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Background: To evaluate the diagnostic accuracy of diffusion tensor imaging (DTI) in diabetic peripheral 
neuropathy (DPN) for patients with type 2 diabetes and detect the correlations with electrophysiology.
Methods: A total of 27 patients with type 2 diabetes with DPN, 24 patients with type 2 diabetes without 
peripheral neuropathy (NDPN), as well as 32 healthy controls (HC) were enrolled in this study. Clinical 
examinations and neurophysiologic tests were used to determine the presence of DPN. Fractional anisotropy 
(FA) and apparent diffusion coefficient (ADC) of peripheral nerves, including the tibial nerve (TN) and 
common peroneal nerve (CPN), were calculated. Receiver operating characteristic (ROC) analysis was 
performed for FA and ADC values. Pearson’s correlation coefficient was used to assess the correlation 
between DTI and electrophysiology parameters in the patient group.
Results: The tibial and common peroneal nerve FAs were lowest (P=0.003, 0.001, respectively) and ADC 
was highest (P=0.004, 0.005, respectively) in the DPN group. The FA value of the axonal injury group was 
lower than that in the demyelination group (P=0.035, 0.01, respectively), while the ADC value was higher 
(P=0.02, 0.01, respectively). In the DPN group, FA value was positively correlated with motor conduction 
velocity (MCV) (tibial nerve: r=0.420, P=0.007; common peroneal nerve: r=0.581, P<0.001) and motor 
amplitude (MA) (tibial nerve: r=0.623, P<0.001; common peroneal nerve: r=0.513; P=0.001), while ADC 
values was negatively correlated with MCV (tibial nerve: r=−0.320, P=0.044; common peroneal nerve: 
r=−0.569; P<0.001), and MA (tibial nerve: r=−0.491, P=0.001; common peroneal nerve: r=−0.524; P=0.001).
Conclusions: With a lower FA value and higher ADC value, DTI accurately discriminated DPN. The 
DTI multi-parameter quantitative analysis of peripheral nerves differentiated DPN axonal injury from the 
demyelinating lesion, and hence, could be applied in the diagnosis of DPN.
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Introduction

The accumulating incidence of diabetes foretells the 
growing complications of diabetic peripheral neuropathy 
(DPN) (1,2). As one of the most common and complex 
complications of diabetes, DPN affects >50% of individuals 
with diabetes (3). Currently, the clinical diagnosis of DPN 
depends on the clinical sum of diabetes history, clinical 
manifestations, and physical examination; however, the 
exact diagnosis of DPN still relies on nerve conduction 
function examination, quantitative sensory examination, 
and sural nerve biopsy (4). It can be divided into myelin 
prolapse and/or axonal injury according to the severity of 
the lesion, in which decreased motor conduction velocity 
(MCV) indicates a demyelinating lesion of peripheral 
nerves. In contrast, a decrease in both MCV and motor 
amplitude (MA) indicates axonal injury. Axonal injury is a 
severe complication of DPN, and the impairment of axon 
continuity can lead to loss of sensory and motor functions 
of the peripheral nerves. Clinically, the treatment of 
peripheral neuropathy is evaluated according to the type of 
nerve injury in order to substantiate the clinical diagnosis 
and treatment plan. Therefore, distinguishing the type of 
injury for devising clinical treatment is essential. However, 
traditional examination methods are time-consuming, 
invasive, and prone to being affected by various factors. 
For example, if the peripheral nerves have already suffered 
irreversible damage, abnormalities will appear in the above 
examination. Therefore, in terms of the diagnosis of DPN, 
sensitive techniques are urgently needed.

In recent years, with the development of imaging 
technology,  magnet ic  resonance  imaging  (MRI) 
peripheral neuroimaging is increasingly used to diagnose 
and evaluate peripheral neuropathy. Magnetic resonance 
peripheral neuroimaging with a high spatial resolution is 
a major tool for examining peripheral nerve injury (5-7). 
Diffusion tensor imaging (DTI) is a new functional MRI 
technique developed based on diffusion-weighted imaging, 
which utilizes the anisotropy of water molecule diffusion 
in tissues to detect the microstructure of the tissues (8). 
The morphology, structure, and shape of nerve fibers are 
displayed by DTI (9). There has been extensive use of 
DTI to diagnose central nervous system (CNS) disorders, 
including CNS tumors, psychiatric and cognitive disorders, 
neurodegenerative and demyelinating conditions, epilepsy, 
and multiple sclerosis. In recent years, the potential for 
DTI use has expanded to peripheral neuroimaging like 
inflammatory neuropathies, peripheral nerve tumors, and 

so on (10,11). Skorpil et al. reported that in imaging of the 
peripheral nervous system, DTI could feasibly evaluate the 
sciatic nerves of healthy volunteers (12). Hiltunen et al.  
subsequently revealed the potential application of DTI 
in peripheral nerves at the wrist, knee, and ankle (13).  
The focus of DTI in evaluating the peripheral nervous 
system has been in assessing the median nerve at the 
wrist, with limited reports regarding the performance of 
DTI at other peripheral sites. Recently, Vaeggemose et al.  
reported their assessment of the technique in imaging 
peripheral nerves due to polyneuropathy in patients with 
type 2 diabetes (14).

The 2 DTI parameters, apparent diffusion coefficient 
(ADC) and fractional anisotropy (FA) are measured to 
evaluate the integrity of tissue structure and pathological 
changes. Thus, the present study aimed to investigate 
whether the DTI method could be applied to detect DPN 
in patients with type 2 diabetes and analyze the correlation 
between FA, ADC value, and neuroelectrophysiological 
examination parameters.

Methods

Study population

The study was conducted following the Declaration 
of Helsinki (as revised in 2013). The Medical Ethics 
Committee approved this study of the First Affiliated 
Hospital of Soochow University (2020-008, Soochow, 
China). All participants provided informed consent. 
Among type 2 diabetic patients, we recruited 27 DPN 
patients  whose diagnosis  had been confirmed by 
neuroelectrophysiological testing (15 cases of demyelinating 
nerve lesion and 12 cases of axonal injury according to 
neuroelectrophysiological tests) and 24 non-diabetic 
peripheral neuropathy (NDPN) patients who had diabetes 
but not associated with peripheral neuropathy from the 
Department of Endocrinology of our hospital. Moreover, 
32 healthy control (HC) volunteers who were age- and 
gender-matched were recruited by public announcement. 
All participants were recruited between August 2018 and 
December 2018. The exclusion criteria were as follows: 
lower-limb vascular lesions, trauma history or surgical 
history, acute or chronic musculoskeletal disorders, 
history of neurotoxin exposure, other neuropathies such as 
Guillain-Barre syndrome, pain in the nerves of the lower 
extremities caused by disc herniation, severe cardiac or lung 
disease, and contraindications to MRI. 



397Quantitative Imaging in Medicine and Surgery, Vol 12, No 1 January 2022

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(1):395-405 | https://dx.doi.org/10.21037/qims-21-126

Electrophysiological examination and nerve conduction test

We detected DPN based on clinical examination combined 
with neurophysiologic testing. Neurophysiologic tests were 
performed using conventional surface electromyography 
(EMG) examination and nerve conduction tests performed 
at the right knee joint for the tibial nerve and common 
peroneal nerve. The values of MA and MCV were 
determined. Decreased MCV was an indicator for DPN 
diagnosis with the peripheral demyelinating lesion, while 
DPN with axonal injury was diagnosed when decreased MA 
accompanied MCV reduction.

MR neurography

A 12-channel knee coil at a 3T MR system (MAGNETOM 
Verio, Siemens Healthineers, Erlangen, Germany) was used 
to conduct MRI. The scanned area ranged from the large 
trochanter of the femur to the head of the fibula, including 
the lower part of the sciatic nerve to the common peroneal 
nerve (CPN) at the head of the fibula. The detailed MR 
protocol was as follows: 

(I)	 2D axial T1-weighted imaging (T1WI) scanning 
parameters were as follows: repetition time/time to 
echo (TR/TE) =1,318/12.3 ms, field of view (FOV) 
=150×150 mm2, matrix size =384×80, slice thickness 
=3.5 mm, slice gap =0.35 mm, and 48 slices. Scan 
time =5 min 49 s.

(II)	 2D axial T2-weighted imaging (T2WI) scanning 
parameters were as follows: TR/TE =5,126/86.3 ms,  
FOV =150×150 mm2, matrix size =384×80, slice 
thickness =3.5 mm, slice gap =0.35 mm, and 48 
slices. Scan time =3 min 56 s.

(III)	 The parameters of 2D axial T2W with a fat 
suppression (FS) pulse were as follows: TR/TE 
=4,415/75.1 ms, FOV =150×150 mm2, matrix  
size =272×100, slice thickness =3.5 mm, slice gap 
=0.35 mm, and 48 slices. Scan time =4 min 52 s.

(IV)	 Axial DTI scanning parameters were as follows: TR/
TE =4,000/92 ms, FOV =160×160 mm2, matrix size 
=128×128, gradient directions =24, slice thickness 
=3.5 mm, slice gap =30%, b =0, 1,000 s/mm2.  
Scan time =17 min 10 s.

Imaging processing

The original images were transmitted to the Siemens 
workstation. The image of DTI sequence processing and 

analysis was obtained in the joint neural post-processing 
software. Then, the DTI image was fused with the T1W 
sequence to generate the FA and ADC images. As the tibial 
and peroneal portions of the sciatic nerve at thigh level are 
separated by a variable amount of fatty connective tissue, 
we restricted the analysis to the tibial portion of the sciatic 
nerve to confine the measurement to that of true nervous 
tissue. Mean values were calculated for each participant as 
an average of all analyzed nerves.

The region of interest (ROI) was placed at the level 
of the starting position of the tibial nerve and common 
peroneal nerve. The ROI was intended to encompass the 
entire nerve area but not exceed the nerve boundary. The 
system automatically measured the FA and ADC value 
of the nerve 3 times and took the average value of the 
measured data.

Statistical analysis

For the MRI and DTI analyses, 2 radiologists (with 8 
and 5 years of experience in MRI with precise anatomical 
knowledge) independently measured the FA and ADC 
value. They also observed the changes in the morphology 
and signaled intensity of CPN and TN on T2WI. All values 
were depicted as mean ± standard error of the mean (SEM). 
One-way analysis of variance (ANOVA) was applied to 
compare the clinical data between groups. Pearson’s rank 
correlation test was used to analyze the correlation between 
FA, ADC values, and MCV and the motion amplitude of 
NDPN and DPN groups. The difference between axonal 
injury and demyelination in the DPN group was analyzed 
by the Levene test and independent-sample t-test. A 
2-sided P value <0.05 was defined as statistically significant. 
The receiver operating characteristic (ROC) was used 
to assess the efficiency of DTI parameters for diagnostic 
DPN. In addition, the sensitivity and specificity of the 
diagnostic threshold were recorded. Statistical analyses were 
performed using SPSS 21.0 software (IBM Corp., Armonk, 
NY, USA).

Results

Demographic characteristics

The clinical and demographic results are presented in 
Table 1. A total of 83 participants, including 39 males 
and 44 females, were classified into 3 groups: 27 types 2 
diabetic patients with DPN, 24 NDPN patients, and 32 
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Table 1 Clinical data, nerve conduction studies of TN and CPN between DPN, NDPN, and HC group

Clinical data HC NDPN DPN

N 32 24 27

Age (years) 56.95±7.99 60.5±8.69 56.75±8.26

Male, n (%) 17 (53.1) 11 (45.8) 11 (40.7)

BMI (kg/m2) 24.6±2.6 25.7±2.3 25.6±2.8

Diabetes duration (years) – 12.5±8.5 12.1±6.6

HbA1c (%) – 7.3±1 9.4±2.9

Tibial MCV – 49.66±5.22 35.28±3.27

Peroneal MCV – 55.01±1.95 39.27±5.65

Tibial MA – 5.46±1.75 3.37±2.49

Peroneal MA – 4.82±2.11 2.42±1.81

TN, tibial nerve; CPN, common peroneal nerve; DPN, diabetes with peripheral neuropathy; NDPN, diabetes without peripheral neuropathy; 
HC, healthy control; BMI, body mass index; MCV, motor nerve conduction velocity; MA, motor amplitude. 

HCs who were age- and gender-matched. The median age 
of the participants in the cohort was similar (mean ± SD: 
56.95±7.99, 60.5±8.69, 56.75±8.26 in HC, NDPN, and 
DPN groups, respectively), which increased the accuracy of 
this study.

MR signal analysis

The ROI was placed at the level of the starting position of 
the tibial nerve and common peroneal nerve, encompassing 
the entire nerve area, but did not exceed the nerve 
boundary. 

The tibial and common peroneal nerves were found 
to be oblate on T1W or T2W axial images, with iso-low 
signal similar to that of the muscle signal, uneven internal 
signal, and scattered irregular fat signal, surrounded by the 
low-signal outer membrane of the nerve, while the edge was 
detected distinctly against the surrounding adipose tissue. 
The T1W images showed that the boundary of the nerve 
bundle in the DPN group was fuzzier than that in the HC 
group, with fat infiltration of the outer membrane of the 
nerve (Figure 1A,1B). The nerve signals of the HC, NDPN 
and DPN groups were increased gradually in T2W/FS 
sequence (Figure 1C-1E).

Data measurement 

We used T1WI anatomical images to locate the TN and 
the CPN during FA and ADC measurements. An ROI was 

placed on FA and ADC images (Figure 2A,2B) and was as 
large as possible without exceeding the nerve boundary. 
The FA value, ADC value, MCV, and MA of the tibial 
nerve and common peroneal nerve of the 3 groups were 
measured. Statistical analysis showed that the FA value and 
the ADC value of the right TN and CPN at the selected 
measurement level were normally distributed in the 3 
groups. However, significant differences were detected 
in the FA and ADC values of the TN and CPN between 
the HC, NDPN, and DPN groups (Tables 2,3). The ADC 
values increased gradually, while the FA value decreased 
gradually (Figure 3).

In the patient group (DPN and NDPN participants), the 
correlation between the DTI parameters (FA value, ADC 
value) and MCV, MA were analyzed, respectively. The FA 
values of TN and CPN were positively correlated with 
MCV and MA of the nerves, while the ADC values of TN 
and CPN were negatively correlated with MCV and MA of 
the nerves (Table 4).

The ROC curve analysis showed that the FA diagnostic 
cutoff point for DPN tibial neuropathy and common 
peroneal neuropathy was 0.386 and 0.391, respectively, 
with a sensitivity of 85% and 85%, specificity of 92.5% and 
82.5%, and area under the ROC curve (AUC) of 0.933 and 
0.901, respectively. The diagnostic cutoff point of ADC for 
DPN tibial neuropathy and common peroneal neuropathy 
was 1.087 and 1.099 with 80% and 85% sensitivity, 82.5% 
and 87.5% specificity, and 0.87 and 0.879 AUC, respectively 
(Figure 4).
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Figure 1 Morphological images of tibial and peroneal nerves. HC group (A) and DPN group (B) images of TN and CPN on T1WI. HC 
group (C), NDPN group (D), and DPN group (E) images of TN and CPN on T2WI FS. DPN, diabetes with peripheral neuropathy; 
NDPN, diabetes without peripheral neuropathy; HC, healthy control; TN, tibial nerve; CPN, common peroneal nerve. 

Figure 2 FA and ADC images of TN and CPN. ROI was placed on FA (A) and ADC (B) images for FA and ADC measurements. ROI, 
region of interest; ADC, apparent diffusion coefficient; FA, fractional anisotropy; TN, tibial nerve; CPN, common peroneal nerve. 
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Figure 3 Box-plot results of ADC and FA between HC, NDPN, and DPN groups. ADC value of TN (A) and CPN (B) between groups 
increased gradually, while FA value decreased gradually. ADC, apparent diffusion coefficient; FA, fractional anisotropy; DPN, diabetes with 
peripheral neuropathy; NDPN, diabetes without peripheral neuropathy; HC, healthy control; TN, tibial nerve; CPN, common peroneal 
nerve. 

Table 2 Statistical analyses of DTI parameters (FA and ADC value) of TN between DPN, NDPN, and HC group

Group N FA value ADC value (10−3 mm2/s)

HC 32 0.45±0.04 0.97±0.08

NDPN 24 0.42±0.03 1.04±0.11

DPN 27 0.36±0.04 1.16±0.09

F value 6.324 5.273

P value 0.003 0.004

One-way ANOVA. Values are mean with corresponding confidence intervals. DTI, diffusion tensor imaging; ADC, apparent diffusion  
coefficient; FA, fractional anisotropy; TN, tibial nerve; DPN, diabetes with peripheral neuropathy; NDPN, diabetes without peripheral  
neuropathy; HC, healthy control.

Table 3 Statistical analyses of DTI parameters (FA and ADC value) of CPN between DPN, NDPN, and HC group

Group N FA value ADC value (10−3 mm2/s)

HC 32 0.46±0.03 0.95±0.08

NDPN 24 0.41±0.03 1.01±0.09

DPN 27 0.37±0.04 1.13±0.09

F value 8.653 5.825

P value 0.001 0.005

One-way ANOVA. Values are mean with corresponding confidence intervals. DTI, diffusion tensor imaging; ADC, apparent diffusion  
coefficient; FA, fractional anisotropy; CPN, common peroneal nerve; DPN, diabetes with peripheral neuropathy; NDPN, diabetes without 
peripheral neuropathy; HC, healthy control. 

*P<0.05, ***P<0.001
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According to the severity of the lesion, DPN can 
be divided into demyelination and/or axonal injury, 
in which decreased MCV indicates peripheral nerve 
demyelination lesion, while a decrease in both MCV and 
MA indicates axonal injury. In this study, 15 participants 
with demyelinating lesions and 12 participants with 
axonal injury were selected from the DPN group by 
neuroelectrophysiological examination. In addition, 
statistically significant differences were noted in the FA and 
ADC value of the TN and the CPN between the 2 groups 
(Tables 5,6). The ADC values of the demyelinating group 
were lower than those of the axonal injury group, while the 
FA value was higher. The multiple comparisons are shown 
in Figure 5.

Intra/interobserver statistical analysis showed an 
excellent agreement of the interobserver and intraobserver 
performances [with intraclass correlation coefficients (ICCs) 
of 0.805–0.852 and 0.833–0.903, respectively] in FA. The 
interobserver performance with ICCs of 0.854–0.973 and 
the intraobserver performance with ICCs of 0.901–0.963 

also exhibited excellent agreement in ADC.

Discussion

This study showed that  DTI is  a  useful  tool  for 
discriminating DPN patients with type 2 diabetes, 
representing an additional non-invasive method for the 
diagnosis of DPN and enrichment of the clinical diagnosis 
and treatment program. The complication of DPN is one 
of the most common long-term complications of diabetes 
with high mortality and serious adverse effects on quality 
of life (15-17). Detection and treatment are crucial for the 
prognosis of DPN. With the development of DTI imaging 
technology and its wide application in diagnosing CNS 
diseases, it is increasingly used in the research of peripheral 
neuropathy (17,18).

The FA value reflects the directional dependence of 
diffusion of water molecules and the anisotropy of peripheral 
nerves. In contrast, the ADC value reflects the diffusion 
magnitude or rate of water molecules, which can be utilized 
to evaluate the size of the diffusion barrier of the cell 
membrane or myelin sheath. When the nerve is inflamed 
or damaged, the ADC value increases. In peripheral 
neuropathy, axonal degeneration, myelin loss, and Schwann 
cell necrosis lead to decreased endoneurotic contraction, 
altering the abovementioned 2 values (18). Some studies 
have confirmed that DTI technology detects the presence 
of neuropathy in diabetes, suggesting that it can be used to 
identify the structural characteristics of neuropathy.

Moreover, a significant decrease of FA values with 
increased ADC values was detected in patients with 
severe DPN (19). Consistent with the previous study by 
Vaeggemose et al. using DTI to investigate the lower 
extremity peripheral neuropathy in diabetic patients, FA value 
decreased, and ADC value increased in the TNl and CPN 
between HC, NDPN, and DPN groups. The difference 
was statistically significant in this study (19). Injury, edema, 
demyelination, and axonal degeneration of nerves in DPN 
patients may be the main reasons for FA and ADC values 
changes. In the early stage of this study, different b values 
were used to compare the DTI images of the bilateral 
TN and CPN. It was found that the DTI image with b  
=1,000 s/mm2 has a higher score by scoring the display and 
image artifacts of fiber bundle. Therefore, b =1,000 s/mm2 
was selected to conduct MR examination in this study.

According to MCV and MA, DPN could be divided 
into demyelinating injury and axonal injury groups. It was 
found that the FA value of the axonal injury group was 

Table 4 Statistical analyses of the correlation between DTI  
parameters (FA and ADC value) and MCV, MA in DPN and 
NDPN groups

MCV MA

FA

TN

R value 0.420 0.623

P value 0.007 <0.001

CPN

R value 0.581 0.513

P value <0.001 0.001

ADC

TN

R value −0.320 −0.491

P value 0.044 0.001

CPN

R value −0.569 −0.524

P value <0.001 0.001

Pearson rank correlation test. R, the correlation coefficient. DTI, 
diffusion tensor imaging; ADC, apparent diffusion coefficient; 
FA, fractional anisotropy; MCV, motor nerve conduction velocity; 
MA, motor amplitude; DPN, diabetes with peripheral neuropathy;  
NDPN, diabetes without peripheral neuropathy. 
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Figure 4 ROC curve of FA and ADC value in diagnosing DPN tibial neuropathy and common peroneal neuropathy. ROI, region of 
interest; ADC, apparent diffusion coefficient; FA, fractional anisotropy; DPN, diabetes with peripheral neuropathy. 

Table 5 Statistical analyses of DTI parameters (FA and ADC value) 
of TN between demyelinating and axonal injury group

Group FA value ADC value (10−3 mm2/s)

Demyelinating (n=15) 0.38±0.03 1.13±0.08

Axonal injury (n=12) 0.34±0.04 1.19±0.11

t value 2.274 −2.442

P value 0.035 0.02

Values are mean ± SD. Independent sample t-test. Data 
were tested by Levene test for homogeneity of variance. DTI,  
diffusion tensor imaging; ADC, apparent diffusion coefficient; 
FA, fractional anisotropy; TN, tibial nerve.

Table 6 Statistical analyses of DTI parameters (FA and ADC value) 
of CPN between demyelinating and axonal injury group

Group FA value ADC value (10−3 mm2/s)

Demyelinating (n=15) 0.39±0.03 1.11±0.04

Axonal injury (n=12) 0.34±0.03 1.23±0.09

t value 4.12 −4.066

P value 0.01 0.01

Values are mean ± SD. Independent sample t-test. Data 
were tested by Levene test for homogeneity of variance. DTI,  
diffusion tensor imaging; ADC, apparent diffusion coefficient; 
FA, fractional anisotropy; CPN, common peroneal nerve.
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significantly lower than that of the demyelinating group, 
while the ADC value was significantly higher than that 
of the demyelinating group. This showed that DTI could 
detect and quantitatively evaluate the development and 
changes in DPN lesions and the feasibility and reliability 
of the diagnosis of DPN. Compared to the discomfort 
induced by EMG examination and the influence of 
temperature, pH value, electrolyte level, and other factors 
of EMG examination, DTI examination can observe the 
morphological changes of peripheral nerves (13,20,21), 
providing support for the clinical ascertainment of drug 
injection route and surgical strategy (22,23). In addition, the 
altered DTI parameter value can be used for the treatment 
evaluation of peripheral nerves to enrich the clinical 
diagnosis and treatment program (24).

The ROC curve was used to analyze the sensitivity 
and specificity of FA and ADC, which could evaluate the 
diagnostic efficacy of DTI parameters in DPN patients 
with TN and CPN lesions. The ROC analysis showed 
that both ADC and FA values were helpful to distinguish 
patients with DPN from those without DPN. Both ADC 
and FA values had high sensitivity and specificity. The 
FA value performed better at identifying DPN patients, 
which was consistent with previous research (14). Overall, 
these findings indicated that DTI parameters have good 
diagnostic efficacy for DPN.

Nevertheless, the present study had several limitations. 
First, the experimental sample size was small. The older 
participants had poor compliance, mainly limited by the 
prolonged scanning time of MRI, rendering it prone to 

produce motion artifacts and affect image quality. Second, 
HC participants in this study did not consent to invasive 
EMG examination. Third, the selection and drawing of the 
ROI were not devoid of error. Fourth, the number of cases in 
the DPN group’s demyelinating and axonal injury subgroups 
was relatively small. Thus, the number of cases should be 
increased in the future for subsequent studies. Furthermore, 
this was a preliminary study of diffusion imaging technology 
in DPN diagnosis without showing the distal branches of 
the TN and CPN, especially the sural nerve that can be 
biopsied. Thus, in future studies, the sequences might be 
adjusted to examine the fine nerves, and the accuracy of MRI 
in diagnosing DPN can be further improved by comparing 
the findings of the pathological examination.

Conclusions

The value of FA and ADC derived from DTI showed great 
potential in differentiating the neurological changes in 
DPN, NDPN patients, and normal individuals. The DTI 
parameters had good diagnostic efficacy concerning TN and 
CPN lesions in DPN patients. We found that DTI multi-
parameter quantitative analysis of peripheral nerves aids 
in distinguishing DPN axonal injury from demyelinating 
lesions. We believe that DTI has potential in the diagnosis 
and evaluation of DPN.

Acknowledgments

Funding: This work was mainly supported by the program 

Figure 5 Box-plot results of ADC and FA between axonal injury and demyelinating groups. FA (A) and ADC (B) value of TN and CPN 
between groups. ADC, apparent diffusion coefficient; FA, fractional anisotropy; TN, tibial nerve; CPN, common peroneal nerve. 

*P<0.05 *P<0.05

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

0.5

0.4

0.3

0.2

0.1

0.0

0.5

0.4

0.3

0.2

0.1

0.0

ADC ADC

Dem
ye

lin
at

ion

Dem
ye

lin
at

ion

Dem
ye

lin
at

ion

Dem
ye

lin
at

ion

Axo
na

l in
jur

y

Axo
na

l in
jur

y

Axo
na

l in
jur

y

Axo
na

l in
jur

y

* ** *

FA FAA B



404 Wang et al. DTI analysis of peripheral neuropathy

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(1):395-405 | https://dx.doi.org/10.21037/qims-21-126

for Gusu Medical talent of Suzhou city (GSWS2020009), 
t h e  Tr a n s l a t i o n a l  R e s e a r c h  G r a n t  o f  N C R C H 
(2020WSB06), National Natural Science Foundation of 
China (81671743), the Clinical Key Diseases Diagnosis and 
Therapy Special Project of Health and Family Planning 
Commission of Suzhou (LCZX201801), the program for 
Advanced Talents within Six Industries of Jiangsu province 
(WSW-057), the High-level Health Personnel “Six-One” 
Project of Jiangsu province in China (LGY2016035), 
“Science and Education Revitalizing Health” Youth Science 
and Technology Project of Suzhou (KJXW2020010), and 
the Technological Innovation Project of Suzhou Jiangsu 
Province (SYS201734).

Footnote

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://dx.doi.
org/10.21037/qims-21-126). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 
conducted following the Declaration of Helsinki (as revised 
in 2013). The Medical Ethics Committee approved this 
study of the First Affiliated Hospital of Soochow University 
(2020-008, Soochow, China). All participants provided 
informed consent.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Nemes A, Kormányos Á, Domsik P, Kalapos A, Gyenes 
N, Lengyel C, Valkusz Z. Diabetes mellitus deteriorates 
left ventricular deformation in acromegaly-analysis from 
the three-dimensional speckle-tracking echocardiographic 
MAGYAR-Path study. Quant Imaging Med Surg 

2021;11:410-4.
2.	 Chen SY, Cai GQ, Liang RB, Yang QC, Min YL, Ge 

QM, Li B, Shi WQ, Li QY, Zeng XJ, Shao Y. Regional 
brain changes in patients with diabetic optic neuropathy: a 
resting-state functional magnetic resonance imaging study. 
Quant Imaging Med Surg 2021;11:2125-37.

3.	 Vinik AI, Nevoret ML, Casellini C, Parson H. Diabetic 
neuropathy. Endocrinol Metab Clin North Am 
2013;42:747-87.

4.	 Tesfaye S. Recent advances in the management of diabetic 
distal symmetrical polyneuropathy. J Diabetes Investig 
2011;2:33-42.

5.	 Chhabra A, Andreisek G, Soldatos T, Wang KC, 
Flammang AJ, Belzberg AJ, Carrino JA. MR neurography: 
past, present, and future. AJR Am J Roentgenol 
2011;197:583-91.

6.	 Chhabra A, Madhuranthakam AJ, Andreisek G. Magnetic 
resonance neurography: current perspectives and literature 
review. Eur Radiol 2018;28:698-707.

7.	 Burge AJ, Gold SL, Kuong S, Potter HG. High-resolution 
magnetic resonance imaging of the lower extremity nerves. 
Neuroimaging Clin N Am 2014;24:151-70.

8.	 Auriat AM, Borich MR, Snow NJ, Wadden KP, Boyd LA. 
Comparing a diffusion tensor and non-tensor approach 
to white matter fiber tractography in chronic stroke. 
Neuroimage Clin 2015;7:771-81.

9.	 Jang SH, Seo JP. Diffusion Tensor Tractography Studies 
on Injured Anterior Cingulum Recovery Mechanisms: A 
Mini-Review. Front Neurol 2018;9:1073.

10.	 Godel T, Pham M, Kele H, Kronlage M, Schwarz D, 
Brunée M, Heiland S, Bendszus M, Bäumer P. Diffusion 
tensor imaging in anterior interosseous nerve syndrome 
- functional MR Neurography on a fascicular level. 
Neuroimage Clin 2019;21:101659.

11.	 Cao J, He B, Wang S, Zhou Z, Gao F, Xiao L, Luo X, Wu 
C, Gong T, Chen W, Wang G. Diffusion Tensor Imaging 
of Tibial and Common Peroneal Nerves in Patients With 
Guillain-Barre Syndrome: A Feasibility Study. J Magn 
Reson Imaging 2019;49:1356-64.

12.	 Skorpil M, Karlsson M, Nordell A. Peripheral nerve 
diffusion tensor imaging. Magn Reson Imaging 
2004;22:743-5.

13.	 Hiltunen J, Suortti T, Arvela S, Seppä M, Joensuu R, 
Hari R. Diffusion tensor imaging and tractography 
of distal peripheral nerves at 3 T. Clin Neurophysiol 
2005;116:2315-23.

14.	 Vaeggemose M, Haakma W, Pham M, Ringgaard 
S, Tankisi H, Ejskjaer N, Heiland S, Poulsen PL, 

https://dx.doi.org/10.21037/qims-21-126
https://dx.doi.org/10.21037/qims-21-126
https://creativecommons.org/licenses/by-nc-nd/4.0/


405Quantitative Imaging in Medicine and Surgery, Vol 12, No 1 January 2022

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(1):395-405 | https://dx.doi.org/10.21037/qims-21-126

Andersen H. Diffusion tensor imaging MR Neurography 
detects polyneuropathy in type 2 diabetes. J Diabetes 
Complications 2020;34:107439.

15.	 Tesfaye S, Boulton AJ, Dickenson AH. Mechanisms 
and management of diabetic painful distal symmetrical 
polyneuropathy. Diabetes Care 2013;36:2456-65.

16.	 Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz 
M, Kempler P, Lauria G, Malik RA, Spallone V, Vinik 
A, Bernardi L, Valensi P; Toronto Diabetic Neuropathy 
Expert Group. Diabetic neuropathies: update on 
definitions, diagnostic criteria, estimation of severity, and 
treatments. Diabetes Care 2010;33:2285-93.

17.	 Greig M, Tesfaye S, Selvarajah D, Wilkinson ID. Chapter 
35 - Insights into the pathogenesis and treatment of 
painful diabetic neuropathy. In: Zochodne DW, Malik RA 
(editors). Handbook of Clinical Neurology. Cambridge: 
Elsevier, 2014:559-78.

18.	 Filler AG, Maravilla KR, Tsuruda JS. MR neurography 
and muscle MR imaging for image diagnosis of disorders 
affecting the peripheral nerves and musculature. Neurol 
Clin 2004;22:643-82, vi-vii.

19.	 Vaeggemose M, Pham M, Ringgaard S, Tankisi H, 
Ejskjaer N, Heiland S, Poulsen PL, Andersen H. Magnetic 

Resonance Neurography Visualizes Abnormalities in 
Sciatic and Tibial Nerves in Patients With Type 1 Diabetes 
and Neuropathy. Diabetes 2017;66:1779-88.

20.	 Cross AH, Song SK. "A new imaging modality to 
non-invasively assess multiple sclerosis pathology". J 
Neuroimmunol 2017;304:81-5.

21.	 Khalil C, Budzik JF, Kermarrec E, Balbi V, Le Thuc V, 
Cotten A. Tractography of peripheral nerves and skeletal 
muscles. Eur J Radiol 2010;76:391-7.

22.	 Gimber LH, Garland L, Krupinski EA, Chadaz TS, 
Schwenk M, Najafi B, Taljanovic MS. Diffusion 
Tensor Imaging of the Ankle as a Possible Predictor of 
Chemotherapy Induced Peripheral Neuropathy: Pilot 
Study. Curr Probl Diagn Radiol 2019;48:121-6.

23.	 Zhou Y, Narayana PA, Kumaravel M, Athar P, Patel VS, 
Sheikh KA. High resolution diffusion tensor imaging 
of human nerves in forearm. J Magn Reson Imaging 
2014;39:1374-83.

24.	 Vaeggemose M, Ringgaard S, Ejskjaer N, Andersen 
H. Magnetic resonance imaging may be used for early 
evaluation of diabetic peripheral polyneuropathy. J 
Diabetes Sci Technol 2015;9:162-3.

Cite this article as: Wang X, Luo L, Xing J, Wang J, Shi B, 
Li YM, Li YG. Assessment of peripheral neuropathy in type 2 
diabetes by diffusion tensor imaging. Quant Imaging Med Surg 
2022;12(1):395-405. doi: 10.21037/qims-21-126


