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ABSTRACT

Background: Diabetes Mellitus is one of the leading contributors of global burden of chronic
diseases. Detection of diabetic end-organ damage, particularly during its early stages, is very
crucial and significant. Peripheral neuropathy is a known vascular complication of chronic diabetes.
Several modalities of detecting peripheral neuropathy clinically are available. The purpose of this
study was to evaluate Semmes-Weinsten monofilament10gm in screening the diabetic peripheral
neuropathy.
Aims and Objectives: To assess the accuracy of monofilament test in assessment of Diabetic
neuropathy.
Materials and Methods: We analysed the data collected from 50 patients admitted in the medical
wards or attending medical outxpatient department, diagnosed to have Diabetes, from august 2018
to august 2019. The results of three clinical tests, monofilament test, vibration (test) and ankle jerk
(test), were performed. In the next phase nerve conduction velocity was examined in those with
peripheral neuropathy. The results then compared with each other and with the gold standard
nerve conduction velocity study.
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Results: Data were pooled and coded in Microsoft Excel spreadsheet. R Version 3.4.1 and SPSS
V.22 software was used to analyze the data. The sensitivity and specificity of monofilament test as
in comparison with other clinical tests as well as the gold standard nerve conduction test was found
to be 58% and 88% respectively. The sensitivity of achilles reflex was 30% and specificity being
80% in comparison with the nerve conduction velocity test. The sensitivity and specificity of
vibration sense was 38% and 58% respectively. Hence the Simmes-Weinstein monofilament test
was found to be more accurate test for clinical diagnosis of peripheral neuropathy in patients with
diabetes.
Limitations: Study population was small.
Conclusion: This study showed that Semmes-Weinstein monofilament can be easily used as a
simple and inexpensive device for screening for peripheral neuropathy.

Keywords: Diabetes; peripheral neuropathy; monofilament; clinical diagnosis.

1. INTRODUCTION

Involvement of the peripheral and autonomic
nervous systems is probably the most common
complication of diabetes. Clinical diabetic
neuropathy is categorized into distinct
syndromes according to the neurologic
distribution, although many overlap syndromes
occur.

Prevalence depends on the disease duration.
Based upon several large studies, is that
approximately 50 percent of patients with
diabetes will eventually develop neuropathy
[1,2,3].

1.1 Pathogenesis

Strong evidence of the association between
vascular risk factors and neuropathy was shown
in the EURODIAB study.

Other factors which were significantly associated
with the incidence neuropathy were, glycosylated
haemoglobin levels, increased triglyceride levels,
body mass index, smoking, and the co-existence
of hypertension [4].

1.1.1 Metabolic factors

Advanced Glycation End Products- Glycation of
plasma and tissue proteins leads to the [5]
formation of Advanced Glycation End Products
(AGEs) which plays an important role in diabetic
microvascular complications [6]. The excess
circulating glucose combines with amino acids on
circulating or tissue proteins. This process
initially is reversible and later irreversible [7].
Serum AGE concentrations are increased in
patients with diabetes. These have strong cross-
linking activity with collagen, which may play a
role in the development of diabetic microvascular
complications.

Hexosamine- Excess glucose shunts glycolytic
intermediates into the hexosamine pathway,
producing uridine diphosphate-N-acetyl
glucosamine. Increased flux through the
hexosamine pathway results in cellular damage
and enhanced oxidative stress [8].

Protein kinase C- High glucose is converted to
diacylglycerol that activates protein kinase C.
Protein kinase C activation produces
vasoconstriction and nerve hypoxia [9].

Sorbitol- Glucose that enters cells is metabolized
to Sorbitol via the enzyme aldose reductase.
Sorbitol accumulates within the cells leading to
depletion of NADPH, a rise in cell osmolality and
a decrease in intracellular myoinositol, all of
these combined interfere with cell metabolism
and predispose cells to oxidative stress [10].

Oxidative stress- Hyperglycemia via metabolic
pathways and reactions results is oxidative
stress and the accumulation of reactive oxygen
species. This leads to peripheral nerve damage
and the signs and symptoms of diabetic
neuropathy [11,12].

1.1.2 Nerve ischemia

Due to the presence of thickened endoneurial
blood vessel walls and vascular occlusions [13].

There is clinical evidence that there is a
reduction in endoneurial oxygen tension in the
nerves of diabetic patients with advanced
polyneuropathy [14].

1.1.3 Nerve fiber repair mechanisms

Neurotrophic peptides such as nerve growth
factor, brain-derived neurotrophic factor,
neurotrophin-3, the insulin-like growth factors,
and vascular endothelial growth factor that
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normally mediate nerve repair, regeneration, are
deficient in diabetics [15].

Reduction of insulin in type 1 diabetes may
compromise nerve viability and repair as well
[16].

1.2 Classification

Symmetric polyneuropathy- Distal symmetric
sensorimotor polyneuropathy is the most
common type of diabetic neuropathy. It is
characterized by a progressive loss of distal
sensation correlating with loss of sensory axons,
followed, in severe cases, by motor weakness
and motor axonal loss. The stocking-glove
sensory loss is typical in this disorder.

Autonomic neuropathy- It is a common
complication of diabetes. It cancause postural
hypotension, gastroparesis, and enteropathy with
constipation or diarrhea.

Polyradiculopathies- Diabetes frequently injures
the nerve roots at one or more thoracic or high
lumbar levels with subsequent axonal
degeneration and frequent contralateral,
cephalad, or caudal extension.

Diabetic amyotrophy (lumbar polyradiculopathy)-
clinical features include the acute, asymmetric,
focal onset of pain followed by weakness
involving the proximal leg, with associated
autonomic failure. Progression occurs over
months and partial recovery may occur.

Thoracic polyradiculopathy- patients present with
severe abdominal pain, sometimes in a band-like
pattern, and frequently have undergone
extensive gastrointestinal diagnostic studies in
attempts to identify the etiology of their pain [17].

Diabetic neuropathic cachexia- associated with
unintended severe weight loss and depression.

Mononeuropathies — There are two types of
mononeuropathy associated with diabetes:
cranial and peripheral.

The most common cranial mononeuropathies
occur in those nerves which supply the
extraocular muscles.Affected patients present
with unilateral pain, ptosis, and diplopia, with
sparing of pupillary function [18].

Facial nerve mononeuropathy occurs more
frequently in diabetic than in nondiabetic patients
[19,20].

The most common peripheral mononeuropathy in
diabetic patients is median nerve involvement at
the wrist. Ulnar mononeuropathy at the elbow or
the wrist can also occur [21].

Mononeuropathy multiplex — Multiple
mononeuropathies in the same patient causes
mononeuropathy. The other major cause that
can lead to this syndrome is vasculitis.

The 2017 ADA position statement for the
screening of Neuropathy [22]:

• All patients with diabetes at the time of
diagnosis of type 2 diabetes and five years
after the diagnosis of type 1 diabetes.

• Individuals with prediabetes (impaired
fasting glucose and/or impaired glucose
tolerance) who have symptoms of
polyneuropathy.

• After initial screening, all patients with type
2 or type 1 diabetes who do not have
polyneuropathy should be screened at
least annually.

2. MATERIALS AND METHODS

Study was conducted from august 2018 to
august 2019 in the department of General
Medicine, Yenepoya medical college after
obtaining the IEC approval with 50 patients with
diabetes who were admitted or attending out
patient department. Clinical examination was
performed to assess the peripheral neuropathy
including:

Achilles reflex testing was evaluated by striking
the achilles tendon with patient’s knee flexed at
900, normal response is a plantar flexion.
Abnormal response were noted as decreased or
absent reflexes.

Vibration test Vibration testing was performed
using a 128-Hz tuning fork. Patient was first
taught, by pacing the vibrating tuning fork o the
forehead or sternum. The vibrating tuning fork
applied to the bony prominence at the dorsum of
the first toe and the patient was asked to report
both start of vibration sense and cessation of it.

2.1 10 gm Semmes-Weinstein
Monofilament Test

Monofilament testing was performed bilaterally
using a 10 gm (size 5.07) monofilament. At first a
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reference stimulus was applied to the forehead
or the sternum. The test at 10 points of the feet
were evaluated. Ten points in each foot,
including: nine plantar sites (distal great toe, third
toe, and fifth toe; first, third, and fifth metatarsal
heads; medial foot, lateral foot, and heal) and
one dorsal site were tested. The filament is
placed perpendicular to the skin and pressure is
applied until the filament just buckles with a
contact time of 2 sec. Inability to perceive the
sensation at any one site is considered
abnormal.

Nerve conduction study was done in those
patients with indication.

2.2 Statistical Analysis

Data were pooled and coded in Microsoft Excel
spreadsheet. R Version 3.4.1 and SPSS V.22
software was used to analyze the data.
Categorical data is represented in the form of
frequency and percentage,continuous data is
presented as the Mean ± SD. The sensitivity and
specificity of monofilament test as in comparision
with other clinical tests as well as the gold
standard nerve conduction test. Results were
expressed as sensitivity and specificity as in
comparison to the gold standard test.

3. RESULTS

In our study a total of 50 patients were examined
and tested for peripheral neuropathy using
different clinical tests. Among the 50 patients,
34(68.00%) were male and 16 (32.00%) were
females. The mean age of our study population
was 55.10 ± 11.83 years (range 18-82 yr). The
mean duration of diabetes mellitus was 5.57 ±
4.73 yrs.  The mean random blood glucose was
260.14 ± 96.76(range 124.00 -586.00) .The
mean HbA1c in the study population was 8.56 ±
1.75 gm %. The mean BMI in our study
population was 22.73 ± 3.13.

The results showed that the majority of patients
(76%) had HbA1c levels greater than 7%. It is
shown that these patients have had a poor
control over their diabetes. Examination

revealed, 19 (38%) patients were healthy and
without neuropathy and 31 individuals (62%) had
neuropathy. Testing with 10gm Monofilament
revealed peripheral sensory neuropathy in 29
(58%) of patients. Among the patients who
underwent nerve conduction study 31(62%) had
presence of neuropathy.

Table 1. Demographic variables

Demographic variables Mean  ± SD
Age 55.10 ± 11.83
Male 34(68.00%)
Female 16 (32.00%)
Random blood sugar 260.14 ± 96.76
HbA1c 8.56 ± 1.75
Duration of disease 5.57 ± 4.73
BMI 22.73 ± 3.13

The study showed that the sensitivity and
specificity of vibration test was 38% and 58%
respectively, achilles tendon reflex showed
sensitivity and specificity of 30% and 80%
respectively. The sensitivity and specificity of 10
gm Semmes-Weinstein was found to be 58%
and 88% respectively. Nerve conduction velocity
study was taken as gold standard test.

The area under the ROC curve was significantly
greater for the monofilament test which was 0.48
compared with that for achilles tendon reflex
(0.36) and for vibration test (0.34).

4. DISCUSSION

The clinical practice of bedside examinations
such as ankle jerk response, vibration test using
tuning fork and monofilament testing are not
being rigorously followed. This has majorly
contributed to the underdiagnoses of neuropathy
and its related sequelae.

As neuropathy poses a threat to potential
complications, early detection of diabetic
polyneuropathy is important. Early detection,
followed by therapeutic interventions, helps in
decreasing the morbidity of diabetic
polyneuropathy.

Table 2. Sensitivity and specificity of 10 gm monofilament test in comparison to ankle jerk,
vibration test and nerve conduction study

Variable Sensitivity % Specificity % AUC
Nerve conduction study 1( reference ) 1( reference) 1
10 gm monofilament test 58 88 0.48
Achilles tendon reflex 30 80 0.36
Vibration sense 38 58 0.34
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All patients with polyneuropathy (including
asymptomatic) should receive foot
care education. The patient should be
instructed to carefully inspect his or her feet
every day.

In this study, it was found that 31 patients (61%)
had developed peripheral neuropathy.
Associated with glycemic control, HbA1c (mean
8.56 ± 1) and random blood glucose (260.14 ±
96.76) levels in this study showed that most
patients had poor blood glucose control.
Monofilament test detected peripheral
neuropathy in diabetic patients with 58%
sensitivity and with a specificity of 88%, which
was more than the other clinical tests with
sensitivity of vibration test being 38% and that of
achilles tendon reflex being 30%.

Shahram Baraz et al., compared the accuracy of
monofilament testing at various points of feet in
diabetic neuropathy 150 patients with diabetes
mellitus. In his study it was concluded that
monofilament can easily be used as a simple and
inexpensive device for screening [23].

In a study by Carissa Paz C. Dioquino et al, they
found that when they combined the clinical
assessment and the monofilament test results
and compared it with the NCS, sensitivity would
increase to 100%, while specificity would remain
100%. The sensitivity of the monofilament testing
in this study was 57.1% and the specificity was
100% [24].

In a cross-sectional study done at Diabetes
Clinic, Ghulam Mohammad Mahar Medical
College Hospital, by Javed Ahmed Phulpoto et
at, monofilament test had a low sensitivity
(62.8%) but a high specificity (92.9%) and
accuracy (77.9%). This study concluded that
simple bed side tests, like the monofilament
test is useful for assessing peripheral
diabetic neuropathy, even in those subjects in
whom foot care practices are not followed
[25].

Bruce A. Perkins et al, conducted a 4 year
Prospective study examined the baseline
monofilament examination score and other
simple sensory screening tests (Superficial pain
sensation, Vibration testing) by receiver
operating characteristic curve analysis. The
inferred that the area under the ROC curve was
significantly greater for the monofilament
examination compared with that for other simple
sensory tests [26].

5. CONCLUSION

The use of monofilament solely or in combination
with NCS or other reflex tests for neuropathy
screening method is an easy and accessible
method; and by early detection, it can prevent
complications that include leg ulcers and
amputation in patients with diabetes. The use of
this test in our study showed that when factors
such as cost and ease of use are concerned,
then 10-g Semmes-Weinstein monofilament is
effective for detection and screening peripheral
neuropathy. The sensitivity and specificity of
monofilament is found to be greater than the
other clinical tests such asvibration sense and
achilles tendon reflex in assessing peripheral
neuropathy. Hence to be considered as a
essential bed side clinical test in diabetics for
early detection of peripheral neuropathy and
prevention of complications.
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