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ABSTRACT

The study was designed to evaluate sural nerve conduction of type-2
diabetes mellitus (T2DM) patients that were asymptomatic for
neuropathy and compare their findings with age and sex matched
healthy individuals. Using a standard technique, sural nerve conduction
study was conducted on 100 T2DM patients with no clinical features
suggestive of neuropathy and 100 healthy volunteers, matched for age
and sex, serving as control. Sural nerve latency, Amplitude and
Conduction Velocity (CV) were measured using Nihoen Kohden EMG
Machine. On comparison of the sural nerve conduction parameters,
sural nerve distal latencies were significantly lower in the control group
while the sural nerve conduction velocities and amplitudes were
significantly higher in the T2DM group. The study showed significant
difference between the sural nerve conduction parameters in T2DM
patients without clinical features suggestive of peripheral neuropathy
when compared with apparently healthy individuals.
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INTRODUCTION

Nerve conduction studies are an invaluable aid to evaluate and
quantify the functional status of peripheral nerves. This
evaluation includes measurement of sensory and motor
conduction, amplitudes, velocities and latencies of peripheral
nerves and these electrophysiological tests correlate with nerve
biopsy results and they serve as a surrogate for histological
determination in longitudinal studies.1,2
The prevalence of diabetes is rapidly rising all over the globe at
an alarming rate.3 Similarly, the frequency of complications of
diabetes is on the increase.4 T2DM, with their complications,
often has adverse impact on quality of life of the patients.
Complications of diabetes include diabetic neuropathy (DN),
retinopathy and nephropathy. Out of the complications of
T2DM, DN is the most common diabetes complication occurring
in about 60–70% of diabetic patients.4,5 DN accounts for more
than 60% of non-traumatic lower-limb amputations.6
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The most common type of DN is distal
symmetric polyneuropathy. It commonly
affects the longest axons in the extremities
first and progresses proximally in a stockingglove pattern.5
A large number of the nerve dysfunctions
start from the sensory nerves of the lower
extremities.5 Consequently, measurement
of sensory nerve function in the lower limb
nerves by electrical stimulation is
mandatory and diagnostically rewarding.7,8
As far as the NC parameters are concerned,
the sensory nerve conduction velocity as
well as the sensory latency of the nerve
provides the highest diagnostic sensitivity.8
Sural nerve is one of the most frequently
affected nerves in DN. Like in many other
conditions that manifest as or are
complicated by polyneuropathy, sural
nerve, which is a distal sensory nerve in the
lower limbs, reliably exhibits nerve
conduction
changes
in
DPN.9-13
Furthermore, it is highly correlated to the
morphological severity of DPN as assessed
by biopsy.1,2
Though, the number of people living with
DM and DN in developing countries is
regrettably on the increase, there is scarcity
of electrodiagnostic facilities for NCS
assessment necessitating reliance on less
specific and less sensitive screening tools
like the United Kingdom screening test
(UKST) for diagnosis.14,15 NCS are more
sensitive than clinical examinations as the
later does not offer quantitative results.
Besides, the NCS are the least variable and
non-invasive
means
of
evaluating
16
neuropathy.
The study was designed to evaluate sural
nerve conduction of T2DM patients that
were asymptomatic for neuropathy and
compare their findings with age and sex
matched healthy individuals.

METHODOLOGY

The data was collected over a six-month
period at the neuro-diagnostic laboratory of
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the Aminu Kano Teaching Hospital (AKTH),
Bayero University, Kano, Nigeria. One
hundred T2DM patients without features
suggestive of DN and 100 age and sex
matched controls were recruited in the
study. The cases were already but recently
diagnosed T2DM that were on treatment
and were recruited from the diabetic clinics
of the AKTH, Murtala Muhammad Specialist
Hospital (MMSH) and other peripheral
hospitals. Diagnosis of DM was made by
consultant endocrinologists and senior
residents in the endocrine and metabolic
units in all cases. All participants with
symptoms
of
neuropathy,
chronic
musculoskeletal disorders, thyroid disorder,
leprosy, any other chronic systemic disease,
alcoholics, smokers and pregnancy were
excluded from the study.
A basic
neurological examination was performed to
assess muscle power, stretch reflexes and
sensation.
The NCS was performed with the patients
and controls lying comfortably in the supine
position. A standardized technique was
used to obtain and record action potentials
for sensory function of sural nerve.17,18 The
protocol adopted in the current study was
like that elsewhere, with minor alteration.19
The
setting
for
a
4-channel
electromyography machine (Digital Nihon
Kohden machine [NM- 420S, H636, Japan])
used in the study was as follows: low cut
was set at 5–10 Hz, high cut was set at 2–3
KHz, the amplification was set between
20,000 and 100,000 times, the electrode
impedance was kept below 5 kΩ and the
sweep speed for sensory nerve conduction
was maintained at 1–2 ms/division and a
stimulus duration of 50 μs to 1000 μs and
current 0–50 mA were required for effective
nerve stimulation.
Data was collected for latency measured
from the onset of action potential,
conduction velocity, and amplitude and
sensory nerve action potential (SNAP) were
measured from positive peak to the base.
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Analysis
All the data generated were collated,
checked and analyzed using GraphPad
Prism (version 6, GraphPad Software, Inc.
CA 92037 USA). Quantitative variables were
described using mean with standard
deviation and median with range in case of
parametric and non-parametric data
respectively. Student t-test or MannWhitney test was used for the comparison
of nerve conduction parameters between
T2DM and control. P value of < 0.05 was
considered significant.
Informed consent was obtained from every
participant and ethical approval was
obtained from the ethical review committee
of the AKTH Kano.

The mean values of the sural nerve distal
latencies with their 95% confidence interval
were 4.4 ms (4.2-4.5) and 3.2 ms (3.0-3.3) in
the T2DM and control groups respectively
(P<0.0001).
The mean values of sural nerve distal
amplitudes with their 95% confidence
interval were 7.1 µv (6.9-8.2µv) and 9.3 µv
(8.9-9.9 µv) in the T2DM and control groups
respectively (P < 0.0001) (Figure 1 and
Table 1).

S u ra l n e rv e la te n c y (m s )

All the studies were performed with surface
recordings and stimulations.
The nerve was stimulated with bipolar
surface electrode cathode located in the
midcalf, 10-18 cm proximal to the active
recording electrode.
The active recording electrode was placed
just below the lateral malleolus. A ground
electrode was placed between the
stimulating and recording electrodes.
Sensory nerve conduction was measured
antidromically.
The
sensory
nerve
conduction velocity (SNCV) was measured
by stimulating at a single site.
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A total of 100 T2DM patients, who were
matched with 100 of the healthy volunteers
by age and sex, comprised 58% males and
42% females were recruited in the study.
Their mean age was 49 yrs ± 19 years. The
mean duration of T2DM was 2.32 ± 0.83
years.
The median values of sural nerve velocities
with their 95% confidence interval were
35.8 m/s (34.3-39.1) and 53.9 m/s (53.454.8) in the T2DM and control groups
respectively (P<0.0001).

c)
S u r a l n e rv e a m p litu d e (m ic r o V )

RESULTS

Figure 1. Comparison of Sural nerve
conduction parameters in DM patients and
matched control
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Table 1: Comparison of sural nerve
conduction parameters in diabetic subjects
and age and sex- matched control
Body
composition
Velocity
DM
Control
Latency
(distal)**
DM
Control
Amplitude
DM
Control

Median

95% CI of
Median

P value

35.8
53.9

34.3-39.1
53.4-54.8

<0.0001

4.4
3.2

4.2-4.5
3.0-3.3

<0.0001

7.1
9.3

7.1-8.2
8.9-9.9

<0.0001

**mean

DISCUSSION

The present study showed significant
difference of sural nerve conduction
parameters in T2DM patients without
subjective features suggestive of peripheral
neuropathy
when
compared
with
apparently healthy individuals. Our results
are in keeping with reports from previous
studies.20,21 Sensory fibers in the lower
extremities are generally first affected in
patients with polyneuropathy, therefore,
the value of sensory nerve conduction
studies in the lower extremities is highly
valuable
in
the
diagnosis
of
polyneuropathy.20,22
Sural nerve conduction studies are used to
evaluate the most distal peripheral nerves
of lower extremities and it was suggested
that subclinical or early peripheral
neuropathy could be recognized with this
method.20,21 Killian and Foreman, in their
evaluation of sural nerve conduction in
normal subjects and those with peripheral
neuropathy from various etiologies of
peripheral neuropathy including diabetes,
alcohol, arteritis, drugs, autoimmune
disorders and unknown etiology showed
that 77% showed abnormalities of sural
sensory conduction. In the same study, it
was also revealed that approximately 50%

of the patients had abnormalities of motor
nerves of the lower extremities.20,23
The mechanisms underlying disturbance of
nerve conduction in diabetes include
metabolic, vascular, autoimmune, and
neuro-hormonal growth factor deficiency.
Nonetheless, the prevailing theory suggests
persistent hyperglycemia as the primary
factor of the metabolic hypothesis.24,25
Uncontrolled
hyperglycemia
increases
polyol pathway activity with accumulation
of sorbitol and fructose in nerves, damaging
them through a yet unknown mechanism.
This is accompanied by decreased myoinositol uptake and inhibition of the Na+/K+adenosine triphosphate with attendant
retention of Na+, edema, myelin swelling,
axo-glial
disjunction,
and
nerve
26
degeneration.
Given the fact that, the conduction velocity,
distal latency and amplitudes of sural
nerves in the diabetics were all significantly
different from their age and sex matched
healthy counterparts, there is suggestion
that diabetes may cause DN by way of
axonopathy and myelinopathy. This
observation also reflect the findings in a
clinico-pathological study in which both
mechanisms were reported even though
axonopathy
was
the
predominant
pathology overall and a third of nerves
demonstrated
demyelination.27,28
Historically, the latter has been ascribed to
axonal degeneration as the primary
ischemic event with
subsequent
demyelination. In the studies, segmental
demyelination and re-myelination was
observed in 23% of sural nerve biopsies due
to primary axonal degeneration.27,28
In conformity with reports of previous
workers on sural nerve studies among
diabetics,29-31 the current study suggests
that impairment of nerve conduction may
be present in T2DM even in the absence of
symptoms referable to neuropathy.
Although slowing of median NCVs and
prolonged distal latencies, which often
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occurs early in the course of the disorder,
are rife in T2DM, the relevance of these
abnormalities to the future development of
either subclinical manifestations or clinically
apparent diabetic neuropathy is still largely
uncertain.26
To the best of our knowledge, the current
study is the first from Nigeria to
comparatively assess nerve conduction
status in T2DM using an electromyography
machine rather than a questionnaire-based
screening instrument. The results of the
present study have a strong implication for
early diagnosis and treatment of T2DM
patients. It is our hope that the findings in
this study will contribute to the knowledge
in the area of neuropathy in T2DM with the
view to emphasizing early screening,
detection and apt therapeutic intervention
for diabetic neuropathy.
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CONCLUSION

The present study has shown that there is
significant impairment of sural nerve
conduction parameters in subclinical T2DM
compared
with
apparently
healthy
individuals.
Author affiliations
1
Department of Medicine, Aminu Kano Teaching
Hospital, Bayero University, Kano, Nigeria
2
Department of Human Anatomy, Ahmadu Bello
University, Zaria, Nigeria
3
Department of Human Anatomy, Kaduna State
University, Kaduna, Nigeria

7.

8.

9.

REFERENCES
Fagius J. Effects of aldose reductase
inhibitor
treatment
in
diabetic
polyneuropathy:
a
clinical
and
neurophysiological study. J Neurol
Neurosurg Psychiatry. 1981;44:9911001.
2. Bassi S, Albizati MG, Calloni E, Frattola
L. Electromyographic study of diabetic
and alcoholic polyneuropathic patients
1.

10.

11.

treated with gangliosides. Muscle
Nerve. 1981;5:351-6.
Huizinga MM, Rothman RL. Addressing
the
diabetes
pandemic:
A
comprehensive approach. Indian J Med
Res. 2006;124:481-4.
Hur J, Sullivan KA, Callaghan BC, PopBusui R, Feldman E. Identification of
factors associated with sural nerve
regeneration and degeneration in
diabetic neuropathy. Diabetes Care.
2013;36(12):4043-9.
Edwards JL, Vincent AM, Cheng HT,
Feldman EL. Diabetic neuropathy:
mechanisms
to
management.
Pharmacol Ther. 2008;120:1-34.
Gordois A, Scuffham P, Shearer A,
Oglesby A, Tobian JA. The health care
costs of diabetic peripheral neuropathy
in the US. Diabetes Care. 2003;26:17905
Aetna Inc. Nerve conduction velocity
studies.
Clinical
Policy
Bulletin.
American Medical Association 2007:
0502.
Killian J, Foreman PJ. Clinical utility of
dorsal sural nerve conduction studies.
Muscle Nerve. 2001;24(6):817-20.
England JD1, Gronseth GS, Franklin G,
Miller RG, Asbury AK, Carter GT, et al.
Distal symmetrical polyneuropathy:
definition for clinical research. Muscle
Nerve. 2005;31(1):113-23.
Dyck PJ, Karnes JL, Daube J, O'Brien P,
Service
FJ.
Clinical
and
neuropathological criteria for the
diagnosis and staging of diabetic
polyneuropathy. Brain. 1985;108(Pt
4):861-80.
Burke D, Skuse NF, Lethlean AK. Sensory
conduction of the sural nerve in

Owolabi et al. Arch Med Biomed Res. 2017;3:60-66. doi: 10.4314/ambr.v3i2.2

64

Published by iambr.info/AMBR

Open Access

12.

13.

14.

15.

16.

17.

18.

19.

polyneuropathy. J Neurol Neurosurg
Psychiatry. 1974;37(6):647-52.
Albers JW, Herman WH, Pop‐Busui R,
Martin CL, Cleary P, Waberski B.
Subclinical neuropathy among Diabetes
Control and Complications Trial
participants
without
diagnosable
neuropathy at trial completion: possible
predictors of incident neuropathy?
Diabetes Care. 2007;30(10):2613-8.
Vinik AI, Bril V, Litchy WJ, Price KL,
Bastyr EJ 3rd; MBBQ Study Group. Sural
sensory action potential identifies
diabetic
peripheral
neuropathy
responders to therapy. Muscle Nerve.
2005;32(5):619-25.
Falco FJ, Hennessey WJ, Braddom RL,
Goldberg G. Standardized nerve
conduction studies in the upper limb of
the healthy elderly. Am J Phys Med
Rehabil. 1992;71:263-71.
Hennessey WJ, Falco FJ, Goldberg G,
Braddom RL. Gender and arm length:
Influence
on
nerve
conduction
parameters in the upper limb. Arch Phys
Med Rehabil. 1994;75:265-9.
Kumar BR, Gill HS. Motor nerve
conduction velocities amongst healthy
subjects. J Assoc Physicians India. 1985;
33:345-8.
Perez MC, Sosa A, Lopez Acevedo CE.
Nerve conduction velocities: Normal
values for median and ulnar nerves. Bol
Asoc Med PR. 1986;78: 191-6.
Kimura J. Electrodiagnosis in Diseases of
Nerve and Muscle: Principles and
Practice. 3rd ed. Philadelphia: Davis;
2001.131-68..
Hamdan FB. Nerve Conduction Studies
in Healthy Iraqis: Normative Data. Iraqi J
Med Sci. 2009;7(2):75-92.

Original Work
20. Killian JM, Foreman PJ. Clinical utility of

21.

22.

23.

24.

25.

26.

27.

dorsal sural nerve conduction studies.
Muscle Nerve. 2001;24:817-20.
Lee HJ, Bach HJR, DeLisa JA. Lateral
dorsal cutaneous branch of the sural
nerve:
standardisation
in
nerve
conduction study. Am J Phys Med
Rehabil. 1992;71:318-20.
Park KS, Lee SH, Lee KW, Oh SJ.
Interdigital nerve conduction study of
the foot for an early detection of
diabetic sensory polyneuropathy. Clin
Neurophysiol. 2003;114:894-7.
Turgut
N,
Karasalihoglu
S,
Kücükugurluoglu Y, Balci K, Ekuklu G,
Tütüncüler F. Clinical utility of dorsal
sural nerve conduction studies in
healthy and diabetic children. Clin
Neurophysiol. 2004;115(6):1452-6.
Brownlee M. Advanced products of
nonenzymatic glycosylation and the
pathogenesis of diabetic complications.
In: Rifkin H, Porte D, eds. Diabetes
mellitus: theory and practice. New York:
Elsevier. 1990:279.
Diabetes Control and Complications
Trial Research Group. Effect of intensive
diabetes
treatment
on
nerve
conduction in the Diabetes Control and
Complications Trial. Ann Neurol.
1995;38:869.
Vinik AI, Pittenger GL, Barlow P,
Mehrabyan A. Diabetic neuropathies:
An overview of clinical aspects,
pathogenesis, and treatment. Diabetes
Mellitus: A fundamental and clinical
Text. 3rd Edition, Lippincott Williams &
Wilkins. 2004:91
Younger DS. Diabetic neuropathy: A
clinical and neuropathological study of

Owolabi et al. Arch Med Biomed Res. 2017;3:60-66. doi: 10.4314/ambr.v3i2.2

65

Published by iambr.info/AMBR

Open Access
107 patients. Neurol Res Int. 2010;2010:
140379.
28. Younger DS, Rosoklija G, Hays AP,
Trojaborg W, Latov N. Diabetic
peripheral
neuropathy:
a
clinicopathologic
and
immunohistochemical analysis of sural
nerve
biopsies.
Muscle
Nerve.
1996;19(6):722-7.
29. Hsieh C, Sun J, Chuang S, Liu M, Ju D.
Clinical utility of facial and dorsal sural
nerve conduction studies in patients

Original Work
with early stage type II diabetes
mellitus. J Neurol Sci. 2009;26:1-7.
30. Balcı K, Karacayır S, Varol G, Utku U.
Utility of dorsal sural nerve in early
determination
of
diabetic
polyneuropathy. J Peripher Nerv Syst.
2005;10:342-3.
31. Burke D, Skuse NF, Lethlean AK. Sensory
conduction of the sural nerve in
polyneuropathy. J Neurol Neurosurg
Psychiatry. 1974;37:647-52.

Owolabi et al. Arch Med Biomed Res. 2017;3:60-66. doi: 10.4314/ambr.v3i2.2

66

