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Abstract 

Background:  Carpal tunnel syndrome is the commonest entrapment neuropathy. The cut-off point of cross-
sectional area to diagnose carpal tunnel syndrome may vary among populations. The objective of this study was to 
determine the best cut-off point of median nerve cross-sectional area to diagnose carpal tunnel syndrome among 
Egyptian population and to compare the difference of median nerve cross-sectional area in diabetic patients versus 
healthy individuals.

Results:  Mean cross-sectional area was 7.78 ± 1.260 mm2 among healthy individuals and 8 ± 1.018 mm2 among 
diabetics. Cut-off cross-sectional area of median nerve above which compression is anticipated is 9.5 mm2.

Conclusion:  Ultrasound can be used to diagnose carpal tunnel syndrome by measuring the median nerve cross-
sectional area.
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Background
Carpal tunnel syndrome (CTS) is the most common 
entrapment neuropathy. It accounts for 90% of referrals 
to neurophysiological studies, 1:4% of the general popula-
tion suffer from CTS [1]. Neurophysiological studies lack 
the anatomical description of the median nerve in CTS 
[2]. Accordingly, ultrasound (US) imaging of the median 
nerve offers the visualization of the median nerve at the 
carpal tunnel [3]. Moreover, recent studies recommend 
that US examination of the median nerve to become the 
standard to diagnose CTS [4]. The median nerve diame-
ter at the pisiform bone was approved to be the reference 
to diagnose CTS [2].

Methods
This is an observational cross-sectional study. This study 
included 194 wrists recruited from the outpatient clin-
ics of Ain Shams University hospitals including dia-
betic patients not complaining from symptoms of CTS, 
patients presenting with symptoms of CTS and healthy 
controls. Participants were included if they were more 
than 18  years old. Participants presenting with symp-
toms of CTS were excluded if they had history of diabe-
tes mellitus, thyroid disorder, renal or hepatic disorders, 
rheumatoid arthritis, gouty arthritis, chemotherapy 
intake, direct trauma to upper limb, symptoms sugges-
tive of peripheral neuropathy or current pregnancy. All 
participants were divided according to clinical assess-
ment by Arabic version of Boston carpal tunnel question-
naire (BCTQ) [7] to normal BCTQ (≤ 19) and abnormal 
(> 19). Subjects with normal BCTQ were divided into 
diabetics and non-diabetics. Median nerve area was 
measured using ultrasound (Esaote, MyLab Five, Italy). 
Linear 5–12  MHz probe was placed on distal wrist 
between pisiform bone medially and scaphoid bone 
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laterally to provide short-axis view of median nerve at its 
inlet to carpal tunnel. CSA of median nerve was meas-
ured from inner border of epineurium (Fig. 1). Subjects 
with abnormal BCTQ were subjected to neurophysio-
logical studies and were divided into mild, moderate and 
severe [5]. Written informed consent was obtained from 
participants.

Statistical analysis
Descriptive data were represented as mean and standard 
deviation for continuous variables and as number and 
percentage for categorical ones. Comparisons were made 
between groups using T test. Receiver operating charac-
teristics (ROC) with area under the curve (AUC) analy-
ses were used to detect the sensitivity and specificity of 
cut-off value of median nerve diameter measured by US 
to determine its abnormality. The analysis was done on 
SPSS ver. 25(IBM SPSS, NY, USA, 2017). p < 0.05 was 
considered significant.

Results
The study included 194 wrists, including 53 males (27.3%) 
and 141 (72.7%) females. The mean age was 41.63 ± 11.28. 
Among the participants, 128 (66%) had normal BCTQ 
and 66 (34%) had abnormal BCTQ.

Regarding subjects with normal BCTQ, 32(25%) were 
males and 96 (75%) were females with mean age of 
40.08 ± 11.502. Among that group, 28(21.9%) were dia-
betics. The mean age among non-diabetics with nor-
mal BCTQ was 38.88 ± 11.148 versus 44.36 ± 11.929 
in diabetics. The mean median nerve CSA among non-
diabetics with normal BCTQ was 7.78 ± 1.260 mm2 ver-
sus 8 ± 1.018  mm2 among diabetics with normal BCTQ. 
Comparison between the 2 groups was significant 
regarding age being higher among diabetics (p = 0.025), 
while there was no statistical significance regarding CSA 
between both groups (p = 0 0.343).

Regarding subjects with abnormal BCTQ, 21(31.8%) 
were males and 45(68.2%) were females. The mean age 
was 44.65 ± 10.247. The mean BCTQ was 32.50 ± 11.526. 
The mean CSA was 15.58 ± 3.053  mm2 (Table 1). Grad-
ing of CTS according to nerve conduction studies 
showed 41(62.1%) mild CTS, 22(33.3%) moderate CTS 

Fig. 1  Neurosonography figures showing anatomical and cross-sectional area measurements. a Right median nerve, BCTQ 27. b Left median nerve, 
BCTQ 21. c Right median nerve, BCTQ 38. d Right median nerve, BCTQ 20
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and 3(4.5%) severe CTS. Patients with mild CTS had 
mean CSA of 15.59 ± 2.924  mm2 and mean BCTQ of 
31.83 ± 11.129, while patients with moderate CTS had 
mean CSA of 16.32 ± 3.242  mm2 and mean BCTQ of 
33.95 ± 12.934. ROC with AUC analysis was used to test 
the specificity and sensitivity of US diameter of median 
nerve to predict its abnormality. Area under the curve 
value was 1 indicating both strong test specificity and 
sensitivity in predicting compression with a p-value 
of < 0.0001 (Fig.  2). Cut-off US CSA of median nerve 
above which compression is anticipated is 9.5  mm2 (at 
which the test sensitivity and specificity are 100%).

Discussion
The utilizations of ultrasound to assess CTS through 
measuring median nerve CSA is a convenient non-inva-
sive method. Few but conclusive studies stated a cut-off 

value to diagnose and grade the severity of CTS by CSA 
[6].

This study found a cut-off point of US CSA of median 
nerve above which compression is anticipated to be 
9.5  mm2. Another Egyptian study by Sonbol and col-
leagues found that a CSA cut-off value of 10  mm2 pro-
vided a diagnostic sensitivity of 93.3% and specificity of 
98.3% [7]. Sarraf and colleagues found that the best cut-
off point for the median nerve CSA 10.5  mm2 with 80% 
and 76% sensitivity and specificity, respectively. They 
stated that median nerve CSA at the wrist is helpful as a 
diagnostic tool for CTS [8]. Ziswiler and colleagues found 
that a cut-off point of 10 mm2 showed 82% and 87% sen-
sitivity and specificity, respectively [9]. In Nakamichi and 
Tachibana study, the median nerve CSA cut-off point 
value of 12 mm2 showed 67% sensitivity and 97% speci-
ficity [10]. A study by Ghasemi and colleagues showed 
that participants with CSA > 10 had CTS with 100% spec-
ificity and 83.12% sensitivity [11]. This shows that the 
cut-off point for diagnosing CTS may vary among differ-
ent populations and that it is of utmost importance than 
each center must have their own reference. This study did 
not show statistical significance regarding CSA in differ-
ent severities of CTS, In accordance with our findings, 
Mohammadi et  al. studied the CSA of median nerve in 
severity grading of CTS and found that the difference 
in CSA of the median nerve among different severi-
ties of CTS was not statistically significant at either the 
tunnel inlet or outlet [12]. Also Sonbol and colleagues 
found no significant differences in CSA among patients 
with mild, moderate and severe CTS [7]. The preva-
lence of CTS is higher among diabetic patients specially 
those with diabetic polyneuropathy [13]. CSA was rarely 
found significantly higher in diabetic patients with CTS 
than in non-diabetic patients with CTS [14]. A study by 
Demino and colleagues, stated that cross-sectional area 
of the median nerve was similar for patients with and 
without DM [15]. However, no studies compared the 
median nerve CSA between diabetics and non-diabetics 
without CTS. Our study found no statistically significant 

Table 1  Descriptive of subjects with abnormal BCTQ and neurophysiological studies (No. = 66)

Mean Median SD Range Minimum Maximum

AGE 44.65 45.00 10.247 41 24 65

CSA 15.86 15.00 3.053 13 10 23

BCTQ 32.50 29.00 11.526 48 20 68

Sensory latency 4.76 4.60 0.88 4.80 3.60 8.40

Motor latency 4.12 4.20 0.82 3.400 2.40 5.80

Motor amplitude 9.68 9.15 4.43 20.50 0.50 21

Conduction velocity 52.583 50.500 8.6893 42.0 35.0 77.0

Fig. 2  ROC curve showing specificity and sensitivity of median nerve 
CSA
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difference between diabetics and non-diabetics regarding 
the median nerve CSA.

Conclusion
Measuring the median nerve cross-sectional area via 
ultrasound can be used as a convenient non-invasive 
method for the diagnosis of carpal tunnel syndrome with 
a cut-off value of 9.5. However, it may not be as useful 
regarding assessment of severity.
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