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Problem/background :Diabetic neuropathy (DN) is one of the most frequent chronic

complications in diabetic patients. The spectrum of nerve involvement
ranges from dysfunction of predominantly, large fiber (Ao and APB) to

small fiber (A and C-fiber). The difference of nerve fiber types are
usually not uniformly affected. Early diagnosis of DN can decrease
patient morbidity. However, there is no single diagnostic test for the
detection of DN. Methods for assessing DN in the lower extremities
include clinical examination, monofilament tests, vibration perception
thresholds, warmth and cold perception threshold, thermal
discrimination threshold and electrophysiological study.

Objective :To search for the correlate of the Semmes - Weinstein monofilament
tests and electrophysiological studies in peripheral diabetic neuropathy

Setting :Diabetic Neuropathy Research Clinic and Electrodiagnostic
Laboratory, King Chulalongkorn Memorial Hospital.

Design : Prospective, descriptive study

Patients * Twenty-six NIDDM ambulatory patients, aged over 25 years were

recruited info the study. All of them had diabetes and symptoms of
diabetic neuropathy for more than six months.

* Department of Rehabilitation Medicine, Faculty of Medicine, Chulalongkorn University
** Department of Medicine, Faculty of Medicine, Chulalongkorn University
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Method : The patients were interviewed for symptoms of diabetic neuropathy
and underwent comprehensive medical and neurological evaluations,
standardized bilateral sensory sural, motor common peroneal and
tibial; nerve conduction studies included Semmes - Weinstein (SW)
monofilament tests on both big toes.

Resuits : A total of 26 NIDDM patients, 13 males and 13 females with meanb
age of 54.58 + 6.29 years were studied. The abnormality of SW
monofilament test was 61.54 %. The mean SW monofilament index of
It big toe was 3.67 + 1.17, the left was 3.92 + 1.45. The sural
latency and sensory nerve action potential (SNAP) amplitude had the
highest abnormalities (92.31 %). Hence, the outcomes of SW monofila-
ment tests and electrophysiological studies were weakly correlate.

Conclusion : Diabetic neuropathy may be caused by different pathogenetic
mechanisms, which will need to be assessed separately.

Key words : Diabetic neuropathy, Semmes - Weinstein monofilament tests,
Electrophysiological studies.
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Diabetic neuropathies include a variety of
distinctive disorders, sometimes affect individual
nerves or nerve roots; their most common form is distal
symmetrical sensorimotor polyneuropathy (DP) which
chiefly involves the feet."? The spectrum of nerve
tissues involvement ranges from predominantly large
fiber (Ao and AP) dysfunction, characterized by
depression of vibratory, proprioceptive, and tactile
discriminatory sensation, to prédominantly small fiber
(Ad and C- fiber); their dysfunction is characterized by
dysesthesia, hyperesthesia, reduced thermal sensation
and dysfunction of pain perception as well as autonomic
dysfunction.® Methods for assessing DP in the lower
extremities of patients with diabetes include evaluation
of symptoms,”’ neurologic examination,”® vibration

perception thresholds,®

warmth and cold perception
threshold,” thermal discrimination threshold” and
electrophysiologic study.®® Electrophysiological
studies frequently show abnormalities in sensory and
motor nerve conduction in diabetic patients even in
those who clinically show no evident of neuropathy.™""
The notion that neuropathy is generally necessary to
produce a diabetic foot ulcer has been well established.
Early diagnosis of DP can decrease patient morbidity
by allowing potential therapeutic interventions,
including patient education and regular foot
surveillance. However, there is no single diagnostic
test for DP."® In an attempt to provide a simple,
inexpensive, and reliable means of testing for DP,
Semmes - Weinstein monofilament system (SW) is
widely advocated as a screening tool. The SW was
originally designed for measuring pressure sensation.
Several studies discussed the potential clinical use of
monofilaments, particularly the 10 - g monofitament, in

identifying patients with the risk of foot ulceration.™ ™
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The purpose of the study was to correlate the Semmes-
Weinstein monofilament tests and electrophysiological
studies of diabetic peripheral neuropathy in lower

extremities.

Materials and Methods

The study was conducted at Diabetic
Neuropathy Research Clinic and Electrodiagnostic
Laboratory, King Chulalongkorn Memorial Hospital
from April 1998 to December 1999. Approval from the
Ethics Committee of the Faculty of Medicine was
obtained before commencing the study. Informed

consent for the study was given by each patient.

Patients

Twenty-six NIDDM ambulatory patients were
studied. The criteria of inclusion were: (1) primary
NIDDM, (2) age 25 or older, (3) duration of diabetes
last longer than 6 months, and (4) presence of

symptoms of diabetic neuropathy.

Methods

The patients were interviewed for symptoms
of diabetic neuropathy and informed about the
study. If s/he was willing to participate in the study,
s/he underwent the following procedures: 1) a
comprehensive medical and neurological evaluation
to exclude neuropathy of other etiologies (e.g.
alcoholic, nutrition, and uremic); 2) standardized
bilateral nerve conduction study including sensory
sural nerves and motor common peroneal and tibial
nerves - performed by a physician who was blinded
to the status of the subjects; 3) a Semmes - Weinstein
monofilaments test conducted by an independent

observer who was blinded to all other results. The
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Figure 1. The Semmes Weinstein monofilament was

applied to the first toe of the patient’s left foot.

Semmes - Weinstein monofilaments are a set of 20
pressure - sensitive nylon flaments attached to a lucite
rod. They were standardized in their length and
thickness that they buckle at reproducible forces
ranging from 0.0045 - 447 g. Therefore, when it was
applied on the patient’s skin, the amount of pressure
administered would be more a function of the
instrument than of the examiner. We applied the
monofilament perpendicularly to the tip of big toes

and slowly increased the pressure on the lucite rod
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until it bent. (Figure 1) At this point, the patient was
asked whether there was any sensation of pressure.
Of the 20 available sizes of Semmes Weinstein
Monofilament, we used the size 2.83, 3.22, 4.56, 5.07
and 6.45 which produced approximately 0.080, 0.172,
4.19,7.37 and 164.32 gram - force on bowing (North
Coast Medical, Inc., Campbell, CA). The five filaments
were representing changes in functional levels of:
touch recognition. The 2.83 filament was first used to
the tip of big toes. If the patient felt the filament the
examination was complete. If s/he did not respond to
the 2.83 filament, the next heavier filament would be
used until s’/he recognized the force or until it was
established that s/he did not feel even the heaviest
filament. Testing was done in a quiet place away from
noise and distraction. The patient's hands were rested
in a comfortable position during the test and his/her
vision was occluded during the test by eye closing or

looking away.

Statistical Analysis All measurements were
calculated as mean . 1 standard deviation. Pearson
correlation coefficient with corresponding 95 %
confidence intervals (95 % Cl) was used to measure
the correlation of Semmes - Weinstein monofilament

tests and electrophysioclogical studies.

Table 1. Demographic and clinical characteristics of the patients.

Minimum Maximum Mean + Std. Deviation
Age (yrs) 44 69 54.58 +6.29
Yrs. of diabetes 2 16 6.19 +5.00
Fasting plasma glucose (mg/dl) 70 426 147.81 +63.45
Hemogiobin A1 (%) 5.40 11.90 7.26 +1.51
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Results

26 NIDDM patients, 13 males and 13 females
were studied. The demographic profile of the patients
was shown in table 1. The results of Semmes -
Weinstein monofilament tests in bilateral tips of big

toes, sensory and motor nerve conduction studies were

Table 2. The result of Semmes - Weinstein monofilament tests and electrophysiological studies.
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demonstrated in table 2. The number and percentage

of patients with abnormality of each test was shown

in table 3. Our result showed that the outcome

of Semmes - Weinstein Monofilament tests and

electrophysiological studies in all patients were weakly

correlated. (Table 4)

Rt. Lt.

(Mean + SD) (Mean + SD)
SW monafilament index 367 +1.17 3.92+145
Sural distal latency (msec) 267+137 2.76+1.25
Sural SNAP amplitude ([V) 439+4.14 445+ 4.01
Sural NCV (m/sec) 34.52 + 17.81 36.65 + 16.60
Peroneal distal motor latency (msec) 4.18 +0.88 4.11+142
Peroneal CMAP amplitude (mV) 2.42+£177 2.59 +1.77
Peroneal NCV (m/sec) 38.59 + 8.96 39.31+9.10
Tibial distal motor latency (msec) 451+0.78 424 +0.72
Tibial CMAP amplitude (mV) 7.84 +3.93 8.95 +4.14
Tibial NCV (m/sec) 38.49 +6.62 38.93+4.73

Table 3. The number and percentage of patients with abnormality of Semmes - Weinstein Monofilament tests

and electrophysiological studies.

NO.OF CASE %
SW monofilament index > 2.83 16 61.54
Sural distal latency > 2.8 msec 24 92.31
Sural SNAP amplitude <10 pv 24 92.31
Sural NCV < 45 m/sec 19 73.08
Peroneal distal motor latency >4.5 msec 13 50.00
Peroneal CMAP amplitude < 3 mV 18 69.23
Peroneal NCV < 40 m/sec 13 50.00
Tibial distal motor latency >4.5 msec 12 46.15
Tibial CMAP amplitude <8 mV 15 57.69
Tibial NCV < 40 m/sec 13 50.00
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Table 4. The pearson correlation of Semmes -
Weinstein monofilament tests and

Electrophysiological studies.

S-W monofilament index

Rt. Lt.
Sural distal latency -.26 -.43
Sural SNAP amplitude -.20 -.33
Sural NCV -.24 -.37
Peroneal distal motor latency - .04 -.29
Peroneal CMAP amplitude - .04 - .13
Peroneal NCV - .41 -
Tibial distal motor latency A7 23
Tibial CMAP amplitude -.41 - .53
Tibial NCV -.27 - .32

Discussion
Diabetic neuropathy is an insidious and
progressive disease that firstly involves distal and
symmetrical peripheral sensory nerve fibers, and
eventually progresses to autonomic and motor
neurons. There are a number of criteria employed for
the diagnosis of diabetic polyneuropathy. Clinical
neuropathy presumably refers to patients'symptoms
and signs of polyneuropathy.'*' In other reports, a
subset of specific neurological deficit was accepted,
for example absent knee and ankle reflexes and
reduced perception of vibration sense." Many studies
provided evidence that abnormalities of nerve
conduction can be related to symptoms, signs and
neuropathological abnormality and therefore should
be used in setting minimal criteria for the diagnosis
of diabetic polyneuropathy.">"” The high reproducibility
of both the sensory nerve and compound muscle
action potentials, along with sensory and motor nerve

conduction velocities led to the suggestion that these
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tests, which reflect actual changes in peripherat nerve
pathology, should be emphasized in the diagnosis
of diabetic neuropathy, and should also be used
in controlled clinical and epidemiological trials."
Our study demonstrated that patients with clinical
evidence of diabetic neuropathy of lower extremities,
sural latency and sensory nerve action potential (SNAP)
amplitude had the highest degree of abnormalities
(92.31 %) followed by sural nerve conduction velocity
(NCV) (73.08 %), peroneal compound muscle action
potential (CMAP) amplitude (69.23 %), tibial CMAP
amptitude (57.69 %), peroneal motor latency
(50.00 %), peroneal motor NCV (50.00 %), tibial NCV
amplitucle (50.00 %) and tibial atency (46.15 %). Dyck
et al"® found peroneal motor nerve had the highest
abnormality, followed by sural nerve, median sensory
and median motor nerves. Some authors suggested
that sural sensory nerve action potential was the
best single predictor of the presence of diabetic
neuropathy.” In general, the lower extremities
showed far more frequent abnormalities than the upper
extremities. A fall in amplitude of the SNAP occurs
mostly in sural nerve, whereas the incidence of
abnormal slowing in sensory NCV of the same nerve
is disproportionately low. A decrease in SNAP
amplitude without a fall in sensory NCV was quite an
impressive finding.”” This sort of abnormality was
usually produced by a lesion with axonal pathology,
but it was possible that a low amplitude might be
produced by abnormal temporal dispersion of the
SNAP. Certainly, recent comparisons of sural nerve
biopsies and nerve conductions in diabetic patients
with clinically significant diabetic neuropathy (DN)
revealed that the two key electrophysiological

hallmarks of DN (decreased sural SNAP amplitude



312 NN ALY UATAMIE

and slow peroneal motor NCV) correlated well with
characteristic structural lesions of myelinated nerve
fibers. The amplitude of sural SNAP correlated with
the density of myelinated fibers which decreased
over time in DN. Similarly, the decline in peroneal
motor NCV was likely to reflect a combination of
demyelination and loss of the largest myelinated
fibers.®"??

For the detection of DN. in clinical practice a
simple, sensitive, and inexpensive screening method
is required. Previous studies indicated that both
the Semmes Weinstein monofilaments examination
(SWME) and the clinical neurological examination
could be useful for diagnosing DN in clinical practice
and, moreover, might even help identify patients

who are at risk for amputations.® 2 The SWME

allows a simple calibrated means of assessing

@29 and has been demonstrated

protective sensation
as a prognostic risk factor for complications of
neuropathy. The monofilament was clearly established
as a reproducible and practical method.®® A single
prospective study to investigate the monofilament for
the prediction of ulcers and amputations reported a
positive likelihood ratio of 15.% Several case - control
studies reported variable sensitivities and specificities
up to 95 % and 82 %, respectively.”*® The results of
our study however, demonstrated sixteen patients
(61.54 %) had monofilaments index more than 2.83
which suggested diminished in light tough and was
the earliest sign of nerve involvement. When compared
with electrophysiological studies, the percentage of
patients who had abnormal monofilament index was
less than sural nerve conduction study. Furthermore
our results showed a weak correlation of SWME and

electrophysiological studied in this setting. The high

Chula Med J

reproducibility of nerve conduction studies and their
close correlation with nerve fiber loss and structural
insult in diabetic neuropathy make these tests
sensitive indicators of the presence of neuropathy.
While the SWME assesses the threshold of light touch
pressure in a semiquantitative fashion.” The present
study suggested that clinical abnormality from two or
more evaluations would provide a good basis for the
diagnosis of polyneuropathy. Because of excessive
variability of the tests, however, it was not possible
to use results from one type of evaluation to predict

the others.

Conclusion

Because neuropathic symptoms and deficit
may be caused by different pathogenetic mechanisms,
they should be assessed separately. Simple screening
strategies can be used in conjunction with more

sophisticated techniques when available.
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