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Background: Carpal Tunnel Syndrome (CTS) is the most common entrapment neuropathy. It 
occurs due to compression of median nerve in the wrist. This study evaluates the usefulness of 
Cross-Sectional Area (CSA) of the median nerve in the diagnosis of CTS. The aim of the study was 
to determining the diagnostic value of cross-sectional area of median nerve in CTS. 

Materials and Methods: In this cross-sectional study, 86 cases of CTS (59 patients) and 16 
normal subjects as the control group underwent ultrasonography of the wrist. The results of 
ultrasonography of two groups were compared. 

Results: The data showed a significant difference in the CSA of median nerve between the patients 
with CTS and control group and also we observed significant difference in CSA of the median nerve 
according to grading of CTS based on Nerve Conduction Study (NCS). 

Conclusion: Based on the study results, determining CSA of median nerve can be an effective 
method in CTS evaluation.
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1. Introduction

arpal Tunnel Syndrome (CTS) is a common 
disorder of the median nerve caused by 
the pressure on the median nerve at the 
wrist joint. It is prevalent among women, 
especially during pregnancy [1, 2]. It can 

be caused by many diseases, including diabetes melli-
tus, hypothyroidism, rheumatoid arthritis, acromegaly, 
and trauma as well as bone fracture [3]. 

The diagnosis of CTS is based on signs and symptoms 
and Electromyography (EMG) studies [4]. Although 
the electrodiagnostic testing is very specific, there is a 
chance of 10%–20% false-negative rate [5]. EMG stud-
ies can detect the level and severity of the lesion but 
Ultrasonography (USG), Computed Tomography (CT), 
and Magnetic Resonance Imaging (MRI) can assess the 
pathologic causes of CTS in bone and soft tissue [6, 7]. 
Of these methods, the ultrasonographic examination is 
more available and cheaper. According to recent stud-
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ies, the Cross-Sectional Area (CSA) of the median nerve 
helps in diagnosis of CTS [5]. The purpose of our study 
was to document the significance of the ultrasono-
graphic CSA of the median nerve in the diagnosis of CTS.

2. Materials and Methods

A total of 59 patients with the symptoms of numb-
ness and paresthesia in their median nerve distribu-
tion (In total 86 wrists of them were affected) were re-
ferred from the neurology clinic after the confirmation 
of the clinical diagnosis by Nerve Conduction Study 
(NCS). The Research Ethics Committee approved this 
study and all patients signed written informed consent 
before participation in the study. In our study, positive 
NCS findings for CTS comprised mean sensory velocity 
of 50 m/s, sensory distal latency of 3.5 and motor dis-
tal latency of 4.2 ms. 

The inclusion criteria for the study participants were 
aged between 20 and 60 years and the patients’ dis-
ease confirmed by EMG-NCS. The exclusion criteria 
were having the history of wrist operation or anatomi-
cal variations, trauma, and hematological disorder. A 
total of 16 wrists without symptoms were selected as 
the control group. The ultrasonographic examinations 
were performed using high-resolution ultrasonog-
raphy with a 7-10 MHz linear transducer (HDI 5000; 
Philips Medical Systems, Bothell, WA, USA). The CSA of 
the median nerve were measured from the proximal 
carpal tunnel. For the assessment of severity in NCS, 
we used the following scale: 

Grade 0: Normal; Grade 1: Very mild, CTS show only 
with most sensitive tests; Grade 2: Mild, slow sensory 
median distal latency, slow sensory median nerve con-
duction velocity with normal terminal motor latency; 
Grade 3: Moderate, slow distal motor latency to Abduc-
tor Policies Brevis (APB) <6.5 ms, slow sensory median 
nerve conduction velocity with preserved sensory ac-
tion potential; Grade 4: Severe, absent sensory action 

potential with preserved motor response, terminal 
latency to APB<6.5 ms; Grade 5: Very severe, distal la-
tency to APB> 6.5 ms; and Grade 6: Extremely severe, 
sensory and motor response are not detectable [8].

Before the test, the normality of the data distributions 
for each group was determined by the Kolmogorov-
Smirnov test. The study population characteristics were 
presented by descriptive statistics (mean and standard 
deviation) and study quantitative variables were com-
pared by inferential statistics (student t test). All statisti-
cal analysis was done in SPSS V. 22. P<0.05 was consid-
ered as the significant level for all tests. 

3. Results

All 86 wrists of 59 patients (23 men, 36 women) diag-
nosed with CTS and 16 wrists of 8 control patients (3 
men, 5 women) were examined. The mean age of study 
participants was 51.6 years. Some of the patients had 
a history of diabetes mellitus (9 patients), hypothyroid-
ism (4 patients). The median nerve was detected in the 
proximal carpal tunnel. There were significant differ-
ences between the patients and control groups (P=0.02) 
regarding the mean CSA of median nerve. 

The mean CSA of median nerve was 11 mm2 in pa-
tients and 6 mm2 in controls. There were no significant 
differences in the mean CSA of median nerve between 
the men and women in the patients group (P=0.98). 
There were not significant differences in mean CSA of 
median nerve according to signs and symptoms in the 
patients group (P=0.28), in the patients with pain (12 
mm2), in patients with numbness and paresthesia (10 
mm2), and in the patients with atrophy (14 mm2) (Table 
1). However, there was significant difference according 
to severity of CTS in NCS (P=0.007) (Table 2).

4. Discussion

Ultrasonography is a proven and effective method be-
cause it is quick, easy to use, and available [9]. MRI is 
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Table 1. The mean CSA of median nerve according to signs and symptoms

Signs and Symptoms No. CSA, mm2 (Mean±SD)

Pain 30 12±15 

Paresthesia 25 10±3

Numbness 27 10±3

Atrophy 4 15±4
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better than sonography in diagnosing CTS because it has 
more resolution in showing soft tissue and subtle CTS. 
However, it is expensive, time-consuming and not avail-
able in many clinical settings [10, 11]. There are three 
important findings for the diagnosis of CTS: Swelling of 
the median nerve in the carpal tunnel, Flattening of the 
nerve in the distal carpal tunnel, and Bowing of the flex-
or retinaculum. The swelling and flattening of the nerve 
have been proven to be the two most reliable factor in 
the diagnosis of CTS [12, 13]. 

Significant differences were seen between CTS pa-
tients and controls in the CSA of the median nerve in 
our study and previous similar studies, but this differ-
ence is variable in various studies. In our study, the 
median nerve CSA was 11 mm2 in CTS patients and 6 
mm2 in controls. In Duncan et al. study, the mean CSA 
is reported as 12.7 mm2 and 7 mm2 in CTS and control 
group, respectively [14]. In Buchberger et al. study, 
the mean CSA is reported as 14.5 mm2 in the patients 
and 7.9 mm2 in the control [15]. This difference in the 
results is due to the location of ultrasonography and 
measurement techniques. 

In the present study, we did the measurements from 
the proximal levels of carpal tunnel. In this location, the 
median nerve is easily distinguishable in the wrist. Af-
shin et al. did not observe significant differences in mild, 
moderate and severe CTS cases when assessing the CSA 
of median nerve [16]. In the present study, however, we 
found significant differences between patients accord-
ing to grading of CTS in Nerve Conduction Study (NCS) 
and the greatest CSA was seen in the patients with 
grade 5 (very severe) (Table 2). In our study, we also de-
termined the difference in the CSA according to signs and 
symptoms. The CSA in the CTS patients with atrophy was 
more than that in other patients and it was 10 mm2 in 

the patients with paresthesia and numbness that was less 
than that in the patients with pain (Table 1). 

5. Conclusion

As a result, we suggest that CSA ultrasonography can 
be an effective method for the diagnosis of CTS. Also it is 
a particularly useful tool in the evaluation of the severity 
of CTS.
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