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Abstract

research and clinical settings is recommended.

Background: To evaluate the diagnostic accuracy of the median-to-ulnar nerve ratio (MUR) and the median-to-
ulnar nerve difference (MUD) in patients with carpal tunnel syndrome (CTS).

Methods: In this study, 32 patients with CTS and 32 healthy volunteers were evaluated. All participants received a
series of tests and ultrasound examination for the evaluation of the following criteria: cross-sectional area of the
median nerve at the pisiform level (CSA-P), swelling ratio (SR), MUR, MUD, and flattening ratio (FR).

Results: CSA-P, SR, MUR, and MUD were all significantly larger in the patients with CTS than in the healthy volunteers.
The areas under the receiver operator characteristic curves of MUD, MUR, CSA-P, and SR were 0.78, 0.75, 0.70, and 0.61
respectively. MUD had higher sensitivity (84%) than MUR, CSA-P, and SR (sensitivity: 63, 63, and 53%, respectively).

Conclusions: By using the ulnar nerve area at the pisiform level as an internal control parameter, the MUD and MUR
methods showed higher diagnostic accuracy than SR in patients with CTS. Further application of these methods in

Trial registration: Clinicaltrial.gov NCT03033173. Registered 18 January 2017. Retrospectively registered.
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Background

Carpal tunnel syndrome (CTS) is a common compres-
sive neuropathy of the median nerve at the wrist level; it
accounts for 90% of entrapment neuropathy cases. Its
prevalence rate is nearly 3.8% in the general population.
Its peak age ranges from 40 to 60 years, and it is pre-
dominant in women [1].

Traditionally, patients are initially assessed for clinical
symptoms such as numbness, tingling, or hyperesthesia
over the median nerve innervating digits. Symptoms might
aggravate nocturnally or be induced after prolonged wrist
flexion or extension. Provocative tests, such as Phalen’s test
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or Tinel’s test, may also be performed to detect any
subtle irritable neuropathic symptoms. In severe cases,
thenar muscle atrophy might be evident [2, 3]. How-
ever, in mild cases, patients might only present vague
symptoms or less specific clinical signs. Therefore, a
nerve conduction study (NCS) is used to provide more
objective evidence for diagnosing CTS. According to
the summary statement of electrodiagnostic studies of
CTS issued by the American Association of Neuromus-
cular & Electrodiagnostic Medicine, sensory and motor
NCSs of the median nerve can provide a high specifi-
city rate (98%) and an optimal sensitivity rate (>62%)
[4]. A more recent study showed that a short-segment,
onset latency-based NCS can provide an improved
sensitivity rate of 75% [5]. However, these data imply
that there is still a certain degree of false negative rates
(10-25%) in clinical evidence of CTS [6, 7]. Hence,
imaging studies, such as ultrasonography (US) and
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magnetic resonance imaging (MRI), of the median
nerve at the wrist level were introduced to provide an
objective evaluation of median nerve morphology [8, 9].

Compared with NCSs, imaging studies have the advan-
tage of causing less discomfort and can detect structural
abnormalities inside the carpal tunnel. US is more ad-
vantageous than MRI because of its portability and cost
effectiveness. Furthermore, US is less time consuming,
can provide dynamic evaluation, and can guide possible
further interventional treatment, including carpal tunnel
median nerve injection [10].

In the US-related criteria for CTS, the cross-sectional
area (CSA) method, which involves the measurement of
median nerve CSA at the pisiform level (carpal tunnel
inlet), is regarded as the most accurate method for diag-
nosing CTS [11-13]. However, using a single cut-off
value to diagnose CTS may underestimate the preva-
lence of CTS in a study population, given the variability
of the median nerve among individuals with varying
body weight, age, and sex [14, 15]. Therefore, using CSA
of the proximal median nerve at the forearm level as an
internal control parameter has previously been pro-
posed. The ratio of the CSA of the median nerve at the
pisiform level to that of the median nerve at the forearm
level is defined as the swelling ratio (SR) [10, 11] or the
wrist-to-forearm nerve ratio (WFR) [6].

Relative to the CSA method, the comparative
method of WFR has shown inconsistent results in
previous studies. One study showed that the WEFR
method had higher sensitivity than the CSA method
[6], whereas another study reported no significantly
higher diagnostic ability for WFR [16]. Moreover, two
studies have shown that median nerve CSA at the
forearm level is significantly smaller in patients with
CTS than in healthy controls [6, 17]. However, other
studies have not provided such a finding [8, 18]. The
inconsistent results potentially affect the reliability of
forearm median nerve CSA as an internal control. On
the contrary, the ulnar nerve at the wrist level has
been shown to have no significant difference in CSA
between patients with CTS and healthy controls [19];
accordingly, the ulnar nerve is suitable to serve as an
alternative internal control to compare with the me-
dian nerve. Previous studies tried to use median-to-
ulnar-nerve ratio (MUR) to compare the CSAs of
median to ulnar nerves at wrist level; however, their
results did not provide superior diagnostic value com-
paring to the CSA method [20, 21]. Therefore, in this
study, we propose using the difference between the
CSAs of the median and ulnar nerves at the pisiform
level as a new diagnostic criterion, i.e., median-to-
ulnar-nerve difference (MUD). The aim of this study is
to compare the diagnostic accuracy of the MUR and
the MUD in patients with CTS.
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Methods

Patients

Patients with CTS were recruited from the physical
medicine and rehabilitation department of a community
hospital. Control participants were recruited from the
hospital staff, healthy volunteers, and their friends. This
study was conducted with the approval of our Institu-
tional Review Board (Approval No. 01-XD15-036). In-
formed consent was obtained from all participants prior
to the study.

The patients with CTS were required to have subject-
ive symptoms of numbness, tingling pain, or dysesthesia
over the median nerve-innervated area of the involved
hand. Furthermore, the patients were required to have
positive responses in either Tinel’s test or Phalen’s test
during physical examination and were required to show
evidence of median neuropathy at the wrist level in the
NCS. Control participants must not exhibit symptoms
or signs of CTS and have no abnormal findings in the
electrodiagnostic study of the median and the ulnar nerves
across the wrist joint. The exclusion criteria for the patients
with CTS and control participants were as follows: (A)
age < 20 years; (B) electrodiagnostic evidence of ulnar neur-
opathy at the wrist level; (C) previous trauma or surgical
history of the hand; (D) medical history of hypothyroidism,
diabetes mellitus, uremia, rheumatoid arthritis, amyloid-
osis, and acromegaly; and (E) pregnancy.

All participants received a series of examination, in-
cluding baseline survey, physical examination, NCS, and
ultrasound examination. Physical examination included
the grip strength test, the Semmes—Weinstein monofila-
ment sensory test, and Tinel’s test and Phalen’s test. In
addition, each participant completed the Boston CTS
questionnaire.

Physical examination
During Phalen’s test, the participants were asked to hold
both wrists in the full flexion position for 1 min. The partic-
ipants experiencing characteristic CTS symptoms (tingling,
numbness, and dysesthesia sensation in the median nerve-
innervated area) were considered to exhibit positive re-
sponses. A positive result for Tinel's test was defined as
elicitation of characteristic CTS symptoms when the me-
dian nerve was tapped as it passed through the carpal
tunnel [22]. Grip strength was measured using a handheld
dynamometer; in the grip strength test, the participant
forcefully flexed all the finger joints in the sitting position
with elbow flexion of approximately 90° and the forearm
and wrist in a neutral position. This procedure was re-
peated three times, and the mean score was calculated [23].
The Semmes—Weinstein monofilament sensory test
was applied on the finger tips and hand with the wrist in
a neutral position. A force-calibrated nylon filament was
pressed to the skin, and a gradually increasing force was
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applied until the filament bent to form a “C.” The re-
sponse of the participants was considered positive if they
could identify which digit was tested with their eyes
closed. A weighted score from 1 to 5 was estimated
depending on the calculated force of each filament (a
lower score indicated greater force) [24].

Boston CTS questionnaire

The Boston CTS questionnaire is self-administered and
is composed of two parts: the symptom severity scale
(11 questions) and the functional status scale (8 ques-
tions). All questions are scored from 1 to 5 depending
on the participants’ symptoms (1 indicates no symptom,
and 5 indicates the most severe symptom). Finally, the
average of the symptom severity score and the functional
status score is calculated. The reproducibility of the in-
ternal consistency of the questionnaire has been validated
in a previous study [24].

Nerve conduction study

In this study, an NCS was performed using Neuropack
M1 MEB-9200]/K electrodiagnostic equipment (Nihon
Kohden Corporation, Tokyo, Japan). Each participant was
tested in the supine position in a quiet, air-conditioned
room with room temperature maintained at 26 °C. The
temperature of each hand was maintained at >32 °C. The
NCS was conducted using the supramaximal stimulation
technique, in which a constant current stimulator was
used and surface recording was performed [25]. Distal
motor latencies of the median and ulnar nerve were re-
spectively measured by placing a stimulating electrode at
the wrist and a recording electrode 8 cm away from the
stimulating electrode on the abductor pollicis brevis
muscle and the adductor digiti minimi muscle. For sen-
sory NCSs of the median and ulnar nerves, a standard dis-
tance of 14 cm was maintained between the stimulating
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electrode at the wrist and the recording electrodes at the
ring finger on radial and ulnar sides [4].

The diagnosis of CTS was established if one of the two
following criteria was met in the median nerve NCS: distal
motor latency > 4.4 ms and distal sensory latency > 3.4 ms
[26]. The participants were screened and excluded for
subclinical ulnar neuropathy at the wrist level on the
basis of the following criteria: ulnar nerve NCS distal
motor latency >3.6ms and ulnar nerve NCS distal
sensory latency >3.4ms [27, 28].

Ultrasound examination

Ultrasound examination was conducted using the GE logic
P6 device (General Electric Medical Systems, Milwaukee,
WI, USA) with an 11L linear array transducer (12 MHz).
The participants were asked to lie on the bed in the supine
position with the elbow extended, forearm supinated, wrist
in the neutral position, and fingers semiflexed. The trans-
ducer was placed perpendicular to the nerve under examin-
ation using a transverse scanning technique. Care was
taken to avoid applying additional forces on the transducer
to prevent further nerve deformation.

The median nerve was identified as an oval structure
surrounded by the hyperechoic epineurium at the pisi-
form level of the carpal tunnel, lying inferior to the
flexor retinaculum. The distal wrist crease was used as
the external landmark. The ulnar nerve was also identi-
fied at this level between the ulnar artery and rounded
ventral aspect of the pisiform, which is normally smaller
than the median nerve [29].

For CSA measurement, the inner border of the epineu-
rium rim of each nerve was continuously traced. MUR is
the ratio of the CSA of the median nerve to that of the
ulnar nerve at the pisiform level, and MUD is the difference
between the CSA of the median and ulnar nerves (Fig. 1).
Median nerve CSA at the distal radioulnar joint (DRUYJ)

bone; S: scaphoid bone

Fig. 1 Cross-sectional area of the median nerve (large encircled area) and the ulnar nerve (small encircled area) at the pisiform level; P: pisiform
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level was also acquired for estimating SR, which was de-
fined as the ratio of the CSA of the median nerve at the
pisiform level to the CSA of the median nerve at the DRU]J
level. The DRUJ level could be identified between the distal
radius and ulna, while tracing proximally from the pisiform
level. (Fig. 2). The flattening ratio (FR) was calculated by
dividing the length of the long axis by that of the short axis
of the median nerve at the pisiform level (Fig. 3). Ultra-
sound images were acquired by a single investigator, who is
board certified in ultrasound examination and has more
than 5 years of experience in ultrasound examination. This
investigator was blinded to the results of physical examin-
ation and NCS and the patients’ clinical status.

Statistical analysis

Statistical analysis was performed using SAS Version 9.2
(SAS institute Inc., Cary, NC, USA). Data are presented as
mean + standard deviation. Student ¢ and chi-squared tests
were used to compare baseline characteristics between the
two groups. Data derived from physical examination, NCS,
and ultrasound examination were compared between the
CTS and control groups. Each hand of the participants was
individually analyzed. Both hands of the same participant
were included when the patient had bilateral CTS or nor-
mal results were obtained for the control in the bilateral
NCS. Considering a correlation between hands, the gener-
alized estimate equation (GEE) was used after adjustment
for the covariates of age, sex, and body mass index (BMI).
Either the left or right hand of the participants was ran-
domly selected for receiver operator characteristic (ROC)
analysis. The ROC method uses a binary classifier system
that plots the true positive rate (sensitivity) against the
false-positive rate (1 — specificity). Youden’s index was used
to obtain the optimal diagnostic point of each ultrasound
diagnostic method. The diagnostic accuracy of sonographic
criteria was measured by calculating the area under the
ROC curve (AUC) [30].
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Results

Thirty-seven patients with CTS were initially screened.
Among them, five patients were excluded because of
subclinical ulnar neuropathy noted in the NCS. In total,
32 patients (56 hands) were included in the CTS group.
Moreover, 37 healthy volunteers were screened; after
asymptomatic hands with abnormal NCS findings were
excluded, 32 healthy participants (59 hands) were in-
cluded in the control group.

Patient characteristics and Boston CTS questionnaire

The patients with CTS and healthy volunteers did not
significantly differ in age, sex, marital status, smoking
habit, dominant hand, and education level (Table 1).
BMI was significantly higher in the patients with CTS
(P=0.01) than in the healthy volunteers. The symptoms
severity score and functional status score were signifi-
cantly higher in the patients with CTS (P < 0.0001) than
in the healthy volunteers.

Physical examination and NCS

The patients with CTS had significantly lower scores
in the monofilament sensory test than did the healthy
volunteers. Grip strength did not significantly differ
between the two groups. The NCS revealed that the
patients with CTS had significantly slower sensory
nerve conduction velocity and longer sensory and
motor distal latencies (Table 2).

Ultrasound examination

Median nerve CSA at the pisiform level, SR, MUR, MUD,
and median nerve CSA at the DRU]J level were all signifi-
cantly larger in the patients with CTS than in the healthy
volunteers. Median nerve CSA was larger than ulnar nerve
CSA in both groups. No significant difference was observed
in the FR of median nerve and ulnar nerve CSAs at the
pisiform level in both groups (Table 3). The ROC analysis

-

Fig. 2 Median nerve cross sectional area at the distal radioulnar joint level (U: Ulnar bone; R: Radius bone)
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Fig. 3 Long axis and short axis of median nerve at the pisiforms level (P: pisiform bone; S: scaphoid bone)
A\

of the four aforementioned diagnostic criteria revealed that
MUD had the highest AUC of 0.78, with a clear cut-off
value of 5.53 (sensitivity: 84%, specificity: 69%). The MUR
method provided sensitivity of 63% and specificity of 84%,
with a cut-off value of 3.28 and an AUC of 0.75. SR of the
median nerve had a relatively low AUC of 0.61 and a cut-
off value of 1.32 (sensitivity: 53%, specificity: 72%) (Table 4).

Discussion

Our data showed that by using the CSA of the ulnar nerve
at the pisiform level as an internal control parameter,
MUD and MUR provided higher diagnostic accuracy than

SR in the patients with CTS (Table 4). Despite similar
AUC, MUD had higher sensitivity (84%) than MUR (63%).

Regarding the application of US for diagnosing CTS,
Buchberger et al. first addressed the following four typ-
ical ultrasonographic presentations in patients with CTS:
A) a flattening of the median nerve at the hamate level;
B) an increase in the CSA of the median nerve at the
pisiform level; C) an increase in the ratio of median
nerve CSA at the pisiform level to median nerve CSA at
the distal radius level; and D) palmar bowing of the
transverse carpal ligament [31]. These presentations
evolved into various ultrasonographic diagnostic criteria

Table 1 Frequency distribution of demographic data for patients with CTS and healthy volunteers

CTS patients N=32 Healthy volunteers N =32 P value”
N (%) N (%)
Personal Characteristics
Agely) 520 (32.8-71.1) 550.1 (30.0-70.2) 045
Female 27 (84.4) 27 (84.4) 1.00
Married 26 (81.3) 22 (733) 0.46
Employed 15 (46.9) 25 (78.1) 0.01
Smoking habit 2 (6.3) 1 (3.1 1.00
Right-hand dominant 32 (100.0) 31 (96.9) 1.00
Unilateral hand involved 7 (22)
BMI (kg/mz) 244 (22.9-26.0) 222221 (166-27.5) 0.01
Educational Level 0.014
College/University 7(21.9) 17 (53.2)
Senior High 14 (43.8) 12 (37.5)
Junior High or below 11 (34.3) 3(94)
Boston CTS questionnaire
Symptom severity score 22 (1.3-3.8) 1.0 (1.0-1.8) <0.0001
Functional status score 1.5(1.0-3.1) 1.0 (1.0-1.1) < 0.0001

Abbreviations: BMI body mass index, CTS carpal tunnel syndrome
"t test or chi square test
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Table 2 Comparison of results of physical examinations and
NCS between hands with CTS and healthy hands

CTS hands ~ Healthy hands P value”

(n=56) (n=59)

Mean (SD)  Mean (SD)
Monofilament sensory test 322 (2.7) 334 (1.7) 0.048
Grasp power (Ib) 496 (19.7) 526 (16.3) 0.31
SNCV of median nerve (m/sec) 383 (9.1) 52.2 (6.5) <0.0001
Distal sensory latency of 3.9 (0.9) 2.7 (0.3) <0.0001
median nerve (ms)
Distal motor latency of 49 (1.3) 3.5(0.3) < 0.0001

median nerve (ms)

Abbreviations: CTS carpal tunnel syndrome, NCS nerve conduction study, /b.
pound, SNCV sensory nerve conduction velocity, m/sec meter per second,
ms milliseconds

" comparison of differences between groups after adjusting for age, gender
and body mass index (generalized estimating equation)

for CTS, such as the FR (the ratio of the length of the
long axis of the median nerve to that of the short axis of
the median nerve), CSA, and SR methods [11, 32, 33].

The FR method was later examined in several clinical
studies, which have provided controversial results. Using
FR > 3.3 as the diagnostic criterion, Duncan et al. com-
pared FR between patients with CTS and normal partici-
pants, and they indicated a low likelihood ratio of 1.53
[34]. Mallouhi et al. used FR > 3 as the cut-off value and
obtained sensitivity of 60% and specificity of 76% [35].
One recent study showed that FR does not significantly
differ between symptomatic and asymptomatic groups
and shows no correlation to electrodiagnostic testing
[18]. Consistent with these findings, FR in our study did
not significantly differ between the healthy volunteers
and patients with CTS.

Table 3 Comparison of sonographical findings between hands
with CTS and healthy hands

CTS patients healthy volunteer P value”
(hands =56) (hands =59)
Mean (SD) Mean (SD)
CSA-P of median 11.3 (4.4) 88 (2.2 < 0.0001
nerve (mm?)
CSA-DRUJ of median 8.2 (29) 74(1.7) 0.04
nerve (mmz)
CSA-P of ulnar 3.1 35(14) 0.08
nerve (mmz)
Flattening ratio of 25(0.7) 26(09) 0.64
median nerve
Swelling ratio 1.5 (0.9) 1.2 (0.3) 0.04
MUR 4.1(23) 29(15) 0.0206
MUD 8.2 (43) 53(20) < 0.0001

Abbreviations: CTS carpal tunnel syndrome, CSA-P cross-sectional area at the
pisiform level, CSA-DRUJ cross-sectional area at the distal radioulnar joint level,
MUR median-to-ulnar nerve ratio, MUD median-to-ulnar nerve difference

“: comparison of differences between groups after adjusting for age, gender
and body mass index (generalized estimating equation)
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Table 4 ROC analysis of CTS sonographical diagnostic criteria

AUC (95% Cl) Cut-off ~ Sensitivity ~ Specificity
value (%) (%)
CSA-P of median  0.70 (0.57-0.83)  10.35 63 84
nerve (mm?)
SR 061 (047-0.75) 132 53 72
MUR 0.75 (0.63-088) 328 63 84
MUD 0.78 (0.67-090) 553 84 69

Abbreviations: ROC receiver operating characteristic, AUC area under the curve,
Cl confidence interval, CSA-P cross-sectional area at the pisiform level, SR
swelling ratio, MUR median nerve to ulnar nerve ratio, MUD median-to-ulnar
nerve difference

The CSA method initially showed suboptimal accuracy
compared with the other methods, possibly because of
indirect measurement by assuming that the entire me-
dian nerve CSA is elliptical in shape [(long axis x short
axis x m)/4] [31, 36]. Sensitivity of the CSA method im-
proved after a direct measurement method (continuous
tracing of the inner border of the endoneurium) was
used, and the CSA method was correlated with electro-
diagnostic studies [11-13]. Our study revealed that me-
dian nerve CSA at the pisiform level significantly differed
between the healthy volunteers and patients with CTS,
and it provided fair accuracy when 10.35 mm? was used as
the diagnostic value.

The use of one definitive cut-off value of median nerve
CSA to diagnose CTS has been questioned for various
reasons. First, CSA may be affected by several demo-
graphic factors, such as body height, body weight, age,
and sex [14, 37]. According to one study, healthy volun-
teers with higher body height, higher body weight, and
male sex have larger nerve CSA in the upper limb nerves
(median nerve, ulnar nerve, radial nerve, and musculo-
cutaneous nerve) [38]. Zaidman et al. also showed that
with an increase of 1 cm in the body height of a healthy
volunteer, median nerve CSA increased by 0.06 mm *
[37]. Second, nerve CSA might differ among ethnicities.
For example, some studies have demonstrated that the
mean median nerve CSA of the American population is
larger than that of the Korean population [14, 38].

Therefore, a comparison of the ratio between two
levels of the median nerve, such as in the SR method,
was introduced to avoid potential bias caused by the
aforementioned individual variations. The SR method
compares median nerve CSA between the pisiform level
and radioulnar joint level. This method has been re-
ported to have sensitivity of 66.7% for diagnosing clin-
ical symptoms in patients with CTS [10]. However, for
the SR method, our study revealed relatively low sensi-
tivity (53%) and AUC (0.61) when >1.32 was used as
the cut-off value. The SR method also has limitations
for detecting more severe CTS [39]. This might be ex-
plained by the phenomenon of concurrent swelling of
the median nerve proximal to the entrapment site. As
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previously reported, proximal swelling of the median
nerve beyond the pisiform level was noted in patients
with moderate CTS [40], which may lead to a reduction
in median nerve CSA differences between the pisiform
level and the DRUJ level. Consequently, it might under-
mine the diagnostic accuracy of the SR method. This
phenomenon of concurrent proximal swelling of the
median nerve was also noted in our study; as shown in
Table 3, CSAs of the median nerve were significantly
larger in the patients with CTS than in the healthy vol-
unteers, not only at the pisiform level but also at the
DRUJ level.

The WFR method compares the median nerve at the
pisiform level to the forearm level, ranging from 4 to 12
cm proximal to the distal wrist crease according to dif-
ferent studies [41]. Although attempts have been made
to exclude the potential proximal swelling of the median
nerve at the DRU]J level in this method, a significant dif-
ference in median nerve CSA at the forearm level between
patients with CTS and healthy control has still been noted
in previous studies®'’, thus undermining the role of the
forearm median nerve as an internal control [6, 17].
Furthermore, dense connective tissues are present around
the median nerve at the forearm, which occasionally
renders identification of the true boundary of the epi-
neurium challenging [42].

Using ulnar nerve CSA at the pisiform level as an in-
ternal control and comparing it with median nerve CSA
can avoid the confounding effects of proximal median
nerve swelling. Eom et al. showed that there was no
change in ulnar nerve CSA between patients with CTS
and healthy controls; they also demonstrated a strong
correlation between MUR and the electrophysiologic
stage of CTS [19]. Furthermore, Yurdakul et al. demon-
strated that compared with the CSA and SR methods,
the MUR method was the only method that positively
correlated with symptom duration [21]. Based on these
results, the ulnar nerve may be a suitable internal con-
trol for evaluating CTS. However, in previous studies,
the MUR method did not show superior diagnostic value
to the CSA method [20, 21]. In our study, the MUR
method showed slightly higher AUC than the CSA
method only (0.75 vs 0.70). Therefore, we introduced
the MUD method, which compared the difference be-
tween the CSA of the median nerve and the CSA of the
ulnar nerve at the pisiform level, as an alternative par-
ameter to assist in diagnosing CTS. Klauser et al. intro-
duced the wrist-to-forearm nerve difference (WFD),
which is the difference between the CSAs of the median
nerve at the carpal tunnel and forearm level [41]. It
showed higher sensitivity and specificity than the CSA
method. Compared with the WFR method, WFD also
had a stronger correlation with CTS patients’ clinical se-
verity despite similar AUC [43]. Our results also revealed

Page 7 of 9

the similar AUC of MUD and MUR (0.78 vs 0.75). How-
ever, MUD had the highest sensitivity (84%) compared
with MUR, median nerve CSA at the pisiform level, and
SR (sensitivity: 63, 63, 53%, respectively); thus, MUD is
useful in screening CTS using US.

This study has some limitations that should be consid-
ered. First, we only recruited patients who met the clin-
ical criteria of idiopathic CTS. This might not reflect the
reality of daily clinical practice, where patients may have
median neuropathy at the wrist level that may be sec-
ondary to various types of underlying conditions. Sec-
ond, the inclusion criteria of this study included positive
results of Tinel’s or Phalen’s test, which have moderate
sensitivity. Moreover, we did not use the mixed-nerve
short-segment comparative test as a diagnostic criterion
in the NCS. Thus, the patients we recruited were more
severely affected, and 59% of the patients had moderate
to severe CTS (41% of these patients had slow sensory
nerve conduction velocity and prolonged distal motor la-
tency, and sensory or motor responses were absent in
18% of the patients). Therefore, further study may be re-
quired to explore the sensitivity and specificity of the
MUR method in patients with CTS who exhibit mild
symptoms. Third, the MUR method was based on the
assumption that the ulnar nerve at wrist level is less likely
to have compressive neuropathy; hence, it could be used
as an internal control. Consequently, this method cannot
be applied to patients with clinical symptoms of ulnar
neuropathy at the wrist level.

Conclusions

By using the cross-sectional area of ulnar nerve at the pisi-
form level as an internal control parameter, the MUD and
MUR methods showed higher diagnostic accuracy than
SR in patients with CTS. These methods can be used as
alternative ultrasound diagnostic methods, and MUD has
higher sensitivity than MUR. Further application of these
methods in research and clinical settings is recommended.
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