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INTRODUCTION
Diabetes is one of the major causes of early illness and 
morbidity worldwide. Prevalence of diabetes may double 
globally from 171 million in 2000 to 366 million in 
2030, with a maximum increase in India affecting up to 
79.4 million individuals.1 In India, there are more than 
62 million individuals currently diagnosed with diabetes.2

The most common chronic complication of diabetes 
mellitus (DM) is diabetic peripheral sensorimotor 
neuropathy (DPN), found in about 50% of patients. DPN 
includes peripheral nerve dysfunction in people with 
diabetes after excluding other probable causes. DPN is 
broadly classified into generalized typical polyneuropathy, 

generalized atypical polyneuropathy, and focal neurop-
athy. Generalized typical DPN is a symmetrical, length-
dependent sensorimotor polyneuropathy, and has been 
attributed to metabolic and microvessel alterations from 
chronic hyperglycemia exposure and cardiovascular risk 
covariates. An abnormality of nerve conduction, which 
is frequently subclinical, appears to be the first objective 
quantitative indication of this condition.

Symptoms of distal polyneuropathy usually appear after 
many years of chronic prolonged hyperglycaemia in Type 
I DM. In Type II, it may appear after only a few years of 
known poor glycemic control or even at diagnosis.3
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Objectives: The aim of this observational study was ultra-
sound evaluation of peripheral nerves cross-sectional 
area (CSA) in subjects with probable diabetic peripheral 
sensorimotor neuropathy (DPN). CSA was analyzed with 
reference to clinical and nerve conduction study’s (NCS) 
parameters for early diagnosis and pattern of involve-
ment.
Methods: A total of 50 patients with probable DPN due 
to Type 2 diabetes and 50 age-matched healthy controls 
underwent sonographic examinations of ulnar nerve at 
the lower arm, median nerve proximal to carpal tunnel, 
the common peroneal nerve proximal to fibular head, 
tibial nerve proximal to the tarsal tunnel, and sural nerve 
at lower third leg.
Results: CSA was increased in cases of DPN as compared 
to healthy controls. Area changes were more marked 
with demyelinating pattern. Probable DPN cases with 
normal NCS had significantly higher number of periph-
eral nerves showing increased CSA as compared to 

healthy control. A cut-off of >4 nerve thickening showed 
a sensitivity of 86 %, and specificity of 56%. The neurop-
athy pattern in the lower limb was axonal, whereas in 
the upper limb, it was demyelinating with the majority 
showing sonographic feature of associated compressive 
neuropathy.
Conclusion: There is an increase in CSA of peripheral 
nerve in diabetic patients. It can be used as a morpho-
logical marker for classifying DPN with changes being 
picked up earlier to NCS abnormality. Clinical neurolog-
ical presentation in probable DPN can also be due to 
compressive neuropathy in early phases, and ultrasound 
can be a useful tool.
Advances in knowledge: Early pick up of DPN cases shall 
be useful for early therapy and motivating the patients 
to actively participate in the treatment. Morphological 
changes on ultrasonography precedes the electrodiag-
nostic change in DPN. Symptoms of DPN is not only due 
to metabolic changes but also compressive neuropathy.
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Magnetic resonance neurography and high-resolution ultra-
sonography (HRUS) are imaging techniques that play an 
important role in evaluating peripheral nerve disorders. 
However, magnetic resonance neurography for routine use 
is constrained with its limited availability, cost, and time 
requirement.3–6 HRUS provides a spatial resolution that 
enables detailed visualization of even the smallest periph-
eral nerves. Also, HRUS is a real-time dynamic process and 
allows the examiner to examine the entire course of the nerve. 
HRUS, being easily accessible even at rural setup, is less time-
consuming, non-invasive procedure, cost-effective, and can 
be a great boon to be used as a screening tool in resource 
constrained societies.7

The diagnosis of DPN is done based on clinical and electrophys-
iological examination based on the American Diabetes Associ-
ation (ADA) criteria where classification was done as possible, 
probable, confirmed, and subclinical DPN. For epidemiologic 
surveys or controlled clinical trials of DPN, it advocates the use 
of nerve conduction study (NCS) as an early and reliable indi-
cator of the occurrence of this neuropathy.8 However, electro-
physiology is non-rewarding for cases presenting with small fiber 
neuropathy, where changes due to metabolic insults are ongoing 
in peripheral nerve but is in subclinical stage.

The recent development in peripheral nerve ultrasonography has 
tried to develop further insight into understanding the patho-
physiology of the symptoms in DPN cases, notably excluding the 
associated conditions like compressive neuropathy as the cause 
of the symptom and classifying the case in DPN.9

Moreover, there is a large gap between cases of probable DPN 
and confirmed DPN as per ADA guidelines and morphological 
changes appreciated on HRUS can be used as a tool to narrow 
the gap.

The aim of this study was HRUS evaluation of peripheral nerves 
cross-sectional area (CSA) at multiple sites in cases with prob-
able DPN and correlating the findings with NCS parameters. 
Therefore, presenting the data of this pilot study to contribute 
further into morphological diagnosis of early DPN.

METHODS AND MATERIALS
Subjects
This pilot study was designed as a cross-sectional observa-
tional study. The study was approved by the institutional ethics 
committee. Sampling of convenience was decided by the insti-
tutional review board with 50 subjects in each arm. Patients 
of Type II diabetes mellitus with probable DPN presenting as 
generalised typical polyneuropathy and age-matched healthy 
volunteers were enrolled after informed written consent was 
obtained from each participant. Probable DPN was a clinical 
diagnosis based on cases presenting with clinical symptoms and 
finding but has not been confirmed by the electrodiagnostic 
criteria defined by ADA.8 There were 100 each of median, ulnar, 
common peroneal, tibial nerve, and 96 of sural nerves in cases. 
In controls, 100 of each nerve were assessed. General baseline 
characteristics such as age, sex, height, weight, and body mass 

index (BMI) were recorded. Additionally, time since diagnosis, 
glycosylated hemoglobin (HbA1c) levels, and NCS parame-
ters of cases were recorded. Subjects who had any clinical and 
electrophysiological evidence of polyneuropathy other than the 
DPN (such as inflammatory neuropathy, hereditary neurop-
athy, metabolic neuropathy), mononeuropathy or traumatic 
nerve injury were excluded. Also, Pregnant females with lacta-
tion, Type I / secondary diabetes, end organ failure, H/o drug 
(causing neuropathy), thyroid disorders (Hypo/Hyperthyroid 
patients), Age <18 years, H/o severe trauma to limb were also 
excluded.

Electrodiagnostic (EDX) examinations
NCS was performed for all patients with diabetes using a Synergy 
electrodiagnostic software v. 2012 (Gnatus) on both lower and 
upper extremities with skin surface temperatures of ≥30°C (legs) 
and ≥32°C (arms). The study was done by a senior technician 
and results were interpreted by a neurologist of more than 15 
years of experience. Both were blinded to the clinical and ultra-
sonographic findings of the patient. Each sensory NCS was 
performed for the sural nerve, median nerve, and ulnar nerve. 
Motor NCS was performed for the common peroneal nerve, 
tibial nerve, median nerve, and ulnar nerve. Based on NCS cases 
were grouped into normal, axonal, demyelinating, mixed, and 
non-recordable.10

Sonographic examinations
Sonographic examinations were performed with SuperSonic 
Imagine- Aixplorer®- Innovative UltraFast™ Ultrasound Imaging 
system with SuperLinear™ SLH20-6 probe of bandwidth 6–20 
MHz and SuperLinear™ SL18-5 probe of bandwidth 5–18 MHz 
by a radiologist of more than 10 years of experience in periph-
eral nerve ultrasonography. Examiner was blinded to the clin-
ical condition of the subjects. CSAs of peripheral nerves were 
measured by planimetry (tracing inner margin of the hypere-
choic perineural stroma). To prevent the overestimation of the 
nerve CSA by the inclusion of blood vessels, the color doppler 
mode was used before nerve tracing. The transducer was placed 
on the skin with minimal pressure perpendicularly to the nerve 
being measured to minimize anisotropy. Probe was tilted to scan 
the plane where the area appears smallest. The median nerve was 
measured just proximal to carpal tunnel inlet (at the scaphoid–
pisiform level) and 3 cm proximal to the wrist crease; ulnar nerve 
at the cubital tunnel inlet (proximal to medial epicondyle); and 
3 cm proximal; the tibial nerve posterior to the tip of the medial 
malleolus and 3 cm proximal to it; common peroneal nerve at 
fibular head and 3 cm proximal to it; and the sural nerve at the 
distal third of the leg (Figures  1 and 2). In nerves where two 
measurements were taken proximal measurement was denoted 
by letter P and distal by D. The difference between the two 
measurements was mentioned as δ.

Statistical tools employed
The statistical analysis was done using SPSS (Statistical Package 
for Social Sciences) v. 21.0 statistical Analysis Software. The values 
were represented in Number (%) and Mean ± SD. The various 
test employed was the χ2 test, Student’s 't' test and ANOVA test.
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RESULTS
Demographic and clinical parameters
The demographic and clinical characteristics of the study popu-
lation are shown in Table 1. The mean age of cases was 55.98 years 
(range 28–75). The mean body weight and height of cases were 
67.85 ± 14.08 kg and 161.42 ± 8.81 cm. Body mass index (BMI) 
of cases ranged from 17.88 to 38.33 kg/m2. Duration of illness 
since diagnosis ranged from 1 to 25 years. Maximum patients 
(n = 23; 46%) had diabetes for <5 years. Mean duration since 
diagnosis was 7.38 ± 5.97 years. Glycated hemoglobin (HbA1c) 
levels ranged from 4.4 to 15.3%. The mean HbA1c level of cases 
was 8.42±2.52%. Most of the patients (n = 47; 94%) were on oral 
hypoglycemic agents (OHAs).

The comparison of cases and healthy controls were done using 
Student ‘t’-test. There was no statistically significant association 
between the CSA of all the nerves at all the mentioned locations 
and levels of glycemic control, duration of illness, and height of 
cases.

Table  2 describes the correlation of CSA with BMI. When 
compared to different BMI groups in cases using ANOVA, 
the mean CSA showed a significant increasing trend in ulnar, 
common peroneal, tibial, and proximal median nerve(p < 0.05). 
However, the mean CSA of the sural nerve and median nerve at 
the carpal tunnel inlet was not significant.

Table  3 describes the mean CSA of cases and age-matched 
healthy controls and data were compared using Student ‘t’- Test. 
The mean CSA at both proximal and distal sites as well as δ value, 
showed higher value at all locations (p = 0.001) except for the 
sural nerve.

Correlation between CSA and NCS findings
CSA analysis with different pattern noted on NCS for each 
nerve has been tabulated in Table 4. The CSA in diverse types of 
neuropathy was analyzed using ANOVA. In all nerves, the CSA 
with abnormal NCS findings was more than those with normal 
with the maximum interclass difference in distal and delta 
measurement of upper limb nerves (p < 0.05)

The CSA of cases with normal NCS and control was analysed 
using Student’s ‘t’- test and showed significantly higher (p < 0.05) 
CSA in cases for all nerve except sural nerve (Table 5).

In the median nerve, 59% of cases showed normal NCS, followed 
by 23% showing a demyelinating pattern. Median nerve (P) 
mean CSA in cases with DPN was 7.58 mm2 with high delta 
value 1.87 mm2. However, when individually correlated in each 
group, the delta value was highest in demyelinating and mixed 
(4.29 mm2) and was least in axonal pattern (1.00 mm2). Value 
was intermediate in cases with normal NCS. Evaluation of delta 
measurement in cases with demyelinating and mixed pattern 
reveal 18 cases with value >2 mm2.

In ulnar nerve, about 63% cases showed normal NCS followed 
by 16% showing demyelinating pattern. Ulnar nerve (P) mean 
CSA in cases with DPN was 5.83 mm2 with a high delta value 

Figure 1. Transverse ultrasound section of median and ulnar 
nerves (marked with white arrows) at different locations with 
anatomical landmarks. (a) MN distal forearm between FDS 
and FDP at the level of PQ proximal end. (b) UN distal arm 
next to medial head of TM and nearby BB muscle. (c) Image 
showing course of nerve with probe position (black box). BB, 
bicep brachii; FDP, forearm deep digital flexor; FDS, forearm 
superficial digital flexor; MN, median nerve; PQ, pronator 
quadratus; TM, tricep muscle; UN, ulnar nerve

Figure 2. Transverse ultrasound section of common peroneal, 
sural and tibial nerves (marked with white arrows) at differ-
ent locations with anatomical landmarks. (a) CP nerve near 
the FH. (b) Sural nerve distal leg adjacent to SSV. (c) TN at 
ankle (MM, TP/FDL, PTA and veins, FHL tendon). (d, e) Image 
showing course of nerve with probe position (black box). CP, 
common peroneal; FDL, flexor tendons; FH, fibular head; FHL, 
flexor hallucis longus; MM, medial malleolus; PTA, posterior 
tibial artery; SSV, short saphenous vein; TN, tibial nerve.
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of 1.52 mm2. However, this delta value was highest in mixed 
pattern (4.00 mm2) and was least in axonal pattern (0.83 mm2). 
Value was intermediate in cases with normal NCS. Evaluation of 
CSA ratio (D/P) in cases with demyelinating and mixed pattern 
of NCS, there were 9 cases out of 24 showing value >1.4.

In common peroneal nerve, 53% of cases showed normal NCS 
followed by 18% showing axonal and 18% NCS was not record-
able. Common peroneal nerve (P) mean CSA in cases with DPN 
was 10.23 mm2 with a delta value of 1.65 mm2. However, this 
delta value was highest in the demyelinating pattern (2.0 mm2) 
and was least in the axonal pattern (1.5 mm2). The value was 
intermediate in cases with normal NCS.

In the tibial nerve, 55% of cases showed normal NCS followed 
by 11% showing axonal, and 19% NCS was not recordable. 
Tibial nerve (P) mean CSA in cases with DPN was 13.12 mm2 
with a delta value of 1.95 mm2. However, delta value was highest 
in demyelinating/mixed pattern (2.5 mm2) and was least in 
the axonal pattern (2.0 mm2). The value was low in cases with 
normal NCS.

In the sural nerve, 24% had axonal neuropathy, 19% were non-
recordable, none nerve showed demyelinating or mixed compo-
nent in abnormal NCS cases.

Receiver operating characteristic (ROC) analysis of CSA (P) 
showed acceptable performance (AUC 0.73–0.79) of ulnar nerve, 
common peroneal nerve, and tibial nerve, whereas for median 
and sural nerve, AUC was lower (0.64 & 0.61 respectively) 
(Figure  3). Based on the ROC analysis cut-off CSA(P) for the 

studied nerve with their respective sensitivity and specificity are 
listed in Table  6. These values were used to evaluate the no of 
nerves involved in diabetics with all normal NCS and control. 
The result is depicted in box plot (Figure 4). The average no of 
nerves involved in control was 3.44 as against 6.5 in cases. In 
cases with all nerves showing normal NCS, the average no of 
nerves involvement was 5.80. This difference was statistically 
significant (p < 0.05).

DISCUSSION
The present study was undertaken to evaluate the CSA of periph-
eral nerves (median nerve at the wrist, the ulnar nerve at the 
elbow, the common peroneal nerve at knee, tibial nerve at ankle 
and sural nerve at lower leg) in cases of DPN to evaluate the 
pattern of involvement with clinical and NCS parameters.

In a landmark study, around 4400 patients with diabetes were 
serially evaluated for 25 years. The onset of neuropathy correlated 
positively with the duration of diabetes, and by 25 years, 50% of 
patients had developed neuropathy.11 This slow progression of 
the disease is reflected in our study in which the mean age of 
presentation was 55.9 years (28–71 years). A similar observation 
has been made in other studies.5,12–14

Our study group showed a significantly higher percentage (68%) 
of the male population in cases with DPN. Though a similar 
pattern has been reflected in other studies, contrasting result 
has been presented in the study conducted by Kelle et al in 
which there were 26.4% male cases. This variation among these 
studies may be due to demographic variations of DPN presenta-
tion among different study populations. As this subtle chronic 

Table 1. Characteristics of the study population

SN Characteristic Cases (n = 50) Controls (n = 50) Significance of difference
1. Mean age ±SD

(Range) in years
55.98 ± 11.00

(28-75)
53.66 ± 9.88 (31-75) ‘t’=1.109; p = 0.270

2. Gender
Male

Female

34 (68.0%)
16 (32.0%)

40 (80.0%)
10 (20.0%)

 �  χ2=1.871; p = 0.171

3. Mean weight ± SD in kg 67.85 ± 14.08 61.46 ± 6.17 ‘t’=2.940; p = 0.004

4. Mean height ±SD in cm 161.42 ± 8.81 161.92 ± 6.68 ‘t’=0.320; p = 0.750

5. Mean BMI ±SD
(range) in kg/m²

25.90 ± 4.60
(17.88–38.33)

23.46 ± 2.16 (19.05–31.64) ‘t’=3.386; p = 0.001

6. Duration of illness
<5 years

5–10 years
>10 years

Mean duration ±
SD (Range) in years

23 (46%)
14 (28%)
13 (26%)

7.38 ± 5.97
(1-25)

 �
•	  
•	  
•	  
•	  

7. Level of glycemic control
Good (<7%)

Intermediate (7–8.5%)
Poor (>8.5%)

Mean HbA1c ± SD (Range) in %

17 (34%)
5 (10%)

28 (56%)
8.42 ± 2.52
(4.4–15.3)

 �
•	  
•	  
•	  
•	  

8. Drug regimen
OHA

Insulin

47 (94%)
3 (6%)

 �
•	  
•	  

BMI, body mass index; OHA, oral hypoglycemic agent; SD, standard deviation.
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problem needs a repeated visit to tertiary care hospitals, it may 
hinder females from bringing them to the point of care especially 
in rural populations in developing nations.13,15,16

BMI in cases was higher in our study group, which may be 
attributable to the high incidence of obesity in diabetic patients. 
Moreover, there is an incremental trend across increasing BMI 
and nerve CSA of all nerves, except that of the sural nerve. 
The reasons for this may be due to higher BMI is related to 
poor glycaemic control. However, Li et al., Kelle et al, found no 
correlation of increased CSA with that of BMI. The mean BMI 
of the participants in our study was 25.9 kg/m2. This value was 
significantly lower than that of participants in a study conducted 
by Kelle et al., (30.43 kg/m2), and this difference may explain the 
discrepancy between the two studies.14,17–19 However, as the BMI 
is higher in our study group than the control group, and there 
is an increasing trend in CSA with increasing BMI, so there are 
chances of BMI as a confounder. This is the limitation that needs 
further study. There was no correlation of CSA with the different 
height of the patients. Similar observation has been made in 
other studies.7,17,20

Onset of late-onset diabetes and DPN is insidious, and the exact 
duration of illness is not possible to ascertain. There was no 
significant correlation found between the duration (time since 
diagnosis) of the disease and the CSA of cases of nerve studied. 

As this time duration does not quantify the duration of disease, 
this may be responsible for the insignificant association between 
nerve CSA and duration of DM. Kang et al., Hobson‐Webb et 
al., Kelle et al., Attah et al, in their studies also found no correla-
tion between the CSA of various nerves in DPN patients and the 
duration of the disease.7,14,17,20

A long-term hyperglycemic state has been implicated in the 
occurrence of DPN. The long-term monitor (HbA1c) gives a 
good estimate of glycemic control, but only for 3 months dura-
tion. So, it does not reflect a sufficient long control to correlate 
with neuropathy as seen in our study. Riazi et al, also did not find 
any significant correlation between the nerve CSA and the values 
of HbA1c. Kang et al, found that HbA1c (mean value: 7.91) was 
significantly correlated with sural nerve CSA, but this finding 
was not observed with CSA of any other nerve. This finding of 
the sural nerve may be due to its nature of being most sensitive 
to diabetic neuropathy, acute short-term changes, leading to a 
correlation between the HbA1c values and its enlargement. 
Kelle et al, also did not find any correlation between the nerve 
CSA and the HbA1c levels (p value = 0.46). This observation 
contrasts the findings of Watanabe et al, who reported a signif-
icant correlation between median nerve CSA and HbA1c levels 
despite fewer sample size in their study relative to ours. Genetic 
and racial differences and small sample size may have contrib-
uted to this.7,12,14,16,20

Table 3. Comparison of cross-sectional area of peripheral nerves at different locations between cases and controls

SN Nerve/Location

Cases Controls
Significance of 

difference

Mean SD Mean SD ‘t’ ‘p’
 �  Median nerve (n = 100)a (n = 100)

1. Proximal 7.58 1.98 6.68 1.45 3.668 <0.001

2. Distal 9.11 2.70 7.36 1.41 5.751 <0.001

3. ΔDelta 1.87 2.03 1.04 0.92 3.719 <0.001

 �  Ulnar nerve (n = 100) (n = 100)

1. Proximal 5.83 1.56 4.74 0.99 5.887 <0.001

2. Distal 7.11 2.83 4.90 1.24 7.161 <0.001

3. ΔDelta 1.52 1.97 0.74 0.69 3.742 <0.001

 �  Common peroneal nerve (n = 100) (n = 100)

1. Proximal 10.23 3.86 7.01 1.80 7.567 <0.001

2. Distal 11.14 4.13 7.83 1.79 7.360 <0.001

3. ΔDelta 1.65 1.45 1.12 0.84 3.155 0.002

 �  Tibial nerve (n = 100) (n = 100)

1. Proximal 13.12 4.41 9.18 1.48 8.468 <0.001

2. Distal 13.61 4.99 9.27 1.53 8.314 <0.001

3. ΔDelta 1.95 2.21 0.81 0.77 4.872 <0.001

Sural nerve (n = 96) (n = 100)

1. Lower third leg 1.44 0.66 1.22 0.42 2.112 0.036

SD, standard deviation.
an is no of nerves evaluated
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The structural changes in DPN has been presented in various 
studies as oxidative stress triggered by microangiopathy in 
the nerve and accumulation of glucose metabolite sorbitol in 

Schwann cells are the key pathological process that induces 
axonal and demyelinating nerve changes.21 And, the course of 
various nerve through an osteofibrous tunnel where the extra 

Table 5. Comparison of cross-sectional area of peripheral nerves at different locations between cases with normal NCS and 
controls

Nerve Location Cases Controls (n = 100) Significance of difference
n Mean SD Mean SD ‘t’ ‘p’

Median nerve

1 Proximal 59 7.61 1.96 6.68 1.45 3.419 0.001

2 Distal 59 8.59 2.31 7.36 1.41 4.172 <0.001

3 Delta 59 1.39 1.52 1.04 0.92 1.81 0.072

Ulnar nerve

1 Proximal 63 5.68 1.54 4.74 0.99 4.746 <0.001

2 Distal 63 6.89 2.3 4.9 1.24 7.164 <0.001

3 Delta 63 1.4 1.54 0.74 0.69 3.736 <0.001

Common peroneal nerve

1 Proximal 53 9.42 3.79 7.01 1.8 5.334 <0.001

2 Distal 53 10.13 3.82 7.83 1.79 5.071 <0.001

3 Delta 53 1.55 1.28 1.12 0.84 2.498 0.014

Tibial nerve

1 Proximal 55 11.75 4.2 9.18 1.48 5.537 <0.001

2 Distal 55 11.89 4.06 9.27 1.53 5.764 <0.001

3 Delta 55 1.75 2.18 0.81 0.77 3.9 <0.001

Sural nerve

1 At calf 46 1.24 0.57 1.22 0.42 0.197 0.844

NCS, nerve conduction study; SD, standard deviation.

Figure 3. ROC curve for nerve CSA in cases and control. CSA, cross-sectional area; ROC, receiver operating characteristic.
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space to accommodate the oedematous nerve is limited leading 
to associated compression and then feature of compressive 
neuropathy that reflects on sonography as edematous thickened 
nerve proximal to the site of compression.22 Considering the 
above pathophysiology, the measurement of the CSA was done 
for nerves at two sites. Sural nerve being an exception as it does 
not pass through any fibro-osseous tunnel. However, as the nerve 
has been significantly studied both in diabetic and non-diabetic 
conditions, it has been included in the study.

Site of proximal measurement at 3 cm was done based on the 
previous study by Riazi et al, who concluded this measurement 
as the optimal site for DPN.16 Though for applying the criteria for 
compressive neuropathy this may not be optimal, and changes can 
go beyond. Still literature is silent over the exact site for measure-
ment to define the delta value. Klauser et al presented measure-
ment in the proximal third of pronator quadratus muscle with 
value showing high sensitivity and specificity for the diagnosis 
of carpal tunnel, whereas Yoon et al, proposed measurement of 
ulnar nerve two cm proximally for cubital tunnel syndrome.23,24

There was an overlapping of measurement of the CSA for all the 
nerves when compared to various published data on the normal 
values from other studies. Comparing our results of mean CSA 
in healthy control with other studies (Table 7), there is a signifi-
cant similarity in measurement in upper limb nerves. However, 
our observation shows lower values for tibial and common 
peroneal nerves. This discrepancy might be attributed to studies 

from different racial groups, and thus need to have norma-
tive data for each geographical/ ethnic group for objectivity in 
interpretation.25–29

Mean CSA in cases of DPN shows observations suggesting a 
significant increase in the CSA when compared with our healthy 
control. Other studies have made similar observation.5,7,12,14,16,30

Contrary to our observation, Arumugam et al, reported a statis-
tically significant difference in CSA between healthy controls and 
diabetic patients at wrist crease only. This may be due to a high 
percentage of early cases in the study group.5 Hobson‐Webb et 
al did not find any significant difference in CSA of the common 
peroneal nerve between diabetic patients and controls when 
measured at three different sites, fibular head, popliteal fossa and 
at the ankle. This result may be because they selected the control 
group who presented to the EMG lab for radiculopathy testing 
without a history of DM or DPN symptoms.

The difference of CSAs measured from the common compres-
sive sites, and proximal locations were measured in the median, 
ulnar, common peroneal, tibial nerve that showed higher value 
in DPN cases as compared to controls (p-value < 0.001 at all 
sites) suggesting that the enlargement is not uniform and due to 
the pathological thickening, there is a component of compres-
sion at these sites. Similar observations have been reported in 
other studies that concluded that diabetic patients are susceptible 
to compressive neuropathy, such as carpal tunnel syndrome and 
ulnar neuropathy at the elbow.13,31,32

The DPN cases were categorized into four categories based 
on NCS pattern into axonal, demyelinating, mixed, and non-
recordable and their CSAs were analyzed. For all sites, the nerves 
with normal NCS patterns showed significantly lower CSA than 
in abnormal NCS cases.

CSA difference in different patterns of involvement was more 
marked with demyelinating and mixed patterns in the median, 
ulnar, and common peroneal nerve. This can be explained as 
nerves are relatively thicker in demyelinating nerve. A similar 
observation has been made by Grimm et al where nerves showed 
higher CSA in demyelinating neuropathy as compared to axonal 
neuropathy in which nerve enlargement was not significant.33 
Observations made by Di Pasquale et al in a series of chronic 
inflammatory demyelinating polyneuroradiculopathy cases were 
also similar.34 However, this observation did not hold for tibial 

Table 6. Area under curve for peripheral nerves at proximal site of measurment and cut off point with corresponding sensitivity 
and specificity for each nerve

Test result variable(s) Area Std. errora Cut-off value sq mm Sensitivity (%) Specificity (%)
 � MEDIAN PROXIMAL .646 .039 6.5 67 56

 � ULNAR PROXIMAL .738 .035 4.5 82 44

 � CPN PROXIMAL .771 .034 7.5 70 64

 � TIBIAL PROXIMAL .793 .035 10.5 72 78

 � SURAL .612 .040 1.5 35 86

Figure 4. Box plot distribution of number of nerves involved 
in control vs cases with normal NCS in all nerves {control 
(0)=50; cases with all normal NCS (1)=15}. NCS, nerve con-
duction study.
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nerve. This is possibly due to the overestimation of margin in 
the axonal pattern where the overall echogenicity of the nerve is 
increased with the loss of fascicular definition and so a clear line 
of demarcation of epineurium is absent.

In the sural nerve, no such difference could be appreciated. This 
can be explained with small CSA of the nerve, so minor differ-
ences could not be picked up. However, in more advanced condi-
tions (non-recordable) CSA measurements were of higher order 
compared to healthy control (p < 0.05).

However, Rajabally et al in their study on the median nerve, 
found that CSA was increased in both demyelinating and axonal 
neuropathies, and there was no significant difference observed 
between these two findings.35 Scheidl et al included ulnar 
neuropathy cases in their study and found that CSA was signifi-
cantly increased in cases with axonal neuropathy as compared to 
predominant demyelinating.36

Regarding CSA changes in diverse types of neuropathy, some 
studies have reported differently. These can be explained as we 
have included probable DPN patients. In contrast, Grimm et 
al included patients with axonal, demyelinating, and mixed 
neuropathy, cause of which were not known, Schiendl et al 
included undefined patients of ulnar neuropathy and Rajabally 
et al included patients that had chronic inflammatory demyelin-
ating polyneuropathy (CIDP) and sensory axonal neuropathy 
(SAN).33,35,36

The nerve CSA of cases with normal NCS was compared to 
control. All the nerves except sural showed higher CSA in cases. 
This suggest the possible morphological changes in early DPN 
before the NCS abnormality is evident.

The AUC of CSA at proximal sites showed acceptable perfor-
mance in ulnar, common peroneal and tibial nerves, but the 
values in median and sural nerve were relatively lower. Sural 
nerve being a very thin nerve with variability of extremely low 
order might be the reason for the same. Median nerve relatively 

poor performance may be attributed to late involvement of 
median nerve as well as selection of site very near to compression 
site. Distal CSA and delta values were not considered as these can 
be affected by compressive changes as well; a common feature in 
DPN.32 Cases with all nerve showing normal NCS and control 
when evaluated for number of nerves involved. The number of 
nerves involved in diabetics were significantly higher in diabetics 
(p < 0.05). These cases may represent the early cases with small 
fiber neuropathy. A cut-off value of 4 or more than 4 nerve 
involvement gave a sensitivity of 86% and specificity of 56%. This 
observation was slightly different from that reported by Breiner 
et al who used cut point of >3 nerve involvement with sensitivity 
of 64% and specificity of 77%. This can be attributed to different 
population characteristics.37

The percentage of cases with abnormal NCS was higher in the 
lower limb as against the upper limb. Moreover, if we look at 
the involvement in terms of axonopathy which is the primary 
involvement in DPN in cases there is only 5% and 7% cases of 
median and ulnar nerve primary axonopathy on NCS as against 
36%, 26% and 50% of Common peroneal, tibial and sural nerve 
respectively. On the other hand, only 9% nerves of lower limb 
show primary demyelination (major contribution from tibial) as 
against 59% of upper limb.

Though demyelinating changes of DPN may be due to ischemic, 
immune-mediated or compressive; there is high incidence of 
compressive neuropathy in carpal and cubital tunnel followed 
by tarsal tunnel.22 In cases presenting with demyelinating and 
mixed NCS physiology in the ulnar nerve at the elbow and 
median nerve at carpal tunnel inlet CSA was analyzed in refer-
ence to ultrasonographic diagnostic criteria proposed by Klauser 
et al for carpal tunnel syndrome, and Cartwright et al, Yoon et 
al for cubital tunnel syndrome.23,24,38 There were 58.1% (18 of 
31) cases in the median nerve and 37.5% cases of ulnar nerve 
(9 of 24) qualified the ultrasonographic criteria of compressive 
neuropathy at respective sites.

Table 7. Comparison of results of reference values of our study with other studies

Nerve/site
Present study 
(DPN cases)

Present study 
(control) Bedewi et al

Boehm J 
et al Qrimli et al Won et al

MN/ CT 9.11 ± 2.70 7.36 ± 1.41 9.77 ± 2.88 8.5 ± 1.8 10 ± 2.4 (Ra) 8.3 ± 1.5(Ra)

MN/ P 7.58 ± 1.98 6.68 ± 1.44 6.46 ± 2.04 5.7 ± 1.3 7.3 ± 1.7 (R) 6.5 ± 1.1(R)

UN/ D 7.11 ± 2.83 4.90 ± 1.23 7.49 ± 2.35 7.6 ± 2.1 6.9 ± 2.3 (R) 7.2 ± 1.4(R)

UN/ P 5.83 ± 1.56 4.74 ± 0.99 7.55 ± 2.60 6.3 ± 1.7 6.8 ± 2.3 (R) 5.9 ± 1.1(R)

CPN/ D 11.14 ± 4.13 7.83 ± 1.78 8.89 ± 3.23 8.9 ± 2.0 11.1 ± 3.5 (R)

CPN/ P 10.23 ± 3.86 7.01 ± 1.80 11.8 ± 3.8 (R)

TN/ D 13.61 ± 4.99 9.27 ± 1.53 12.66 ± 4.45 9.6 ± 2.2 12.7 ± 3.4 (R)

TN /P 13.12 ± 4.41 9.18 ± 1.48

SN/ LL 1.44 ± 0.66 1.15 ± 0.35 3.52 ± 1.40 1.8 ± 0.6

DPN, diabetic peripheral sensorimotor neuropathy.
aR: Measurement done on the right limb only
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Thus, the demyelinating changes in upper limb and some of the 
cases of lower limb at compression site may be due to compres-
sive neuropathy in osteofibrous tunnels of thickened nerve and 
may the reversible component of presenting symptoms. This is 
further supported by the fact that in sural nerve NCS, none of 
them presented with primary demyelinating pattern. However, 
this need further evaluation by documenting the demyelination 
neurophysiological changes to be only focally present and is 
normal in the more proximal part of nerve by inching technique.

LIMITATIONS
There were some limitations in our study.

•	 Single sonologist performed all evaluations and interobserver 
agreement was not calculated in our study.

•	 The nerve echogenicity was not analyzed in our study that 
might be an important parameter in DPN.

•	 Nerve enlargement is not specific for DPN and may be 
found in other neuropathies. This being a pilot study, bigger 
sample along with follow-up study is needed for use of HRUS 
objectively in defining the specific pattern in cases of different 
polyneuropathy.

•	 Lack of obese control to evaluate the confounding effect of 
BMI on CSA.

CONCLUSION
In cases of DPN, there is enlargement of peripheral nerves, both at 
compression as well as non-compression sites. This enlargement 
is statistically significant when compared with healthy controls 
in a similar setting. The difference in the CSA is also noted in 

cases with normal NCS when compared with healthy control. 
Enlargement of multiple nerves may serve an effective diagnosis 
of DPN in cases with normal NCS. In cases with abnormal NCS, 
lower limb nerves predominantly showed axonopathy. Whereas 
demyelinating patterns were more commonly seen in upper limb 
nerves of which a large percentage showing sonographic feature 
of compressive neuropathy. Thus, clinical presentation in DPN 
is not only due to primary diabetes but associated compres-
sive neuropathy in early phases. This will lead to better clinical 
staging/classification of DPN and appropriate intervention for 
early secondary prevention.

WHAT THIS STUDY ADDS

•	 In the case of DPN, there is increased CSA of peripheral 
nerve as compared to healthy control in similar settings. 
Changes are appreciable even in DPN cases with normal NCS 
findings suggesting morphological changes on USG precedes 
an electrodiagnostic change. Thus, it promises to be useful in 
early pick up of DPN cases motivating the patients to actively 
participate in the treatment. This also setup the agenda for 
future research, as small fiber neuropathy may be associated 
with peripheral nerve enlargement without NCS abnormality

•	 Predominant changes in the lower limb nerves are axonal. The 
upper limb involvement shows predominantly demyelinating 
pattern.

•	 Symptoms of DPN is not only due to metabolic changes but 
also compressive neuropathy due to morphological changes, 
especially in cases with upper limb symptoms. And thus, 
routine use of HRUS helps excluding alternative diagnosis.
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