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Shear wave elastography evaluation of the median and tibial nerve

in diabetic peripheral neuropathy
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Background: To evaluate the value of shear wave elastography (SWE) in the detection of diabetic
peripheral neuropathy (DPN) of the median and tibial nerves.

Methods: The study included 40 DPN patients, 40 diabetic mellitus (DM) patients without DPN;, and 40
healthy subjects. High-resolution ultrasonography (US) and SWE were performed on the median nerve (MIN)
and tibial nerve (TN), and cross-sectional area (CSA) and nerve stiffness were measured. ROC analysis was
also performed.

Results: The patients with DPN demonstrated higher stiffness of the median and tibial nerve compared
with that of healthy volunteers and DM patients (P<0.001). Bilateral analysis showed that there was no
significant difference in nerve stiffness between the left and right median nerves and tibial nerves in DPN
patients (P>0.05). The stiffness of median nerve and tibial nerve in each one side also had no significant
difference in patients with DPN (P>0.05). The CSA of the tibial nerve in the DPN group was significantly
larger than that in the other groups (P<0.001), while there was no significant difference of median nerve CSA
among the three groups (P>0.05). The area under curve (AUC) of SWE (MN: 0.899, TN: 0.927) to diagnose
DPN was significantly greater than that of CSA (T'N: 0.798). The optimal cut-off value in SWE of the tibial
nerve and median nerve for diagnosis of DPN was 4.11 and 4.06 m/s, respectively, with a good sensitivity
and specificity.

Conclusions: Median and tibial nerve stiffness was significantly higher in patients with DPN. These
findings suggest that SWE-based stiffness measurement of the nerve was a better method than CSA, and it

can be used as another effective assistant method in the diagnosis of DPN.
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Introduction

Diabetic peripheral neuropathy (DPN) is one the major
complications of diabetes mellitus (DM). The prevalence of
peripheral neuropathy in type 2 diabetic patients is about
45%, and 54% to 59% in patients with type 1 diabetes (1).
DPN has significant symptoms, typically presenting as a
distal symmetric sensorimotor polyneuropathy, including
neuropathic pain, numbness, burning sensation and so on.

Furthermore, severe cases in the late stage may lead to
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serious outcomes, including neurogenic joints, ulceration,
fractures, ischemic gangrene and even death (2,3). It is
worth noting that the incidence of type 2 diabetes can
occur between 4 and 7 years before clinical diagnosis, while
adolescents may occasionally develop severe DPN in the
first few months after onset of type 1 diabetes (4). Because
of the high incidence of diabetic neuropathy, early detection
and intervention of the occurrence of neuropathological
symptoms are key. However, the early diagnosis and
differential diagnosis of DPN remain difficult (5).
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Nerve conduction study (NCS) and ultrasound are the
commonly used methods for the detection of DPN, and both
have advantages and disadvantages. NCS can predict disease
in nerves by detecting their conduct velocity; however, this
is time-consuming and invasive, and sometimes the action
site cannot be induced. Moreover, it is easily affected by
skin temperature and humidity (6). On the other hand, one
study showed that high resolution ultrasound could image
a lesion with relative ease and excellent resolution. With
the improvement of technology, the clinical application of
ultrasound in neuromuscular diseases has expanded rapidly
(7,8). Ultrasound can provide important information of the
cross-sectional area (CSA), the echo and the inner structure
of nerve, and thus can reflect different degrees of DPN. A
few previous studies have analyzed the relationship between
the diabetic neuropathy and CSA of peripheral nerves on US
(9,10). Studies on the use of US for polyneuropathy are mostly
focused on the grey scale. However, research on the stiffness
of the nerve is still limited. Shear wave elastography (SWE)
is a promising technique widely applied in many organs such
as the breast (11,12), thyroid (13,14), and the liver (15,16).
In SWE, sound waves propagate in the form of a transverse
wave. The acquisition of elastic information is based on
the stimulation of ultrasound probes to tissues (17,18).
The propagation velocity of shear wave is closely related to
Young’s modulus formula. The hardness of the tissue can be
reflected by assessing the velocity of shear wave propagation.
The harder the tissue, the faster the shear wave travels (19). As
a good adjunctive diagnostic tool to conventional US, SWE
may provide more quantitative evaluation of tissue, which
could improve the diagnostic performance of US.

So far, we are aware of only a few reports on SWE in the
evaluation of DPN. In this study, we aimed to investigate the
usefulness of SWE for the diagnosis of polyneuropathy in
diabetic patients by investigating the median and tibial nerves.

Methods

This study was approved by the Ethics Committee of
West China Hospital, Sichuan University, and performed
in accordance with the Helsinki Declaration of 2013. All
patients and volunteers provided signed informed consent
for the scientific acquisition and analysis of image data at
the time of examination.

Participants

The inclusion criteria for the DM group were as follows:
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diabetes was diagnosed by using the revised American
Diabetes Association criteria, which include a fasting
plasma glucose level of at least 7.1 mmol/L and a 2-hour
postprandial plasma glucose level of at least 11.1 mmol/L.

The inclusion criteria for the DPN group were as
follows: type 2 DM and confirmed diagnosis of DPN.
The clinical criteria for the diagnosis of DPN required
the presence of more than one symptom (e.g., tingling,
numbness, burning sensation, ataxia) or the persistence and
progression of the distal symmetric neuropathic pattern
(e.g., abnormal knee joint or ankle reflexes, temperature,
touch, pain and vibration sensation). The patients were
assessed clinically using neuropathy symptom score (NSS)
and neuropathy disability score (NDS). The clinical
criteria for the diagnosis of DPN was based on the method
described by Young et 4/. (20). Routine NCS was performed
in the DM and DPN patients. Motor nerve conduction
velocities of median and tibial nerves were recorded.

The control group participates came from the population
without DM. The NCS test was not performed in healthy
volunteers.

Exclusion criteria were the presence of type 1 DM;
and a known history of polyneuropathy from other
etiologic causes, such as hereditary, alcoholic, metabolic,
inflammatory, or toxic factors.

Forty diabetic patients who were confirmed with DPN,
forty diabetic patients who were confirmed without DPN,
and forty healthy volunteers who visited West China
Hospital from November 2016 to July 2017 were enrolled
in this study.

Sonographic examinations

All US examinations were performed by using a 4-15 MHz
linear-array transducer (Aixplorer; SuperSonic Imagine,
Les Jardins de la Duranne, Aix en Provence, France). The
subjects were lying in the supine position, keeping upper
and lower limbs relaxed. The position of all participants
was standardized to avoid any ankle and forearm movement
that might have infected soft-tissue stiffness. The nerve
was scanned in cross section, and the CSA was measured at
3 c¢cm above the medial malleolus of the tibial nerve,
avoiding the branch of tibial nerve. Then, the median nerve
was measured at the midpoint of the forearm.

SWE were performed gently, and sufficient ultrasonic
coupling agent was used to make the probe touch lightly
on the skin surface to avoid the compression effect of
the sensor. First, the tibial nerve and median nerve were
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Parameter CG (n=40) DM (n=40) DPN (n=40) P

Sex, male/female 24/16 22/18 17/23 0.531
Age, years 55.20+8.85 58.63+7.57 60.43+9.66 0.084
Height, cm 158.43+8.69 160.88+8.33 159.56+9.52 0.857
Weight, kg 58.83+9.76 61.21+8.06 62.98+7.30 0.479
BMI, kg/m2 22.38+4.63 24.72+3.57 25.11+3.62 0.370
DM duration, months - 9.48+6.53 11.80+7.35 0.025
HbA1c, % - 8.71x2.44 9.26+2.85 0.039
NSS - 3.16+1.21 5.65+2.03 <0.001
NDS - 2.74+1.25 6.27+2.44 <0.001
MMCV - 56.73+3.24 44.26+3.31 <0.001
TMCV - 45.28+2.56 36.17+2.17 <0.001

Values are mean + SD. Statistically significant at P<0.05. CG, control group; DM, diabetes mellitus; DPN, diabetic polyneuropathy; BMI,

body mass index; NSS, neuropathy symptom score; NDS, neuropathy disability score; MMCV, median motor nerve conduction velocity;

TMCYV, tibial motor nerve conduction velocity.

identified on the transverse imaging plane; then the probe
was rotated 90 degrees to obtain the longitudinal imaging,
which is the plane parallel to the nerve fiber direction. The
region of interest (ROI) size was fixed to 2 mm in all cases.
Note that the circular ROI should be placed inside the
nerve epineurium border. The stiffness (in m/s) of the ROI
was then generated automatically based on the integrated
SWE software.

The entire study group was independently completed by
two ultrasound physicians, both with 5-years experience.
The CSA and SWE of nerves were measured three times at
each site to increase reproducibility, with the average value
being chosen for the following analysis. The observers were
blinded to both images obtained at previous examinations
and the results of previous examinations, including the
patient’s clinical history and NCS results. Observer 1
repeated elastographic measurement 1 week after the initial
interpretation.

Statistical analysis

SPSS (version 22.0) software was used for the analysis
of data. The Anderson-Darling normality test was used
for evaluation of normal distribution. Mann-Whitney
U test and the independent t-test were performed to
compare the data of baseline characteristics depending on
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the distribution. Continuous variables were expressed as
means = standard deviations. The t-test was performed to
compare CSA and SWE of the nerve in the DPN, DM and
control groups. P<0.05 values were accepted as statistically
significant.

The receiver operating characteristic (ROC) curves were
depicted to determine the optimal possible cut-off values of
nerve CSA and SWE for the diagnosis of DPN. Sensitivity,
specificity, area under the curve (AUC) of ROC were
calculated.

Results

The baseline demographic data of the control, DM and
DPN groups are displayed in Tuble 1. No significant
differences in the sex ratio, age, height, weight and BMI
were found in the three groups. The HbAlc levels in the
DPN group were higher than the DM group (P=0.039), and
the courses of disease in the DPN group were longer than
the DM group (P=0.025). The scores of NSS and NDS in
the DPN group were higher than the DM group (P<0.001).
The motor nerve conduction velocity of median nerve and
tibial nerve in the DPN group was lower than that in the
DM group (P<0.001).

Bilateral comparisons showed that there was no
significant difference in the CSA of the left and right

qims.amegroups.com  Quant Imaging Med Surg 2019;9(2):273-282



276

He et al. SWE evaluation of nerve in DPN

Table 2 Comparison of mean CSA and mean SWE in media nerve and tibial nerve in different groups

CSA (mm’) SWE (m/s)
Body site
CG DM DPN P CG DM DPN P
Left forearm MN 9.05+1.75 9.32+2.10 9.73+1.78 0.112 3.51+0.57 3.54+0.60 4.41+0.76 0.000*
Left TN 11.05£1.49 11.43+1.98 14.60+1.32 0.000* 3.67+0.47 3.70+0.49 4.48+0.59 0.000*
Right forearm MN 9.35+1.84 9.47+1.69 9.86+1.84 0.065 3.54+0.52 3.57+0.55 4.40+0.62 0.000*
Right TN 11.55+1.59  11.82+1.73  15.30+1.68 0.000* 3.64+0.49 3.71+0.52 4.63+0.54 0.000*

Values are mean + SD. Statistically significant at *P<0.05. CSA, cross sectional area; SWE, shear wave elastic; CG, control group; DM,

diabetes mellitus; DPN, diabetic polyneuropathy; MN, median nerve; TN, tibial nerve.

median nerve and tibial nerve in DPN group (P>0.05).
There was also no significant difference in the CSA of the
left and right median nerves and tibial nerves in the diabetic
group (P>0.05) and the control group (P>0.05).

There was no significant difference of the median nerve
CSA among the control group, the DM group and DPN
group (P>0.05, Table 2). In regard to tibial nerve CSA, the
DM group was not significantly different from the control
group (P>0.05), although it was significantly different from
the DPN group (P<0.001).

Bilateral analysis showed that there was no significant
difference in nerve stiffness between the left and right
median nerves and tibial nerves in DPN patients (P>0.05).
There was also no significant difference in nerve stiffness
between the left and right median nerves and tibial nerves in
the diabetic group (P>0.05) and the control group (P>0.05).
The stiffness of the median nerve and tibial nerve in each
one side also had no significant difference in patients with
DPN (P>0.05). Median nerve (Figure 14,B) and tibial nerve
(Figure 24,B) of the DPN group were significantly stiffer
than those of the DM group and control subjects (P<0.001).
The elasticity of the median nerve and tibial nerve between
the DM group and control group had no significant
difference.

The optimal cut-off value of tibial nerve CSA for
diagnosis of DPN was 12.5 mm’, with a sensitivity of
73.8%, and a specificity of 68.7%. The optimal cut-off value
of tibial nerve SWE for diagnosis of DPN was 4.11 m/s,
with a sensitivity of 81.3%, and a specificity of 88.7%. The
AUC was 0.927 (95% CI: 0.890-0.964). The optimal cut-
off value of median nerve SWE for diagnosis of DPN was
4.06 m/s, with a sensitivity of 80%, and a specificity of 85%.
The AUC was 0.899 (95% CI: 0.853-0.946). The AUC
of the SWE (median nerve and tibial nerve) to diagnose
diabetic neuropathy was significantly greater than that of
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tibial nerve CSA (0.798; 95% CI: 0.731-0.866) (Figure 3),
which suggests that SWE was a better technique for
characterizing the presence of diabetic neuropathy. It can
be evaluated as an effective adjunctive method in diagnosis
of diabetic neuropathy.

There was excellent inter- and intra-observer consistency
of the SWE. The consistency value for the elasticity was
0.958 and 0.960 (Figure 4).

Discussion

DPN is one of the most common complications of diabetes,
which is characterized by symmetric sensory abnormalities
of the distal extremities. High resolution ultrasound is
a cheap, noninvasive examination method (21,22). It
has unique advantages to the morphological description
of neuropathy, which makes it possible to visualize the
location and range of the lesion (23). It is widely used in
the detection of neuropathy. However, few studies have
been conducted to assess the elasticity of DPN. Moreover,
these studies are limited to assessing the elasticity of the
tibial nerve in the lower extremities, while DPN is a
multiple neuropathy in the distal part of the extremities.
In this study, the tibial nerve in the lower extremities and
the median nerve of the middle forearm were selected as
the targeted nerve. We chose a location approximately
3 cm proximal to the medial malleolus as the measurement
site of tibial nerves to avoid the bifurcation of the tibial
nerve based on the study of Riazi, which reported that a
measurement at 3 cm above the medial malleolus had an
optimal threshold value for identification of DPN (24). The
midpoint of the forearm was chosen for the assessment of
the median nerve. DPN is a distal symmetrical sensorimotor
abnormality. Normally, the measuring point should be
selected as the distal part of the median nerve, but the shear
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Figure 1 Sonographic findings of the median nerve in a patient with diabetic peripheral neuropathy (DPN). (A) The median nerve is

observed at the middle forearm. Cross-sectional area (CSA) measurement and shear wave elastography (SWE) scan of the median nerve;

demonstration of the continuous boundary tracing technique used to measure nerve CSA (CSA =0.15 cm’). (B) Two split ultrasound and

shear wave elastography images at the same longitudinal level. Quantitative SWE measurement showed mean nerve stiffness was 4.2 m/s.

wave elastic imaging of the median nerve at the carpal canal
is easily affected by the transverse ligaments of the wrist.
In previous studies, ultrasound has been commonly used in
the diagnosis and evaluation of carpal tunnel syndrome. In
DPN, the thickening of the median nerve in the wrist may
also form carpal tunnel syndrome. To identify carpal tunnel
syndrome caused by DPN or other reasons, the forearm
midpoint was selected as the measurement part of the
median nerve. DPN is also known as a length-dependent
polyneuropathy. Moon et a/. (25) found that the CSA of the
median nerve at the palm to distal forearm level in the DPN
group was significantly greater than those of the DM group
and control group. The results once again confirmed those
of previous studies (26), and further demonstrated that the
CSA of the median nerve altered not only focusing around
the wrist, but also involving the proximal nerve.
High-resolution ultrasound is widely used in the diagnosis
of a variety of peripheral nerve diseases. Normal peripheral
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nerves have a characteristic echotexture (27). High-
resolution ultrasounds can clearly depict peripheral nerve
size, spaces occupied by lesions, and anatomic variants along
the entire length of the normative nerve. Ultrasonography
patterns correlate well with histological structures. In
previous studies, ultrasound diagnosis of most peripheral
neuropathy was based on CSA measurement. The study of
Hobson-Webb et 4l. (28), which reported on multiple parts
of the sural and fibular nerves in patients with DPN and a
control group, found that there was no statistical difference
between the two groups in the nerve CSA, diameter and
echogenicity. However, the study of diabetic patients with
neuropathic symptoms carried out by Pitarokoili ez al. (29)
demonstrated that the CSA of the peripheral nerve in
both the compression and non-compression sites could be
increased. According to the study of Kelle ez a/. (30), CSAs
of the sciatic, tibial and median nerves in DPN patients
were larger than those in healthy individuals. In the present
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Figure 2 Sonographic findings of the tibial nerve in a patient with diabetic peripheral neuropathy (DPN). (A) The tibial nerve is observed

at 3 cm proximal to the medial malleolus. Cross-sectional area (CSA) measurement and shear wave elastography (SWE) scan of the tibial

nerve; demonstration of the continuous boundary tracing technique used to measure nerve CSA (CSA =0.19 cm®). (B) Two split ultrasound

and shear wave elastography images at the same longitudinal level. Quantitative SWE measurement showed mean nerve stiffness was 4.4 m/s.
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Figure 3 ROC curve for the diagnosis of diabetic peripheral
neuropathy (DPN) based on cross-sectional area (CSA) and shear

wave elastography (SWE) measurement.
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study, the tibial nerve CSA was significantly greater in
diabetic patients in the DPN group than in healthy controls
and in the diabetic patients without DPN group. However,
the CSA of the median nerve was not different among the
three groups. The reason for this finding may be that the
measurement sites of the median nerve was in the middle
forearm in this study, which is not the common compressive
site of the median nerve.

SWE as a noninvasive evaluation technique based on
ultrasound, can reflect the elasticity of tissue through the
propagation of shear waves. The velocity of shear wave
in the region of interest rises with the increase of tissue
stiffness (31). Ultrasound elastography has been applied
to the musculoskeletal system in parts like the Achilles
tendon (32), plantar fasciitis (33) and so on, which enables
clinicians to assess the elasticity of tissue in situ. In our
study, we evaluated the median nerve and tibial nerve
stiffness of the DPN with shear wave velocity. The inter-
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Figure 4 Inter- (A) and intra-observer (B) consistency of the shear wave elastography (SWE).

observer and intra-observer reproducibility of the SWE
with DPN was found to be excellent in our study. The
patients with DPN presented a higher nerve stiffness and
a greater CSA on the tibial nerve compared with that of
the DM group and control group. The stiffness of median
nerve in the DPN group was higher than the other two
groups, while the CSA showed no significant difference.
This indicates that the diagnosis value of SWE was better
than CSA even in the section of the proximal limb and non-
nerve entrapment point. The pathophysiology of DPN was
believed to result from a process where the edema within
the nerve fascicle increases intraneural pressure, making
the nerve stiffer. The increased stiffness results in further
compression of the microvasculature and the reduction
of blood flow (34,35). These changes have been shown to
play the most important etiologic role in the production of
DPN (36), and these changes can lead to focal
demyelination and axonal degeneration with the fibrotic
response (37). This may then result in the proliferation
of scar tissue and an increase in the speed of shear wave
propagation in the median nerve (38). Dikici et 4/. found
that the tibial nerves of diabetic patients with DPN were
significantly stiffer than those of diabetic patients without
DPN and healthy control subjects (39). By using strain
elastography, Ishibashi ez 4/. also found that the elasticity
of the tibial nerve in patients with diabetic neuropathy was
stiff when compared with controls (40).

To investigate whether using CSA or SWE could
accurately diagnose DPN, we compared the sensitivity
and specificity of different modalities by using ROC curve
analysis. Both sensitivity and specificity of SWE were
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higher than that of CSA. SWE had certain advantages
because it was operator-independent, reproducible, and
quantitative. SWE provided more direct and quantitative
evaluation of tissue stiffness, and it did not depend on
operator compression of the probe. In the study by Kang
et al. the optimal cut-off values of median nerve CSA for
diagnosis of DPN were 9.4 mm’ at the carpal tunnel, and
8.9 mm’ at the middle part of the humerus. The sensitivities
were 80% and 65%, while specificities were 70% and 60%,
respectively (41). By using strain elastography, Ishibashi
et al. recently reported that the AUC for the elasticity (0.829)
was significantly greater than that for the CSA (0.612) of the
tibial nerve (40). Dikici er 4/. found that a cut-off value of
51.0 kPa at 4 cm proximal to the medial malleolus revealed
a sensitivity of 90% and a specificity of 85.0% (39). In this
study, both the sensitivity and specificity of SWE were
higher than that of CSA when diagnosing DPN, which is
mostly in line with the published research.

DPN is a multiple neuropathy of the distal extremities.
Currently, studies on DPN ultrasound elastography are
mostly limited to the evaluation of the elasticity of lower
limb nerves. The innovation of this study lies in that it
not only evaluates the tibial nerve of the lower extremity
by SWE, but also selects the median nerve of the upper
extremity for the analysis. The elastic values of the median
nerve and tibial nerve in DPN patients were also compared.
The results showed that there was no statistically significant
difference between them. In addition, when the median
nerve was detected, the location selected in this study was
in the middle of the forearm, which was different from the
previous examinations where the wrist was most commonly
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selected as the measurement site. The results also showed
that the nerve stiffness of the DPN group was higher than
that of the DM group and control group, which prove that
DPN was changed in the proximal nerve.

There still exist several limitations in our study. First,
DPN is a multiple peripheral nerve disease; although we
chose the median nerve and tibial nerve to examine, many
more peripheral nerves and multiple parts of the same nerve
also should be measured, such as the following regions: for
the median nerve, at the wrist 2 cm proximal to the wrist
crease at the elbow; for the tibial nerve, at the popliteal
fossa and so on. Additionally, this study did not investigate
the relationship of the nerve stiffness and the degree of
diabetic neuropathy in detail. For this purpose, longitudinal
studies are needed to show the temporal changes on nerve
stiffness. Finally, we could not confirm the change of DPN
stiffness from histopathology because nerve biopsies were
not performed,

In conclusion, the SWE of nerves in patients with
diabetes neuropathy was stiffer than that in patients with
diabetes or in the control group. In this study, the tibial
nerve CSA was significantly higher in diabetic patients with
DPN, while no such difference was observed between the
DM group and control group. The CSA of the median
nerve in the three groups was not significantly different.
Meanwhile, the stiffness of the median and tibial nerves
was significantly higher in the DPN group. Overall, these
findings suggest that SWE-based stiffness measurement of
the nerve was a better method than CSA, and it can thus be
used as another effective assistant method in the diagnosis
of DPN.
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