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Optimal Ultrasonographic Measurements for
Diagnosing Carpal Tunnel Syndrome in Patients
With Diabetic Sensorimotor Polyneuropathy:
A Case-Control Study
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Sanghoon Lee, MD, Hyunchul Cho, MD, Yoon-Hee Choi, MD, PhD, Jinmyoung Kwak, MD

Department of Physical Medicine and Rehabilitation, Soonchunhyang University Seoul Hospital,
Soonchunhyang University College of Medicine, Seoul, Korea

Objective To investigate the optimal sonographic method for diagnosing carpal tunnel syndrome (CTS) in
patients with diabetic sensorimotor polyneuropathy (DSP).

Methods A total of 190 participants were divided into four groups based on DSP history and electrodiagnostic
results of CTS. The absolute parameters were measured at baseline and the relative values were calculated:
maximal cross-sectional area (CSA) of the median nerve throughout the carpal tunnel (Mmax), median nerve CSA
at the forearm level (Mf), ulnar nerve CSA at the pisiform level (Upi), difference between Mmax and Mf (AMM),
and difference between Mmax and Upi (AMU). Then, the optimal ultrasonographic parameters for diagnosing
CTS, according to the presence of DSP, using absolute and relative cutoff values were analyzed.

Results Median and ulnar nerve CSAs were significantly larger in the DSP group than in the control group. In the
DSP participants, the mean Mmax, AMM, and AMU values were significantly larger in patients with both DSP and
CTS than in patients with DSP only. The Mmax thresholds of 9.5 mm? in the control group and 11.5 mm?® in the
DSP group showed the greatest sensitivity and specificity for diagnosing CTS. The AMM thresholds of 2.5 mm® and
AMU thresholds of 4.5 mm® had the greatest sensitivity and specificity in both the DSP and control groups.
Conclusion Measurement of Mmax, AMM and AMU is an optimal ultrasonographic evaluation method for
diagnosing CTS in patients with DSP.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is a common medical
condition, in which the median nerve is compressed at
the wrist, leading to paresthesia, numbness, and muscle
weakness of the hand [1]. Diabetic sensorimotor poly-
neuropathy (DSP) is known to be a length-dependent,
symmetrical polyneuropathy that mainly affects the large
nerve fibers within the body [2,3]. The prevalence of CTS
was reported to be 2% in the general population, 14%
in diabetic patients without DSP, and 30% in diabetic
patients with DSP [4]. CTS is traditionally diagnosed
based on a combination of history of symptoms, physical
examination, and electrodiagnostic study [1]. However,
ultrasonography (US) has also played an adjuvant role
in the diagnosis of CTS by evaluating the enlargement of
the cross-sectional area (CSA) of the median nerve and
the abnormality of the adjacent soft tissue [5,6]. Several
studies have attempted to determine the absolute cutoff
values of median nerve CSA for diagnosing CTS, but no
consensus regarding the absolute diagnostic value has
been established yet [5,7-9]. However, since absolute
CSA can be affected by anthropometric character, sex,
and presence of polyneuropathy, the relative CSA value
is theoretically more accurate in the diagnosis of CTS.
According to a report, the peripheral nerves of patients
with DSP show diffuse enlargement at the whole nerve
length, which represents sonographically larger CSA of
the peripheral nerves [10]. Moreover, in a study of me-
dian nerve US in diabetic patients, the median nerve CSA
in the carpal tunnel of DSP patients was greater than that
in healthy individuals or in patients without DSP [11]. In
patients with CTS combined with DSP, the focal enlarge-
ment process may also be added to the already enlarged
median nerve. Thus, measuring only the absolute CSA of
the median nerve may render false-positive results when
diagnosing CTS combined with DSP.

Therefore, the objective of this study was to investigate
the optimal US evaluation method for diagnosing CTS in
patients with DSP.

MATERIALS AND METHODS

Participants
This prospective study was composed of two similar
case-control designs and performed at Soonchunhyang
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University Hospital, Seoul, Korea, from March 2010 to
February 2011. The study was approved by the Institu-
tional Review Board of the Soonchunhyang University
Hospital (No. SCHUH 2009-010). Written informed con-
sent was obtained from all participants before their par-
ticipation in the study began. Age, sex, weight, height, and
body mass index (BMI) were collected for all participants.
This study initially enrolled 80 healthy controls, 80 pa-
tients with suspected CTS, and 80 patients with confirmed
DSP. The participants in the DSP group were confirmed to
have DSP by previous electrodiagnosis. Nerve conduction
studies (NCS) were performed in both upper and lower
limbs to diagnose DSP. Based on a previous guideline [12],
the diagnostic criteria for DSP were defined as a sural
sensory action potential of <7.3 1V, and a peroneal motor
conduction velocity of <43.9 m/s, observed at the same
time during the NCS. The suspected CTS participants
were selected according to a history of CTS and clinical
symptoms, including numbness and tingling sensation in
the lateral four fingers, with or without thumb weakness.
Participants with confirmed DSP and suspected CTS un-
derwent physical examination and electrodiagnostic stud-
ies to confirm their CTS status and exclude other disease
conditions that might influence peripheral nervous func-
tion. The participants who had a history of wrist surgery,
fracture, and neurologic disorders (e.g., other peripheral
polyneuropathies, ulnar neuropathy, radiculopathy,
myelopathy, stroke), which may cause numbness or par-
esthesia in the limbs, were excluded. Among the 80 pa-
tients with suspected CTS, 42 had normal findings, 5 were
diagnosed with cervical radiculopathy, and 33 showed
findings consistent with CTS. Among the 80 patients with
DSP, 2 were diagnosed with cervical radiculopathy, 1
was diagnosed with bilateral ulnar neuropathy, and 43
showed findings consistent with both CTS and DSP. A to-
tal of 190 patients were classified into four groups based
on the electrophysiologic findings: group 1, patients with
CTS and DSP; group 2, patients with DSP only; group 3,
patients with CTS only; and group 4, healthy controls (Fig.
1). All patients underwent US examination after electro-
physiologic evaluation during a visit.

Ultrasonography

US was performed using a 13.3-MHz linear array trans-
ducer, ProSound Alpha 7 (Hitachi-Aloka Medical, Tokyo,
Japan). All measurements were taken by a single physi-
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[ Confirmed DSP (n=80) ] [ Suspected CTS (n=80) ]

Physical examination
Electrodiagnostic study

Control (n=80)

Bilateral ulnar neuropathy (n=1)

4‘ Cervical radiculopathy (n=2) ’ 4‘ Cervical radiculopathy (n=5) ’

Fig. 1. Flow chart of the study.

CTS & DSP DSP CTs Normal EDX Control ) . .
(n=43) (n=34) (n=33) (n=42) (n=80) DSP, diabetic sensorimotor poly-
neuropathy; CTS, carpal tunnel
| Group 1 l | Group 2 l | Group 3 l Group 4

syndrome; EDX, electrodiagnosis.

cian who had more than 5 years of US experience and
was blinded to the diagnosis, physical findings, and elec-
trodiagnostic testing results. The participants were com-
fortably placed in a supine position with arms extended,
wrists resting on a flat surface, forearms in a supine
position, and fingers in semi-extended position. Only
the weight of the probe was applied to avoid causing any
artificial nerve deformity. The angle of the ultrasound
beam was kept perpendicular to the surface of the nerves
and tendons to ensure the highest echogenic view. The
CSAs of the median and ulnar nerves were measured at
the inner border of the epineurial echogenic rim using a
continuous tracing technique.

We scanned the CSA of the median (M) and ulnar (U)
nerves in the axial plane at the following regions (Fig. 2):
Mmax, maximally dilated median nerve CSA in the carpal
tunnel from the hamate bone level to the radioulnar joint
level through the pisiform bone level; Mf, median nerve
CSA in the forearm at 10 cm proximal to the wrist crease;
Upi, ulnar nerve CSA in the carpal tunnel at the pisiform
bone level. The absolute CSA parameters were calculated
in two relative values: AMM (difference between Mmax
and Mf) and AMU (difference between Mmax and Upi).

Electrodiagnostic evaluation

The electrodiagnostic study was performed by two ex-
perienced physiatrists who were blinded to the patient’s
history and symptoms, using Medelec Synergy Mobile
5-channel (Oxford Instruments, Surrey, UK) devices. The
evaluation process was performed under standard room
temperature of 25°C and hand temperature of more than
32°C. The motor NCS of the median nerve was recorded
with surface electrodes from the abductor pollicis brevis

Fig. 2. The sonographically measured regions. A is maxi-
mally dilated median nerve cross-sectional area (CSA) in
the carpal tunnel. B is median nerve CSA in the forearm
at 10 cm proximal to the wrist crease. C is ulnar nerve
CSA in the carpal tunnel at the pisiform bone level.

muscle. Median motor nerve proximal and distal laten-
cies, median motor nerve conduction velocity, and com-
pound muscle action potential amplitudes at the wrist
and elbow were measured. Median sensory NCSs were
recorded with ring electrodes placed on the 3rd digit
antidromically at 7 and 14 cm proximal to the record-
ing electrode. Lumbrical-interosseous median-ulnar
distal latency difference (LIMULD) was also measured
to improve the diagnostic accuracy of CTS in patients
with DSP. Median and ulnar motor NCSs were recorded
with cup electrodes from the 2nd lumbrical-interosseous
muscle. The stimulation points were proximal to the
carpal tunnel and Guyon canal for the median and ulnar
nerves, respectively, with a standard distance of 9 cm.
LIMULD was calculated by subtracting the ulnar motor
distal latency from the median motor distal latency.

CTS was diagnosed if the results of the NCS fulfilled
two of the following criteria [13,14]: (1) median motor
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nerve distal latency greater than 3.7 ms or median sen-
sory nerve conduction velocity slower than 50 m/s; (2)
an increase in the palm sensory nerve action potential
amplitude of >50% compared with wrist stimulation; (3)
LIMULD more than 0.4 ms.

The electrophysiologic severities of CTS were assessed
using the NCS results, according to neurophysiologic
classification [15]. Hands with CTS were divided into
four groups based on neurophysiologic findings: ‘mild,
abnormal digit/wrist sensory nerve conduction velocity
and normal distal motor latency; ‘moderate, abnormal
digit/wrist sensory nerve conduction velocity and abnor-
mal distal/motor latency; ‘severe, absence of sensory re-
sponse and abnormal distal motor latency; and ‘extreme,
absence of motor and sensory responses.

Statistical analysis

To estimate the sample size, we referred to a previous
study that determined the criteria for diagnosing the
comorbidity of CTS with DSP using US parameters [16].
We used median nerve CSA to estimate the number of
subjects needed. To investigate the optimal sonographic
method with a power of 80% and two-sided test of 5%,
52 patients had to be included in each group. With an
estimated a drop-out rate of 30%, a sample size of 80 in
each group was calculated. All p-values less than 0.05

Table 1. Baseline demographics of participants

were considered to be statistically significant. Analysis of
variance (ANOVA) and Student t-test were used to com-
pare continuous variables, and the y” test was utilized to
compare the categorical variables, such as sex and CTS
grades. Receiver operating characteristic (ROC) curves
were used to detect optimal US cutoff values for diagnos-
ing CTS, with or without DSP. A pairwise comparison test
was used to compare the differences between the ROC
curves. All data were analyzed using SPSS version 20
(IBM, Armonk, NY, USA) and MedCalc version 13 (Med-
Calc Software, Mariakerke, Belgium).

RESULTS

The participants’ characteristics are summarized in
Table 1. There were no significant differences in terms of
age, sex, weight, height, and BMI among the four groups.
There were no significant differences in the CTS grade
between groups 1 and 3, and in diabetes duration and
HbAlc between groups 1 and 2.

To investigate the influence of CTS and DSP on the CSA
of the peripheral nerves, we compared the mean sono-
graphic parameters between the CTS and non-CTS pa-
tients in each of the DSP and non-DSP groups (Fig. 3).

In the DSP group, group 1 (n=43) showed larger pri-
mary US parameters than group 2 (n=34) (Fig. 3A):

Group 1 Group 2 Group 3 Group 4 p-value

Number of hands 43 33 80
Age (yr) 63.319.4 61.0£10.1 59.916.3 61.2+5.9 0.29”
Sex, female 24 (55.8) 15 (44.1) 19 (57.6) 50 (62.5) 0.44"
Height (cm) 161.1+6.4 164.3+10.1 160.3+6.9 160.616.2 0.07%
Weight (kg) 59.0+8.7 62.0+10.1 60.0+9.5 59.2+8.6 0.43"
BMI (kg/mz) 22.71£3.0 23.31+5.0 23.312.6 22.912.6 0.82%
Diabetes duration (yr) 17.2+8.7 16.2+8.4 NA NA 0.61°
HbAlc (%) 6.7+1.2 6.3+0.9 NA NA 0.129
CTS grades 0.11”

Mild to moderate 16 (37.2) NA 18 (54.5) NA

Severe to extreme 27 (62.8) NA 15 (45.5) NA

Values are presented as meantstandard deviation or number (%).
BMI, body mass index; CTS, carpal tunnel syndrome; DSP, diabetic sensorimotor polyneuropathy; NA, not applicable;
Group 1, patients with CTS and DSP; Group 2, patients with DSP; Group 3, patients with CTS only; Group 4, healthy

controls.

“One-way analysis of variance test.
®ly* test for qualitative data.
9Student t-test for quantitative data.
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Mmax (13.8 vs. 9.0 mm?; 95% confidence interval [CI],
3.4-6.1; p<0.001), AMM (5.5 vs. 1.5 mm? 95% CI, 2.8-5.2;
p<0.001), and AMU (7.4 vs. 3.1 mm? 95% CI, 2.9-5.7;
p<0.001). However, the reference parameters (Mf and
Upi) were not different between groups 1 and 2: Mf (8.0
vs. 7.5 mm?; 95% CI, 0.4-0.3; p=0.204), and Upi (6.4 vs. 5.9
mm?; 95% CI, -0.1-1.0; p=0.120).

In the non-DSP group, similar patterns were observed
compared with the DSP group. Group 3 (n=33) showed
larger US variables than group 4 (n=80) (Fig. 3B): Mmax
(12.9 vs. 8.0 mm? 95% CI, 3.6 to 6.2; p<0.001), AMM (6.7
vs. 1.6 mm? 95% CI, 3.7 to 6.4; p<0.001), AMU (7.8 vs. 2.9
mm?; 95% CI, 3.6 to 6.1; p<0.001). However, the reference
parameters (Mf and Upi) were not different between
groups 3 and 4: Mf (6.2 vs. 6.3 mm? 95% CI, -0.6-0.4;
p=0.705), and Upi (5.1 vs. 5.0 mm? 95% CI, -0.3-0.5;
p=0.645).

To investigate the influence of DSP on peripheral
nerves, we compared the mean sonographic parameters
between the DSP and non-DSP patients in each of the
CTS and the non-CTS groups. Group 1 (n=43) showed
significantly larger reference parameters (Mf and Upi)
compared with group 3 (n=33): Mf (8.0 vs. 6.2 mm?’; 95%

®

207 . Bl Group 1 (n=43)
1 Group 2 (n=34)
16
=
E 121 *
]
2 *
g
c 81
1]
]
=
4 -
0 T T 1
Mmax AMM AMU
DSP group
Group 1 13.8 (4.1) 5.5(3.6) 7.4 (4.1)
Group 2 9.0 (1.5) 1.5(1.7) 3.1(1.9)

CI, 1.3-2.7; p=0.000), and Upi (6.4 vs. 5.1 mm?; 95% CI,
0.7-1.8; p=0.000). However, Mmax, AMM, and AMU did
not show significant differences between groups 1 and
3: Mmax (13.8 vs. 12.9 mm? 95% CI, -0.9-2.7; p=0.330),
AMM (5.5 vs. 6.7 mm? 95% CI, -2.8-0.5; p=0.181), and
AMU (7.4 vs. 7.8 mm? 95% CI, 3.6-6.1; p=0.685).

In the non-CTS group, group 2 (n=34) showed signifi-
cantly larger US parameters than group 4 (n=80): Mmax
(9.0 vs. 8.0 mm? 95% CI, 0.5-1.5; p=0.000), Mf (7.5 vs. 6.3
mm? 95% CI, 0.6-1.7; p=0.000), and Upi (6.4 vs. 5.1 mm?
95% CI, 0.5-1.3; p=0.000). However, AMM and AMU did
not show significant differences between groups 2 and
4: AMM (1.5 vs. 1.6 mm? 95% CI, -0.7-0.5; p=0.671) and
AMU (3.1 vs. 2.9 mm? 95% CI, -0.5-0.7; p=0.652).

The ROC curve analysis was performed to identify the
sensitivity and specificity of the US parameters in di-
agnosing CTS in the DSP and non-DSP groups (Fig. 4,
Table 2). Based on the ROC curves analyses, the follow-
ing Mmax, AMM and AMU cutoff values were chosen to
diagnose CTS: Mmax thresholds that showed the greatest
sensitivity and specificity were 9.5 and 11.5 mm?® in the
non-DSP and DSP groups, respectively; AMM and AMU
thresholds of 2.5 and 4.5 mm?, respectively, had the great-

207 BN Group 3 (n=33)
1 Group 4 (n=80)
16 -
g
é 12 *
[0} *
=
g
c 81
4]
(3]
=
4 .
0
Mmax AMM AMU
Non-DSP group
Group 3 12.9 (3.5) 6.7 (3.7) 7.8 (3.4)
Group 4 8.0 (1.1) 1.6 (1.3) 29(1.2)

Fig. 3. The mean sonographic values were compared between patients with CTS and those without CTS, according to
the presence of DSP: (A) DSP group and (B) non-DSP group. Data are expressed as meantstandard deviation. CTS,
carpal tunnel syndrome; DSP, diabetic sensorimotor polyneuropathy; Mmax, maximal cross-sectional area of the me-
dian nerve throughout the carpal tunnel; AMM, difference between maximal cross-sectional area of the median nerve
throughout the carpal tunnel and the cross-sectional area of the median nerve at the forearm level; AMU, difference
between maximal cross-sectional area of the median nerve throughout the carpal tunnel and the cross-sectional area
of the ulnar nerve at the pisiform level. *p<0.001, using Student t-test to compare the 2 means (group 1, patients with
CTS and DSP; group 2, patients with DSP; group 3, patients with CTS only; group 4, healthy controls).
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est sensitivity and specificity in both the DSP and non-  using pairwise comparison tests. In the DSP group, the
DSP groups. The diagnostic accuracy of each US evalu-  areas under the ROC curves were 0.89 (95% CI, 0.82-0.96)
ation method (Mmax, AMM, and AMU) was analyzed for Mmax, 0.87 (95% CI, 0.79-0.95) for AMM, and 0.83

@ 0 DSP group (Mmax) 0 DSP group (AMM) @ 0 DSP group (AMU)
0.8 1 0.8 1 0.8 1
2 2 2
S 0.6 S 0.6 S 0.6
G 0.4 G 0.4 G 0.4
(%] (%] n
0.2 1 0.2 1 0.2 1
AUC=0.89 (0.82-0.96) AUC=0.87 (0.79-0.95) AUC=0.83 (0.74-0.92)
00 T T T T T T 1 0-0 T T T T T T 1 00 T T T T T T 1
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity
@ 0 Non-DSP group (Mmax) ®1 0 Non-DSP group (AMM) @ 0 Non-DSP group (AMU)
0.8 0.8 - 0.8
2 2 2
S 0.6 1 S 0.6 1 S 0.6 1
-*5 Z -*a
& 0.4 T 0.4 T 0.4
(%] (%] (%]
027 AUC=0.94 (0.87-1.00) 227 AUC=0.93 (0.88-099) 027 AUC=0.93 (0.86-1.00)
00 T T T T T 1 0-0 T T T T T T 1 00 T T T T T 1
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity

Fig. 4. The ROC curves of the ultrasound parameters (Mmax, AMM, and AMU) were measured in the DSP group and
non-DSP group: (A) ROC curve of Mmax in the DSP group, (B) ROC curve of AMM in the DSP group, (C) ROC curve of
AMU in the DSP group, (D) ROC curve of Mmax in the non-DSP group, (E) ROC curve of AMM in the non-DSP group,
and (F) ROC curve of AMU in the non-DSP group. ROC, receiver operating characteristic; DSP, diabetic sensorimotor
polyneuropathy; Mmax, maximal cross-sectional area of the median nerve throughout the carpal tunnel; AMM, differ-
ence between maximal cross-sectional area of the median nerve throughout the carpal tunnel and the cross-sectional
area of the median nerve at the forearm level; AMU, difference between maximal cross-sectional area of the median
nerve throughout the carpal tunnel and the cross-sectional area of the ulnar nerve at the pisiform level; AUC, area un-
der the curve.

Table 2. Sensitivity and specificity of the measuring parameters in diagnosing carpal tunnel syndrome

Cutoff value DSP group (n=77) Non-DSP group (n=113)

(mm?) Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
Mmax 9.5 86 73 88 99
11.5 78 94 59 100
AMM 2.5 84 73 91 77
AMU 4.5 64 79 88 90

DSP, diabetic sensorimotor polyneuropathy; Mmax, maximal cross-sectional area of the median nerve throughout
the carpal tunnel; AMM, difference between maximal cross-sectional area of the median nerve throughout the carpal
tunnel and cross-sectional area of the median nerve at the forearm level; AMU, difference between maximal cross-
sectional area of the median nerve throughout the carpal tunnel and cross-sectional area of the ulnar nerve at the pi-
siform level.
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(95% CI, 0.74-0.92) for AMU. In the non-DSP group, the
areas under the ROC curves were 0.94 (95% CI, 0.87-1.00)
for Mmax, 0.93 (95% CI, 0.88-0.99) for AMM, and 0.93
(95% CI, 0.86-1.00) for AMU. There was no statistically
significant difference between the three methods in the
DSP and non-DSP groups.

DISCUSSION

In our study, we determined that Mmax, AMM, and
AMU could be useful for diagnosing CTS in patients with
DSP.

The mechanism of nerve swelling in diabetic neuropa-
thy has been studied. The wet weights and water con-
tent of the sciatic nerves of diabetic rats were increased
compared with those of normal rats [17]. It has been
hypothesized that this increased water content is related
to increased aldose reductase conversion of glucose to
sorbitol [18]. In the peripheral nerve, aldose reductase
has been localized to the Schwann cell [19]. The slow
penetration of sorbitol of cell membranes [20] can result
in osmotic swelling. Given this nerve enlargement in pa-
tients with diabetic neuropathy, US has been increasingly
used for diagnosing diabetic neuropathy. In a previous
study, the CSA of the median nerve of diabetic patients
with DSP was significantly larger than that of normal
healthy subjects [11]. In the present study, the Mmax of
the median nerve had a tendency to be larger in the DSP
group than in the non-DSP group.

Some studies have attempted to ascertain the useful-
ness of US for diagnosing CTS in patients with DSP. US
can be performed non-invasively and easily compared
with electrodiagnostic studies. In addition, treatment
such as injection therapy can be conducted simultane-
ously with diagnosis, and adjacent structures can be
evaluated if needed. A previous cross-sectional case-
control study reported that the CSA of the median nerve
of patients with CTS was similar to that of patients with
CTS and DSP [21]. Another research study showed a
similar result at the wrist level, but reported a significant
difference in the CSA of the median nerve in the forearm
level between patients with CTS only and those with CTS
and DSP [16]. This result was considered to be due to the
diffuse nerve enlargement from the wrist to the forearm
in patients with DSP. Similar to previous studies, there
were no significant differences in the US values between

patients with CTS and DSP (group 1) and patients with
CTS only (group 3) in the present study.

Some US parameters have been suggested for the diag-
nosis of CTS in patients with DSP. Some studies have re-
ported that the wrist-to-forearm ratio (WFR) of the nerve
diameter or CSA determined by US could be useful for di-
agnosing the comorbidity of CTS with DSP [16,22]. How-
ever, one of the studies reported that the WER has a low
diagnostic accuracy and should be used with caution [22].
In addition, the study evaluating US for the diagnosis of
CTS in patients with DSP reported that US parameters,
including CSA, WFR, and wrist-forearm difference, were
not significantly different between patients with CTS plus
DSP and patients with DSP only [23]. Hence, the afore-
mentioned ultrasound parameters cannot totally replace
electrodiagnostic studies in diagnosis of CTS.

In this study, a significant difference was found in
Mmax, AMM, and AMU between patients with CTS and
DSP (group 1) and patients with DSP only (group 2),
which is contrary to the results of a previous study using
the wrist-forearm difference. This discrepant outcome
was considered to be due to the use of the maximal value
in measuring the dilated median CSA in the present
study. If measured at the fixed site, the CSA of the me-
dian nerve might not reflect the true neurophysiologic
status of the nerve. Additionally, the CSA of the ulnar
nerve could be a good standard parameter for diagnosing
CTS in patients with DSP, because CTS mainly concerns
pathogenesis of the median nerve, due to its location in
the carpal tunnel.

In a study reporting the usefulness of US in diagnosing
CTS in patients with DSP [16], the cutoff value of the me-
dian nerve CSA at the wrist level was 11.6 mm”®. Similarly,
the cutoff value of Mmax was 11.5 mm? in this study.
However, the sensitivity and specificity were higher in
this study. Moreover, we determined that the cutoff value
was 9.5 mm” in the non-DSP group. Therefore, to diag-
nose CTS, the median nerve CSA should be measured as
a maximal value through the carpal tunnel from the ha-
mate bone level to the radioulnar joint level, and should
be used as a different value in DSP and non-DSP groups.

The cutoff values of AMM and AMU for diagnosing CTS
were 2.5 and 4.5 mm®, respectively. In the ROC curve
analysis, the Mmax, AMM, and AMU were not signifi-
cantly different between the DSP and non-DSP groups.
Furthermore, AMM and AMU can be obtained through
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simple subtraction.

There were some limitations to this study. First, we
evaluated the Mmax among the CSAs values of median
nerve at three levels: the hamate bone level, the pisiform
bone level, and the radioulnar joint level. Thus, the maxi-
mal value among these three might not be the maximal
value of the median nerve. Second, the US study was only
conducted once by a single physiatrist. Thus, no inter-
rater and intra-rater reliability tests could be performed.
Future studies should be performed by multiple physiat-
rists with reliability tests. Third, we used a neurophysio-
logic classification to assess the electrophysiologic sever-
ity of CTS without considering DSP. However, pathologic
alteration of peripheral nerves in patients with DSP
might affect the results of CTS severity and lead to bias.
Finally, we recruited patients with DSP whose diagnosis
was confirmed by NCS within a year, without additional
electrodiagnostic assessment for DSP after recruitment
for this study. Thus, the neurophysiologic status of the
nerves could differ between the times of diagnosis and
recruitment. Therefore, we could not analyze the cor-
relation between electrophysiologic parameters and US
features.

In conclusion, US could be considered as an alternative
method for diagnosing CTS in patients with DSP. The US
parameters of Mmax, AMM, and AMU are expected to be
used with ease in clinical practice.
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