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ABSTRACT

Objective: In this study we measured the anatomic structure of median nerve in three different levels of carpal tunnel in diabetic and 
control group patients using ultrasound.
Methods: Between January 2016 and May 2016, 52 diabetic and 46 control group patients were evaluated by ultrasound. Median 
nerve cross sectional area was measured and recorded in its largest part at the level of proximal, midtunnel, and distal of transvers carpal 
ligament.
Results: While no significant difference was found between the measurement of the median nerve cross sectional area at proximal level 
(p>0.05), a significant differences was found in the midtunnel and distal level of transvers carpal ligament (p<0.05). Median nerve cross 
sectional area was found to be larger in the diabetic patients than in control group patients.
Conclusion: The anatomical structure of median nerve can be dynamically evaluated in a short time without causing any discomfort to 
the patient using ultrasound. Ultrasound is a valuable imaging technique tp detect changes occurring at an early stage in median nerve 
in patients with risk of peripheral neuropathy.
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Introduction 

Diabetes is a chronic and progressive disease, characterized by hyperglycemia. It progresses with impaired carbohydrate 
and lipid metabolism. Insufficient insulin secretion causing the usage of impaired carbohydrate metabolism is a character-
istic feature of diabetes. In the presence of chronic hyperglycemia in the neurons and Schwann cells, glucose is converted 
into glucose-6-phosphate by hexokinase. This results in a change in the osmotic permeability, which leads to swelling in 
the axon and nerve roots. Prolonged hyperglycemia increases oxidative stress (1). In patients with diabetes, glucolization 
of structural proteins (e.g., type IV collagen, laminin) causes abnormal cross-linking of these proteins, impairs their func-
tions, and makes them durable to degradation. With the glucolization of collagenase enzyme, the function of collagen 
degradation is impaired, and collagen is accumulated in the tissue where it causes damage (2). It has been hypothesized 
that swelling develops in the fluid content of peripheral nerves due to an increase in the levels of aldose reductase enzyme, 
which converts glucose to sorbitol in patients with diabetes (3). It has been determined that impaired glucose tolerance 
and progressive insulin insufficiency affect neuropeptide synthesis even in the absence of hyperglycemia, and that these are 
associated with functional and structural neuropathy (1). 

Carpal tunnel syndrome is the most common entrapment neuropathy that develops due to the compression of the median 
nerve in the wrist beneath the transverse carpal ligament while passing through the carpal tunnel. Thickened transverse 
carpal ligament or increased pressure due to edema in the tunnel is a cause of carpal tunnel syndrome. This syndrome is 
characterized by pain in the hand and wrist and numbness and paresthesia in the distribution area of the median nerve (4).
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Ultrasonography of the median nerve anatomy in the hand 
allows the early diagnosis of pathologies (4, 5). In this study, 
we aimed to examine the anatomical structure of the median 
nerve using noninvasive ultrasound technique in patients with 
diabetes and control individuals and to compare the patients 
at risk for entrapment neuropathy with control individuals.

Methods 

For the study, ethical committee approval was received from 
Bakırköy Education and Research Hospital (2018/113), and 
informed consent was obtained from the patients who par-
ticipated in the study. In İstanbul Education and Research 
Hospital between January 2016 and May 2016, the median 
nerve of the right hand was evaluated through ultrasonog-
raphy from three different regions of the carpal tunnel in 
98 patients, including 52 with diabetes and 46 controls. All 
patients in the diabetic and control groups were dominantly 
right-handed. Patients aged <18 years were excluded from the 
study. Moreover, patients diagnosed with rheumatoid arthritis 
or any neuropathic disease were also excluded.

Study group
A total of 52 patients with diabetes (20 male and 32 female) 
who were followed up for the diagnosis of type II diabetes 
and whose mean age was 62.4±9.6 years were evaluated. The 
mean duration of follow-up for the diagnosis of diabetes was 
10.3±7.5 years. Durations of diabetes and treatment were re-
corded. Patients with clinical findings of entrapment neurop-
athy (e.g., numbness, tingling, and electrical sensations) were 
not included in the evaluation. Tinel’s and Phalen’s tests were 
performed, and the patients who did not display any find-
ings were included in the study. Body mass indices (BMIs) of 
all patients were calculated. As laboratory parameter, HbA1c 
levels in all patients were measured.   

Control group
A total of 46 patients with no history of diabetes (20 male and 
26 female) who were admitted to our hospital for other exam-
inations, who did not have any problem on their hands, and 
whose mean age was 66,2±7,8 years were evaluated. Patients 
having the clinical symptoms of entrapment neuropathy such 
as numbness, tingling, and electrical sensation on the hands 
were not evaluated. Tinel’s and Phalen’s tests were used, and 
the patients without any findings were included in the study. 
Furthermore, in the control group, HbA1c levels were mea-
sured and BMIs were calculated.

Ultrasonographic evaluation
With the patients in the supine position, neutrally positioned 
hands were evaluated using ultrasound. For the ultrasound 
examination, a linear probe (Esaote MyLab 5; Genova, Italy) 
in the 5-13-MHz frequency range was used. The evaluation 
was performed by a specialist experienced in the musculoskel-
etal system.

The localization of the median nerve was determined through 
dynamic examination in the axial plane during flexion and 

extension movements of the fingers by benefiting from the 
flexor tendons of the second and third fingers. A hypoechoic 
fibrillar formation was found between the flexor tendons of 
the first three fingers beneath the flexor retinaculum. With 
the help of ultrasonography, the cross-sectional area of the 
median nerve was measured in the proximal and distal re-
gions of the transverse carpal ligament as well as under the 
ligament. After determining the ovoid margins of the median 
nerve on ultrasonography, three measurements were per-
formed, and the average value was calculated. In the ultraso-
nography device, the axial sectional area was determined with 
Tr-Area measurement.

Statistical analysis
Statistical analysis was performed with the Statistical Pack-
age for the Social Sciences (SPSS Inc.; version 17.0, Chicago, 
IL, USA) software. A p value of <0.5 was considered statisti-
cally significant. The data were presented as the mean ± stan-
dard deviation. The independent sample t-test was used for 
the comparison of differences in age, BMI, HbA1c level, and 
cross-sectional area of the median nerve in the diabetic and 
control groups. 

Results 

The mean BMI was found to be 29.6±4.2 kg/m2 in the dia-
betic group and 33.6±4.6 kg/m2 in the control group. The 
mean HbA1c value was 8.0%±1.7% in the diabetic group 
and 5.7%±0.2% in the control group. Demographic distribu-
tions of the data are shown in Table 1.

No significant difference in terms of age, gender, and BMI 
(p>0.05) was detected between the diabetic and control 
groups. However, there was a significant difference between 
the groups with regard to HbA1c levels (p<0.05).

In the group of patients with diabetes, the average cross-sec-
tional area of the median nerve was measured as 10.2±2.9 
mm2 in the proximal region, 7.5±1.9 mm2 beneath, and 
7.7±1.8 mm2 in the distal region of the transverse carpal liga-
ment. In the control group, the average cross-sectional area of 
the median nerve was 10.2±2.5 mm2 in the proximal region, 
6.9±1.3 mm2 beneath, and 6.6±1.4 mm2 in the distal region 
of the transverse carpal ligament.
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Table 1. Demographic distributions of data

 Diabetic   Control  
 group   group  Statistical  
 patients patients evaluation*

BMI (kg/m2) 29.6±4.2 33.6±4.6 p>0.05

HgA1c (%) 8.0±1.7 5.7±0.2 p<0.05

Age (year) 62.4±9.6 66.2±7.8 p>0.05

Gender (female/male) 32/20 26/20 p>0.05

*t-test, BMI: body mass index



While the cross-sectional area of the median nerve was not 
significantly different in the proximal region of the transverse 
carpal ligament (p>0.05) between the diabetic and control 
groups, it was significantly different beneath and in the distal 
region of the transverse carpal ligament (p<0.05). The cross-
sectional area of the median nerve was more in the diabetic 
group. The ultrasonographic evaluation data of the cross-sec-
tional area of the median nerve are summarized in Table 2.

Discussion 

Diabetes is a chronic and progressive disease that causes dam-
age in many tissues. Its most common complications include 
flexor tenosynovitis, Dupuytren’s contracture, stiffness in the 
hands, entrapment neuropathy, and infections (6).

Carpal tunnel syndrome is the most common entrapment 
neuropathy. It can be idiopathic or caused by many factors 
(7). One of the important causes of the predisposing factors 
is diabetes (8). The incidence of carpal tunnel syndrome in 
patients with diabetes has been reported to be 15%-33% (9, 
10).

In the ultrasonographic evaluation of the carpal tunnel 
anatomy, it was observed that the bone and ligamentous 
walls of the carpal tunnel and soft tissues inside it could be 
better examined axially. The median nerve extends just be-
low the flexor retinaculum and between the muscles of the 
flexor pollicis longus and superficial digital flexor muscles. 
Axially, it appears as an ovoid fibrillary structure, the long 
axis of which is parallel to the flexor retinaculum. When the 
scanning angle of ultrasonography is vertical to the nerve, it 
appears hyperechoic; when the angle is oblique, it appears 
hypoechoic. Longitudinally, the median nerve is observed as 
a fibrillary structure shaped as a band extending above the 
flexor tendons (11). 

When radiological methods were investigated, it was observed 
that ultrasonography is used in the evaluation of the muscu-
loskeletal system and soft tissues. The use of high-frequency 
linear probes with ultrasound has facilitated the imaging of 
the peripheral nerves to a great extent (4, 5, 12).

Different results have been obtained in studies that aimed to 
determine the normal values of the cross-sectional area of the 
median nerve. In 1999, Duncan et al. (13) performed a study 
on 68 patients with carpal tunnel syndrome and 39 controls 
and stated that the cross-sectional area of the median nerve of 
>9 mm2 measured at the scaphoid-pisiform level is the opti-
mal sonographic evaluation criterion in the ultrasonographic 
assessment for the diagnosis of carpal tunnel syndrome. In the 
study of Nakamichi et al. (14) in 2002 conducted on 275 pa-
tients with carpal tunnel syndrome and 408 healthy individu-
als, the median nerve diameter of 12 mm2 was calculated with 
67% sensitivity and 97% specificity in the ultrasonographic 
diagnosis of carpal tunnel syndrome considering the measure-
ment values obtained from three different levels in the wrist 
covering the proximal, lower, and distal regions of the carpal 
tunnel. In the study of Yeşildağ et al. (15), 68 patients with 
carpal tunnel syndrome and 45 asymptomatic individuals 
were evaluated. The authors demonstrated that the diagno-
sis of carpal tunnel syndrome could be established with 89% 
sensitivity and 97% specificity when the threshold value for 
the cross-sectional area of the median nerve was >10.5 mm2 
at the entry level. Thus, in ultrasonographic evaluations, the 
dilatation of the median nerve at the level of the proximal 
carpal tunnel has been reported to be the most commonly 
used criterion for the diagnosis of carpal tunnel syndrome. 
However, in many studies (16-18), different threshold levels 
have been reported for the increase in the nerve diameter. In 
our study, while the cross-sectional area of the median nerve 
did not differ in the proximal region of the transverse car-
pal ligament between the groups, it was higher beneath and 
in the distal region of the transverse carpal ligament in the 
diabetic group than in the control group. The increase in the 
median nerve diameter in patients with diabetes was lower 
than the threshold value reported for carpal tunnel syndrome 
in the literature. In conclusion, compared with the control 
group, increased median nerve diameter was detected in pa-
tients with diabetes without clinical symptoms of entrapment 
neuropathy and clinical findings of carpal tunnel syndrome. 

This condition in patients with diabetes can be explained by 
the presence of swelling in the axon and nerve roots due to 
increased osmotic permeability. Moreover, an increase in al-
dose reductase enzyme activity, which enables the conversion 
of glucose into sorbitol, is observed in patients with diabe-
tes, which may also cause swelling as well as an increase in 
the fluid content of the peripheral nerves. We believed that 
the detection of increased median nerve diameter in patients 
with diabetes without clinical findings may be associated with 
pathophysiological mechanisms underlying diabetes. We rec-
ommend the evaluation of the nerve diameter from three dif-
ferent levels as in the study of Nakamichi et al. (14) instead of 
a single level as in the study of Duncan et al. (13).

In our study, Tinel’s and Phalen’s provocative tests were per-
formed. Patients without the findings of entrapment neu-
ropathy in the provocative tests were included in the study. 
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Table 2. Data on the evaluation of the cross sectional area 
(mm2) of the median nerve through ultrasonography 

 Diabetic   Control  
 group   group  Statistical  
 patients patients evaluation*

In the proximal region of the 10,2±2,9 10,2±2,5 p>0,05 
 transverse carpal ligament 

Beneath the transverse   7,5±1,9 6,9 ±1,3 p<0,05 
carpal ligament 

In the distal region of the  7,7±1,8 6,6±1,4 p<0,05 
transverse carpal ligament 

*t-test



Our aim was to provide early diagnosis of diabetes-associated 
peripheral neuropathy before the occurrence of its clinical 
findings. The patients in our study were noninvasively evalu-
ated using ultrasonography. Regarding the electrophysiologi-
cal tests, electromyography was not performed to evaluate the 
patients, which is a limitation of our study.

Conclusion

Ultrasonography enables dynamic evaluation of the anatomi-
cal structure of the median nerve with a high image qual-
ity and without disturbance to the patient. In this controlled 
study, an increase in the median nerve diameter of patients 
with diabetes was found using ultrasonography. We suggest 
that in patients who are at risk for peripheral neuropathy, ul-
trasonography is a valuable radiological evaluation technique 
for the early detection of changes in the median nerve before 
the development of clinical findings.
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