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Abstract

Aim: To evaluate the diagnostic sensitivity of sensory conduction
studies targeting the digital branches and the palm-to-wrist
segment of the median nerve in patients with electrophysiologically
confirmed mild-to-moderate carpal tunnel syndrome (CTS), and to
assess whether combining multiple segments improves diagnostic
yield.

Material and Method: This prospective, cross-sectional study
included 217 CTS-positive hands identified among 272 hands
from 136 participants referred for electrophysiological evaluation
between 2020 and 2022 with a preliminary CTS diagnosis.
Orthodromic sensory conduction studies were performed on the
first (D1W), second (D2W), and third (D3W) digit-to-wrist segments
and the palm-to-wrist (PW) segment. Laboratory-specific reference
limits were established from 73 healthy controls. Sensitivity was
calculated for each segment individually and in combination.

Results: The PW segment demonstrated the highest sensitivity
(98.62%), followed by D1W (96.31%), D3W (94.47%), and D2W
(92.63%). Combining PW with D1W achieved 100% sensitivity;
PW combined with D3W and D2W yielded 99.6% and 99.1%,
respectively.

Conclusion: Testing a single digital segment alone may miss CTS
diagnoses in some patients. Combining the PW segment with any
digit-to-wrist segment raises sensitivity above 99%, substantially
reducing false-negative rates. To minimize false-negative rates,
combining the PW segment with at least one digit-to-wrist
segment is recommended in routine CTS electrophysiological
evaluation, particularly when digital branch studies yield normal
or borderline results.

Keywords: Carpal tunnel syndrome, median nerve, sensory nerve
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Oz

Amag: Elektrofizyolojik olarak hafif-orta diizey karpal tinel sendromu
(KTS) tanisi alan olgularda, median sinirin dijital dallarn ve avug igi-
bilek segmentine yonelik duyu ileti testlerinin tanisal duyarlihdini
degerlendirmek ve birden fazla segmentin kombine edilmesinin tani
basarisini artirip artirmadigini incelemektir.

Gere¢ ve Yontem: Bu prospektif, kesitsel calismada, 2020-2022
yillari arasinda KTS on tanisiyla elektrofizyolojik degerlendirmeye
yonlendirilen 136 katilimcinin 272 eli degerlendirildi; elektrofizyolojik
KTS kriterlerini karsilayan 217 el c¢alismanin duyarlilik analizine
dahil edildi. Birinci (1PB), ikinci (2PB) ve Gclnct (3PB) parmak-bilek
segmentleri ile avug ici-bilek (AIB) segmentine ortodromik duyu ileti
calismasi yapiimistir. Laboratuvara 6zgu referans sinir degerleri 73
saglikli kontrolden turetilmistir. Her segmentin duyarlihdr tekil ve
kombine olarak hesaplanmistir.

Bulgular: En yiksek duyarlilik AIB segmentinde (%98,62) saptanmis,
bunu sirasiyla 1PB (%96,31), 3PB (%94,47) ve 2PB (%92,63) izlemistir.
AB ile 1PB'nin birlikte degerlendiriimesiyle %100 duyarliiga ulasiimis;
AiB+3PB ve AIB+2PB kombinasyonlarinda bu oran sirasiyla %99,6 ve
%99,1 olarak saptanmistir.

Sonug: Yalnizca tek bir dijital segmentin degerlendiriimesi bazi KTS
olgularinin tanisinin atlanmasina yol acabilir. AIB segmentinin herhangi
bir parmak-bilek segmentiyle kombinasyonu duyarlligi %99'un
Uzerine taslyarak yanlis negatif oranini 6nemli 6lctide azaltmaktadir.
Rutin KTS elektrofizyolojik degerlendirmesine AIB segmentinin dahil
edilmesi gui¢lii bicimde 6nerilmektedir.

Anahtar Kelimeler: Karpal tiinel sendromu, median sinir, duyusal sinir
iletimi, duyarlilik, elektrodiagnosis
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common peripheral
neuropathy, resulting from compression of the median nerve
beneath the flexor retinaculum at the carpal tunnel. Diagnosis
is established on the basis of clinical history, physical
examination, and electrophysiological studies.

Electrophysiological studies confirm CTS with sensitivity
exceeding 80% and specificity above 95%." The American
Association of Electrodiagnostic Medicine (AAEM) and the
American Academy of Physical Medicine and Rehabilitation
(AAPMR) have recommended that when standard median
nerve sensory and motor conduction studies at the wrist yield
normal results, comparative and segmental studies should be
performed separately.”?

Although the literature contains conflicting reports regarding
the sensitivity of median nerve sensory conduction studies,
clinicians most commonly test the second digit, while some
prefer testing the first digit alone, in combination with other
digits, or exclusively the third digit.”” Studies evaluating each of
the first through fourth digits and the palm-to-wrist segment
individually have been published, as have studies employing
comparative median-ulnar and median-radial sensory
conduction tests.*>® The aim of this study was not only to
analyze the individual sensitivity of each digital segment, but
also to examine hands in which both digit and palm-to-wrist
segments were concurrently abnormal or preserved.

MATERIAL AND METHOD

Study Design and Participants

This was a prospective, cross-sectional, analytical
electrophysiology study conducted between January 2020
and January 2022. Participants aged 20-60 years who were
referred to the Physical Medicine and Rehabilitation Clinic
Electrophysiology Laboratory with a preliminary diagnosis
of CTS and had normal neurological examinations were
enrolled. Exclusion criteria included pregnancy, implanted
cardiac devices, diabetes mellitus, polyneuropathy, peripheral
neuropathy, and cervical radiculopathy.

CTS severity was classified according to the criteria
described by Padua et al.* ! A total of 272 hands from 136
participants were electrophysiologically evaluated. Of
these, 217 hands fulfilled the electrophysiological criteria
for mild-to-moderate CTS and constituted the patient
group included in the sensitivity analysis. The
remaining 55 hands did not meet the
electrophysiological criteria for CTS and were therefore
excluded from the sensitivity analysis. Hands with
minimal, severe, or very severe CTS were not included.

This study was approved by the Non-Interventional Clinical
Research Ethics Committee (Approval No: 2022/893). The
study was conducted in accordance with the principles of
the Declaration of Helsinki. Written informed consent was
obtained from all participants prior to their inclusion in the
study.

Referral population
Patients referred with suspected CTS
Jan 2020 — Jan 2022

l

Electrophysiological assessment

|

Inclusion criteria applied

|

CTS severity grading

Padua et al. classification [9]
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Figure 1. Study flow diagram.

Data Collection
Electrophysiological Assessment

All nerve conduction studies were performed using a two-
channel Medelec Synergy EMG system. Clinical evaluation
and electrophysiological testing were conducted separately
by different experienced physiatrists in accordance with a
blinded design. Skin temperature was maintained between
29-31°C throughout all measurements to standardize
peripheral nerve conduction values, and supramaximal
stimulation was applied at all recording sites.

Each participant underwent bilateral median nerve motor
and sensory conduction studies, along with unilateral ulnar
nerve motor and sensory conduction studies.

Motor Conduction Studies: For median nerve motor
conduction studies, the recording electrode was placed over
the motor point of the abductor pollicis brevis (APB) muscle,
with the reference electrode on the volar aspect of the first
metacarpophalangeal joint. Distal stimulation was applied
5 cm proximal to the active recording electrode; proximal
stimulation was applied medial to the palpable brachial
artery pulse at the antecubital fossa.”” For ulnar nerve motor
conduction studies, the recording electrode was placed
over the abductor digiti minimi (ADM) muscle; stimulation
was delivered at the wrist, distal to the ulnar groove, and
proximal to the ulnar groove.? Filter settings for motor
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recordings were 10 Hz-5 kHz, with a sweep speed of 5 ms/
div and sensitivity of 5 mV/div. Compound muscle action
potential (CMAP) amplitude was measured peak-to-peak;
distal motor latency (DML) was measured from the onset of
the first negative deflection. Motor conduction velocity was
calculated by dividing the distance between proximal and
distal stimulation sites by the difference in latencies.?

Sensory Conduction Studies: Median nerve sensory
conduction studies were performed using the orthodromic
technique. Stimulating electrodes were placed on the
proximal phalanx of the first (thumb), second (index), and
third (middle) fingers, with the reference electrode on the
middle phalanx. Palmar stimulation was applied between
the second and third metacarpal heads, with a conduction
distance of <8 cm. The recording electrode was positioned on
the volar aspect of the wrist with the active tip placed distally.
All responses were averaged a minimum of eight times.

This protocol evaluated four sensory conduction segments:
first digit-to-wrist (D1W), second digit-to-wrist (D2W),
third digit-to-wrist (D3W), and palm-to-wrist (PW). Sensory
recording filter settings were 20 Hz-2 kHz, with a sweep
speed of 2 ms/div and sensitivity of 20 pV/div. Sensory nerve
conduction velocity (SNCV) was calculated by dividing the
stimulator-to-recording electrode distance by the peak
latency. Amplitude was measured as the distance between
the peak and the isoelectric baseline.? Representative
recordings of the orthodromic median nerve sensory
conduction studies at the digit and palm-to-wrist levels are
shown in Figure 2.

CTS Diagnostic Criteria and Reference Values

Laboratory-specific lower reference limits for the four sensory
conduction parameters (D1W-SNCV, D2W-SNCV, D3W-SNCV,
and PW-SNCV) were established from the control group data;
values falling more than two standard deviations below the
mean were classified as abnormal. For median nerve motor
conduction, 4.0 ms was used as the upper reference limit for
distal motor latency (DML); values >4.0 ms were considered
prolonged. In accordance with the electrophysiological
severity classification used in the study, prolongation of DML
beyond this threshold was compatible with moderate CTS
and did not constitute an exclusion criterion.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY,
USA). The normality of continuous variables was assessed
using the Kolmogorov-Smirnov and Shapiro-Wilk tests.
Variables with a normal distribution were expressed as
meanzxstandard deviation (SD); non-normally distributed
variables were expressed as median (minimum-maximum).
Sensitivity for each sensory conduction test was calculated
as the true positive rate and expressed as a percentage. The
threshold for statistical significance was set at p<0.05.

5 Pt 4
5 o ;
! .ls.-_aln. o

Figure 2. Orthodromic median nerve sensory conduction studies recorded at
the digit and palm-to-wrist levels.

(A: stimulation at digit 1; B: stimulation at digit 2; C: stimulation at digit 3; D:
stimulation at the palm level.)

RESULTS

Of the 272 hands from 136 participants evaluated, 217 met
the electrophysiological criteria for mild-to-moderate CTS
and were included in the sensitivity analysis. The remaining
55 hands did not meet the electrophysiological criteria
for CTS and were excluded from the analysis. Of these
217 hands, 175 (80.6%) belonged to female participants
and 42 (19.4%) to male participants. Demographic data are
presented in Table 1.
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Table 1. Demographic characteristics of participants.

Variable Value
Sex, n (%)
Female 175 (80.6%)
Male 42 (19.4%)

Age (years), meanSD (min-max)

Height (cm), mean+SD (min-max)
Weight (kg), meanSD (min-max)
BMI (kg/m?), mean=SD (min-max)
BMI: Body Mass Index; SD: Standard Deviation

48.83+8.28 (25-60)
162.25+7.83 (150-190)
74.68+12.11 (43-109)

28.5+4.1 (21.9-41.6)

With respect to laterality, 132 hands (60.8%) were right-
sided and 85 (39.2%) were left-sided. Median nerve motor
conduction studies yielded a mean DML of 3.57+0.51 ms.
Mean distal CMAP amplitude was 12.3+4.06 mV, mean
proximal CMAP amplitude was 11.5£3.83 mV, and mean
motor conduction velocity was 55.24+4.61 m/s. These values
are presented in Table 2.

Table 2. Median nerve motor conduction study results: latency, CMAP,

and conduction velocity.

Parameter Mean=SD (min-max)

Latency (ms)
Distal motor latency 3.57+0.51 (2.66-5.50)
CMAP (mV)
Distal CMAP 12.3+4.06 (5-26.2)
Proximal CMAP 11.5+3.83 (5-24.5)
Motor conduction velocity (m/s) 55.24+4.61 (44.7-75.2)

CMAP: Compound Muscle Action Potential; SD: Standard Deviation

Mean SNCV values for the D1W, D2W, D3W, and PW segments
are summarized in Table 3.

Table 3. Mean SNCV values by sensory segment.

Segment Mean+SD (m/s) (min-max)
Digit 1-Wrist SNCV 30.2+3.44 (21.3-41.4)
Digit 2-Wrist SNCV 35.9+3.10 (25.7-43.8)
Digit 3 - Wrist SNCV 35.7+£3.47 (25.5-42.5)

Palm -Wrist SNCV 30.6+3.44 (21.2-37.0)
SNCV: Sensory Nerve Conduction Velocity; SD: Standard Deviation

Laboratory-specific lower reference limits derived from the
control group are presented in Table 4.

Table 4. Laboratory-specific lower reference limits for SNCV.

Segment Lower Reference Limit (m/s)
Digit 1-Wrist SNCV 358
Digit 2-Wrist SNCV 39.1
Digit 3 — Wrist SNCV 39.6
Palm -Wrist SNCV 36.6

SNCV: Sensory Nerve Conduction Velocity

Using these reference limits, sensory conduction results
were analyzed in the patient group. Among the 217
electrophysiologically confirmed CTS hands, PW-SNCV was
within normal limits in 3 hands (1.38%), D1W-SNCV in 8 hands
(3.69%), D3W-SNCV in 12 hands (5.53%), and D2W-SNCV in 16
hands (7.37%).

Among all tested segments, the PW segment demonstrated
the highest sensitivity (98.62%). Among digital branches,
D1W showed the highest sensitivity (96.31%), followed by
D3W (94.47%) and D2W (92.63%). Individual sensitivity values
are summarized in Table 5 and Figure 3.

Table 5. Sensitivity of individual median nerve sensory conduction

tests.
Hands with Normal SNCV

ezl within Patient Group, n (%) Sensitivity
Digit 1-Wrist (D1W) SNCV 8 (3.69%) 96.31%
Digit 2-Wrist (D2W) SNCV 16 (7.37%) 92.63%
Digit 3 — Wrist (D3W) SNCV 12 (5.53%) 94.47%
Palm -Wrist (PW) SNCV 3(1.38%) 98.62%

SNCV: Sensory Nerve Conduction Velocity; D1W: First Digit-to-Wrist; D2W: Second Digit-to-Wrist;
D3W: Third Digit-to-Wrist; PW: Palm-to-Wrist

100,00% 98,62%

Palm-Wrist

98,00% 96,31%

96,00% 94,47%

Digit 1- Wrist Digit 2-Wrist Digit 3-Wrist

Figure 3. Sensitivity of median nerve sensory conduction studies in the
digital branches

94,00% 92,63%
92,00%
90,00%

88,00%

When the PW and D1W segments were evaluated in
combination, all 217 CTS hands were correctly identified
(sensitivity 100%). Combining PW with D2W left 2 hands
with normal values (sensitivity 99.1%), and combining PW
with D3W left 1 hand with normal values (sensitivity 99.6%).
Combined sensitivity values are presented in Table 6.

Table 6. Sensitivity of combined median nerve sensory conduction

studies.

Hands with Normal SNCV

Segment Combination within Patient Group, n (%)

Sensitivity

D1W+PW SNCV 0 (0%) 100%
D2W+PW SNCV 2 (0.9%) 99.1%
D3W+PW SNCV 1(0.4%) 99.6%

SNCV: Sensory Nerve Conduction Velocity; D1W: First Digit-to-Wrist; D2W: Second Digit-to-Wrist;
D3W: Third Digit-to-Wrist; PW: Palm-to-Wrist

DISCUSSION

This study examined the sensitivity of sensory conduction
tests in 217 electrophysiologically confirmed CTS hands.
Among the segments tested, the PW segment demonstrated
the highest sensitivity (98.62%), followed by D1W (96.31%),
D3W (94.47%), and D2W (92.63%).

A review of comparable studies in the literature reveals broadly
consistent findings. In 1989, Cioni examined 375 symptomatic
CTS patients and reported sensitivities of 64%, 80%, and 92%
for the first three digits, respectively.'” In 1990, Macdonell et
al. evaluated 55 CTS hands and found the most pronounced
slowing in the first digit and the least in the second.”” In 1995,
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Kothari et al. studied the first four digits in 59 patients with mild
CTS and demonstrated that the orthodromic study from the
first digit was the most sensitive.® In 1997, Padua compared
D1W and D3W sensitivities in 500 CTS hands, finding slowing
in D1W in 74% and in D3W in 67% of participants.”” In 2004,
Aydin et al. compared D1, D2, and D3 sensitivities across 506
CTS hands from 307 patients, again reporting the highest
sensitivity for D1W and the lowest for D2W.'Y In 2013, Lee
et al. examined 67 hands from 41 patients and found that
D2W SNAP amplitude and SNCV could be preserved in mild
CTS, whereas the fourth digit was more prominently affected
in severe cases.!"" In 2022, Tada et al. studied 54 CTS hands
from 48 patients and demonstrated that sensory conduction
abnormalities were significantly more pronounced in the third
digit than in the second, suggesting that the nerve fascicles
supplying digit 3 may be more vulnerable to compression.!'?
Consistent with most previous studies, our findings confirm
that D1W demonstrates the most frequent slowing among
the digital segments. In addition, this study also evaluated the
PW segment, which proved more sensitive than any individual
digital segment.

The results of this study suggest that D2W sensory
conduction may be preserved in some patients in the early
stages of CTS. Differences in the degree of involvement
among digits as the disease progresses, and this relative
preservation of D2W, may be explained by the fascicular
organization of the median nerve within the carpal tunnel.

In CTS, the most severe median nerve injury typically occurs
at the distal portion of the carpal tunnel, where the motor
and sensory branches diverge. Within the carpal tunnel,
the sensory fibers supplying digits 1 and 3 are located
anterolaterally, while those supplying digit 4 are anteromedial
and those supplying digit 2 are posteromedial.'¥ Due to this
fascicular arrangement, the sensory fibers of digit 2 positioned
more posteriorly are less susceptible to compression. This
may explain the relative preservation of D2W conduction in
the early stages of carpal tunnel ischemia.'”

In our study, slowing in the D1W segment was found more
frequently than in D2W and D3W. Since median nerve
conduction abnormalities in early CTS are focal and initially
confined to the proximal portion of the tunnel, the faster
conduction in the distal segment may partially mask mild
proximal slowing.'¥ We believe the higher sensitivity of D1W
may in part reflect the shorter conduction distance of this
segment compared with D2W and D3W.

Technical challenges associated with measuring the D1W
segment distance are well recognized; they arise because
the sensory fibers traveling to the thumb do not follow a
linear path on the skin surface.™ This discrepancy introduces
technical variability into DTW studies. In contrast, the sensory
branches to digits 2, 3, and 4 follow a more linear course,
making surface measurements more representative of the
true anatomical distance—a relationship supported by
postmortem studies.™

The PW segment was the most sensitive of all sensory tests in
this study. This technique takes advantage of conduction over
a very short distance of 8 cm between palmar stimulation
and wrist recording. By assessing conduction over a segment
confined almost entirely to the carpal tunnel, this approach
may detect any degree of slowing more clearly, allowing
the pathology to be identified with greater precision.
B1 Accordingly, the AAEM's diagnostic guidelines for CTS
recommend that PW sensory conduction be added to the
evaluation when digit-to-wrist studies yield normal results.!'s!

Recent diagnostic-accuracy studies further support the value
of short-segment and segment-comparison sensory testing
in CTS. In a 2026 ROC-based validation study, Tirkmen et
al. identified palmar sensory latency as a diagnostically
informative parameter; an optimal cut-off of >1.61 ms yielded
84.2% sensitivity and 93.8% specificity, with an area under
the ROC curve of 0.87.8 Although that study evaluated
palmar sensory latency using a ROC-derived threshold,
whereas the present study assessed palm-to-wrist sensory
conduction velocity using laboratory-specific reference limits,
both approaches emphasize the diagnostic value of directly
interrogating the short transcarpal segment. Contemporary
work has also continued to examine which sensory segment
provides the greatest diagnostic yield. Cheraghali et al.
compared median sensory conduction parameters from
the index and middle fingers in mild-to-moderate CTS and
highlighted the potential value of middle-finger sensory
measurements in a standardized electrophysiological
protocol.?® In another 2026 prospective study, Yenice et
al. evaluated the conduction-velocity difference between
proximal mixed and distal sensory median nerve segments
and reported sensitivities of approximately 77-84% and
specificities of approximately 78-85%, depending on the
recording technique and latency measure.?" Together with
prior evidence that median-versus-ulnar palmar mixed
nerve comparison can improve detection in early CTS,!
these findings reinforce the broader principle that focal or
comparative sensory measurements across the carpal tunnel
can reveal abnormalities that may be less apparent in longer
conventional segments. The particularly high PW sensitivity
observed in our cohort should therefore be interpreted
as consistent with this contemporary evidence, while
recognizing that absolute sensitivity estimates vary according
to recording technique, reference standard, disease spectrum,
and threshold-selection method.

While studies evaluating individual digits and the palm-to-
wrist segment separately as well as those using median-ulnar
and median-radial comparative test have been previously
published,® the present study additionally examined hands
in which both digit and palm-to-wrist segments were
concurrently abnormal or preserved. To our knowledge, no
comparable study using this combined analysis approach has
been previously reported in the literature.
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CONCLUSION

In this study, the sensitivities of D1W, D2W, and D3W
sensory conduction tests were 96.31%, 92.63%, and 94.47%,
respectively. When combined with the PW segment,
sensitivities increased to 100% (PW+D1W), 99.1% (PW+D2W),
and 99.6% (PW+D3W). These findings indicate that the rate
of false-negative results from digital segment testing alone
is substantially reduced upon inclusion of the PW segment.
Adding the PW study to any single digital segment resultsin a
combined sensitivity exceeding 99%.

Electrophysiological evaluation of CTS based on a single
digital segment alone may lead to missed diagnoses in some
cases. Consistent with existing diagnostic guidelines, we
recommend that when digit-to-wrist sensory conduction
studies are normal, evaluation be extended to include either
the palm-to-wrist segment or an additional digit-to-wrist
segment.
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