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Background: Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy in the upper
extremity. Nerve conduction studies (NCS) is the most valid way of diagnosing CTS in combination of
these clinical symptoms together with positive signs by physical examination. Ultrasonography is a use-
ful non-invasive diagnostic method for CTS and there is considerable correlation between the electro-
physiological tests and the measurements of cross-sectional area (CSA) by ultrasonography. Many
studies have shown that the carpal tunnel syndrome seems to occur more frequently in patients with dia-
betes mellitus and might be associated with the duration of diabetes mellitus, microvascular complica-
tions and degree of glycemic control. Although diabetes mellitus is a risk factor for CTS, reports about
median nerve CSA measurements between CTS patients with and without DM are scant. This prospective
study aimed to evaluate whether or not ultrasonographic findings of the median nerve is different
between DM and non-DM-CTS patients. To correlate the diagnostic results in both DM and non-DM-
CTS patients.
Patients and methods: Thirty six non-diabetic patients and twenty five diabetic patients with CTS were
assessed. All patients were subjected to thorough history taking, full clinical examination, electrophysi-
ological assessment of wrists and gray scale ultrasonography (US).
Results: High mean cross sectional area of median nerve (CSA) on ultrasonographical studies was
detected with non-significant difference between both groups. Additionally, a non-significant difference
for flattening ratio was found between two groups. Moreover, there was a highly significant positive cor-
relation between electro diagnostic and ultrasonographic results in diabetic patients.
Conclusion: The CSA of median nerve is larger in CTS hands in both DM and non-DM patients. Mean
electro-diagnostic parameters were not significant predictors of CTS in patients with diabetes. The com-
bination of electrophysiological and ultrasonography provides diagnostic effective tools across the entire
spectrum of CTS in diabetic and non-diabetic patients. Nevertheless, screening for DM in patients with
CTS is not recommended.
� 2017 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Carpal tunnel syndrome (CTS) is the most common form of
entrapment neuropathies.1 CTS is a combination of finger, hand,
and arm distress with symptoms that reflect sensory or motor
compromise.2 Female gender, obesity, increase of age, hypothy-
roidism, pregnancy, rheumatoid arthritis, osteoarthritis and occu-
pational factors like repetitive work are identified as the main
risk factors for CTS.3 In addition, previous studies stated that dia-
betes mellitus (DM) is also considered as a risk factor4–8 with a
higher incidence of CTS in patients with pre-diabetes.9 A relation-
ship between HbA1c, duration of DM, micro vascular complications
and CTS had been stated.10 Entrapment disorders are highly preva-
lent in patients with diabetes, the most common neuropathy being
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carpal tunnel syndrome (CTS).11 However, Hendriks et al.3 reported
that although type 2 diabetes was more frequently diagnosed
among patients with carpal tunnel syndrome, it could not be iden-
tified as an independent risk factor. The high prevalence of CTS
among patients with diabetes might be as a result of repeated
undetected trauma, metabolic changes, accumulation of fluid or
edema within the confined space of the carpal tunnel and /or dia-
betic cheiroarthropathy.11

Electrodiagnostic studies (nerve conduction studies and elec-
tromyography) are useful in diagnosis and in differentiation from
cervical radiculopathy, diabetes or peripheral neuropathy.2 Nerve
conduction studies alone do not provide spatial information
regarding the nerve or its attendant abnormalities.12 Ultrasonogra-
phy (US) has emerged as simple, low cost, rapid accurate and non-
invasive imaging method for evaluating the median nerve in the
carpal tunnel syndrome.13 Many reports have appeared that agreed
that US has high sensitivity and specificity in CTS diagnosis. It can
detect the median nerve compression characteristics, provide
anatomical images of the median nerve, neighboring structures
and space occupying lesions as ganglia neural tumors.2,14 US has
been used in clinical evaluation of CTS in diabetic neuropathy.15

Diabetes mellitus is a chronic metabolic disorder, which is char-
acterized by persistent hyperglycemia with resultant morbidity
and mortality in relation to its micro- and macrovascular compli-
cations. ‘‘The diabetic hand” is a term used to describe pathological
hand manifestations that are more commonly found in diabetes. It
represents the following musculoskeletal disorders; limited joint
mobility, Dupuytren’s contracture, flexor tenosynovitis and carpal
tunnel syndrome. Combined occurrence of CTS and diabetes has
been acknowledged for many years. Carpal tunnel syndrome
(CTS) and diabetic polyneuropathy (DPN) are common conditions
in patients with diabetes and therefore frequently occur concomi-
tantly. Diagnosis of CTS in patients with DPN is important, as ther-
apeutic interventions directed toward relief of CTS may be effective
irrespective of diffuse neuropathy. The purpose of this study is to
evaluate whether or not ultrasonographic findings of the median
nerve is different between DM and non-DM-CTS patients. To corre-
late the diagnostic results in both DM and non-DM-CTS patients.
2. Patients and methods

This prospective study was conducted on sixty-one patients
(122 wrists : 51 females and 10 males), their ages ranged 23–82
years old (mean ± SD 35.01 ± 3.17 years), referred from out-
patients clinics of departments of Neurology, Orthopaedic, Internal
Medicine and Rheumatology and Rehabilitation, Aswan and Assuit
University Hospitals, Aswan, Assuit, Egypt. All patients clinically
diagnosed with carpal tunnel syndrome lasting for at least one
month (Forty patients had bilateral CTS and Twenty-one patients
had unilateral CTS) in the period from January 2014 to December
2014 were included. The duration of illness ranged 6 ms-10 years
old with mean ± SD 3.2 ± 2.1 years. For analysis purposes, The
patients were classified into two groups according to Diabetes
Table 1a
Socio-demographic characteristics of the studied sample.

Variable Category N = 61

Age (Mean ± SD) 35.01 ± 3.17

Sex Male 10 (16.4%)
Female 51 (83.6%)

Laterality Unilateral 21 (34.5%)
Bilateral 40 (65.5%)

Disease Duration in years (Mean ± SD) 3.2 ± 2.3
mellitus into thirty-six non diabetic patients (group I), their ages
ranged 14.7–68 years old (mean age 35.7 ± 12.8 years) and
twenty-five diabetic patients (group II), their ages ranged 14.7–
68 years old (mean age 34.1 ± 13.9 years) Table 1. Exclusion crite-
ria included pregnant women, those diabetic patients with clinical
and electrophysiologic diagnosis of diabetic polyneuropathy, those
with history of underlying disorders associated with CTS such as
renal and hepatic diseases, patients with gout, rheumatoid arthritis
or thyroid disease, patients with previous wrist surgery (including
carpal tunnel injection), and those with clinical or electrophysio-
logical evidence of accompanying condition that mimics CTS as
cervical radiculopathy. Clinical CTS was defined according to the
criteria of the American Academy of Neurology practice parame-
ters. A written consent was obtained from all participants and
approval from the local ethics committee of Faculty of Medicine,
Aswan and Assuit Universities was obtained. All patients were sub-
jected to full history taking, thorough clinical examination and
neurological examination including (1) paresthesia, pain provoked
or worsened by sleep, sustained hand or arm position or repetitive
action of the hand or wrist that is mitigated by a change in posture
or by shaking of the hand (2) sensory deficit in median nerve dis-
tribution, (3) motor deficit of median innervated thenar muscles
and (4) positive provocative tests for CTS (Tinel sign, Phalen test
and Reverse Phalen test). The clinical diagnosis of CTS was made
when criterion 1 and one or more of criterion 2–4 were ful-
filled.16,17 Electrophysiological assessment of wrists and gray scale
ultrasonography were done for all patients.
3. Electrodiagnostic testing

Electrophysiological assessment of wrists was done according
to the recommended AAEM protocol using Neuropack XI/EMG/EP
measuring system, MEB-2300 in the Neurophysiological unit, Neu-
ropsychiatry Department, Faculty of Medicine, Aswan University.
The Median nerve sensory action potential amplitude, latency
and sensory conduction velocity (CV) were measured. The Median
nerve motor amplitude, distal motor latency (DML) and motor con-
duction velocity were measured by using standard techniques of
supramaximal cutaneous stimulation and surface electrodes.
F-response latency of median nerve was obtained to exclude prox-
imal affection of the median nerve roots. Ulnar nerve sensory and
motor conduction studies were performed. Needle EMG was done
in abductor pollicis brevis muscle to determine the severity of CTS
and additional muscles in the upper limb to exclude proximal
median nerve neuropathy, brachial plexopathy or radiculopathy.
Measurements performed and cut-off points or normal values used
in our study were as follows: (1) median nerve distal sensory
latency, upper limit of normal 3.6 ms (2) distal motor latency over
the thenar, upper limit of normal 4.3 ms (3) median motor nerve
conduction velocity, lower limit of normal 49 m/s (4) median sen-
sory nerve conduction velocity, lower limit of normal 49 m/s
Table 1b
Baseline characteristics of the study participants.

Non-diabetic
(No = 36)

Diabetic
(No = 25)

P-value

Age in years 35.7 ± 12.8 34.1 ± 13.9 =.647*

Female n (%) 30 (83.3%) 21 (84.0%) =.616**

Disease Duration in years 3.21 ± 1.9 3.12 ± 2.3 =.860*

Laterality n (%) 23 (63.9%) 17 (68.0%) =.419**

Significance level is considered when p � .05
* T-test analysis was used to compare the mean difference between the two

groups
** Chi-square Test analysis was used to compare the difference in proportions
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according to Delisa et al.18. The diagnostic criteria of electrodiag-
nostic tests for CTS were: Reduction in the median nerve sensory
CV of less than 50 m/s, Prolongation of median nerve DML more
than 4.3 ms, No abnormalities in the proximal median nerve. The
severity of electrophysiological CTS impairment was assessed
according to the modified scoring system of Padua et al.19
4. The ultrasonographic imaging analysis

All patients underwent sonographic examination of the carpal
tunnel. Both hands were examined. US examination was per-
formed by using a 12 MHz linear array transducer (Phillips, HD
11 XE), at the Radio diagnosis department at Aswan University
Hospital. The sonographic examination was done at the same day
or within days of the electrophysiological study. The median nerve
was examined in the transverse and longitudinal planes along the
carpal tunnel by gray scale US to investigate the presence of med-
ian nerve compression criteria, including the measurement of cross
sectional area (CSA) and flattening ratio of median nerve. The cut-
off value of cross-sectional area at the tunnel inlet was 9.5 mm2

Kang et al.20
Table 4
Correlation among glycemic state of the patients, CSA, Flattening Ratio and electrodiagnos

CSA

rho*

DML (ms) 0.43
CMAP (mV) �0.19
MNCV (m/s) �0.14
DSL (ms) �0.16
FW (ms) 0.23
Duration of Disease in years 0.43

Significance level is considered when p � .05
* Spearman’s rank correlation coefficient.
** Correlation is significant at the .05 level (2-tailed), based on normal approximation.

Table 2
Parameters of electrodiagnostic testing between Non –DM -CTS and DM-CTS groups.

Non-DM-CTS Hands
(No = 36)

DM-CTS Hands
(No = 25)

P-value*

Median Nerve
DML (ms) 4.60 ± 1.4 4.21 ± 1.3 =.284
CMAP (mV) 11.88 ± 3.8 9.57 ± 4.2 <.001
MNCV (m/s) 58.81 ± 6.5 52.63 ± 6.3 =.002
DSL (ms) 3.19 ± 0.3 4.25 ± 0.9 =.028
FW (ms) 25.60 ± 3.3 26.57 ± 2.9 =.041

Significance level is considered when p � .05
Abbreviations: NCV nerve conduction velocity, DML distal motor latency of median,
CMAP amplitude of median, MNCV motor NCV of median, DSL distal sensory
latency of median, FW median F wave.

* T-test analysis was used to compare the mean difference between the two
groups

Table 3
Parameters of ultrasonography among the groups.

Non-DM-CTS-Hands
(No = 36)

DM-CTS Hands
(No = 25)

P-value*

Median Nerve
CSA_D (mm2) 10.27 ± 2.5 10.15 ± 2.2 = 0.186
Flattening Ratio 3.50 ± 0.5 3.37 ± 0.6 = 0.389

Significance level is considered when p � .05.
* T-test analysis was used to compare the mean difference between the two

groups.
4.1. Statistical analysis

The collected data were verified, coded by the researcher,
then analyzed by the Statistical Package for Social Sciences
(SPSS/PC/VER 21). Descriptive statistics: mean, standard deviation,
median, range, frequencies, percentage were calculated. Test of sig-
nificances: Chi square test was used to compare the difference in
distribution of frequencies among different groups. Student t-test
was calculated to test the mean differences in continuous variables
between groups. Pearson’s correlation co-efficient was calculated
for parametric variables and Spearman’s Ranked correlation co-
efficient was calculated for non-parametric variables. Significant
test results were considered when p value was �.05.
5. Results

The socio-demographic characteristics of the studied patients
with carpal tunnel syndrome are presented in Tables 1a and 1b.
Sixty-one patients were studied (83.3 % females and 16.7% males).
Their ages ranged 23–82 years old (with mean ± SD, 35.01 ± 3.17
years). They were classified according to Diabetes Mellitus into
two groups: group I were non- diabetic group (thirty-six patients
(59%), with mean of age ± SD 35.7 ± 12.8 years) with the mean
duration of disease was 3.21 ± 1.9 years, and group II were diabetic
group (Twenty-five (41%) with mean age ± SD 34.1 ± 13.9 years)
with the mean duration of disease was 3.12 ± 2.3 years. A consider-
able number of patients (40, 65.5%) with or without diabetes mel-
litus demonstrated bilateral carpal tunnel syndrome with more
prevalence in group I (57.5%) of non-statistical importance. No
statistically differences regarding the age, gender, increased dura-
tion of CTS or laterality between two groups.

Regarding electro diagnostic studies of the median, a statisti-
cally significant difference between two groups was found in the
CMAP, MNCV, DSL and F-wave of median nerve (p < .001, .002,
.03 and .04 respectively) (see Table 2).

CSA as well as FR of median nerve was larger in Non-DM-CTS-
Hands and DM-CTS-Hands with no statistically difference between
two studied groups (see Table 3).

In diabetic patients with CTS, regarding the correlation between
electrodiagnostic and sonographic results, there was statistically
significant positive correlations between distal motor latency
(DML) of median nerve and CSA (p-value = .003). Moreover, there
was statistically negative correlation between amplitude (CMAP),
motor conduction velocity (MNCV) and FR (p-value = .001 and
.023 respectively). Furthermore F-wave had statistically significant
positive correlation with both CSA and FR (p-value = .035 and
0.031 respectively). Interestingly, there was statistically positive
correlation between the duration of DM and CSA but not with FR
(see Table 4 and Figs. 1–6).
tic testing of the median nerve.

Flattening Ratio

P-value** rho P-value

=.003 0.245 =.072
=.067 0.42 =.001
=.188 -0.33 =.023
=.170 -0.11 =.275
=.035 0.25 =.031
<.001 0.04 =.375



Fig. 2. Correlation between Flattening Ratio and CMAP. Fig. 5. Correlation between Flattening Ratio and FW.

Fig. 4. Correlation between CSA and FW.Fig. 1. Correlation between CSA and DML.

Fig. 3. Correlation between Flattening Ratio and MNCV. Fig. 6. Correlation between CSA and DM Disease Duration.
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A B
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Fig. 7. A 35 year female diabetic patient with severe bilateral carpal tunnel syndrome: (A & B) transverse image of the right and left median nerves at the inlet of the carpal
tunnel showed increased cross sectional area, respectively measured 24.9 and 27.6 mm2, C) the estimated flattening ratio of right median nerve is 1:3.7.

Fig. 8. A 28 year female non diabetic patient with bilateral mild carpal tunnel syndrome: (a, b) transverse image of the right and left median nerves at the inlet of the carpal
tunnel; cross sectional area respectively measured 11.8 and 10.9 mm2. (c, d) Longitudinal image of the right and left median nerves showed focal swollen of the nerve at the
inlet of carpal tunnel.
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6. Discussion

Carpal tunnel syndrome (CTS) is the commonest entrapment
neuropathy and accounts for approximately 90% of all entrapment
neuropathies with prevalence of approximately 3–6% of adults in
the general population.2 The reason as to why CTS is more common
in diabetes is unknown and an early diagnosis is essential to pre-
vent permanent nerve damage and functional squeals.7

Confirmation of CTS is usually based on electrophysiological
studies. However, many authors have proposed that conventional
electrophysiological studies are not appropriate for detecting mild
median nerve compression. Even when electrodiagnostic tests are
applied, it is difficult to distinguish CTS from other neuropathic
syndromes in diabetic patients.21–23 Ultrasonography (US) has
been used in clinical studies on diabetic neuropathy, however its
use in the clinical evaluation of CTS in diabetic patients has not
been reported.24 To date, rare studies evaluated the value of ultra-
sonography (US) between diabetic and non- diabetic patients with
clinical and electro diagnostic- confirmed CTS. In the current study,
our results are consistent with previous studies of ultrasound in
CTS in showing enlargement of median nerve in CT hands.25 We
found a larger measurement of CSA and FR of median nerve in
studied patients when examined on both sides. However, we found
no significant difference between diabetic and non diabetic
patients in measurement of CSAs. This findings could be explained
by that the biological response to compression is the more impor-
tant contributing factor rather than diabetic peripheral nerve
injuries and the use of small sized sample of diabetic CTS patients
in our study. Our finding was consistent with26 who reported that
the CSA of the median nerve was larger in both DM CTS and non-
DM CTS groups compared to those without CTS. Agirman et al.27

found more larger median nerve CSA in diabetic patients with car-
pal tunnel syndrome at wrist levels compared with those of the
healthy controls. Watanabe et al.15 and 201028 showed that the
median nerve (at wrist) and tibial nerve (at the ankle) CSAs were
increased in diabetic patients when compared with their control
group. Moreover, we found increased FR in non diabetic and dia-
betic group CTS patients without significant difference between
both groups. These findings were in agreement with Tsai et al.26

who revealed significantly larger measurement of CSA of median
nerve in both non diabetic and diabetic patients. However, in con-
trast to our observations, Chen et al.24 stated that the measured
CSAs in both diabetic and DPN groups were larger than those mea-
sured in the idiopathic, non diabetic and control groups. Moreover,
our findings were in concordance with Boyaci et al.29 who found
statistically significantly greater FR in the DM –CTS groups than
that of the control groups (see Figs. 7and 8)

Among Diabetic patients with CTS, we showed highly statisti-
cally significant positive correlations of CSA with motor distal
latency of median nerve. Moreover, both CSA and FR were signifi-
cantly and positively correlated with F-wave latency of median
nerve. These findings were in agreement with Watanabe et al.15

who reported that the CSA in the carpal tunnel was correlated with
delayed latency of median nerve. This arise the assumption that
enlargement of the median nerve damages the myelin and results
in the slowing of nerve conduction velocity. On the other hand, in
agreement to our observation, Tsai et al.,26 revealed that the CSA of
the median nerve positively correlates to the distal motor latency
of the median CMAP and F wave while he revealed negative corre-
lation between the measurements of CSA of the median nerve and
the amplitude of the median CMAP suggesting that median nerve
swelling contributes to axonal degeneration of the median nerve
in CTS, in contrast to our results that found no correlation between
CSA measurement, amplitude of the median nerve CMAP and the
distal sensory latency of the median nerve.
This current study needs further studies and challenges. Several
limitations should be mentioned: First, cases were only enrolled in
a secondary care setting and thereby mostly severe cases were
included. Thus, less severe CTS patients treated with conservative
treatment by general practitioners did not participate in the cur-
rent study. Therefore, the generalizability of our results is limited
to secondary care. Furthermore, differential misclassification bias
could have occurred because patients with the diabetic patients
with suspected polyneuropathy by clinical presentation and have
CTS should be excluded and they need further studies and evalua-
tion. Third is that the association between the duration of diabetes
and the electrophysiological and ultrasonographic findings should
be considered. Finally, our number of cases is small so, more stud-
ies are needed and included more larger number of cases.

7. Conclusion

The combination of electrophysiological and ultrasonography
provides diagnostic effective tools across the entire spectrum of
CTS in diabetic patients. Moderate to severe degrees of CTS and
high mean CSA on ultrasonographical studies were characteristic
patterns especially in diabetic patients. Moreover, there was a
highly significant negative correlation between diabetic and non-
diabetic patients evaluated by NCS and US. The prevalence of
clinical CTS and the most efficient electro-diagnostic discrimina-
tors of CTS from diffuse neuropathy are uncertain. Nevertheless,
screening for DM in patients with CTS is not recommended.
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