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    Abstract- Nerve conduction and surface electromyography of 
lower limbs of barbers: effect of anthropometric variables  
           Background: Nerve conduction studies (NCS) are 
conventionally performed with electromyography (EMG), which 
is electro diagnostic studies, provides a comprehensive 
evaluation of suspected nerve, muscle and/or neuromuscular 
impairment. Several studies had shown a significant effect of 
anthropometric variables on nerve conduction variables while 
their effects on surface EMG variables are hardly known.  
           Objectives: To study the effect of anthropometric 
variables on nerve conduction and surface electromyography 
variables of lower limbs in barbers. 
           Material and methods : This study was done on twenty 
six (age 38.12±8.21 years) consenting male barbers selected from 
Dharan municipality by a convenient sampling method. 
Anthropometric variables such as age, height, weight, BMI were 
recorded. Compound muscle action potential (CMAP) and 
sensory nerve action potential (SNAP) of peripheral nerves and 
bilateral gastrocnemius muscles of lower limbs were recorded 
using standard techniques in Neurophysiology Lab II, 
Department of Basic and Clinical Physiology, B.P Koirala 
Institute of Health Sciences, Dharan, Nepal. The data obtained 
were entered into MS Excel sheet and further analyzed using 
SPSS 11.5. Descriptive analysis was done for anthropometric 
variables while Pearson’s correlation was applied between 
anthropometric and nerve conduction and surface 
electromyography variables.  
           Results : Anthropometric variables such as age, height 
and weight showed a significant relationship with NCS variables, 
but not with surface EMG variables. Height and weight showed a 
positive correlation with latencies of most of the nerves (p<0.05). 
Height showed a negative correlation with conduction velocities 
of right common peroneal and right sural nerves (p<0.05). 
Weight showed a negative correlation with left common peroneal 
conduction velocity (p<0.05). Anthropometric variables did not 
show any significant correlation with surface EMG variables.  
           Conclusion : Height and weight showed a significant 
effect on nerve conduction variables of most of the peripheral 
nerves. Nerve conduction variables significantly vary moreover 
with the height of a subject. Thus, adjustments for height must be 
considered while giving normal standard values.  
 
    Index Terms- anthropometric, nerve conduction studies, 
surface electromyography 
           Nerve conduction and surface electromyography of lower 
limbs of barbers: effect of anthropometric variables 
 

I. INTRODUCTION 
erve conduction studies (NCS) are the most sensitive and 
reproducible measure of peripheral nerve functions. These 

can define and quantities normal nerve activity.1 These tests 
examine the state of rapidly conducting myelinated fibers in a 
peripheral nerve.2 NCS are conventionally performed with 
electromyography (EMG), which are electro diagnostic studies; 
provide a comprehensive evaluation of a suspected nerve, muscle 
or neuromuscular impairment.3 NCS is a part of electro 
diagnostic procedures that help in establishing the type and 
nature of the nerves by evaluating their function. NCS assesses 
three types of nerves: motor, sensory and mixed. Motor NCS 
includes the assessment of the compound muscle action potential 
(CMAP), whereas sensory NCS include the assessment of the 
sensory nerve action potential (SNAP) of the peripheral nerves in 
the upper and lower limbs. The median, ulnar, radial, common 
peroneal, tibial, and sural are the commonly examined nerves. 
Latency, amplitude and conduction velocity of CMAP and SNAP 
responses are measured. Minimum F wave latency of the late 
response is routinely measured.4 Nerve conduction variables are 
affected by physiological and technical variables. Physiological 
variables such as age, height, gender, weight, body mass index 
(BMI), temperature affect conduction velocity. Diameter and 
myelination of the nerve fibers are strong physiological factors 
that affect NCV.3 
         Dilip et al showed a substantial positive correlation 
between height and F wave latencies of all motor nerves, except 
the left common peroneal nerve and with the SNAP latencies of 
the right radial and sural sensory nerves.5 There is a significant 
slowing of conduction velocities and increase in sensory 
latencies with increasing age and more height.6  Similarly, some 
other studies had shown a significant effect of anthropometric 
variables on nerve conduction parameters.,7,8,9 However, the 
effect of age and other anthropometric variables on surface EMG 
parameters are hardly known.  
         Thus, we aimed to evaluate the impact of anthropometric 
factors like age, sex, height, weight, BMI on nerve conduction 
and surface EMG variables as well. As such, appropriate 
adjustments may be considered while finding normal values. 
 

II. MATERIAL AND METHODS 
         Electrodiagnostic studies are powerful tools used to 
objectively examine the physiologic status of a peripheral nerve 
and muscles. NCS evaluates motor and sensory parameters of the 
nerve and surface EMG evaluates the electrical activity in the 
muscles. In motor NCS, bilateral common peroneal and tibial 
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nerves while in sensory NCS, bilateral sural nerves were 
assessed. Surface EMG of bilateral gastrocnemius muscles was 
recorded. 
         We conducted the study at Neurophysiology Lab II of 
BPKIHS. Twenty six healthy male barbers of 20-50 years from 
Dharan municipality were selected by a convenient sampling 
method. Those barbers with history of diabetes, neuropathy or 
neuromuscular disorder were excluded. Subjects were explained 
about the study procedure in detail and informed written consent 
was taken before the electrophysiological test. Anthropometric, 
NCS and surface EMG variables were studied.  
         Both NCS and surface EMG of lower limbs were recorded 
using Digital Nihon Kohden (NM-420S, H36, Japan). Both tests 
were performed by placing the participants in lying down 
position. 
 
Recording of motor NCS: 3 

         The stimulator with water soaked tips was used for nerve 
stimulation. The stimulating electrodes were placed on the skin 
overlying the nerve at two sites along the course of a nerve. The 
recording and reference electrodes were placed over the muscle 
supplied by the nerve being tested using a belly tendon montage 
i.e. active electrode placed on the center of the muscle belly and 
the reference electrode placed distally, over the tendon of the 
muscle. The ground electrode was placed between stimulating 
and recording electrodes. The current of stimulator was initially 
set to zero, then gradually increased with successive stimuli. A 
CMAP appeared that grew larger and larger with the increasing 
current. When current was increased to the point that CMAP was 
no longer increasing in size the current was  increased by another 
20% to ensure supra maximal stimulation. For each nerve, 
latency, and amplitude of CMAP were recorded. The trace was 
stored and the stimulating electrode moved proximally to a 
second stimulation site. Distance between the two sites was 
measured and fed into the machine for calculation of nerve 
conduction velocity (NCV). 
         For the recording of F waves of motor nerve, the stimulator 
was placed at the distal site of stimulation with cathode facing 
proximally. Minimum, maximum and mean latencies of F waves 
were recorded.  
 
Recording of sensory NCS: 3 

         Antidromic method of stimulation was employed for sural 
sensory nerve. Twenty stimuli were averaged. Onset latency, 
SNAP amplitude and NCV were recorded. 
 
Recording of SEMG: 10 

         Surface EMG of bilateral gastrocnemius muscles was done. 
The skin over the muscle was cleaned with a Skin Pure gel. The 
electrodes were placed on the skin area and secured by a tape. 
Active electrode was placed on the center of the muscle belly and 
a reference electrode was placed distally, over the tendon of the 
muscle. Ground electrode was also placed on the limb. The 
electrode diameter was about 12 mm and kept 20 mm apart on 
the muscle to be tested. 
         The sensitivity and the speed were kept at 100 microvolt 
and 10 milliseconds per division respectively. Motor unit action 
potentials (MUAPs) were assessed for its frequency, amplitude 
and duration manually according to the machine calibration. 

The data were entered into MS Excel and analyzed by SPSS 11.5 
version.  
 

III. RESULTS 
         As data were normally distributed, Pearson’s correlation 
was applied for correlating anthropometric variables with NCS 
and surface EMG variables. Anthropometric variables such as 
age, height, weight showed a significant relationship with NCS 
but not with surface EMG variables.   
 

Table 1: Anthropometric variables 
 
 Age (yrs) Height 

(m) 
Weight 
(Kg) 

BMI 
(Kg/m2) 

Mean±SD 38.12±8.21 1.65±0.07 63.73±8.93 23.15±2.41 
 
Table 2: Correlation of anthropometric variables with NCS 

variables 
  
NCS 
Variables 

Anthropometric 
variables 

Pearson’s 
Correlation 

P value 

RTPLat  (ms)                     Height  0.587 0.003 
RTDLat (ms) Height  0.487 0.016 
RTDAmp (mv) Height  0.109 0.612 
RTNCV (m/s) Height  -0.307 0.144 
LTDLat (ms) Height  0.326 0.12 
LTDAmp (mv) Height  0.042 0.844 
LTNCV (m/s) Height  -0.197 0.356 
RCPPLat  (ms) Height  0.562 0.004 
RCPNCV  
(ms) 

Height  -0.570 0.004 

RSOL (ms) Height  0.415 0.04 
RSAmp (µv) Height  -0.094 0.663 
RSNCV(m/s)                   Height  -0.414 0.04 
LSOL (ms) Height  0.351 0.093 
LSAmp (µv) Height  0.159 0.457 
LSNCV (m/s) Height  -0.35 0.094 
LTFmin (ms) Height  0.673 0.001 
RTFmin (ms) Height  0.526 0.008 
LCPFmin (ms)                    Height  0.555 0.03 
RCPFmin (ms)  Height  0.49 0.054 
RTPLat (ms) Weight  0.432 0.03 
RTPAmp (mv) Weight  -0.199 0.352 
RTNCV (m/s) Weight  -0.19 0.374 
LCPPLat (ms) Weight  0.399 0.053 
LCPPAmp 
(mv) 

Weight  -0.043 0.843 

LCPNCV 
(m/s) 

Weight  -0.445 0.02 

RCPPLat (ms) Weight  0.44 0.03 
RCPPAmp 
(mv) 

Weight  -0.123 0.567 

RCPNCV 
(m/s) 

Weight  -0.404 0.05 

LTFmin (ms)                     Weight  0.424 0.03 
RTFmin  (ms) Weight  0.454 0.02 
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LCPFmin (ms) Weight  0.564 0.03 
RCPFMin (ms) Weight  0.466 0.06 
RTPLat (ms)               LL 0.570 0.04 
RTPAmp (mv) LL -0.072 0.737 
RTNCV (m/s) LL -0.344 0.1 
LCPPLat   
(ms) 

LL 0.411 0.04 

LCPNCV 
(m/s) 

LL 0.347 0.096 

RCPPLat   
(ms) 

LL 0.678 0.001 

RCPPAmp 
(mv) 

LL -0.013 0.951 

RCPNCV   
(m/s) 

LL -0.700 0.001 

LSOL (ms) LL 0.382 0.065 
LSAmp (µv) LL 0.109 0.613 
LSNCV   (m/s) LL -0.480 0.01 
RSOL (ms) LL 0.511 0.001 
RSAmp (µv) LL -0.654 0.768 
RSNCV (m/s) LL -0.566 0.004 
LTFmin (ms) LL 0.618 0.001 
LCPFmin (ms)                     LL 0.656 0.01 
RTFmin (ms) LL 0.500 0.01 
RCPFmin (ms) LL 0.694 0.003 
 
         †ms- millisecsonds, m/s- meter/ second, RTPLat- right 
tibial proximal latency, RTDAmp- right tibial distal amplitude, 
RTNCV- R right tibial nerve conduction velocity, LTDLat- left 
tibial distal latency, LTDAmp- left tibial distal amplitude, 
LTNCV- left tibial nerve conduction velocity, RCPPLat- right 
common peroneal proximal latency, RCPNCV- right common 
peroneal nerve conduction velocity, RSOL- right sural onset 
latency, RSAmp- right  sural amplitude, RSNCV- right sural 
nerve conduction velocity, LSOL- left sural onset latency, 
LSAmp- left sural amplitude, LSNCV- left sural nerve 
conduction velocity, LTFMin- left tibial F wave minimum 
latency, RTFMin- right tibial F wave minimum latency, 
LCPFMin- left common peroneal F wave minimum latency, 
RCPFMin- right common peroneal F wave minimum latency 
 

Table 3: Correlation of with anthropometric variables with  
surface EMG variables 

 
Surface 
EMG 
variables  

Anthropometric 
variables  

Pearson’s 
correlation 

P value  

LGAOA Height  -0.055 0.799 
LGFOA Height  0.184 0.39 
LGAOR Height  -0.07 0.745 
LGFOR Height  0.145 0.499 
RGAOA Height  -0.14 0.514 
RGFOA Height  0.026 0.903 
RGAOR Height  -0.043 0.842 
RGFOR Height  -0.043 0.842 
LGAOA Weight  -0.216 0.311 
LGFOA Weight  0.255 0.228 
LGAOR Weight  -0.207 0.331 

LGFOR Weight  0.229 0.281 
RGAOA Weight  -0.267 0.208 
RGFOA Weight  0.274 0.195 
RGAOR Weight  -0.24 0.259 
RGFOR Weight  0.373 0.073 
 

IV. DISCUSSION 
         Our study showed a positive correlation of the right tibial 
and right common peroneal proximal latencies with height and a 
significant negative correlation with right common peroneal 
conduction velocity. Right sural onset latency is positively 
correlated with height while conduction velocity was negatively 
correlated. The lower limb length showed a positive correlation 
with latencies of most of the nerves while a negative correlation 
was noted with right common peroneal conduction velocity and 
bilateral sural sensory conduction velocities. Length of a nerve 
depends upon the height of an individual thus, taller persons 
showed longer latencies and velocity depends upon latency, 
hence longer the latency, slower is the conduction velocity.  
         Similarly, a significant positive correlation was found 
between height and F wave latencies of all motor nerves tested 
except the right common peroneal nerve. Most of the studies 
showed a direct relationship of latencies with a height of an 
individual. Peioglou HS et al and Lin KP et al found a strong 
positive correlation between the F wave latencies and height.11,12 
Likewise, in a study done by Puksa et al the minimal latency of 
the F wave was found to increase with height in studies on the 
upper and lower limbs. 13 
         Rivner MH et al found that height was positively correlated 
with the latencies of the sural, peroneal, tibial and median 
nerves.14 It showed a negative correlation with the conduction 
velocities of the bilateral ulnar motor and the left median sensory 
nerves. Takono et al supported the possibility of an inverse 
correlation of the conduction velocity of the ulnar nerve with 
height.15 Saaed et al found an increase of the latency of sural 
sensory nerve with increasing height.16 

         A negative correlation between distal fiber diameter and 
height may best explain both decreased conduction velocity and 
amplitude. Campbell proposed that a decrease in diameter occurs 
abruptly at a given distance from the cell body. 17 Our results 
duplicated those of others who have found a strong negative 
correlation between height and either sural or peroneal 
conduction velocity.  
         In brief, this study explores the effect of anthropometric 
variables on nerve conduction study parameters of the motor and 
sensory nerves. Our study findings are along with many other 
previous reports. Clinical recognition of this height effect on 
NCS parameters is important, otherwise an individual with 
mildly slowed peripheral nerve conduction velocity solely related 
to tall height may be considered as abnormal.  
         Likewise, F wave minimum latencies were found to be 
positively correlated with weight for most of the tested nerves. 
There were positive correlation of weight with proximal latencies 
of right tibial and common peroneal nerves, meanwhile weight 
showed a negative correlation with left common peroneal 
conduction velocity. Buschbacher et al showed that individuals 
with higher body weights have longer latencies of median, 
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peroneal, tibial F wave, and H-reflex studies compared to those 
with lower body weights. 18 Increase in weight means an increase 
in subcutaneous fat, thus, increased amount of fat can cause 
compression of peripheral nerves resulting in slower conduction, 
resulting in an increase in latency and a slower conduction 
velocity.  
 

V. CONCLUSION  
         Height and weight showed a significant correlation with the 
nerve conduction parameters of most of the peripheral nerves. 
Thus, adjustments for height and weight must be considered 
while giving normal standard values.  
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