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Abstract :Abstract :Abstract :Abstract :Abstract : Nerve conduction study is an important tool to evaluate
peripheral nerve abnormality. The primary purpose of this study was to
provide normative electrophysiological data for commonly tested upper limb
nerves in normal healthy adults. Nerve conduction studies were performed
prospectively in upper limbs of 175 carefully screened healthy volunteers
between the ages of 18 and 66 years using standardized techniques. There
was no statistically significant difference found in conduction velocity and
amplitude of motor median and ulnar nerves as well as sensory conduction
velocity of median nerve. However, distal and F-minimum latencies of
motor nerves, sensory amplitudes and conduction velocity of ulnar nerve
was found to be significantly influenced by gender (P<0.05). This study
established normative conduction parameters of the commonly tested nerves
of upper limb for our clinical neurophysiology laboratory in Central India.
This can be of use to evaluate the patients with peripheral nerve
abnormalities who reside in this particular geographic set-up. Gender was
shown to have an influence on sensory amplitude, distal motor and F-
minimum latencies of median and ulnar nerves.
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INTRODUCTION

Nerve conduction study is an important
tool to evaluate peripheral nerve abnormality.
Every clinical neurophysiology lab need to
set up its own normative data for its
population required in clinical practice to
identify the abnormal subjects. There are

several factors which may influence nerve
conduction study such as temperature, age,
height, BMI etc. (1–5). They have to be taken
into  considerat ion whi le  do ing  nerve
conduction study. However, these factors
vary according to different geographic region.
Many studies have been published regarding
normative data from Western countries with
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cold climatic condition (6–9). The primary
purpose  o f  this  study was to  provide
normative electrophysiological data for
commonly tested upper limb nerves in
carefully screened normal healthy adult
individuals using standard distances and
temperature control.

MATERIAL AND METHODS

One hundred seventy  f ive  healthy
volunteers (144 males and 31 females)
between the ages of 18 and 66 years were
included in the study after getting their
informed written consent to participate. All
participants were examined to exclude
history  o f  systemic  or  neuromuscular
disorder. Relevant clinical history was taken
and neurological examination was done.
Subjects were excluded if they suffered from
or reported a history of neuropathy, limb
injury or ulcer, neuromuscular transmission
disorder, myopathy and alcohol abuse. An
approval from Institutional Ethics Committee
was obtained and study was carried out at a
fixed room temperature of 30°C.

Elec t rophys io log i ca l  methodsElec t rophys io log i ca l  methodsElec t rophys io log i ca l  methodsElec t rophys io log i ca l  methodsElec t rophys io log i ca l  methods

A RMS EMG EP Mark-II machine was
used. Filters were set at 2 Hz to 5 kHz and
sweep speed was 5 ms per division for motor
study and for sensory study, filters were at
20 Hz to 3 kHz and sweep speed was 2 ms
per division. Duration for both motor and
sensory study was at 100 us.

The nerves tested were median and ulnar
nerves. Parameters studied for motor nerves
were distal motor latency (DML), amplitude
and conduction velocity (CV) whereas for
sensory nerves were amplitude and conduction

velocity. The site of stimulation for motor
median, ulnar nerves were the wrist and
elbow and recording site were motor point
of abductor pollicis brevis and abductor digiti
minimi respectively. Reference electrode was
placed 4 cm distally over the 1st metacarpo-
phalangeal joint for median nerve and over
5th metacarpo-phalangeal joint for ulnar
nerve. Belly tendon montage was used with
cathode and anode 3 cm apart.

For sensory nerves, antidromic study was
done using ring electrode. Electrodes were
placed on index and little fingers for median
and ulnar nerves respectively. Sensory
nerve action potential (SNAP) amplitude
was taken from peak to base.  Ground
electrode was placed between stimulation and
recording electrode. F-wave study involved
supramaximal stimulation of motor nerves.
A large compound muscle action potential
(CMAP) followed by a small irregular shaped
CMAP were elicited. Minimum ten stimuli
were passed to obtain the F-wave on rastered
scale and minimum F wave latency (F-min
lat.) was noted.

Stat i s t i ca l  methodsStat i s t i ca l  methodsStat i s t i ca l  methodsStat i s t i ca l  methodsStat i s t i ca l  methods

Analysis was done using statistical
package for social sciences (SPSS) 10.0
version. Values obtained were expressed in
the form of mean and standard deviation
(SD). P value was taken as significant if
found to be less than 0.05.

RESULTS

One hundred seventy five volunteers aged
18-66 years (mean age 33.32±9.94) were
included in the study. There were 144 males
(mean age 33.59±9.96) and 31 women (mean
age 32.09±9.61). Descriptive statistics for
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minimum latencies of motor nerves and
sensory amplitude and conduction velocity
of ulnar nerve was found to be significantly
influenced by gender. A comparison of nerve
conduction parameters of median and ulnar
nerves between the present study and those
reported by others is given in Table II.

motor and sensory median and ulnar nerves
are shown in Table-I for both sexes in right
and left side. There was no statistically
significant difference in conduction velocity
and amplitude of motor median and ulnar
nerves as well as sensory conduction velocity
of median nerve. However, distal and F-

TABLE I : Gender wise distribution MNCS, SNCS & F-wave study.

Males Females
Nerve Parameters

Right side Left side Right side Left side

Motor DML* (msec) 3.30± 0.48 3.32± 0.49 3.00± 0.51 2.90± 0.47
Median AMP (mV) 14.03± 4.03 13.11± 3.94 13.42± 4.34 13.26± 3.92

CV (m/s) 56.33±4.56 56.69±4.63 56.33±4.70 58.10±5.17
F-Min* (msec) 26.26±2.26 25.91±2.00 24.4±2.09 23.68±1.12

Motor DML* (msec) 2.36±0.36 2.41±0.33 2.03±0.37 2.07±0.33
Ulnar AMP (mV) 13.09±2.88 12.64±4.03 12.87±2.17 12.39±2.40

CV* in Left (m/s) 57.95±4.57 57.61±6.11 58.96±5.25 61.75±4.45
F-Min* (msec) 27.01±2.34 26.53±2.00 25.20±2.72 24.1±1.65

Sensory AMP* (µV) 35.17±12.07 40.02±13.11 47.36±16.30 51.56±16.81
Median CV (m/s) 58.45±7.28 59.29±5.81 57.88±6.26 58.87±6.08
Sensory AMP* (µV) 26.19± 11.77 29.45± 14.04 39.02± 17.81 41.72± 21.01
Ulnar CV* (m/s) 57.67± 6.34 55.91± 7.05 60.76± 8.03 60.19± 6.17

*Significance of P value <0.05. Data presented as mean±SD.
MNCS: motor nerve conduction studies; SNCS: sensory nerve conduction studies; DML: distal motor latency;
AMP: amplitude; CV: conduction velocity; F-Min: F-min latency.

TABLE II : Comparison of nerve conduction parameters in Upper limb.

Nerve Parameter Shehab Hennessey Robinson Falco Kimura Delisa Oh SJ Present study
DK et al et al et al n=175

n=50 n=44 n=44 n=51

Motor DML (ms) 3.1± 0.3 3.2± 0.4 3.6± 0.4 3.5± 0.5 3.49 3.7 2.78 3.25± 0.50a ; 3.25± 0.51b

Median AMP (mV) 11.1± 2.8 12.1± 3.8 9.5± 2.9 9.2± 3.1 7.0 13.2 >5 14.00± 4.08a ; 13.14± 4.00b

CV (m/s) 56.5± 3.5 59.5± 4.40 54.4± 3.8 54.4± 5.4 57.7 56.7 58.78 56.33± 4.57a ; 57.00± 4.75b

F-min (ms) – – – – 26.6 29.1 25.32 25.93± 2.32a ; 25.50± 2.03b

Motor DML (ms) 2.4± 0.3 2.6± 0.3 2.9± 0.4 2.7± 0.3 2.59 3.2 2.03 2.31± 0.38a ; 2.35± 0.36b

Ulnar AMP (mV) 9.2± 2.2 12.6± 2.3 8.4± 2.1 9.9± 1.8 5.7 6.14 >5 13.05± 2.76a ; 12.59± 3.79b

CV (m/s) 60.4± 5.2 63± 4.8 56.3± 6.2 61.6± 4.1 58.7 61.8 61.15 58.13± 4.70a ; 58.34± 6.06b

F-min (ms) – – – – 27.6 30.5 25.68 26.68± 2.50a ; 26.09± 2.14b

Sensory AMP (µV) 63.3± 18.9c 31.4± 8.2c 35.6± 11.8c 27.1± 11.2 38.5 41.6 30.93* 37.32± 13.69a; 42.06± 14.47b

Median 79.3± 28.8d 27.0± 7.8d 41.8± 15.4d

CV (m/s) 56.6± 7.6 61.2± 4.3 54.6± 3.7 56.0± 4.5 56.2 56.9 60.88* 58.35± 7.10a ; 59.21± 5.84b

Sensory AMP (µV) 54.5± 18.4c 52.4± 14.3c 32.3± 13.1c – 35.0 15-50 22.74* 28.46± 13.89a; 31.61± 16.13b

Ulnar 63.9± 16.8d 52.9± 13.9d 36.5± 16.2d

CV (m/s) 52.1± 7.5 64.0± 6.9 57.7± 5.6 60.0± 7.5 54.8 57.0 60.93* 58.22± 6.76a ; 56.67± 7.08b

Data presented as mean±SD. n=Number of subject; DML=Distal Motor Latency; AMP=Amplitude;
CV=conduction Velocity; a=Right side; b=Left side. *=Orthodromic study; c=Male; d=Female.
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in sensory conduction velocity coinciding
with  f inding o f  Bromberg  et  a l  (13) .
Some studies (4, 17), however, reported
intrasubject variability from one side of body
to other for F-min latency, motor conduction
veloc i ty  and compound muscle  act ion
potential amplitude. Gender (14), age (16)
and height (15) has influence on F-wave
latency (17, 18). Therefore it is better to
interpret F-min latency in each person
according to normal values in each region.
The present study observed lesser F-min
latency as compared to observation made by
Delisa JA et al (19) whereas its results are
comparable with observation reported by
others (20, 21). No significant difference was
observed between F-min latency of left and
right extremity alike Cornwall MW et al
(22). SNAP amplitude that we recorded
was measured from peak o f  negat ive
potential to base line in accordance with
other studies (5, 19, 20, 21). However,
Shehab (10) measured it from negative
peak to subsequent positive peak. This might
be the reason why we got lesser SNAP
amplitude.

In conclusion, normative conduction
parameters of commonly tested peripheral
nerves in upper limb were established
for our neurophysiology lab in Central
India. This can be used for evaluation for
peripheral nerve injury. The overall mean
motor  and sensory  nerve  conduct ion
parameters for median and ulnar nerve were
comparable with existing literature data
(5–7, 10, 19–21). Gender has been shown to
have an effect on SNAP amplitude, distal
motor and F-minimum latency of median and
ulnar nerve.

DISCUSSION

This  study evaluates  the  nerve
conduction parameters of the most commonly
tested nerves in upper limbs of a healthy
adult population in central India to provide
normative and reference values for our
neurophysiology lab. These reference values
differ from one population to another. A
comparison was made between this study and
other studies published in literature. The
findings of this study are in agreement with
other workers in term of motor parameters
of median and ulnar nerves (5, 6, 7, 10).
Sensory parameters  in this  study are
somewhat lesser as compared to findings
recorded by  Shehab (10) .  We have
demonstrated significant effect (P<0.05) of
gender on distal motor latency and SNAP
amplitude of median, ulnar nerves; on
conduction velocity of ulnar nerve and on F-
minimum latency of all motor nerves as was
demonstrated by others (6, 10). Soudmand R
et al (4) reported that nerve conduction
velocity and distal latency is not influenced
much by gender. Effect of sex on nerve
conduction study can be explained on the
basis of gender wise difference in anatomical
and physiological  factors (11) .  Gender
difference in nerve conduction parameters
could also be due to difference in height
(5). Thicker subcutaneous tissue provides
greater distance between digital nerve
and surface ring electrode in males and
this may diminish SNAP amplitude (6, 11,
12).

We demonstrated bilateral symmetry of
motor conduction velocity and asymmetry
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