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Abstract: Diabetic peripheral neuropathy (DPN) is a common complication of diabetes 
mellitus (DM). The typical manifestation is a length-dependent “glove and sock” sensation. 
At present, diagnosis is mainly dependent on clinical manifestations. Since the pathogenesis 
is not clear, there are no effective treatment measures. Management consists mainly of 
glucose control, peripheral nerve nutrition, and other measures to delay the progress of the 
disease; early diagnosis is therefore crucial to improving prognosis and quality of life for 
patients with DPN. Due to the lack of obvious symptoms in 50% of patients and the low 
sensitivity of neuro-electrophysiology to small fibers, the missed diagnosis rate is high. High- 
resolution ultrasound (HRU), as a convenient noninvasive tool, has been proven by many 
studies to have excellent clinical value in diagnosing DPN. With the development of related 
new technology, HRU shows promise for the screening, diagnosing, and follow-up of DPN, 
which could serve as a biomarker and provide new diagnostic insights. In this paper, we 
review the ability of HRU to detect nerve cross-sectional area and blood flow, and echo and 
other image changes, and in showing the characteristics of peripheral nerve morphological 
changes in patients with DPN. We also explore the application of two other recent techno
logical developments—shear wave elastography (SWE) and ultrasound scoring systems—in 
improving the diagnostic efficiency of HRU in peripheral neuropathy. 
Keywords: diabetes, diabetic peripheral neuropathy, high-resolution ultrasound diagnosis, 
muscle ultrasound

Introduction
High-resolution ultrasound (HRU), which is characterized by high resolution and 
large attenuation, is able to dynamically scan and continuously observe in real time 
the morphological changes of tissues. Typically, a conventional ultrasonic transdu
cer uses a frequency range of 5 to 12 MHz; however, it has a high resolution that 
generates a frequency of 70 MHz. This more accurately displays structure, increas
ing the structural resolution ratio to 30μM.1 The normal anatomic appearance of 
peripheral nerves was identified by ultrasound as early as 1988 by Fornage et al2. 
On an ultrasound image, normal nerves have an obvious architecture consisting of 
fascicles and a surrounding epineurium. On the transverse axis, the (lower echo) 
nerve bundles are surrounded by the (higher echo) nerve bundle membrane and the 
outer membrane to form a honeycomb structure. The nerves are slender and are 
parallel to the linear structure formed by the interval between the high and low echo 
lines on the longitudinal axis.3 ImageJ software, in conjunction with HRU, has been 
used to quantify changes in image echoes.4 Compared to neuro-electrophysiology, 
ultrasound not only has improved value and efficiency for diagnosing peripheral 
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neuropathy, but helps distinguish the type of neuropathy 
based on morphological and structural changes.5 It also 
plays an important role in the treatment and monitoring of 
peripheral neuropathy (Figures 1–3).5,6

Diabetic peripheral neuropathy (DPN) is a common 
complication of diabetes mellitus (DM) that is length- 
dependent. It mainly involves small fiber nerves and 
results in symmetrical paresthesia or sensory loss and 

Figure 1 The right posterior tibial nerve of normal people shows “honeycomb” in cross section.

Figure 2 The right ulnar nerve (under forearm) of normal people shows “honeycomb” in cross section.
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pain hypersensitivity in the early stages. The global 
prevalence of diabetes was reported to be nearly 
500 million in 2019, and this figure is predicted to 
increase by 51% by 2045.7 DM has a reported preva
lence of about 50%;8 30% of patients show neuralgia, 
and up to 50% of DPNs may be asymptomatic. 
Advanced DPN can cause serious complications, such 
as diabetic foot ulcers, gangrene, and subsequent 
amputation, which reduce the quality of life of diabetic 
patients. The pathogenesis is uncertain, but optimizing 
glycemic control early in the course of diabetes has 
been shown to effectively delay or prevent the devel
opment of neuropathy in type 1 diabetes.9 However, 
some studies have demonstrated a modest slowing of 
progression without reversal of neuronal loss in 
patients with type 2 diabetes.10,11 It is therefore impor
tant to screen for and diagnose DPN early. All patients 
diagnosed with type 2 diabetes should be screened for 
acral peripheral neuropathy once a year; patients diag
nosed with type 1 diabetes should be screened every 
five years.12 As well as obtaining a detailed history, the 
screening should also evaluate the temperature sense 
and acupuncture sense of the small fiber system, and 
evaluate the large fiber system (ie, vibration sense) 
with a 128 Hz tuning fork.13 All patients should be 

tested with a 10 g monofilament once a year to deter
mine the risk of leg ulceration or amputation.13 

Intraepidermal nerve fiber density testing in skin 
biopsy can accurately quantify nerve fiber damage, 
but this is an invasive procedure and is unpopular in 
clinical practice.13 At present, the diagnosis of DPN is 
based primarily on characteristic symptoms and signs. 
Traditionally, nerve conduction studies (NCSs) have 
been the gold standard for the diagnosis of DPN; how
ever, these are limited to assessing large nerve fibers, 
whereas small nerve fibers are typically the first to be 
affected in DPN. Only when the clinical 
manifestations are atypical or the diagnosis is not 
clear should electrophysiology be applied.14 It has 
become clear from recent research findings that HRU 
has unique diagnostic advantages in early and subcli
nical neuropathy.

In this review, we will focus on the application of 
HRU, quantitative scoring systems, and shear wave elas
tography (SWE) in the diagnosis of DPN and diabetic 
muscular atrophy, and the relationship between function 
and morphology in diagnosis. We will also discuss the 
disadvantages of these methods and possible future devel
opment directions.

Figure 3 The left sciatic nerve (inferior margin of gluteus maximus) of normal people shows” honeycomb” on the transverse axis.
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Diagnostic Capability of 
High-Resolution Ultrasound in 
Diabetic Peripheral Neuropathy
In China, the HRU measurement method refers to the 
standard operation of neuro-ultrasound.15 As 
a supplement to NCSs, HRU displays the morphology of 
nerve tissues by measuring nerve size, vascularity, echo
genicity, and mobility. This improves the efficiency of 
DPN diagnosis and reduces the rates of missed diagnosis 
and misdiagnosis.16,17

Cross-Sectional Area of Nerve
Image of nerves in diabetic patients are characterized by the 
cross-sectional area (CSA) of nerve enlargement and blurring 
in which the “honeycomb structure” disappears; in addition, 
the nerve diameter is also enlarged in the longitudinal plane 
and the transverse plane (Figure 4). It has also been observed 
that the echogenicity and boundary fuzziness of nerves in 
diabetic patients are significantly increased compared with 
controls (Figure 5).18 Entrapment is relatively specific to the 
osseous tunnel in diabetic patients, where abnormal 

Figure 4 (A) The right posterior tibial nerve (white circle) in the malleolus medialis of normal people shows “ honeycomb” in cross section. (B) The right posterior tibial 
nerve (white circle) in the malleolus medialis of patients with DPN. The development was blurred and the cross-sectional area of the nerve was significantly larger than the 
normal nerve with “honeycomb” disappeared.

Figure 5 (A) The right ulnar nerve (in the carpal canal) of normal people shows “ honeycomb” in cross section. (B) The echo in the carpal canal of the right ulnar nerve was 
significantly lower than that of the normal nerve besides enlarged cross-sectional area.
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sonographic findings are associated with compressive neuro
pathy and include enlargement of the proximal nerve to the 
site of compression and obvious attenuation at the site of 
compression.19 The pathogenesis is thought to involve an 
increase in circulating inflammatory cytokines elicited by 
the end products of the glycation process, resulting in demye
lination and axonal loss of the peripheral nerves.20

Diagnostic Value of Ultrasonography 
versus Electrodiagnosis in Diabetic 
Peripheral Neuropathy
There is some controversy surrounding the diagnostic 
value of ultrasound and electrophysiology in peripheral 
neuropathy. On the one hand, because of the high con
sistency between ultrasound and NCSs, electronic diag
nostic equipment is seen to be feasible as an alternative 
tool for clinicians.21 It has been shown that ultrasound 
can detect the subclinical involvement of peripheral 
nerves and abnormalities in patients with normal electro
diagnostic results.22 However, it has also been demon
strated that NCSs are more sensitive than ultrasound in 
determining the severity of ulnar neuropathy, particularly 
in mild or moderate neuropathy.23,24 The CSAs of the 
nerves of DM patients increase as the severity of DPN 
progresses. Research has found that, in diabetic patients, 
the CSA, hypoechoic area, and maximum thicknesses of 
the median nerve and posterior tibial nerve bundle are 
closely related to the degree of neuropathy (P < 0.0001); 
the degree of this correlation has been shown to be sig
nificantly higher than in control subjects (P < 0.05).25,26 

Such findings are not in accordance with the findings of 
Singh et al: that only the average CSA of the ulnar nerve 
in all the tested nerves conformed to this rule.27 However, 
this research had several limitations—in particular, the 
limb nerves were measured only unilaterally. 
Furthermore, a correlation between ultrasound and elec
trophysiology was not found and the evaluation of their 
respective sensitivity to neuropathy severity was there
fore not advanced.21 Further research is needed to deter
mine the relationship between ultrasound and 
electrophysiology.

Diabetes mellitus has been reported to be a significant 
risk factor for carpal tunnel syndrome28 and is theoreti
cally capable of significantly worsening this syndrome, 
leading to median nerve enlargement; however, study find
ings are conflicting. For example, when the median nerve 
is compressed in the carpal tunnel, the degree of nerve 

swelling is mainly determined by the factors related to 
compression, rather than the systemic effect caused by 
diabetes. In addition, nerve damage is affected by various 
factors, such as the severity and course of diabetes. 
Therefore, the CSA of the median nerve does not neces
sarily increase significantly in patients with diabetic 
polyneuropathy.29

Relationship Between Nerve 
Cross-Sectional Area and 
Electrophysiology
Despite advancements in science and technology, the exact 
relationship between dysfunction and morphological 
changes in diabetic polyneuropathy has not been deter
mined. The reduced function of the Na+/K+ pump leads 
to the retention of Na+ in intracellular fluid, resulting in 
nerve swelling and demyelination. In one study, the patho
genesis was confirmed in type 1 diabetes patients in whom 
structural abnormalities of peripheral nerves were asso
ciated with markers of axonal membrane function; how
ever, the relationship was not noted in the type 2 diabetes 
group—this may have been due to a metabolic 
mechanism.30 These metabolic processes ultimately lead 
to mitochondrion-mediated neuronal apoptosis, inducing 
downstream inflammation, oxidative stress, and molecular 
modifications.31 Similarly, electrodiagnostic and ultraso
nographic findings have clear relevance in ulnar neuropa
thy at the elbow (UNE).32 However, Yan et al’s results are 
contradictory, finding no association between dysfunction 
and CSA in patients with DPN (Table 1).33,34

Extant studies do not pinpoint a correlation between 
axonal function and structural abnormalities in peripheral 
nerves of diabetes patients, focusing on CSAs of nerves in 
patients with DM rather than comprehensive characteris
tics revealed by sonography.

Nerve Blood Flow in Diabetes 
Mellitus
It has been reported that blood flow can be observed in the 
nerves of DM patients by using an ultrasonic doppler 
(Figure 6) (similar findings have been observed for other 
diseases).35 An increase of intraneural blood flow may be 
related to the severity of disease.36,37 There may be bidir
ectional flow in the peripheral nerve, which ensures the 
supply of nutrition to the endoneurium.38 This was 
observed by Sun et al, who used ultrasound to compare 
blood flow in the nerves of patients with DPN to that in 
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non-DPN and healthy groups.39 Similar findings have been 
produced elsewhere, where the phenomenon results from 
changes in vasodilation. Arteriosclerosis has been shown 
to reduce blood flow, which can help in determining the 
severity of DPN in patients.40 Recently, focused ultra
sound (FUS) has been found to improve microcirculation 
and increase upstream arterial blood flow in diabetic feet, 
thereby slowing the progress of neuropathy.41

Some research suggests that neuropathic changes can 
be initiated in the early stages of diabetes pathogenesis.42 

Changes have been revealed by HRU in the adventitia and 
internal ethmoidal structure, and in the echogenicity. At 
present, the morphological changes in DPN evaluated by 
HRU lack a unified evaluation standard. Moreover, there 
are still no effective methods for treating DPN, making 
screening and early diagnosis essential.

Ultrasound as a Quantitative Tool 
for Diabetic Peripheral Neuropathy
DPN, a diffuse polyneuropathy, is a complication of dia
betes. HRU has shown DPN to occur in nerves in varying 
degrees.43 There is no unified standard for reading 

ultrasonic images of DPN, and the results are easily 
affected by subjective factors during evaluation. It is there
fore important that a scoring system that can thoroughly 
quantify ultrasonic images is devised.

Ultrasonographic Scoring System 
Based on Cross-Sectional Area of 
Nerve
Ultrasound has shown that the CSAs of nerves may increase 
as DPN progresses, particularly when the neurophysiology is 
not fully understood. Few research papers have quantified 
neuro-ultrasound results, but a small number of ultrasound 
scoring systems have been established to standardize and 
operationalize ultrasonic examinations. The Bochum ultra
sound score (BUS) can effectively distinguish chronic and 
acute inflammatory demyelinating polyradiculoneuropathies 
(CIDP and AIDP) (sensitivity 90%, specificity 90.4%),44,45 

and can also distinguish chronic immune-mediated 
neuropathies.46 A second system, the ultrasound pattern 
sum score (UPSS) comprising three sub-scores (UPS-A for 
the sensorimotor nerves, UPS-B for the cervical roots and the 
vagal nerve, and UPS-C for the sural nerve), has been shown 

Table 1 The Relationship Between Function and Morphological Changes in DPN

Author (Year of Publication) Study Design Patients (n) Probe Correlation Functional Evaluation

Borire AA (2018)30 Cross section 110 (type 1 and type 2) 10–18 MHz Y in type 1, but N in type 2 QTRAC automated software

Podnar Simon (2017)32 Cross section 160 (UNE) 13 MHz Y Nerve conduction studies

Yan A (2020)33 Cross section 57 (type 2) 10–18 MHz N QTRAC automated software

Arumugam T (2016)34 Cross section 100 (type 2) 12 MHz N Nerve conduction studies

Abbreviations: UNE, ulnar neuropathy at the elbow; Y, relevant; N, uncorrelated.

Figure 6 (A) Median nerve in forearm from healthy people. (B) The median nerve in the forearm of DPN patients, the blood flow signals of peripheral nerve and 
surrounding tissues were abundant.
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to enhance identification efficiency; studies affirm that UPS- 
A and UPSS can diagnose acute and subacute-onset CIDP 
and its variants with the sensitivity of 80% and 78.5%, 
respectively; specificity of 95.9% and 97.3%, respectively; 
and positive predictive value. An increased UPS-B with 
normal UPSS and other sub-scores may point to 
a diagnosis of Guillain-Barré syndrome (GBS) with a high 
positive predictive value and facilitate differentiation from 
CIDP.47 The same method has also been used to differentiate 
between Charcot–Marie-Tooth hereditary neuropathy 
(CMT1) and CIDP, multifocal motor neuropathy (MMN), 
and multifocal acquired demyelinating sensory and motor 
neuropathies (MADSAM),48,49 which have been shown to 
be differentiated from each other by pattern analysis of 
fascicles that considers the number of visible fascicles in 
a cross-section.50 A novel study scoring system was created 
on the basis of this scoring system, with a cut-point ≥3 
according to sensitivity curve analysis. A sensitivity of 64% 
and specificity of 77% for distinguishing between DSP and 
non-DSP was demonstrated, in which the cut-off value for 
the sural nerve at 2 mm2 was a good discriminator (area 
under the curve = 0.88) between the presence and absence 
of DPN (sensitivity 90%, specificity 74%) (Table 2).51

Quantitative Diagnosis of Nerve 
Blood Flow
Previous studies have reported the diagnostic value of HRU 
with doppler sonography in patients with peripheral neuro
pathy, which has been shown to correlate well with intra
neural blood flow assessment and electrophysiological 
indices.52 In one study,53 nerves in diabetic patients were 
found to have higher rates of nerve blood flow (28%) than 
the control group (P < 0.0001). Significant correlations have 
been found between nerve blood flow measurements and 
nerve size (P < 0.001), reported sensory symptoms (P < 
0.05), and neuropathy severity scores (P < 0.001); these 
correlations are likely attributable to the compensatory 
changes that occur in the epineurial vessels in response to 

endoneurial ischemia and hypoxia. A gradual increase in 
maximum perfusion intensity with worsening neuropathy 
severity has been observed.53 In addition, it has been demon
strated that the velocity of intraneural blood flow in carpal 
tunnel syndrome depends on median nerve function and 
wrist posture.54 Therefore, it is necessary to evaluate blood 
perfusion of the peripheral nerves; contrast-enhanced ultra
sound was confirmed by a study using 12 normal New 
Zealand white rabbits as a feasible method for the quantita
tive evaluation of peripheral nerve perfusion.55

The Value of Quantifying Echoes of 
Nerves in Addition to 
Cross-Sectional Areas
Sonographic examinations are useful in the diagnosis of 
diabetic neuropathy. It has been observed that the CSAs of 
nerves are significantly increased in diabetic patients com
pared with controls, and there are also echogenic changes. 
One study noted a significant increase in the CSA and 
hypoechoic area of nerves in diabetic patients compared 
with controls, which was attributed to increased water con
tent and was consistent with Huang’s investigations of the 
sciatic nerve in diabetic rats.56 In Huang’s findings on quan
titative ultrasound evaluations, hyperechoic intraneural struc
ture was observed, and the echo intensity of the sciatic nerve 
was found to be increased in diabetic rats at the fourth month 
of hyperglycemia (p > 0.05); this increase was not found in 
lean control rats, indicating a correlation with functional 
deficits and histological changes based on the severity of 
DPN. The reason for this could be the association with either 
the water content or the uniform matrix of fibrillary collagen. 
In the same study, the fiber density of the sciatic nerve was 
reduced at the fourth month of hyperglycemia.4

A New Sonographic Scoring System 
in China
More recently, a novel ultrasonic scoring system, the 
DCEC scoring system, has been established on the 

Table 2 Comparison of Studies Showing the Application of Ultrasonic Scoring System in Different Peripheral Neuropathy

Year Author Scoring System Application Sensitivity Specificity

2014 Kerasnoudis A44 BUS Distinguish CIDP and AIDP 90% 90.40%
2015 Grimm A47 UPSS Distinguish acute and subacute-onset CIDP and its variants (80%; 78.5%) (95.9%; 97.3%)

2016 Grimm A48 UPSS Differentiation between CMT1, CIDP and MMN 81.80% 71.90%

2017 Breiner A51 SSS Distinguishing between DSP and non-DSP 64% 77%

Abbreviations: BUS, Bochum ultrasound score; CIDP, chronic inflammatory demyelinating; AIDP, acute inflammatory demyelinating; UPSS, ultrasound pattern sum score; 
CMT1, Charcot–Marie-Tooth hereditary neuropathy; MMN, multifocal motor neuropathy; SSS, Study Scoring System.
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basis of the UPSS sub-score UPS-A.47 It calculates the 
total scores, including the definition, CSA, echo, and 
entrapment of nerves, as the ultrasonic quantitative eva
luation index. It was first proposed by Wu et al and 
applied to the evaluation of 40 patients with asymmetric 
pathological pain. The significant difference was found 
between the scores of the painful side and the contral
ateral limb. The diagnostic value of DCEC score for 
painful side and contralateral limb was therefore deter
mined, with the sensitivity of 60.9% and 88.2%, respec
tively, and specificity of 88.2% and 60.9%.16 Ou Yang 
et al claim that the DCEC scoring system can also be 
used to diagnose DPN. The cut-off value for peripheral 
nerves from the arms and legs, 14.5, is a good indicator 
(area under the curve 0.85) of the presence or absence of 
DPN (sensitivity 81%, specificity 80%). Studies with 
larger multi-center cohorts are needed to thoroughly 
investigate the diagnostic value of the DCEC scoring 
system.57

The morphological changes shown by ultrasound are 
affected by a variety of factors. For example, total body 
adiposity and blood triglyceride levels are strong indepen
dent risk factors for DPN and have been associated with 
nerve CSA in DM patients, which increases with the 
severity of DPN.58–60 Therefore, it is necessary to quantify 
the ultrasonic morphology of nerves to improve the accu
racy of HRU in diagnosing DPN. At present, most 
research is limited to the quantitative study of the CSAs 
of nerves; an overall quantitative scoring system of various 
ultrasound evaluation indexes remains lacking.

Improving the Diagnostic Value in 
DPN by Shear Wave 
Sonoelastography
The efficiency with which peripheral neuropathy is diag
nosed has greatly improved with the development of ultra
sound. Previous research has demonstrated that shear wave 
elastography (SWE) has potential as a tool for diagnosing 

ulnar tunnel syndrome, in which the CSA of the ulnar 
nerve at the Guyon’s canal level is equal to 5 mm2 or 
greater; this method achieved specificity of 97.4% and 
sensitivity of 56.5%.61 This new technique is able to 
measure the stiffness/elasticity of the tissues, reflected in 
the elastic changes in the degree of tissue deformation 
after compression.62 This can aid in understanding the 
degree of tissue lesions, and in distinguishing benign and 
malignant diseases; it has proven diagnostic value in con
ditions affecting thyroid, breast, liver, etc. and compen
sates for the limitations of conventional ultrasound in the 
detection of tumors and other diseases.63,64

Few studies have assessed changes in the elasticity of the 
peripheral nerves in diabetic patients with or without diabetic 
neuropathy, although some studies have demonstrated that 
such assessment has potential for characterizing diabetic neu
ropathy. The value of SWE in detecting DPN of the tibial 
nerve in diabetic DPN patients has been shown to be higher 
than that of HRU. Moreover, the stiffness value of nerves has 
been observed to be significantly higher in diabetic patients 
without clinical or electrophysiologic signs of DPN than in 
a control group, indicating subclinical and subelectrophysio
logic DPN. The SWE stiffness cut-off value for a diagnosis of 
DPN was 51.05 kPa (sensitivity 90%, specificity 85%). 
However, in the diagnosis of DPN according to CSA cut-off 
value (0.1575 cm2), sensitivity and specificity were lower 
(60% and 75%, respectively).65 These results are similar to 
results noted by Ishibashi et al66. The elasticity of the tibial 
nerve has been shown to be negatively associated with neuro
pathy severity, CSA, and the 2000 Hz current perception 
threshold, and positively associated with nerve conduction 
velocities. The key is that, in type 2 diabetic patients, fibers 
in the sheaths of peripheral nerves thicken, resulting in an 
elastic change of the tibial nerve (Table 3 and Figure 7).66–68 

Further studies are required to explore the mechanisms that 
underlie elastic changes in multiple peripheral nerves in DM 
patients at follow-up.

As SWE is able to reflect the elasticity of muscles, further 
investigations into the diagnostic value of SWE in diabetic 

Table 3 Comparison of Diagnostic Value of Nerve Elasticity and Cross-Sectional Area in Diabetic Peripheral Neuropathy

Year Author CSA SWE

Sensitivity Specificity Sensitivity Specificity

2017 Dikici AS65 60% 75% 90% 85%

2016 Ishibashi F66 62% 56.80% 86% 69.60%
2020 Chen R68 93.30% 62.10% 73.30% 90.90%

Abbreviations: CSA, cross-sectional area; SWE, shear wave elastography.
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Figure 7 Transverse sectional image of the tibial nerve in (A) a 48-year-old male control participant and (B) a 52-year-old male patient with type 2 diabetes at stage III neuropathy, 
visualized by high-resolution ultrasonography using an 18.0-MHz linear array probe (HIVISION Ascendus; Hitachi Medical, Tokyo, Japan) attached with an acoustic coupler (EZU- 
TECPL1; Hitachi-Aloka Medical, Tokyo, Japan). A translucent color-coded image represents the relative stiffness of tissues. Mild compression and decompression using a probe attached 
with an acoustic coupler were repeated on the tibial nerve. Representative sonoelastographic images were chosen from images stored as cine loops. The tibial nerve and region of the 
acoustic coupler located directly above the tibial nerve are shown with a circle. The elastograms were constructed automatically. The elasticity of the tibial nerve was assessed as the tibial 
nerve:acoustic coupler strain ratio. The measurements were repeated three times and averaged. Reproduced from Ishibashi F, Taniguchi M, Kojima R, Kawasaki A, Kosaka A, Uetake H, 
Elasticity of the tibial nerve assessed by sonoelastography was reduced before the development of neuropathy and further deterioration associated with the severity of neuropathy in 
patients with type 2 diabetes. J Diabetes Investig. 7(3):404–412. Copyright © [2015], John Wiley and Sons.66
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amyotrophy would be of interest. Vibration-controlled tran
sient elastography has been shown to be capable of accu
rately confirming the presence or absence of cirrhosis in 
many etiologies of chronic liver disease. Its measurements 
of liver stiffness are highly accurate compared with the 
reference standard of liver biopsy for diagnosing cirrhosis. 
However, there remains a lack of reliability in the staging 
diagnosis of some patients with mild liver fibrosis.69 The 
current standard for staging diagnosis is lacking in relation 
to the application of SWE in peripheral neuropathy in China 
and in other countries. Therefore, further studies are needed 
to determine criteria for staging diagnosis of DPN by SWE.

Diagnosis of Diabetic Muscular 
Atrophy
Diabetic amyotrophy (DA) is a rare disease secondary to 
diabetic neuropathy that exhibits lesions in the area domi
nated by the lumbosacral plexus, leading to muscle atro
phy. A reduction in the diameter of the myofibers of the 
extensor digitorum longus and rectus femoris muscles of 
STZ-diabetic rats (compared with a control group) has 
been noted; it was attributed to the direct effect of low 
serum insulin on the motor end plates and on the synthesis 
of contractile proteins. The estimated numerical density of 
myonuclei per unit area was 10% lower in both muscles.70 

Moreover, advanced glycation end products (AGEs) 
induced muscle atrophy/myogenesis impairment via 
a receptor for AGEs (RAGE)-mediated AMPK-down- 
regulation of the Akt signaling pathway.71 There was 
atrophy of the distal muscles in the extremities in most 
patients; proximal involvement was seen in only a few 
patients. A loss of foot muscle volume was negatively 
related to the severity of neuropathy as assessed at clinical 
evaluation.72 For most patients, muscular atrophy is irre
versible once it is visible to the naked eye, so detecting 
atrophy early in the innervated area of nerve damage is 
helpful in delaying the development of the disease. 
Prompted by the limitations of HRU and electrophysiol
ogy, some research has discovered that high-resolution 
magnetic resonance neurography (MRN) may have 
a degree of diagnostic value in DA. Magnetic resonance 
imaging of the distal part of the leg has shown that sub
stantial muscular atrophy is closely related to the degree of 
muscle weakness.73,74 MRN, when used for the first time 
in patients with distal symmetric diabetic polyneuropathy 
(dPNP), revealed fascicular symmetric lesions located 
within the proximal nerve trunks. Multifocal fascicular 

symmetric intraneural T2 lesions occurred in the proximal 
trunks of the sciatic nerves in four patients, but not in 
patients in the control group, as confirmed by quantitative 
analysis. This supports the view that the accumulation of 
proximal multifocal fascicular injury could be important in 
disease progression.75 Similar results were noted by Hlis. 
Responding to the lack of quantitative systematic scientific 
investigation of the use of MRI or MRN in the evaluation 
of DA, Hlis employed MRN as a non-invasive diagnostic 
tool for the quantitative characterization of DA in 40 
controls and 23 DA cases.76 Nevertheless, using MRI or 
MRN in the early diagnosis of diabetic muscular atrophy 
is not feasible. Other studies have investigated the applica
tion of HRU in muscle evaluation. Not only has HRU been 
shown to clearly display the echo, thickness, and CSA of 
muscles, it can also help to observe muscle damage and 
muscular fibrillation and to diagnose inflammatory myo
pathy. HRU has been shown to play an important role in 
the effective diagnosis and evaluation of some neuromus
cular diseases and amyotrophic lateral sclerosis.77 In 
research by Severinsen, HRU was used to detect foot 
muscle volume in diabetic patients, which is helpful for 
the diagnosis of DA.78 Based on this method, we measured 
the extensor digitorum brevis and the first and second 
metatarsal interosseous muscles in diabetic patients by 
HRU (Figure 8). De Souza Silva and et al used the same 
method to demonstrate that ultrasound measurements of 
the quadriceps muscles showed high to very high intra- 
and inter-rater reliability, thus enabling its use in monitor
ing muscle changes provoked by diabetes or interventions 
in individuals with type 2 diabetes.79

Muscular atrophy is not uncommonly seen in clinical 
practice; however, its diagnosis is limited to visible muscle 
volume reduction, which is not readily observable in the 
early stages of disease. It has been reported that micro
vascular malfunctions of muscle tissue are affected by 
hyperglycemia and are correlated with the severity of 
diabetic neuropathy in later stages.80 With the develop
ment of HRU, muscle atrophy (resulting from a variety of 
factors) can be identified at an earlier stage. The lack of 
research on the normal value of muscle observed by ultra
sound and the diagnostic value of muscle in patients with 
DA necessitates further study using HRU of the character
istics of various neurologic diseases.

Future Prospects
The diagnostic value of ultrasound for DPN is improved 
by combining it with nerve conduction examination. 
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Furthermore, ultrasound can be used to detect anatomical 
variations and space-occupying lesions in the carpal tunnel 
to monitor the therapeutic response in patients with carpal 
tunnel syndrome and evaluate median nerve injuries.81 

This offers great potential for identifying subclinical 
lesions and prognosis. However, there is currently a level 
of controversy over the correlation between the results of 
HRU and nerve conduction. Additionally, several studies 
focus on the tibial nerve of the lower extremities, which, 
although consistent with the characteristics of DPN length 
dependence, is not practical for clinical diagnosis. DPN is 
a multiple neuropathy according to the characteristics of 
ultrasound images; therefore, further studies are needed to 
promote the development of auxiliary diagnosis in the 
quantification and staging of DPN.

Conclusion
In conclusion, HRU has the advantages of being noninva
sive and repeatable and is promising in the auxiliary diag
nosis of DPN and its prognosis. HRU is the most direct 
and accurate tool available for observing nerve entrap
ment. Combining ultrasound and nerve conduction exam
ination can improve the diagnostic value of this method 
for DPN and avoid missed diagnoses and misdiagnosis. In 
addition, this method helps evaluate the severity and prog
nosis of DPN, when fuzzy boundaries, increased CSA, and 
hypoechoic region are identified. However, it has certain 
limitations in the exploration of the deep neuromuscular 
and lumbosacral plexus. In light of the popularization of 
HRU, particularly shear wave elastic ultrasound, this tech
nology is expected to replace neuro-electrophysiological 

Figure 8 (A) Thickness of the first and second metatarsal interosseous muscles in the left dorsum of diabetic peripheral neuropathy (between green * and white *); (B) 
Thickness of extensor digitorum brevis of  the left foot in patients with diabetic peripheral neuropathy (between green * and white *); (C) Cross-sectional area of extensor 
digitorum brevis of theleft foot in patients with diabetic peripheral neuropathy (white circle).
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examination for DPN diagnosis in the future. Research on 
HRU in the quantitative diagnosis and staging of DPN is 
currently lacking. As a non-invasive and painless method 
of examination, HRU has high value and broad application 
prospects in the clinical evaluation and prognosis of DPN 
patients.
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