecki CK, Andary
M, et al. Literature review of the usefulness of nerve
conduction studies and electromyography for the
evaluation of patients with carpal tunnel syndrome.
Muscle Nerve. 1993;16:1392–1414.

Andary MT, Frankhauser MJ, Ritson JL, et al. Comparison
of sensory mid-palm studies to other techniques in car-
pal tunnel syndrome. Electromyogr Clin Neurophysiol.
1996;36:279–285.

Beck JR, Shultz EK. The use of relative operating charac-
teristic (ROC) curves in test performance evaluation.
Arch Pathol Lab Med. 1986;110:13–20.



10 Neurology and Clinical Neurophysiology Volume 2001, Number 2A

Bertelsmann FW, Heimans JJ, van Rooy J, Visser SL. Com-
parison of Hoffman reflex with cutaneous sensation in
diabetic neuropathy. Acta Neurol Scand. 1986;74:121–127.

Buchthal F, Rosenfalck A. Sensory conduction from digit
to palm and from palm to wrist in carpal tunnel syn-
drome. J Neurol Neurosurg Psychiatry. 1971;34:243–252.

Buchthal F, Rosenfalck A, Trojaborg W. Electrophysiological
findings in entrapment of the median nerve at wrist and
elbow. J Neurol Neurosurg Psychiat. 1974;37:340–346.

Campbell MJ, Machin D. Probability and decision making.
In: Medical Statistics. 2nd ed. Chichester, UK: Wiley;
1993:32–42.

Charles N, Vial C, Chauplannaz G, Bady B. Clinical valida-
tion of antidromic stimulation of the ring finger in early
diagnosis of mild carpal tunnel syndrome.
Electroencephalogr Clin Neurophysiol. 1990;76:142–147.

Cioni R, Passero S, Paradiso C, et al. Diagnostic specificity
of sensory and motor nerve conduction variables in
early detection of carpal tunnel syndrome. J Neurol.
1989;236:208–213.

Egan JP. Signal Detection Theory and ROC Analysis. New York:
Academic Press; 1975.

Eisen A, Schulzer M, Pant B, et al. Receiver operating
characteristic curve analysis in the prediction of carpal
tunnel syndrome: a model for reporting electrophysi-
ological data. Muscle Nerve. 1993;16:787–796.

Gunnarsson LG, Amilon A, Hellstrand P, et al. The diagno-
sis of carpal tunnel syndrome: sensitivity and specificity
of some clinical and electrophysiological tests. J Hand
Surg. 1997;22B:34–37.

Hanley JA, McNeil BJ. The meaning and use of the area
under a receiver operating characteristic (Roc) curve.
Radiology. 1982;43:29–36.

Hendriksen PH, Oey PL, Wieneke, GH, et al. Subclinical
diabetic polyneuropathy: early detection of involve-
ment of different nerve fibre types. J Neurol Neurosurg
Psychiatry. 1993;56:509–514.

Hermann GA, Sugiura HT, Krumm RP. Comparision of
thyrotropin assays by relative operating characteristic
analysis. Arch Pathol Lab Med. 1986;110:21–25.

Jackson DA, Clifford JC. Electrodiagnosis of mild carpal tun-
nel syndrome. Arch Phys Med Rehabil. 1989;70:199–204.

Kimura J. The carpal tunnel syndrome: localization of
conduction abnormalities within the distal segment of
the median nerve. Brain. 1979;102:619–635.

Kimura J. Median nerve. In: Brown WF, Bolton CF, eds.
Clinical Electromyography. 2nd ed. Stoneham, MA:
Butterworth–Heinemann; 1993:227–248.

Kimura J, Ayyar DR. The carpal tunnel syndrome: electro-
physiological aspects of 639 symptomatic extremities.
Electromyographr Clin Neurophysiol. 1985;25:151–164.

Kothari MJ, Rutkove SB, Caress J, et al. Comparison of
digital sensory studies in patients with carpal tunnel
syndrome. Muscle Nerve. 1995;18:1272–1276.

Kuntzer T. Carpal tunnel syndrome in 100 patients: sensi-
tivity, specificity of multineurophysiological procedures
and estimation of axonal loss of motor, sensory and
sympathetic median nerve fibers. J Neurol Sci.
1994;127:221–229.

Lauritzen M, Liguori R, Trojaborg W. Orthodromic sensory
conduction along the ring finger in normal subjects and

in patients with a carpal tunnel syndrome.
Electroencephalogr Clin Neurophysiol. 1991;81:18–23.

MacDonell RAL, Schwartz MS, Swash M. Carpal tunnel
syndrome: which finger should be tested? an analysis of
sensory conduction in digital branches of the median
nerve. Muscle Nerve. 1990;13:601–606.

McNeil BJ, Keller E, Edelstein SJ. Primer on certain ele-
ments of medical decision making. N Engl J Med.
1975;293:211–215.

Metz CE. Basic principles of ROC analysis. Semin Nucl Med.
1978;4:283–298.

Mills KR. Orthodromic sensory action potentials from pal-
mar stimulation in diagnosis of carpal tunnel syndrome.
J Neurol Neurosurg Psychiatry. 1985;48:250–255.

Padua L, Monaco ML, Valente EM, Tonali PA. A useful
electrophysiologic parameter for diagnosis of carpal
tunnel syndrome. Muscle Nerve. 1996;19:48–53.

Pease WS, Cannel CD, Johnson EW. Median to radial dif-
ference in mild carpal tunnel syndrome. Muscle Nerve.
1989;12:905–909.

Preston DC, Ross MH, Kothari MJ, et al. The median–ulnar
latency difference studies are comparable in mild carpal
tunnel syndrome. Muscle Nerve. 1994;17:1469–1471.

Rivner MH. Statistical errors and their effect on electro-
diagnostic medicine. Muscle Nerve. 1994;17:811–814.

Schulzer M. Diagnostic tests: a statistical review. Muscle
Nerve. 1994;17:815–819.

Seror P. Orthodromic inching test in mild carpal tunnel
syndrome. Muscle Nerve. 1998;21:1206–1208.

Spinner RJ, Bachman JW, Amadio PC. The many faces of car-
pal tunnel syndrome. Mayo Clin Proc. 1989;64:829–836.

Stevens C. AAEE minimonograph 26: the electrodiagnosis
of carpal tunnel syndrome. Muscle Nerve. 1997;20:1477–
1486.

Sunderland S. Intraneural topography of radial, median
and ulnar nerves. Brain. 1945;68:243–299.

Tackmann W, Kaeser HE, Magun HG. Comparison of
orthodromic and antidromic sensory nerve conduction
velocity measurements in the carpal tunnel syndrome.
J Neurol. 1981;224:257–266.

Terzis S, Paschalis C, Metallinos IC, Papapetropoulos T.
Early diagnosis of carpal tunnel syndrome: comparison
of sensory conduction studies of four fingers. Muscle
Nerve. 1998;21:1543–1545.

Tosteson A, Begg CB. A general regression methodology for
ROC curve estimation. Med Decis Making. 1988;8:204–215.

Trojaborg W, Grewal RP, Weimer L, Sheriff P. Value of la-
tency measurements to the small palm muscles com-
pared to other conduction parameters in the carpal
tunnel syndrome. Muscle Nerve. 1996;19:243–245.

Uncini A, Di Muzio A, Awad J, et al. Sensitivity of three me-
dian-to-ulnar comparative tests in diagnosis of mild car-
pal tunnel syndrome. Muscle Nerve. 1993;16:1366–1373.

Uncini A, Lange DJ, Solomon M, et al. Ring finger testing
in carpal tunnel syndrome: a comparative study of di-
agnostic utility. Muscle Nerve. 1989;12:735–741.

Valls J, Llanas JM. Orthodromic study of sensory fibers inner-
vating the fourth finger. Muscle Nerve. 1988;11:546–552.

Vennix MJ, Glennon TP. Fascicular sparing following par-
tial laceration of the median nerve and transection of
the ulnar nerve. Muscle Nerve. 1994;17:1110.



Volume 2001, Number 2A Sharma, Rotta, Romano, and Ayyar 11

Neurology and Clinical Neurophysiology is a peer-reviewed and electronically
published scholarly journal that covers a broad scope of topics encompassing
clinical and basic topics of human neurology, neurosciences and related fields.

Editor

Keith H. Chiappa, MD

Associate Editor

Didier Cros, MD

Electronic Mail

chiappa@helix.mgh.harvard.edu

Editorial Board

Robert Ackerman
Massachusetts General Hospital, Boston

Barry Arnason
University of Chicago

Flint Beal
Massachusetts General Hospital, Boston

James Bernat
Dartmouth-Hitchcock Medical Center,
New Hampshire

Julien Bogousslavsky
CHU Vaudois, Lausanne

Robert Brown
Massachusetts General Hospital, Boston

David Burke
Prince of Wales Medical Research Institute,
Sydney

David Caplan
Massachusetts General Hospital, Boston

Gregory Cascino
Mayo Clinic, Rochester

Phillip Chance
The Children’s Hospital of Philadelphia,
Philadelphia

Thomas Chase
NINDS, National Institutes of Health, Bethesda

David Cornblath
Johns Hopkins Hospital, Baltimore

F. Michael Cutrer
Massachusetts General Hospital, Boston

David Dawson
Brockton VA Medical Center, Massachusetts

Paul Delwaide
Hôpital de la Citadelle, Liege

John Donoghue
Brown University, Providence

Richard Frith
Auckland Hospital, New Zealand

Myron Ginsberg
University of Miami School of Medicine

Douglas Goodin
University of California, San Francisco

James Grotta
University of Texas Medical School, Houston

James Gusella
Massachusetts General Hospital, Boston

John Halperin
North Shore University Hospital / Cornell
University Medical College

Stephen Hauser
University of California, San Francisco

E. Tessa Hedley-White
Massachusetts General Hospital, Boston

Kenneth Heilman
University of Florida, Gainesville

Daniel Hoch
Massachusetts General Hospital, Boston

Fred Hochberg
Massachusetts General Hospital, Boston

John Hoffman
Emory University, Atlanta

Gregory Holmes
Children’s Hospital Boston

Bruce Jenkins
Massachusetts General Hospital, Boston

Ryuji Kaji
Kyoto University Hospital

Carlos Kase
Boston University School of Medicine, Boston

J. Philip Kistler
Massachusetts General Hospital, Boston

Jean-Marc Léger
La Salpétrière, Paris

Simmons Lessell
Massachusetts Eye and Ear Infirmary, Boston

Ronald Lesser
Johns Hopkins Hospital, Baltimore

David Levine
New York University Medical Center

Ira Lott
University of California, Irvine

Phillip Low
Mayo Clinic, Rochester

Richard Macdonell
Austin Hospital, Victoria, Australia

Joseph Masdeu
St. Vincent’s Hospital, New York

Kerry R. Mills
Radcliffe Infirmary, Oxford

José Ochoa
Good Samaritan Hospital, Portland

Barry Oken
Oregon Health Sciences University, Portland

John Penney
Massachusetts General Hospital, Boston

Karlheinz Reiners
Bayerische Julius-Maximilians-Universität,
Wurzburg

Allen Roses
Duke University Medical Center, Durham

Thomas Sabin
Boston City Hospital, Boston

Raman Sankar
University of California at Los Angeles

Joan Santamaria
Hospital Clinic Provincial de Barcelona

Kenneth Tyler
University of Colorado Health Science Center,
Denver

Francois Viallet
CH Aix-en-Provence

Joseph Volpe
Children’s Hospital, Boston

Michael Wall
University of Iowa, Iowa City

Stephen Waxman
Yale University, New Haven

Wigbert Wiederholt
University of California, San Diego

Eelco Wijdicks
Mayo Clinic, Rochester

Clayton Wiley
University of California, San Diego

Anthony Windebank
Mayo Clinic, Rochester

Shirley Wray
Massachusetts General Hospital, Boston

Anne Young
Massachusetts General Hospital, Boston

Robert Young
University of California, Irvine


