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Relationship Between Electrodiagnosis and
Various Ultrasonographic Findings for
Diagnosis of Carpal Tunnel Syndrome

Kyoung Moo Lee, MD, Hyo Jong Kim, MD

Department of Rehabilitation Medicine, Chungbuk National University College of Medicine, Cheongju, Korea

Objective To investigate the relationship between electrodiagnosis and various ultrasonographic findings of
carpal tunnel syndrome (CTS) and propose the ultrasonographic standard that has closest consistency with the
electrodiagnosis.

Methods Ultrasonography was performed on 50 female patients (65 cases) previously diagnosed with CTS and
20 normal female volunteers (40 cases). Ultrasonography parameters were as follows: cross-sectional area (CSA)
and flattening ratio (FR) of the median nerve at the levels of hamate bone, pisiform bone, and lunate bone;
anteroposterior diameter (AP diameter) of the median nerve in the carpal tunnel; wrist to forearm ratio (WFR) of
median nerve area at the distal wrist crease and 12 cm proximal to distal wrist crease; and compression ratio (CR)
of the median nerve. Independent t-test was performed to compare the ultrasonographic findings between patient
and control groups. Significant ultrasonographic findings were compared with the electrodiagnosis results and a
kappa coefficient was used to determine the correlation.

Results CSA and FR of median nerve at the hamate bone level, CSA of median nerve at pisiform bone level,
AP diameter of median nerve within the carpal tunnel, CSA of median nerve at the distal wrist crease and WFR
showed significant differences between patient and control groups. WFR showed highest concordance with
electrodiagnosis (k=0.71, p<0.001).

Conclusion These findings suggested the applicability of ultrasonography, especially WFR, as a useful adjunctive
tool for diagnosis of CTS.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common
and widely known of the peripheral entrapment neu-
ropathies. Diagnosis of CTS is mainly based upon clinical
symptoms, physical examination and electrodiagnostic
studies [1-3]. Recently, ultrasonography has become in-
creasingly recognized as a valuable non-invasive, real-
time diagnostic tool for CTS [4-6]. Ultrasonography is
especially useful in detecting changes of soft tissue le-
sions, as well as the cause of median nerve compression
by facilitating the visualization of surrounding organs
[4,7,8]. In 1992, Buchberger et al. [6] first proposed the
cutoff value of cross-sectional area (CSA) of median
nerve at the pisiform bone level as the ultrasonography-
based diagnostic criteria for CTS; however, later studies
indicated inconsistencies of this diagnostic criteria [9-
11]. Others proposed the flattening ratio (FR), wrist to
forearm ratio (WFR) and CSA of median nerve at the
hamate bone level for ultrasonographic diagnosis of CTS
[5,6,12-14]. In Korea, the cutoff value for CSA of median
nerve at the pisiform bone level was proposed for adults
[11]. CTS is possibly correlated with FR of median nerve
at the pisiform bone level, compression ratio (CR) of
median nerve at the pisiform bone level and lunate bone
level and anteroposterior diameter (AP diameter) of me-
dian nerve in the carpal tunnel [7,15]. In addition, the
CSA of median nerve at the lunate bone level is a useful
prognostic marker of carpal tunnel release [16]. Ultraso-
nography as the initial examination prior to performing
electrodiagnosis is proposed based on earlier studies on
ultrasonographic-diagnosis of CTS [10,13]; however, se-
lection of the most appropriate ultrasonographic finding
for diagnosis of CTS remains a challenge.

In this study, we investigated the relationship between
the ultrasonography and electrodiagnosis based on pre-
viously reported ultrasonographic findings. In addition,
we determined ultrasonographic-diagnostic standards
for CTS that were most consistent with electrodiagnostic
findings.

MATERIALS AND METHODS
Subject

Female patients with confirmed CTS by electrodiagno-
sis were selected from patients referred to the rehabilita-

tion center for suspected CTS from July 2014 to June 2015.
Patients with history of trauma or surgery of the wrist
area or diabetes were excluded from the study. A total of
50 female patients (65 cases) were assigned to the experi-
mental group; whereas, 20 normal female volunteers (40
cases) without evidence of CTS based on clinical symp-
toms and electrodiagnosis were assigned to the control

group.

Method

Measurement of wrist circumference and BMI

The experimental and control groups were compared
by age, wrist circumference, forearm circumference and
body mass index (BMI), in order to exclude the physical
effects of the two groups. The wrist circumference was
measured at the distal wrist crease area. The forearm cir-
cumference was measured at 12 cm proximal to the distal
wrist crease area.

Electrodiagnostic test

A Medelec Synergy system (Oxford Instruments, Ox-
ford, UK) was used for electrodiagnostic test. The indoor
temperature was maintained at 25°C-28°C. The anti-
dromic technique was used for the electrodiagnostic test
of median nerve. For motor nerve conduction of median
nerve, the active electrode was attached in the middle of
abductor pollicis brevis, the reference electrode was at-
tached on the lateral part of interphalangeal joint of the
thumb, and the ground electrode was attached between
the stimulus site and active electrode. The stimulus site
was 8 cm proximal to active electrode on the median mo-
tor nerve [17,18]. For the sensory nerve conduction of
median nerve, the active electrode was attached on the
proximal interphalangeal joint of second finger, whereas
the reference electrode was attached 4 cm distal to the
active electrode. The ground electrode was attached be-
tween the stimulus site and active electrode. The median
sensory nerve was stimulated at 14 cm proximal to active
electrode [17,18]. As proposed by Johnson et al. [19], the
active electrode was attached on the sensory area of me-
dian nerve and ulnar nerve on the proximal interphalan-
geal joint of the 4th finger, and 14 cm proximal; the medi-
an nerve and ulnar nerve were stimulated to compare the
onset latency. The diagnostic standard for CTS was based
on the American Association of Neuromuscular and Elec-
trodiagnostic Medicine (AANEM) recommendations [20].
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Fig. 1. Transverse sonogram of the median nerve at three different levels in a normal subject. The cross-sectional area
of the median nerve (oval dotted line). Flattening ratio was obtained by measuring transverse (a) and anteroposterior
(b) diameters. (A) Hamate bone (H) level. (B) Pisiform bone (P) level. (C) Lunate bone (L) level.

Ultrasonography

The 5-17 MHz probe of iU22 (Philips, Bothell, WA, USA)
was used for ultrasonography. Wrist was maintained
neutral at the position of palm toward the top from the
supine position. The inspector was blinded to the results
of electrodiagnosis. Another inspector performed the
ultrasonography on 15 patients to obtain the inter-rater
reliability. Ultrasonography was performed as follows.
First, the CSA and FR of median nerve were obtained at
the levels of the hamate bone, pisiform bone and lunate
bone. CSA was measured by the continuous trace method
that mechanically follows the internal boundary of nerve
sheath of high density near the median nerve of low den-
sity. The FR was measured as the ratio (a/b) of major axis
(a) to the minor axis (b) (Fig. 1). Second, the thickest AP
diameter including the median nerve and nerve sheath
was measured at the position of probe parallel to the me-
dian nerve in the carpal tunnel (Fig. 2). Third, the WFR of
median nerve was obtained from the distal wrist crease
and at 12 cm proximal and expressed as a ratio of the CSA
of median nerve at the two sites (Fig. 3). Lastly, the CR of
median nerve was obtained. The CR of median nerve was
considered the ratio of the FR of median nerve at the lu-
nate bone level to the FR of median nerve at the pisiform
bone level.

Statistical analysis

The physical measurements and ultrasonographic mea-
surements were obtained from both experimental and
control groups. The independent t-test was performed
to verify a statistical significance in both groups. The sta-
tistical results were presented by mean+standard devia-
tion, and the p-value <0.05 was considered as statistical
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Fig. 2. Longitudinal sonogram of the median nerve (be-
tween white arrows) at the level of the carpal tunnel in a
normal subject. The thickest anteroposterior diameter of
the median nerve (black arrow).

significance. The consistency between significant ultra-
sonographic findings and electrodiagnosis in the experi-
mental group was determined based on the kappa coef-
ficient. However, the cutoff value for the AP diameter of
median nerve in the carpal tunnel has not been proposed
in previous studies. Instead, the CSA of the median nerve
at the distal wrist crease is considered while obtaining
the WFR, and is therefore excluded from the comparison
with electrodiagnosis. Previous studies have shown vary-
ing results for the FR at the hamate bone level and cutoff
value of CSA of median nerve at the pisiform bone level.
Therefore, the FR at the hamate bone level was divided
into 3.4 and 4.2; whereas, the CSA of median nerve at the
pisiform bone level was divided into 8.5 mm? 9.0 mm?,
10.7 mm® and 15.0 mm®. The inter-reader reliability of ultra-
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Fig. 3. Transverse sonogram of the median nerve with cross-sectional area (within oval dotted line) in a normal sub-
ject. (A) At the distal wrist crease. (B) At 12 cm proximal in the forearm. The wrist to forearm ratio was calculated as the
ratio of the median nerve area at the distal wrist crease as compared to the forearm.

Table 1. Characteristics of subjects

Table 2. Literature findings with diagnostic values for

Experimental Gontrol carpal tunnel syndrome
Characteristic group group . Cutoff
(n=50) (n=20) Ref.  Ultrasonographic measurement value
Age (yr) 46.2+13.4 44.2+14.8 [13] CSA at hamate bone (mm?) >12.0
Body mass index 20.9+2.5 20.7+1.7 [14] FR at hamate bone >3.4
(kg/m?) [10] CSA at pisiform bone (mm?) >15.0
Circumference of 14.8£1.6 14.6x1.1 [6] CSA at pisiform bone (mm?) >10.7
\.ant (cm) FR at hamate bone >4.2
Circumference of 20.4+1.6 20.1£2.2 [9] CSA at pisiform bone (mm?) 59.0
forearm (cm) . .
o " FR at pisiform bone >3.3
ccupation
P [11] CSA at pisiform bone (mm?) >8.5
Unemployed 6 8 )
q 5 18 . [15] AP diameter (mm) -
ousewife
Hsewt [12] WER >1.4
Office worker 11 4
(7] CR -
Manual labor 15 6 -
Dominant hand CTS, carpal tunnel syndrome; CSA, cross-sectional area;
o . na a FR, flattening ratio; AP diameter, anteroposterior diam-
Right 49 20 eter of median nerve at carpal tunnel; WFR, wrist to fore-
Left 1 0 arm ratio of median nerve area; CR, compression ratio
Lesion hand between flattening ratio of median nerve at lunate bone
Right 31 0 level and pisiform bone level.
Left 4 0
Both 15 0 RESULTS

Values are presented as meantstandard deviation or
number.

sonography was calculated using the intraclass correlation
coefficient (ICC). The SAS ver. 9.3 program (SAS Institute
Inc., Cary, NC, USA) was used to calculate all statistics.

The independent t-test was performed for differences
in the age, height, weight and BMI among patient and
control groups. The results indicated no significant
group wise differences in physical characteristics of the
study subjects (Table 1). The electrodiagnostic test re-
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sult showed no evidence for CTS among the 20 subjects
(40 cases) in the control group; whereas, 50 patents (65
cases) in the experimental group were diagnosed with
CTS. Ultrasonography was performed on the patient and
control groups as described in previous studies (Table
2). The results of ultrasonographic findings from the two
groups were compared by independent t-test. A signifi-
cant difference was found in both wrists of the experi-
mental group, particularly the CSA and FR of median
nerve at the hamate bone level, CSA of median nerve at
the pisiform bone level, AP diameter of median nerve
in the carpal tunnel, and CSA and WFR of median nerve
in the distal wrist crease (Table 3). The consistency be-
tween ultrasonographic findings and electrodiagnostic

test excluding the AP diameter of median nerve in the
carpal tunnel and CSA of median nerve in the distal wrist
crease showed statistical significance excluding the CSA
cutoff value (15.0 mm®) of median nerve at the pisiform
bone level. The WFR showed a kappa coefficient of 0.71
(p<0.05), indicating highest consistency with electrodi-
agnostic test; in addition, ICC for reliability between the
inspectors was highest among all ultrasonographic find-
ings (Table 4).

DISCUSSION

Carpal tunnel refers to the path comprising bones
and ligaments between the carpal tunnel inlet and car-

Table 3. Ultrasonographic measurements in patient and control groups

Variable Side Patient group Control group p-value
Number of median nerve 65 40
CSA at hamate bone (mm?) Right 12.2+1.8 7.1£1.2 <0.001*
Left 11.7+1.3 7.0+1.3 <0.001*
FR at hamate bone Right 3.2+0.4 2.8+0.4 <0.001*
Left 3.1+0.4 2.710.4 0.004*
CSA at pisiform bone (mm?) Right 10.94+2.3 7.1+1.4 <0.001*
Left 11.3+2.2 6.9+1.3 <0.001*
FR at pisiform bone Right 3.0£0.8 2.8+0.4 0.167
Left 3.0+0.7 2.7+0.4 0.372
CSA at lunate bone (mm?) Right 7.742.7 6.5+1.4 0.097
Left 8.0+3.3 6.5+1.7 0.172
FR at lunate bone Right 2.7£0.5 2.7£0.4 0.609
Left 2.9+0.5 2.6+0.4 0.173
AP diameter (mm) Right 2.3+£0.3 1.740.4 <0.001*
Left 2.3+0.6 1.7+0.4 0.001*
CSA at distal wrist crease (mm?) Right 12.5+2.2 6.6+0.8 <0.001*
Left 11.7+2.4 6.9%1.1 <0.001*
CSA at forearm (mm?) Right 6.3+0.8 6.3+1.1 0.766
Left 6.710.9 6.2+1.1 0.087
WEFR Right 1.9+0.5 1.1+0.2 <0.001*
Left 1.9+0.5 1.1+0.2 <0.001*
CR Right 1.2+0.6 1.0+£0.3 0.263
Left 1.1+0.2 1.1+0.3 0.620

Values are presented as meantstandard deviation.

CSA, cross-sectional area; FR, flattening ratio; AP diameter, anteroposterior diameter of median nerve at carpal tun-
nel; WEFR, wrist to forearm ratio of median nerve area; CR, compression ratio between flattening of median nerve at

lunate bone level and pisiform bone level.
*p<0.05, statistically significant.
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Table 4. Concordance between electrodiagnosis and ul-
trasonography

Variable Cutoff  Kappa —,n.
value coefficient
CSA at hamate bone >12.0 0.55% 0.839*
(mm®)
FR at hamate bone >4.2 0.38* 0.860*
>3.4 0.42* 0.843*
CSA at pisiform bone  >8.5 0.64* 0.847*
(mm?®)
>9.0 0.60* 0.850*
>10.7 0.51* 0.872*
>15.0 0.24 0.830*
WEFR >1.4 0.71* 0.850*

CTS, carpal tunnel syndrome; ICC, intraclass correlation
coefficient; CSA, cross-sectional area; FR, flattening ra-
tio; WFR, wrist to forearm ratio of median nerve area.
*p<0.05, statistically significant.

pal tunnel outlet. Neurological symptoms were mainly
caused by the compression of median nerve due to nar-
row path or increased internal pressure by various factors
[16]. Compression of the median nerve causes neuro-
logical swelling, also referred to as epineurium edema
from hemodynamic disorder [21,22]. Buchberger and his
colleagues [5,6] reported that neurologic swelling of me-
dian nerve is caused in the proximal area compression of
carpal tunnel. They described three different ultrasono-
graphic findings including thinned and flattened median
nerve in the compression of distal carpal tunnel with the
increased palmar bowing of retinaculum; in addition,
CSA cutoff value (10.7 mm?®) of the median nerve at the
pisiform bone level was proposed as the ultrasonograph-
ic-diagnostic standard for CTS [6]. However, Duncan et
al. [9] proposed 9 mm? as the cutoff value of CSA of the
median nerve at the pisiform bone level; while Lee et al.
[10] proposed 15 mm?, and Park et al. [11] proposed 8.5
mm’ in Korean patients, suggesting inconsistencies in the
ultrasonographic-diagnostic standard for CTS. Moreover,
the increased CSA and FR of median nerve at the hamate
bone level, or increasing WFR of median nerve were re-
ported as suspected CTS [6,9,12,13].

Choi et al. [7] did not propose the cutoff value but in-
stead, showed a significant increase in the CR of median
nerve between the distal and proximal carpal tunnel in
the patients with CTS. Kim and Lee [15] reported a posi-

tive correlation between CTS and increased AP diameter
of median nerve in the carpal tunnel. Thus, it is difficult
to determine the common standard for CTS patients
since the ultrasonographic findings of CTS are varied,
and patients with confirmed CTS do not satisfy all ultra-
sonographic findings.

In this study, we investigated the correlation between
electrodiagnosis and ultrasonography. Due to various
reported cutoff values of CSA in the median nerve at the
pisiform bone level, the standard was divided into 8.5
mm?, 9 mm?, 10.7 mm?®, and 15 mm?® and comparison
purposes [6,9-11]. The criteria for FR of median nerve
at the hamate bone level were divided into 4.2 and 3.4
based on previous studies [6,14]. On the other hand, the
ultrasonographic-diagnostic value for the palmar bowing
of flexor retinaculum is reportedly lower than MRI [6],
which was excluded from this study. The subjects’ age,
BMI, wrist and forearm circumference were measured, in
order to investigate the correlation of median nerve sizes;
however, physical characteristics showed no significant
difference in experimental and control groups. However,
the CSA and FR of median nerve at the hamate bone
level, CSA of median nerve at the pisiform bone level, AP
diameter of median nerve in the carpal tunnel, CSA of
median nerve in the distal wrist crease and WFR showed
significant increase in the experimental group. Therefore,
the abovementioned ultrasonographic findings were
considered as the ultrasonographic-diagnostic standard
for CTS. Since cutoff value of AP diameter was not pro-
posed by Kim and Lee [15], it was difficult to compare
with the electrodiagnosis in this study. The CSA of me-
dian nerve in the distal wrist crease was considered for
estimation of the WFR; therefore, it was excluded from
comparison with the electrodiagnosis. Excluding the AP
diameter and the CSA of median nerve at the distal wrist
crease, the highest consistency with the electrodiagnosis
using the kappa coefficient was shown with WFR and
CSA at the pisiform bone level (cutoff value >8.5 mm?),
followed by the CSA at pisiform bone level (cutoff value
>9.0 mm®), CSA at hamate bone, CSA at pisiform bone
level (cutoff value >10.7 mm?), FR at hamate bone (cutoff
value >3.4), FR at hamate bone (cutoff value >4.2) and
CSA at pisiform bone level (cutoff value >15.0 mm?), in
order. Thus, the WFR findings showed the highest con-
sistency with the electrodiagnosis as a confirmatory test
for CTS. Therefore, WER findings had highest diagnostic
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value, according to previous reports on ultrasonographic
findings. The kappa coefficient of WER finding was 0.71,
which was lower than the reported 0.8 standard. Based
on these results, ultrasonography was considered a useful
secondary diagnostic tool for CTS but not appropriate to
replace the electrodiagnosis. However, ultrasonography
has many diagnostic advantages for initial examination
of CTS [1,4-8,10,13].

In the current study, the difference in the FR of median
nerve at the pisiform bone level was not significant be-
tween the experimental and control groups, unlike the
study by Duncan et al. [9]. The area of median nerve in
the normal patient is almost the same between the wrist
and forearm [23]; however, due to swelling of the median
nerve of wrist in CTS patients, the WFR ultimately in-
creases [12]. WFR is based on the ratio, and is less affect-
ed by physical characteristics such as gender, weight, etc.,
as compared to the CSA of median nerve [12]. We ob-
served a significant increase in the CSA of median nerve
at the distal wrist crease in the experimental group; how-
ever, the difference at the forearm was not significant, as
compared to the control group, in agreement with Hob-
son-Webb et al. [12]. Various cutoff values have been re-
ported for the CSA of median nerve at the pisiform bone
level; however, 8.5 mm® showed the highest consistency
with electrodiagnosis, corroborating the results reported
by Park et al. [11] in Koreans. Most CTS patients did not
remember the exact onset time of symptoms; therefore,
no correlation was found between the duration of illness
and ultrasonographic findings. In addition, several limi-
tations of this study were as follows: (1) less number of
subjects included; (2) unavailability of ultrasonographic-
diagnostic standards for Korean people; and (3) in appli-
cability of the study results to males, since only females
were included as subjects. This study was performed pri-
or to the surgical operation; therefore, a correlation study
with the CSA at the lunate bone level including the post-
operative follow-up test is required. In addition, a study
on the consistency of ultrasonographic findings based
on the severity of electrodiagnosis is necessary. In this
study, the ultrasonographic-WFR measurement showed
the highest consistency with the electrodiagnostic results
in the ultrasonography of CTS. The CSA of median nerve
by ultrasonography also showed a significant result, how-
ever, the cutoff value varies with physical differences of
subjects. In ultrasonography of CTS, WER that was less
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affected by subjects’ physical factors showed the highest
consistency with the electrodiagnosis.
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