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Comparison of High Resolution
Ultrasonography and Nerve
Conduction Study in the Diagnosis
of Carpal Tunnel Syndrome:
Diagnostic Value of Median Nerve
Cross-Sectional Area
Background/Objective: Carpal tunnel syndrome (CTS) is a common peripheral entrapment
neuropathy. This study was performed to evaluate whether high-resolution ultrasonography
may be an alternative diagnostic method for nerve conduction study (NCS) in the diagnosis
of carpal tunnel syndrome.
Patients and Methods: 132 wrists of 82 patients and 152 wrists of controls were enrolled in
the study. The cross sectional area of the median nerve was measured at the carpal tunnel
inlet and outlet in all patients and controls. All patients had a nerve conduction study. Then
comparison between ultrasonography and NCS was performed. Combination of clinical diagnosis and NCS was used as the gold standard.
Results: The2 mean cross-sectional area (CSA) of the 2median nerve at the tunnel inlet was
11.4±1.7 mm for the patient group and 5.78 ±0.9 mm for the control
group (P<0.001). The
2
mean cross-sectional
area
at
the
tunnel
outlet
was
9.9±1.2
mm
for
the
patient group and
4.7±0.7 mm2 for the control group
(P<0.001).
The
best
cut-off
value
of
CSA
at the tunnel
inlet and the outlet was 7.5 mm2.
Conclusion: In patients with clinical diagnosis of CTS we confirmed that the diagnostic value
of ultrasonography is similar to NCS and sonography may be used in primary evaluation of
CTS.
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Introduction

C

arpal tunnel syndrome (CTS), which is the most common entrapment neuropathy, is recognized as one of the most important causes of workplace
morbidity.1 There is an estimated 9% prevalence of carpal tunnel syndrome
among adult women and a 0.6% prevalence among adult men.2 The diagnosis of
CTS is usually made on a combination of clinical signs such as the Tinel sign and
the Phalen sign and electroneurophysiological examination.2
Although nerve conduction studies provide important information, it has 95%
specificity and a sensitivity ranging from 49% to 86%.3 Nevertheless, an electrodiagnostic study remains an expensive and time-consuming procedure not easily
accessible for many physicians.
Advances in ultrasound (US) technology have made it possible to achieve a
good spatial resolution for clear evaluation of the peripheral nerves. Wide availability, lower cost, noninvasiveness and shorter examination time are the advantages of sonography for primary evaluation of CTS. The fact that ultrasonography

147

High Resolution Ultrasonography in Carpal Tunnel Syndrome

may be useful in the diagnosis of carpal tunnel syndrome has been mentioned before in certain studies.48

The objective of this prospective study was to evaluate the accuracy of sonography for the diagnosis of
CTS.
This study was performed to determine whether sonography might be an alternative method to nerve
conduction study in the diagnosis of carpal tunnel
syndrome. Many authors believe that confirmation of
suggestive clinical findings by the electrophysiological study may be used as the gold standard for the
diagnosis of CTS.1 A combination of clinical findings
and the electrophysiological study were used as the
gold standard reference in this study.

Patients and Methods
From March to January 2008, 82 patients with clinical signs and symptoms and electrophysiologically
confirmed CTS, and 76 asymptomatic control subjects
were examined with high-resolution sonography for
determination of the median nerve cross-sectional
area at the carpal tunnel inlet and outlet and the anteroposterior diameter of the median nerve at the
carpal tunnel inlet and outlet.
Eighty-two patients (74 women, 8 men) with 132
affected nerves (132 wrists) underwent highresolution sonography within 10 days after theirnerve conduction study.
Thirty-two patients had unilateral CTS of which 20
cases were right handed and 12 cases were left
handed, and 50 patients had bilateral CTS.

Patients with coexistent neurological diseases such
as polyneuropathy, proximal median neuropathy,
cervical radiculopathy, diabetes mellitus, patients
with a space-occupying lesion in the wrist and previous wrist surgery were excluded from the study.
The control group consisted of 152 wrists in 76 randomly selected asymptomatic healthy subjects (69
women and 7 men) from our hospital coworkers.
These subjects did not have clinical symptoms of CTS
and had a normal physical examination, which was
carried out by a hand surgeon. If subjects of the control group were suspicious of CTS after the clinical
examination by the hand surgeon, they were excluded from the study. The healthy group agreed to
undergo US examination.
The nerve conduction studies were performed with
the guidance of an electrodiagnostician who had a
special interest in nerve conduction studies. Sonographic examination was performed after nerve conduction study by a radiologist experienced in musculoskeletal sonography. All examinations were performed with a high-frequency 11 MHz linear array
transducer (Toshiba, Nemio 30 and Japan).
The radiologist and electrodiagnostician were
blinded to each other's study results and to the
case/control status of each wrist at the time of examination.
After physical examination by a hand surgeon as the
primary evaluation, all patients were referred for ultrasonographic and electrophysiologic examination.
Subjects were seated facing the examiner. The arms
were extended, the wrists were rested on a hard flat
surface, the forearms were supinated and the fingers

Fig. 1. Axial sonogram of the cross-section of the median nerve
at the carpal tunnel inlet. Arrowhead shows the flexor retinaculum and the arrow shows the median nerve.

Fig. 2. Axial sonogram of the cross-section of the median nerve at the
carpal tunnel outlet. The arrowhead shows the flexor retinaculum and
the arrow shows the median nerve.

T: Flexor tendon.

H: Hamate bone, M: Muscle eminence, T: Flexor tendon
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Fig. 3. Interactive graph shows the difference between mean crosssectional area of controls and mild, moderate and severe forms of
CTS at the carpal tunnel inlet.

Fig. 4. Interactive graph shows the difference between the mean
cross-sectional area of controls and mild, moderate and severe
forms of CTS at the carpal tunnel outlet.

CSA: Cross-sectional area; mm2

CSA: Cross-sectional area; mm2

were
semi-flexed.
T: Flexor
tendon.
Axial ultrasonograms of the median nerve were performed at two anatomical levels and at each level the
cross-sectional area of the median nerve was measured. The levels mentioned above are as follows: (1)
At the carpal tunnel inlet at the level of pisiform and
scaphoid bones (Fig. 1). (2) At the carpal tunnel outlet at the level of the hook of the hamate and trapezium bones (Fig. 2). By means of direct tracing with
electronic calipers around the margin of the nerve on
sonogram, particular attention was paid to maintaining adequate probe orientation, to keep the US beam
perpendicular to the nerve.
The university research ethics committee approved
the study protocol; written informed consent was obtained in all patients.

Descriptive
statistics
were
CSA:
Cross-sectional
area; mm2

presented as mean±SD.
T:
Flexor tendon.analysis was carried out using one way
Statistical
ANOVA models. The significance level was considered as 0.05. The area under the ROC curve was determined to investigate the accuracy of the measurement of the median nerve cross sectional area.

Results
Of 132 symptomatic wrists, 34 had mild, 53 had
moderate and 45 had severe CTS. Of 132 affected
wrists, 30 wrists were related to patients with right
hand CTS and 16 wrists were related to patients with
left hand CTS and 86 patients` had bilateral CTS.
The patients had a mean±SD age of 43.6± 9 years
and the controls had a mean± SD of 43.8 ±8 years.

Table 1. Results of Median Nerve Cross-Sectional Area at the Carpal Tunnel Inlet and Outlet in Controls and Cases (Mild, Moderate and Severe Groups)

CSA Inlet
CSA Outlet

Mild
(n=34)
10.8±1.9
9.7±0.9

Patients
Moderate
(n=53)
11.4±1.8
10.1±1.2

Severe
(n=45)
12±1.5
10±1.4

Control
(n=152)

P Value

5.8±0.9
4.7±0.7

<0.001
<0.001

CSA: Cross-Sectional Area; mm2
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Table 2. Accuracy of Sonography According to Different Cut-off Values at the Carpal Tunnel Inlet

Cutpoint
3
4.5
5.5
6.5
7.5
8.5
9.5
10.5
11.5
12.5
13.5
14.5
15.5
17

Sensitivity
1
1
1
1
0.977
0.962
0.886
0.720
0.455
0.250
0.114
0.053
0.023
0

Specificity
0
0.118
0.329
0.789
0.980
1
1
1
1
1
1
1
1
1

Table 3. Accuracy of Sonography According to Different Cut-off Values at the Carpal Tunnel Outlet

Cutpoint
2
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5
11.5
13

Sensitivity
1
1
1
1
1
1
0.912
0.559
0.176
0.029
0

Specificity
0
0.007
0.467
0.882
0.987
1
1
1
1
1
1

When results of nerve conduction studies were positive, the patients were classified as CTS.
The mean cross-sectional area of the median nerve
at the tunnel inlet was 10.8±1.9 mm2 in patients with
mild CTS, 11.4±1.8 mm2 in patients with moderate
CTS and 12.0±1.5 mm2 in patients with severe CTS,
while this was 5.8±0.9 mm2 for the control group.
This difference was statistically significant (P<0.001)
(Table 1). The difference between these three patient
subgroups was not statistically significant (p>0.05)
(Fig. 3).
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The mean cross-sectional area of the median nerve
at the tunnel outlet was 9.7±0.9 mm2 ,10.1±1.2 mm2
and 10.00±1.4 mm2 in mild, moderate and severe
CTS, respectively and 4.7±0.7 mm2 for the control
group, mentioning the statistically significant difference (P<0.001) (Table 1).
The difference between these three patient subgroups was not significant statistically (P>0.05) (Fig.
4). The measurements were similar in the right and left
hand.

Receiver Operating Characteristics (ROC) Curve
We used ROC curves to explore the relationship between the sensitivity and specificity of the different
US measurements of the median nerve and the optimal cut-off value of the median nerve crosssectional area. The under the curve area for the CSA
of the median nerve at the tunnel inlet was 0.99 (CI
95%: 0.98-1.00) (Fig. 5).
In this study, the cut-off value of 7.5mm2 yielded a
sensitivity of 97% and a specificity of 98% for the diagnosis of CTS in the carpal tunnel inlet (Table 2).
The area under the ROC curve for the crosssectional area of the median nerve at the tunnel outlet was 1.00 (CI 95%: 0.99-1.00) (Fig. 6). This study
showed a cut-off value of 7.5 mm2 yielding a sensitivity and specificity of 100 % at the carpal tunnel outlet
(Table 3). A cut-off of 7.5 mm2 had excellent accuracy
to rule out CTS; the fitted negative likelihood ratio
was 0.03 for CSA lower than 7.5 mm2. Conversely, a
cut-off of 7.5 mm2 had excellent accuracy to rule in
CTS, with a positive likelihood ratio of 48.5 for areas
higher than 7.5 mm2 at the carpal tunnel inlet. For a
cut-off of 7.5 mm2, which yielded equal sensitivity
and specificity of 100%, negative and positive likelihood ratios were conclusive at the tunnel outlet.
A cut-off of 7.5 mm2 at the tunnel outlet had excellent accuracy to rule out CTS; the negative LR was
zero for CSA lower than 7.5 mm2 and had excellent
accuracy to rule in CTS with the positive LR of 100
for CSA higher than 7.5 mm2 at the carpal tunnel outlet.

Discussion
Accurate diagnosis of carpal tunnel syndrome is es-
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sential, especially, if the patient is candidated for surgery. Magnetic resonance imaging (MRI) clearly
shows the anatomy of the carpal tunnel and the median nerve.9-11 MRI is not routinely used to screen
patients with suspected CTS because it is timeconsuming, expensive and may not be available.
Many authors have reported the accuracy of sonographic criteria for the diagnosis of CTS4-8,12 and several studies have addressed the quantification of the
cross-sectional area of the median nerve and its roles
in diagnosing CTS.6,11,13 Ultrasonography does not
show the function of the median nerve but it may
show alteration of anatomy and enlargement of the
median nerve.13
The advantages of ultrasonography include easy accessibility, low cost, rapid performance and noninvasiveness. The most reliable finding in previous
studies is the increase of the cross-sectional area of
the median nerve at the carpal tunnel inlet, yielding
sensitivities ranging from 67% to 94% and specificities from 57% to 97% with a cut-off value varying
between 8.5 and 15mm2 in different reports.4-6,12,14
Other authors, however, found swelling of the median nerve at the distal carpal tunnel yielding sensitivities ranging from 57% to 75% and specificities
ranging from 51% to 92% with threshold values ranging from 11 to 13 mm2,15 while Keles et al. found the

Fig. 5. Graph showing ROC curve for the cross-sectional area of the
median nerve at the carpal tunnel inlet.
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optimal cut-off value of 9.3mm2 for the cross sectional area of the median nerve at the middle level of the
carpal tunnel (Se 80%, Sp 77%).16
The benefit of a single cut-off point is obvious in
daily practice. We measured a single cut-off point for
both left and right hands in this study.
It is generally accepted that approximately 10% of
the patients with classic symptoms of CTS have a
normal NCS result.17 NCS shows failure of conduction
in unmyelinated sensory fibers as a change in physiologic function.
Sonography measures a different parameter (anatomic defects) compared to NCS (physiological abnormalities). It is possible that some patients who
have detectable CTS at sonography may have swelling
of the median nerve which is not severe enough to
cause impairment in conduction.
In all patients studied, the median nerve demonstrated a consistent and statistically significant increase in the cross-sectional area. The cut-off point of
7.5 mm2 for the mean cross-sectional area of the median nerve to distinguish patients from controls, corresponds with the previously reported findings in the
literature.4-7, 12-15.
In a recent study by Klauser et al., the authors reported choosing a cross-sectional area of 16.8 mm2 as
a reliable criterion for CTS and made the diagnostic

Fig. 6. Graph showing ROC curve for the cross-sectional area of the
median nerve at the carpal tunnel outlet.
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value of sonography approach that of the electrophysiological study.7 Some authors reported that ultrasonography is not accurate enough to replace NCS in
the diagnosis of CTS.18
The cut-off point of 7.5 mm2 is less than most of the
previous studies,4-6,12-19 because many other studies
were performed in the tertiary referral centers and
selection bias is inherent in these type of hospital–
based studies because the represented patients had
severe enough symptoms to be candidated for surgery
in the first place. However, in this study, patients
with mild, moderate and severe symptoms were
enrolled in the study and there was no selection bias.
In this study, measurements of the cross-sectional
area of the median nerve at the carpal tunnel inlet
and outlet have equal diagnostic values in the diagnosis of carpal tunnel syndrome.
Although the data in this study suggest that sonography is effective in the diagnosis of CTS, electrodiagnostic study results may be used to identify other
conditions mimicing CTS, such as cervical radiculopathy, polyneuropathy, or other median nerve entrapment syndromes.
This study had limitations; sonography is an operator-dependent test, and enough experience is mandatory to ensure reliability and reproducibility. Therefore, the results of this study, may only be generalized to appropriately trained examiners.
In conclusion, high-frequency US examination of
the median nerve and measurement of its crosssectional area should be strongly considered as a new,
alternative diagnostic modality for the primary evaluation of CTS. It shows high correlation with the
present standard NCS in the diagnosis of CTS. However, further studies are necessary to determine the
diagnostic value and to confirm the best cut-off point
for the diagnosis of CTS in order to establish the appropriate practical algorithm in the daily clinical setting.
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