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Abstract

Background: Some clinical scoring systems as the quantitative tools
have been developed to assess the presence and severity of Diabetic
Peripheral Neuropathy (DPN) based on both the patient’s complaints
and the physicians’ findings. This study was aimed at assessing the
presence and severity of sural and peroneal nerve neuropathies using
Michigan Neuropathy Screening Instrument (MNSI) and United
Kingdom Screening Test (UKST) questionnaire compared with
electrodiagnosis assessments.

Methods: 148 patients with Diabetes Mellitus (DM) including 80
females and 68 males withameanage of57.6, 19 type 1IDM and 129 type 2
DM were recruited in this study. The findings of the electrophysiological
study such as peroneal and sural nerves’ conduction delay, velocity and
amplitude were gathered. The patients were also assessed regarding the
clinical neuropathy status using the two instruments of MNSI and UK.
Results: The mean neuropathy score of MNSI and UKST were 2.2
(1.7) and 4.1 (3.0), respectively. Each instrument detected the DPN in
47.3% and 64.9% of the patients, respectively. Also, based on the nerve
conduction studies (NCS), the neuropathy of sural and peroneal nerves
was found in 54.1% and 79.7%, respectively. Unlike the peroneal
nerve, there was a significant agreement between the electrodiagnosis
assessment and the screening tools in the diagnosis of sural nerve
neuropathy.

Conclusion: Given that NCS is a practical, simple, and non-invasive
approach and also can determine the level of damage and regeneration
in peripheral nerves, sural nerve conduction study is suggested as a
convenient option for screening and diagnosing the diabetic neuropathy.
Keywords: Diabetes mellitus, Diabetic neuropathies, Electrodiagnosis,
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Diagnosis of Neuropathy in Patients with Diabetes

Introduction

The most common complication of both type 1
Diabetes Mellitus (T1DM) and type 2 diabetes
mellitus (T2DM) is neuropathy that is often neglected
while it can increase the rate of hospitalizations,
morbidities and mortalities of diabetes (1,2). This
progressive complication can be very debilitating and
affect people’s quality of life severely (3-5). A decade
ago, the global projection for the number of people
who would be living with diabetes in 2025 was
438 million. But only after 5 years, 25 million has
been added to that prediction (6). The incidence of
polyneuropathy is associated with HbAlc levels and
the duration of T2DM. Nevertheless, it may be present
in the prediabetics and up to 18 percent of patients
at the time of diagnosis. (7,8). In addition to various
complications comprising imbalance, foot deformity
and ulcers, fractures, and amputations, approximately
one-third of diabetic patients with polyneuropathy
suffer from neuropathic pain including burning,
painful cold, electric shock, tingling, pins and needles,
numbness, and itching in the hands and feet (9-11).
The diagnosis of Diabetic Peripheral Neuropathy
(DPN)is based on the physician’s clinical examination
and patient’s self-report, but almost half of DPNs are
asymptomatic. As a result, using some questionnaires
and electrodiagnosis tools can facilitate the detection
process and help the management and prevention of
the consequences in these cases. Michigan Neuropathy
Screening Instrument (MNSI) (14,15) and United
Kingdom screening test (UKST) (12,13,15) are
objective and subjective questionnaires, respectively,
and they are accurate, valid, and well-known in the
diagnosis of diabetic neuropathy. NCS is also a non-
invasive and precise method for diagnosing and
determining the severity of neuropathy.

The main goal of the present study was to compare the
effectiveness of sural and peroneal nerve conduction
studies with the MNSI and UKST in confirming
diabetic peripheral neuropathy.

Materials and Methods
This cross-sectional study was performed during
2016-19.

Sample size calculation
The prevalence of diabetic neuropathy is 81% on
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average (16) using the electrophysiological indicators
of nerve conduction. Thus, considering p=0.71,
7=1.96, 0=0.05, and d=0.07, the sample size was
calculated 121.

148 known type I and II diabetes mellitus subjects
were confirmed by endocrinologists with more than
18 years of age, both male and female with or without
symptoms of neuropathy were comprised in this
study. Patients with psychological problem, potential
for peripheral neuropathy consisting of hereditary
sensory neuropathy, vitamin B12 or folate deficiency,
paraneoplastic diseases, autoimmune conditions,
organs failure, hypothyroidism prolonged phenytoin
or immunosuppressive drugs consumption, and
ethanol abuse were excluded from the research (2,14).
Besides assessing patients by MNSI, UKST,
and Nerve Conduction Studies (NCS), the baseline
characteristics including demographics, lipid profile,
fasting blood sugar, disease duration, and history
of diabetes-related complications were collected.
Ethically each patient signed the informed consent
form prior to participation in the study.

Instrument

United Kingdom Screening Test (UKST)
UKST is a simple, subjective, and symptom-based
9-score questionnaire composed of five questions
about type, severity, and location of symptoms. Its
cut-off point is > 2 (17,18).

Michigan Neuropathy Screening Instrument
(MNSI)

MNSI is an objective test to evaluate the history of
neuropathic symptoms and physical examination to
assess the sensation (ankle reflex and vibration) and
appearance (deformities, dry skin, calluses, infections,
fissures, and ulcer) of feet that is completed by an
expert physician. The scores > 2 are considered
abnormal. Abnormality in each item gets grades 0.5 to
1 and at least more than 2 abnormal items is required
to reach the score of neuropathy (19).

Electrophysiological assessment

NCS is the most suitable component of the
electrophysiologic examination, as a valuable and
fruitful tool which is intended as a gold standard
test for verifying the neuropathy diagnosis. Patients



with one or more abnormal findings in amplitude,
conduction velocity, and Distal Latency (DL) values
were considered neuropathy (20-25). According to
the previous studies, there is no general agreement
on the criteria for polyneuropathy in NCS (21). Since
DPN is a motor nerve of lower extremity and is more
likely to be involved in neuropathy, we designed our
study accordingly (24).

Bilateral peroneal nerve Compound Muscle Action
Potentials (CMAPs) and sural nerve Sensory Nerve
Action Potentials (SNAPs),
Velocity (NCV), amplitude, and DL were carried out
by a lecturer physiatrist by using 2-channel Oxford
(Medelec-Synergy) electromyography instrument in a
quiet room with proper ventilation condition. Normal

Nerve Conduction

values were considered based on the previous valid
data (26). For peroneal nerve CMAP, the recording
electrode was attached on the extensor digitorum
brevis and peroneal nerve was stimulated distally at
ankle, lateral to tibialis anterior tendon and proximally
a few centimeters distal to the fibular head.

For sural nerve SNAP, the recording electrode was
attached on the posterior aspect of the lateral malleolus
and the stimulator was located 14 c¢m proximally in
the posterior aspect of leg’s midline (27).

Statistical analysis

Results were presented as mean + standard deviation
(SD) for quantitative variables and were summarized
by frequency (percentage) for the categorical variables.
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Continuous variables were compared using T-test
or Mann-Whitney U test whenever the data did
not appear to have normal distribution or when the
assumption of equal variances was violated across
the study groups. Categorical variables were, on the
other hand, compared using chi-square test. The data
were analyzed using the IBM SPSS Statistics 24 (IBM
Inc, New York, USA). p values of 0.05 or less were
considered statistically significant.

Results

148 patients with diabetes mellitus were recruited in this
study. Demographic characteristics of the patients were
reported in table 1.

In the neuropathy evaluation, the mean score of MNSI
(ranged 0 to 6) and UKST (ranged 0 to 9) were 2.2 (1.7)
and 4.1 (3.0), respectively. According to the determined
cut-off point in MNSI and UKST, peripheral neuropathy
was detected in 47.3 and 64.9% of the patients,
respectively. Also, based on NCS, the neuropathy of
sural and peroneal nerves was found in 54.1 and 79.7%,
respectively.

There was a strong correlation between the decrease in the
sural amplitude and abnormality of both screening tools,
the decrease in sural NCV and positive MNSI score, also,
increasing peroneal nerve DL and NCV with neuropathy
scores of MNSI and UKST (Table 2). Based on the UKST
calcification, the severity of neuropathy in this study have
been found mild (2-4): 20 (13.5%), moderate (5-6): 37
(25%) and severe (7-9): 39 (26.4 %)).

Table 1. Baseline and general characteristics of the recruited patients

Variable Frequency

Female/Male
Age
DM1/DM2
Duration of disease
BMI
HbA1c
Total cholesterol
LDL
HDL
Triglyceride

*mean+/- standard deviation; BMI: Body Mass Index;

80(54.1 %)/68(44 %)
57.6 (11.4)*
19(12.8 %)/129(87.2%)
9.9 (6.9)*

27.9 (4.2)*

8.0 (2.4)*

206.6 (36.9)*
120.4 (32.1)*
42.5 (11.0)*
225.2 (124.1)*
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Table 2. Association of the MNSI and UK tools findings with the electrophysiological assessment

Electrophysiological assessment

MNSI tool UK tool

Mean £ SD R

p-value p-value

coefficient coefficient

Delayed conduction of Sural nerve (ms) 27+04 -0.14 0.10 -0.05 0.51
Conduction amplitude of Sural nerve (uv) 12.1+6.6 -0.37 0.001 -0.020 0.010
Conduction velocity of Sural nerve (m/s) 442 +7.3 -0.27 0.001 -0.15 0.070
Delayed conduction of peroneal nerve (ms) 52+1.0 0.45 0.001 0.24 0.003
Conduction amplitude of peroneal nerve (uv) 1.8+1.7 -0.16 0.04 -0.09 0.26
Conduction velocity of peroneal nerve (m/s) 40.4£6.3 -0.38 0.001 -0.29 0.001
Table 3. Main determinants of diabetic neuropathy (p-values)
Predictor MNSI tool UK tool NCS (sural) NCS (peroneal)
Age >50y 0.01 0.41 0.01 0.98
Female gender 0.49 0.005 0.93 0.61
Duration > 10 y 0.003 0.030 0.07 0.76
HbA1c > 7% 0.13 0.28 0.44 0.68
TG > 200 mg/dl 0.68 0.22 0.21 0.45
CHOL > 240 mg/dl 0.85 0.30 0.63 0.29
HDL < 40 mg/dl 0.86 0.54 0.09 0.51
LDL > 160 mg/dl 0.15 0.66 0.22 0.24
BMI 0.59 0.40 0.35 0.051

Non-significant p values have been depicted in bold format; BMI: Body Mass Index;

This study showed a significant correlation between
electrophysiological assessment and MNSI tool in
the diagnosis of sural nerve neuropathy (p<0.001),
however, this diagnostic correlation was not found
between these two assessment tools in the detection of
peroneal nerve neuropathy. Similarly, a correlation was
found between electrophysiological assessment and the
UK questionnaire in assessing sural nerve neuropathy
(p<0.001), but not for diagnosing peroneal nerve
neuropathy. In this regard, the MNSI questionnaire
had a sensitivity of 74.2% and a specificity of 64.1%
for diagnosing sural nerve neuropathy. Also, the
sensitivity and specificity of the UK questionnaire
for the diagnosis of this neuropathy were 80.0 and
69.2%, respectively. A strong correlation was revealed
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between the MNSI and UK total score (Pearson’s
correlation coefficient = 0.43, p<0.001) (Table 2).
Based on the MNSI questionnaire,
determinants of diabetic neuropathy included age
higher than 50 years (p=0.010) and disease duration
longer than 10 years (p=0.003). Based on the UK
questionnaire, female gender (p=0.005) and diabetes
duration longer than 10 years (p=0.030) could
predict the diabetic neuropathy. According to the
electrophysiological assessment, age higher than
50 years was the major indicator for sural nerve
neuropathy (p=0.010), whereas none of the baseline
variables could predict peroneal nerve neuropathy
(Table 3).

the main
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Discussion

Peripheral neuropathy is a common and important
complication of diabetes with an overall prevalence
of 45% (28), which can cause multiple disabilities.
Therefore, early diagnosis and therapeutic interventions
are essential (29), and as a result, various studies have
been conducted over the years. Various methods have
been evaluated and approved for the diagnosis of
diabetic neuropathy, including clinical examinations,
questionnaires, and electrophysiological tools, but due
to difficulty in use and some shortcomings, there is still
no suitable solution for early diagnosis of neuropathy
(12-15). Neural conduction and electrodiagnostic
studies have been suggested as potentially helpful
tools to precisely assess peripheral neural function in
these patients (30). In this regard, neural conduction
studies have been accepted as a reliable, noninvasive
comparative standard by which even mild sensory
conductive abnormalities are diagnosed. Moreover,
by the progression of diabetes, abnormal findings of
peripheral nerve motor branches may also appear that
can be easily diagnosed by EMG techniques (16). Ina
study conducted by Uluc ef al (31), electrodiagnostic
findings of the sural nerve were abnormal in 60% of
the diabetic patients leading to well differentiation of
those with neuropathy from other patients without
this abnormality. Another study (32), revealed that
the severity of peroneal nerve involvement could be
diagnostically helpful when it is considered besides
neurological clinical signs in the natural process
of diabetic neuropathy. However, these diagnostic
techniques, especially electromyography, may be
technically challenging due to obesity, coldness of
extremities, and need a complete assessment of the
sensory-motor function of the multiple nerves in both
upper and lower extremities (33).

During the last few years, some quantitative clinical
scoring systems have been developed, such as the
MNSI and the UK tools, to assess the presence and
severity of diabetic neuropathy based on the patients’
complaints and the physical findings. These tools
had rapidly been used to screen patients for possible
neuropathy due to their high sensitivity (47.3 and
64.9%, respectively), which is almost consistent with
the sensitivity of the electrophysiological variables
of the sural nerve (54.1%). This study showed a high
sensitivity for both MNSI and UK tools to discover

diabetic neuropathy. Also, there is a strong agreement
between these tools to diagnose neuropathy. These two
instruments can be applied as sensitive and applicable
tools for early screening of diabetic neuropathy.
However, due to their low specificity, requiring
supplement tests and electrophysiological studies
are also emphasized. Previous studies also pointed
out that clinical tools such as the MNSI may not be
entirely beneficial for diagnosing diabetic neuropathy.
As shown by Uluc et al (31), electrodiagnostic
findings of the sural nerve were abnormal in 60% of
the diabetic patients leading to well differentiation of
those with neuropathy from other patients without this
abnormality. Our research showed that the diagnosis
of neuropathy based on both MNSI and UK clinical
tools agreed significantly with the electrophysiological
diagnosis of the sural nerve neuropathy, but not with the
peroneal nerve neuropathy that can be explained with
high sensitivity of electrophysiological assessment
of the peroneal nerve (79.7%). In fact, similar to the
previous studies, electrophysiological assessment
for diabetic neuropathy achieved higher sensitivity
while considering peroneal nerve than the neuropathy
detected by pure sural nerve assessment (34,35).
It was also indicated by Negrin and Zara (32) that
assessing the severity of peroneal nerve involvement
can be diagnostically helpful when considered besides
neurological clinical signs in the natural process
of diabetic neuropathy. It seems that motor-fiber
assessment of peroneal nerve can be helpful in cases of
high suspicion of diabetic neuropathy without classic
symptoms where mentioned tests are not positive.

Limitations

We did not evaluate asymptomatic diabetic patients
in the form of a separate group and used limited
objective tests such as Utah Early Neuropathy Scale
and temperature threshold testing to assess diabetic
neuropathy.

Discussion

Along with the sensitive screening instruments
including MNSI and UKST, sural nerve NCS is a
fruitful, objective, and simple approach in the diagnosis
of diabetic neuropathy, and can complement the role
of these questionnaires in the screening, confirming,
and follow up of diabetic peripheral neuropathy.
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