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Abstract 

Background: Diabetic peripheral neuropathy (DPN) is one of the most common complications of diabetes mellitus. 
Diagnosis of DPN is very important in the prognosis of disease and treatment as early treatment of DPN decreases 
both short-term and long-term morbidities. SWE elastography is a noninvasive and reproducible method for the 
precise evaluation of nerve stiffness.

Results: Tibial nerve stiffness is notably high at SWE in diabetic patients with DPN (mean shear wave elastography 
value of RT tibial SWE 75.3 ± 15.1 kPa) compared to patients without DPN (mean shear wave elastography value of RT 
tibial SWE 37.8 ± 11.6 kPa) and nerve stiffness in healthy control subjects (mean shear wave elastography value of RT 
tibial SWE 24.9 ± 6.3 kPa). There is a significant increase in the cross-sectional area (CSA) among diabetic patients with 
DPN (mean cross-sectional area of the right tibial nerve of 17 ± 1.9  mm2) and without DPN (mean cross-sectional area 
of the right tibial nerve of 14.5 ± 3.8  mm2) in comparison with control subjects (mean cross-sectional area of the right 
tibial nerve of 13.2 ± 3.1  mm2) in the right side. Borderline significance of the CSA parameters of the tibial nerve study 
on the left side in different groups. The cutoff point to determine DPN among diabetic patients in the right lower limb 
is more than 63.8 kPa. With 89% sensitivity and 100% specificity in the detection of DPN on the right side, the SWE has 
100% PPV and 95.5% NPV in the detection of DPN on the right side.

Conclusion: SWE is an effective assistant method in the diagnosis of DPN and is useful when a suspected neuropa-
thy is not detectable by electrophysiology.
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Background
Diabetic peripheral neuropathy (DPN) is considered 
currently the most common comorbidity of diabetes 
mellitus; its diagnosis mainly depends on the patient’s 
symptoms and is confirmed by a nerve conduction 
study (NCS). Yet nerve conduction study is considered 
a complex method and has pitfalls and limitations and 

sometimes cannot be evoked in patients with advanced 
DPN and may be normal in patients with subclinical 
DPN [1, 2].

On B‐mode ultrasound, the posterior tibial nerve 
exerts a slightly hyperechoic and heterogeneous echo 
compared to the adjacent muscles with small echogenic 
spots on the transverse axis [3, 4].

On the longitudinal axis, the posterior tibial nerve 
showed a heterogeneous road-like appearance, which 
consists of hyperechoic (myelin and connective tissue) 
and hypoechoic (nerve fibers). It looks like nearby ten-
dons, but the echogenicity is slightly higher [5].
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The sonographic technique to reach the posterior tibial 
nerve is approximately along the cephalad border of the 
bony prominence of the medial malleolus and is closely 
related to the posterior tibial vessels. To prevent high 
branching of the nerve, the transverse US of the tibial 
nerve should be about 4  cm proximal to the cephalad 
border of the bony prominence of the medial malleolus 
[6].

High-resolution ultrasound has a good role in the diag-
nosis of DPN, which revealed increased cross-sectional 
area (CSA) of the tibial nerve [7].

Shear wave elastography (SWE) is a promising tech-
nique recently applied to different studies and many 
organs such as the breast, thyroid, and liver. It has a 
quantitative method to assess the stiffness of the tissue; 
the harder the tissue, the faster the shear wave travels. So 
the quantitative parameters of SWE could improve the 
diagnostic performance of US [8].

Using two-dimensional shear wave elastography (2D-
SWE) to assess the tibial nerve stiffness revealed that 
the tibial nerve stiffness in diabetic patients with DPN 
is much higher than in diabetic patients without DPN as 
well as the healthy individuals [9].

So, SWE-based stiffness measurement of the tibial 
nerve can be used as another effective assistant method 
in the diagnosis of DPN; the study aims to evaluate the 
high-resolution sonographic cross-sectional area of the 
tibial nerve as well as the quantitative parameters of 
shear wave elastography in the diagnosis of DPN. Cor-
relation between diabetic patients and control healthy 
persons determines the cutoff point of shear wave elas-
tography value to determine DPN.

Methods
Fifty participants were included in the study from outpa-
tient clinics and inpatient clinics during the period from 
September 2020 to March 2021 in the ultrasound and 
Doppler unit at the radiology department.

The study was designed as a case–control analytical 
observational study; we studied 30 cases with diabetes 
mellitus and 20 healthy adults served as a control group.

Patients included are the diabetic patients with no spe-
cific age-group and divided into two subgroups according 
to the clinical concern of diabetic peripheral neuropathy 
and electrodiagnostic studies (diabetics with peripheral 
neuropathy and diabetics without peripheral neuropa-
thy). DPN was defined as a tibial motor nerve conduction 
velocity of more than 40 m/s as a gold standard.

Patients excluded were patients with other causes of 
peripheral neuropathy.

The study sample was divided into three groups: group 
A (which includes the diabetic patients with periph-
eral neuropathy), group B (which includes the diabetic 

patients without peripheral neuropathy), and group C 
(control persons).

Detailed history taking was obtained including 
duration of diabetes mellitus, type of treatment, and 
symptoms of diabetic peripheral neuropathy such as 
numbness, tingling, weakness, foot pain, or ataxia.

The referred physician was asked about the clini-
cal examination and signs indicative of the presence 
or absence of peripheral symmetrical neuropathy (like 
abnormal knee/ankle reflexes, light touch examination, 
or test for vibration sensation).

Electrodiagnostic studies were performed by using 
conventional procedures. The routine nerve parameters 
recorded are the median, ulnar, peroneal, and tibial nerve 
motor distal latencies, compound muscle action poten-
tial amplitudes, and conduction velocities as well as the 
median, ulnar and sural sensory nerve amplitudes, distal 
latencies, and sensory conduction velocities for the upper 
and bilateral lower limbs.

Machine Ultrasound shear wave elastography and 
cross-sectional area of both posterior tibial nerves were 
done using Toshiba Aplio 500 with the linear probe of 
7–14 MHz frequency.

Patient positioning All US examinations were per-
formed while the patient is comfortable in the supine 
position on the examination table. Both ankles are 
slightly plantar-flexed and rotated externally with the rest 
of the lower limbs positioned in a neutral position. This 
position is fixed for all patients allowing proper compari-
son between different patients and limiting the bias like 
ankle movement that increased ankle soft tissue pres-
sure. Patients were instructed not to move during the 
examination.

Cross section area measurements to reach the poste-
rior tibial nerve is approximately along the cephalad bor-
der of the bony prominence of the medial malleolus and 
closely related to the posterior tibial vessels. To prevent 
high branching of the nerve, transverse US examination 
of the tibial nerve should be about 4 cm proximal to the 
cephalad border of the bony prominence of the medial 
malleolus.

Two sonographic measurements were performed for 
the cross-sectional area of the nerve, such as an indi-
rect method that uses the ellipsoid formula and a direct 
one that uses a tracing cursor on the sonar machine. The 
indirect method formula is as follows: maximum diam-
eter × minor diameter × π × 1/4 (square millimeters).

Shear wave elastography measurements Elastographic 
examinations were performed with the probe placed 
onto the skin surface with light contact using gel, keep-
ing the sonar probe stationary during the examination 
of different acquisitions. The posterior tibial nerve is 
approximately along the cephalad border of the bony 
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prominence of the medial malleolus and is closely related 
to the posterior tibial vessels about 4 cm proximal to the 
upper border of the medial malleolus. Use the landmarks 
like tendons (flexor digitorum longus and flexor hallucis 
longus tendons) and vessels, namely posterior tibial ves-
sels, to confirm the location of the nerve in the longitudi-
nal plane.

Stiffness of the tibial nerve as evaluated with two-
dimensional shear wave elastography (2D-SWE) and 
three different SWE elasticity indices (E-Mean, E-Min, and 
EMax) to diagnose DPN are obtained.

The measurements were obtained three times, and 
the average values are calculated; usually, there were not 
many differences in measurements of the same site.

Statistical analysis
The data were coded and entered using the software 
SPSS (Statistical Package for the Social Sciences) ver-
sion 28. Data were summarized using frequency (count) 
and relative frequency (percentage) for categorical data. 
Standard diagnostic indices including sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive 
value (NPV), and diagnostic efficacy were calculated. For 
comparing categorical data, the chi-square (χ2) test was 
performed. An exact test was used instead of this method 
when frequency is needed to compare two independant 
percentages.

Comparisons between quantitative variables were 
made using the nonparametric Mann–Whitney test. For 
comparison of serial measurements within each patient, 
the nonparametric Wilcoxon signed-rank test was used 
[10]. For comparing categorical data, the chi-square (χ2) 
test was performed. The exact test was used instead when 
the expected frequency is less than 5 [10]. P values less 
than 0.05 were considered statistically significant.

The receiver operating characteristic curve (ROC 
curve) was used to determine the best cutoff point, 

sensitivity, specificity, and area under the curve for 
shear wave elastography (SWE). The accuracy of the test 
depends on how well the test separates the group being 
tested into those with and without peripheral neuropa-
thy. Accuracy is measured by the area under the ROC 
curve.

Results
There were 30 diabetic patients (19 females and 11 males) 
having a mean age of 52 years; the range of duration of 
diabetes is between 10 and 28 years and 20 healthy adults 
(11 females and 9 males) had a mean age of 40 years.

Calculated cross-sectional area (CSA) among those 
diabetics and controls showed a significant increase in 
the CSA among diabetic patients in comparison with 
healthy control subjects. There was a significant increase 
in both right and left posterior tibial nerve elasticity 
among diabetic patients in comparison with healthy con-
trol subjects (Table 1). There is no significant difference 
in the CSA or nerve elasticity in SWE between the right 
and the left posterior tibial nerves in either the diabetic 
or the control subjects.

SWE among those diabetics with PN (group A), with-
out PN patients (group B), and controls (group C) 
revealed a significant increase in the posterior tibial 
nerve elasticity in diabetic patients with DPN in compar-
ison with diabetic patients without DPN. Also, there is a 
significant increase in the posterior tibial nerve elasticity 
in diabetic patients with DPN in comparison with control 
subjects as well as a significant increase in the posterior 
tibial nerve elasticity in diabetic patients without DPN in 
comparison with control subjects (Table 2).

There is a significant increase in the CSA among dia-
betic patients with DPN and without DPN in comparison 
with control subjects on the right side with borderline 
significance on the left side (Table 2).

Table 1 Shear wave elastography (SWE) quantitative parameter (kilopascals) and cross-sectional area (CSA) in millimeter square 
among diabetic patients and control healthy persons

CSA cross-sectional area, mm2 millimeter square, kPa kilopascals, SD standard deviation, SWE shear wave elastography

Factors Diabetic patients Control healthy persons P value
Median (range) Median (range)

Right posterior tibial SWE (kPa) 40.9(24.4–94.4) 23.4(15–35)  < 0.001

Left posterior tibial SWE 46.1(23.4–89.8) 25.8(16.4–36.2)  < 0.001

P value 0.616 0.589

Factors Mean ± SD Mean ± SD P value

Right CSA  (mm2) 15.2 ± 3.5 13.2 ± 3.1 0.044

Left CSA  (mm2) 14.8 ± 3.1 12.9 ± 2.6 0.025

P value 0.524 0.497
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ROC curves (Fig.  1) to determine cutoff points of 
shear wave elastography value on the right and left tibial 
nerves to discriminate between diabetics with and with-
out peripheral neuropathy revealed that the cutoff point 
to determine DPN among diabetic patients in the right 
lower limb is more than 63.8  kPa and in the left lower 
limb is more than 44.6  kPa. It has 89% sensitivity and 
100% specificity with the SWE being 100% positive pre-
dictive value (PPV) and 95.5% negative predictive value 
(NPV) in the detection of DPN on the right side.

Discussion
Diabetes mellitus is one of the most serious health-
care chronic problems in the current century. Diabetic 
peripheral neuropathy (DPN) is the most common 

diabetic complication and the leading cause of disability 
and significantly lowers the quality of life and increases 
health costs associated with diabetes [2].

DPN diagnosis mainly depends on the patient’s symp-
toms and is confirmed by a nerve conduction study 
(NCS) which is considered the most accurate method for 
the diagnosis; yet it showed some limitations like being 
relatively invasive, discomforting, and expensive [9].

High-resolution ultrasound in the neuromuscular 
application shows current expansion and provides infor-
mation on nerve cross-sectional area (CSA), as well as its 
inner structure, and thus can reflect different degrees of 
DPN (Fig. 4) [11].

Shear wave elastography (SWE) is a promising tech-
nique that can reflect the state of nerve stiffness by 
assessing the velocity of shear wave propagation. The 

Table 2 Shear wave elastography (SWE) quantitative parameter (kilopascals) and cross-sectional area (CSA) in millimeter square 
among those diabetics with peripheral neuropathy (DPN), diabetic without peripheral neuropathy (no DPN), and control persons

CSA cross-sectional area, DPN diabetic peripheral neuropathy, mm2 millimeter square, kPa kilopascals, SD standard deviation, SWE shear wave elastography

* P value is considred significant if ≤ 0.05

Factors DPN (A) No DPN (B) Control (C) P value
Mean ± SD Mean ± SD Mean ± SD

Right posterior tibial SWE (kPa) 75.3 ± 15.1 37.8 ± 11.6 24.9 ± 6.3  < 0.001*

Left posterior tibial SWE 66.1 ± 16.8 38.6 ± 12.6 25.7 ± 6.9  < 0.001**

P value 0.242 0.603 0.589

Factors Mean ± SD Mean ± SD Mean ± SD P value

Right CSA  (mm2) 17 ± 1.9 14.5 ± 3.8 13.2 ± 3.1 0.020*

Left CSA  (mm2) 15.4 ± 3.9 14.5 ± 2.7 12.9 ± 2.6 0.085

P value 0.660 0.714 0.0.497

Fig. 1 ROC curve analysis to explore the discriminant ability of SWE to determine DPN in the right and left lower limbs
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harder the tissue, the faster the shear wave travels. SWE 
may provide a more quantitative evaluation of tissue [11].

Determining the elasticity of the tibial nerve in dia-
betic patients could reveal early biomechanical changes 
that were likely caused by thickened fibrous sheaths of 
peripheral nerves, and might be a novel tool for charac-
terizing diabetic neuropathy [12].

The study was carried out on 30 cases with diabetes 
mellitus having a mean age of 52  years, and 20 healthy 
adults had a mean age of 40 years.

The study found that there was a significant increase 
in the CSA among diabetic patients in comparison with 
healthy control subjects (Fig.  2). Also, there is a signifi-
cant increase in the CSA among diabetic patients with 
DPN and without DPN in comparison with control 

Fig. 2 A 63-year-old male patient diabetic for 28 years on insulin treatment with uncontrolled blood sugar and elevated Hb A1c, presented with 
bilateral lower limb numbness, tingling, and burning sensation as well as axonal neuropathy on nerve conduction study. High-resolution ultrasound 
A shows the right PTN in relation to the PTA with its CSA measuring 20  mm2. B B-mode image shows the longitudinal axis of the right PTN. C The 
right image is the B-mode, and the left image measures the elasticity of the PTN (76.2 kPa) with a color-coded box, circular ROI (T1) for quantitative 
measurements and a color code scale at the top side of the image. D demonstrates the left PTN in relation to the PTA with its CSA measuring 15 
 mm2. E B-mode image shows the longitudinal axis of the left PTN. F The elasticity of the PTN (45.7 kPa) with a color-coded box, circular ROI (T2) for 
quantitative measurements, and a color code scale at the top side of the image. There is an increase in the CSA and stiffness of both posterior tibial 
nerves
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subjects on the right side with borderline significance on 
the left side. This matched Dikici et al. [6] and He et al. 
[11] studies.

Unlikely, He et  al. [11] showed that regarding the 
tibial nerve CSA, the DM group was not significantly 
different from the control group, but he found, like our 
study, that it was significantly different from the DPN 
group.

There is a significant increase in the CSA among 
diabetic patients with DPN in comparison with 

control subjects on the right side (P < 0.016) matching 
the Ishibashi et  al. [12] study which also noticed that 
the CSA became larger in proportion to the severity of 
neuropathy and Kang et  al. [13] study that correlates 
the CSA of sural nerve with  HbA1c levels.

The study revealed that there is a significant increase 
in both the right and the left posterior tibial nerves 
elasticity in diabetic patients with DPN in comparison 
with diabetic patients without DPN and healthy control 
subjects (P < 0.05) and there is a significant increase in 

Fig. 3 A 58-year-old male patient diabetic for 2 years controlled on oral anti-glycemic drugs, with no signs or symptoms of DPN with normal 
nerve conduction study. A The right PTN in relation to the PTA with its CSA measuring 18  mm2. B B-mode image shows the longitudinal axis of the 
right PTN. C The right image is the B-mode, the left image measures the elasticity of the PTN (40.9 kPa) with a color-coded box, circular ROI (T2) 
for quantitative measurements, and a color code scale at the top side of the image. D The left PTN in relation to the PTA with its CSA measuring 21 
 mm2. E B-mode image shows the longitudinal axis of the left PTN. F The right image is the B-mode, the left image measures the elasticity of the PTN 
(46.1 kPa) with a color-coded box, circular ROI (T3) for quantitative measurements, and a color code scale at the top side of the image. There is a 
mild increase in the CSA and nerve stiffness of both tibial nerves; however, the patient has no clinical or neuro-electrical signs of DPN denoting that 
SWE can estimate the state of the neuropathy even whenever ever it is still subclinical
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both the right and left posterior tibial nerves elasticity 
in diabetic patients without DPN in comparison with 
control subjects (Fig. 3). This is in accordance with Dik-
ici et al. [6] and He et al. [11] studies (Fig. 4).

It also showed that there is no significant difference 
in posterior tibial nerve elasticity between the right and 
left limb in either patients with DPN, without DPN, or 
control subjects [11].

Jiang et  al. [9] found that the E-Mean, E-Min, and EMax 
of the tibial nerve were significantly larger in patients 
in diabetic patients with DPN than those in diabetic 
patients without DPN and normal control persons. As 
regards the nerve stiffness, there is no significant sta-
tistical difference between diabetics without DPN and 
control persons. Also, there is no significant difference 
between the stiffness of right and left tibial nerves among 
diabetics with and without DPN and control persons.

Ishibashi et al. [12] found that the elasticity of the tib-
ial nerve in patients without neuropathy was reduced 

compared with control participants and decreased fur-
ther after developing the neuropathy.

In the current study, we found that the cutoff point 
to determine DPN among diabetic patients in the right 
lower limb is more than 63.8 kPa and that the SWE has 
89% sensitivity and 100% specificity in the detection of 
DPN on the right side [6]. The AUC has 95% CI of 0.90–
0.99 on the right side and 95% CI of 0.79–0.99 on the left 
side [11].

Study limitations
There is no specific age-group, especially in the control 
group, yet it seems not to affect the study results. The 
CSA is calculated by the indirect method using the for-
mula which could be relatively subjective.

Fig. 4 A 30-year-old female patient not diabetic and not complaining of any chronic disease with normal nerve conductive study. A The right 
PTN in relation to the PTA with its CSA measuring 8  mm2. B The right image is the B-mode, and the left image measures the elasticity of the PTN 
(25.4 kPa) with a color-coded box, circular ROI (T1) for quantitative measurements and a color code scale at the top side of the image. C The right 
PTN in relation to the PTA with its CSA measuring 7  mm2. D The right image is the B-mode, the left image measures the elasticity of the PTN 
(22.7 kPa) with a color-coded box, circular ROI for quantitative measurements, and a color code scale at the top side of the image. Normal CSA and 
nerve stiffness matching the clinical and nerve conduction study
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Conclusion
Based on our results, tibial nerve stiffness is significantly 
increased at share wave elastography in diabetics who 
had clinical signs and electrophysiological study diagno-
sis of neuropathy. Patients without neuropathy also had 
significantly higher nerve stiffness compared to healthy 
control subjects. This finding might suggest the presence 
of subclinical neuropathy.

Diabetic patients with DPN and without DPN have a 
significant increase in CSA of the tibial nerve compared 
to control subjects on the right side with borderline sig-
nificance on the left side.

The outcome conclusion suggests that SWE-based stiff-
ness with quantitative assessment for the tibial nerve 
was relatively better than CSA and considered an effec-
tive method helping in the diagnosis of DPN, as well as 
early prediction of neuropathy in subclinical cases not 
detected by electrophysiology.
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