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Abstract 
 

The aim of this study was to analyze the electromyographic (EMG) activity of biceps brachii 
(BB) muscle under the same muscle contraction in three different locations. For this reason, 
arm wrestling contest was conducted to record the EMG signal from ten male subjects. Elec-
trodes were placed on the three locations of upper arm BB; i.e. middle (belly) of BB (M), 
lower part (L) and upper part (U) of the BB belly. Average EMG (EMGAVG), root mean 
square (EMGRMS) and highest peak of the signal [EMGHigh(pk)] were calculated from the sum 
of EMG activity. The analysis of the effect of electrode placement location using ANOVA 
(analysis of variance) tests yielded a number of statistically significant differences. The re-
sults indicated, 1) majority of the EMG results confirmed the muscle activity was higher in 
the order of L, M and U, 2) among the 16 comparisons among the muscles (from winners and 
losers), there was main interaction found between the entire BB of winners and losers, also 
another 7 results displayed same interaction (p<0.05), but remaining 8 locations did not sig-
nificant (p>0.05), 3) in the loser, the BB was forced to perform eccentric contraction as the 
forearm is being pronated and elbow was gradually being extended, on the other hand, con-
traction of the BB was concentric in the winner, and 4) winners (during concentric contrac-
tion) did not always produce highest EMG peak and some of the results (muscle activity) of 
loser’s (during eccentric contraction) revealed higher than the winners. The findings of the 
study contain a precious contribution to rehabilitation, biomedical and sports medicine by 
describing an experimental set up to measure muscle electrophysiology during physical activ-
ity in the case of arm activities. 
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Introduction 
 
Electromyography (EMG) signals are generated in the 
human skeleton muscle from muscle fiber contraction and 
these signals are always random [1]. Surface EMG is ex-
tensively used to detect and record the function of skele-
ton muscle. Moreover, this technique provides effortless 
access to the physiological processes that cause muscles 
to generate force, produce movement, accomplish the 
essential functions of everyday life and can show the 
functional status of muscles [2, 3]. Upper arm BB mus-
cles are one of the vital locations to produce and detect 
the EMG signal. The BB muscle is characteristically de-
scribed as a two-headed muscle, which consists of a long 
head and a short head that originates proximally [4]. Usu-
ally, therapists preferred location for electrode placement 
is the middle of the BB muscle (or muscle belly). The 
next two choices are the muscle below the proximal ten-

don (upper part of muscle belly) and the upper muscle of 
the distal tendon (lower part of muscle belly) [5, 6]. The 
multiplicity of the sEMG detection and processing meth-
ods on the BB results in a large number of physiological 
applications, including signal processing, the study of 
muscle fatigue, torque relationship, kinesiology, sports 
science, the study of ergonomics, exercise assessment, 
and laboratory examination [6, 7]. 
 
Arm wrestling is a prominent research area where mus-
cles are contracted and EMG signals are generated. It is a 
simple game during which the results (winner/loser) can 
be decided within a very short period [8]. It is a sport in 
which two competitors use a single arm to produce 
maximum force to win the game. The competitors each 
place their elbow on a solid surface and clasp each other’s 
palms. During the game, each competitor tries to push the 
other’s arm until it hits the surface [9]. The strength and 
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activity of the biceps muscle can therefore be measured 
during this game[10]. A few studies have reported the 
assessment of muscle strength using electromyography 
sensor during arm wrestling. For example, Hong et al. 
analyzed the activities of the six upper limb muscles in-
cluding BB of two competitors [11]. Silva et al. evaluated 
the muscle activity of the pectorials major, biceps brachii, 
pronator teres and flexor carpi ulnas from simulated arm 
wrestling [12], but did not measured during  the winning 
or losing condition. A method to predict the winner of an 
arm wrestling match using the activity of the BB and TB 
muscles was determined by Gang et al[8]. It noted that, 
different types of contraction are produced during the arm 
wrestling game, like it generates isometric contraction 
when elbow are fixed, then  in the loser, the BB is forced 
to perform eccentric contraction as the forearm is being 
pronated and elbow is gradually being extended, on the 
other hand, contraction of the BB is concentric in the 
winner. In this experiment, we have analyzed EMG signal 
during all these three conditions. 
 
Researchers have investigated that results from electro-
myography signals are varied and influenced by the 
placement of the electrodes [3, 13, 14]. Some studies have 
examined the effects the EMG signal from the BB mus-
cles during voluntary muscle contraction and the results 
of these vary depending on the inter-electrode distance. 
For example, Beck et al. described the relationship be-
tween isokinetic and isometric torque and found that an 
electrode distance between 20 mm and 60 mm does not 
affect the EMG amplitude [15]. Gerdle et al. examined 
the effects of an electrode distance of 10, 20, or 30 mm on 
the EMG signal from the BB during elbow flexion and 
different maximal voluntary contractions [16]. Mesin et 
al. surveyed the issue of electrode location within differ-
ent muscles of the body and identified the three most ef-
fective BB locations, which are mentioned earlier[17].  A 
survey study was published by Hermen et al. which ana-
lyzed different BB electrode placements, sensor locations 
and skin preparations[5]. In their literature, researchers 
recommended 21 sensor placement descriptions in the 
BB, of which the three aforementioned locations were 
commonly mentioned. SENIAM (Surface Electromyog-
raphy for the Noninvasive Assessment of Muscles) is part 
of a larger project that studies sEMG sensors and sensor 
placement locations in the human skeleton and body mus-
cles, including the BB. 
 
Previous researches have examined the physiological 
measurements of the BB during different muscle contrac-
tions with a variety of protocols, subjects, activities and 
sensor locations. However, the EMG activity of the BB 
using different electrode placement locations during arm 
wrestling among the competitors has not been studied 
previously. We have conducted arm wrestling course to 
create the muscle force for long time. Then measured the 

strength and compared the results between the muscles of 
the participants (winner and loser). We hope these results 
provided a solid foundation for further research studies on 
rehabilitation, sports science and other physiological 
measurement concerns that involve the upper extremities. 
 
Materials and Methods 
 
Subjects 
Ten healthy right-handed male subjects were participated 
in this experiment. The mean and standard deviation of 
the age, height, weight, and arm dimension during relaxa-
tion and during extension of the participants were 
24.5±3.5 years, 168±6.7 cm, 70.5±8.3 kg, 11.82±1.5 inch, 
and 13.3±0.8 inch, respectively. The study was approved 
by the university research and development review board 
for human subjects. The ten subjects were divided into 
five pairs. The demographics characteristics of the two 
players in each group were almost identical. All partici-
pants gave written consent to take part in the study. 
 

 
 
Figure 1. Experimental setup for EMG data recording: a)  
wireless EMG sensor attached within the daughter board; 
b) active electrodes; c) reference electrodes; d) Blue-
tooth-enabled laptop computers for recording the EMG 
signal within a 2 meter range; e) skin cleaning gel and 
alcohol swabs. 

  
Experimental Procedures 
Two players were requested to sit on chairs with a small 
table between them. Each player kept his right elbow 
within the circle that was drawn on the table in front of 
him.  Their palms were tied to each other and their left 
arms were folded along the back of their bodies. All the 
rules and constitutions delineated by the world arm wres-
tling federation (WAF), which is located in Canada, were 
followed; these can be viewed in their entirety at http:// 
www.worldarm wrestlingfederation.com. Figure 1 depicts 
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the full experimental setup during the arm wrestling 
match. A referee was responsible for conducting the 
game. Although no time limit was imposed, the referee 
kept track of the elapsed time as the two participants at-
tempted to push their arms towards the left and cause 
their opponent’s arm to fall on the table. The winner was 
therefore the participant that successfully pushed his op-
ponent’s arm to the table, i.e., the winner’s palm is on top 
of the loser’s. Each single pair faced each other three 
times with each electrode placement; therefore, there were 
a total of 3×3=9 matches between each pair of competi-
tors, all of which were conducted in the same day with a 
20-min rest between each. The data from the two 
matches, out of the three with the same electrode position, 
in which the same participant won were recorded. If the 
same participant won three times, then the two shortest 
matches were considered. 
 

Electromyography recording 
A wireless, touch proof and Bluetooth-enabled three 
channel EMG signal storage device, called SHIMMERTM 
Model SH-SHIM-KIT-004 (Real-time Technologies Ltd., 
Ireland), was used to record the EMG data. The raw EMG 
signal was recorded at a sampling frequency of 1 KHz 
and were preamplified with band-pass filter (10–500 Hz). 
EMG Meditrace noninvasive electrodes were used in the 
experiments. These are single, pre-gelled Ag/AgCl elec-
trodes with biopotential sensors, which are capable of 
identifying the flow of ions through a nerve fiber in a hu-
man body. The skin was prepared using a skin cleaning 
gel (sigma gel) and an alcohol swab to obtain better EMG 
signals and avoid artifacts. Also, skin was prepared and 
the electrodes were placed in accordance with SENIAM 
[18]. 
 

Electrode placement location 
At first, the pair of electrode was placed as parallel over 
the muscle belly (M). The second placement involves 
positioning the electrodes on the lower part of the muscle 
belly (L), which is between the biceps muscle endplate 
region and the distal tendon insertion. The last placement 
that was studied was the placement of two electrodes over 
the medial belly of each head (long and short head) (U), 
parallel to the muscle fibers and below the proximal bicep 
tendon [5, 19].  The distance between the center of elec-
trodes located at U and M and between M and L was 4 
cm, whereas the distance between the center of the elec-
trodes at U and L was 8 cm. The reference electrode was 
set on the bony part that is located underneath the elbow 
and slightly above the joint (i.e. on the back of the domi-
nating arm). The resulting inter electrode distance was 2 
cm (center to center). However, the electrodes were not 
placed on the three locations at the same time. Instead, 
because the device used is capable of being connected to 
only two active channels, two electrodes were placed on 
the same place in each of the two players; for example, if 
two electrodes were located on the muscle belly of the BB 

of one player, then an electrode pair was placed at the 
same location on the opposite player’s arm. 
Statistical analysis 
EMGAVG, SD, EMGRMS and EMGHigh (pk) during the mus-
cle contraction were calculated for each participant. These 
values were then comparatively evaluated using analysis 
of variance (ANOVA) test. All statistical tests were per-
formed using the Minitab statistical software (MINI-
TAB® Release 14.12.0). Statistical significance was set at 
p<0.05 (95%). 
 
Results 
 
All the statistical output data is arranged by the EMG sen-
sor placement location on the BB muscle of each com-
petitor. Table 1 presents the individual results for the each 
pair of competitors, Table 2 shows the overall results and 
Table 3 gives a summary of the statistically significant 
differences (p-value). 
 
Sensor on lower part of the BB muscle (L) 
EMGAVG: If we reflect on individual pairs of participants, 
the EMGAVG value of the loser is higher than the winner’s 
in three instances; in the other two pairs, the winner is 
higher than the loser. In addition, when the total average 
EMGAVG of the five competitor pairs was calculated; the 
average EMGAVG of the losers (2.05mV) is slightly lower 
than the winners (2.06mV) (Table 2). 
 
EMGRMS 
The average EMGRMS of the winning wrestlers is signifi-
cantly higher than the losers; this trend is maintained for 
all players and matches with two exceptions: in one case, 
the loser is greater than that of the winner, and in another 
case, the values of both players are equal. Likewise, the 
overall value of all the winners (2.72mV) is higher than 
the losers (2.47mV) (Table 2). 

 
EMGHigh (pk) 

The calculation of the highest peak of the EMG signal 
shows some differences among the competitors. When the 
five pairs of players are analyzed, three of the champions 
show a higher peak value than the respective losers, whe-
reas only one loser has a higher peak value than the re-
spective winner; the remaining pair exhibit equivalent 
values. In addition, the average highest peak EMGHigh (pk) 
for the winners is higher (3.84mV) than the losers 
(3.49mV). 

 
Sensor on middle of the BB muscle (M) 
 
EMGAVG 
In this location, the EMG mean values of two winners are 
higher than their opponent’s and two losers are higher 
than respective winners. The remaining pair of competi-
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tors has the same value. Overall, the average of all the 
winners (2.06mV) is higher than all the losers (2.05mV). 
EMGRMS 
The average EMGRMS is higher in the winners of three of 
the pairs and the same in the remaining two pairs. There-
fore, the value of all the winners (2.67mV) is greater than 
the corresponding value of the losers (2.37mV). 

 
EMGHigh (pk) 

Four winners obtain higher a peak value than their oppo-
nent’s; the remaining pair of competitors attains the same 
peak value. In addition, the average peak values of the 
winners and the losers are 3.77mV and 3.34mV, respec-
tively. 
 
Sensor on upper part of the BB muscle (U) 
 
EMGAVG 
The average activity of three of the losers is higher than 
their opponent’s; two winners, however, show more  

strength than their respective losers. On the whole, the 
average value of the losers (2.07mV) is higher than the 
winners (2.05mV). 
 
EMGRMS 

The average EMGRMS value of all the winners (2.42mV) 
is larger than the losers (2.21mV). In addition, if we con-
sider the individual pairs (Table 1), in four cases, the 
winners have higher values than their respective losers 
and, in the remaining case, the pair of competitor’s ex-
hibit equal result. 

 
EMGHigh(pk) 

Similar to the RMS value, the average peak value of the 
winners (3.43mV) is higher than the losers (3.11mV).  In 
four of the individual cases, the amplitude of winners is 
greater than their respective losers; in the remaining pair, 
both competitors exhibit equal peak values.   

 
Table 1.  Statistical significance of the EMGAVG 

 

 
P-value 
Among the sensor placement locations. As shown, the 
lower part of the BB on both participants (winner and 
loser) have significant difference (p=0.04). Significant 
difference also found between the winners and losers 
(p=0.03) when compared between lower and middle parts. 
The results show significant between the winner (meas-
ured on the lower part) and the loser (measured on the 
upper part) with a p value of 0.01. A significant difference 
was also found when the muscle activity of the loser was 
measured on the upper part and the muscle activity of the 
winner was measured either on the middle (p=0.01) or 
upper portion (p=0.01). However, there was no difference 
found between the winner’s middle or upper portion with 
the loser’s lower (p=0.41 or p=0.18 respectively) or mid-

dle portion (p=0.34 or p=0.15, respectively). In addition, 
for winners there was no difference (p>0.05) between the 
different sensor placement locations within the same par-
ticipant. For example, when the results is compared with 
the lower and middle part, the p value is 0.12; the same is 
true when the lower part le is compared to the upper por-
tion (p=0.53), and when the middle part is compared to 
the upper portion (p=0.46). However, for losers two re-
sults show the significant differences (p<0.05) within the 
same participant. At this point, there were significant dif-
ferences found between the lower and upper part 
(p=0.01); and between the middle and upper area 
(p=0.01). But, no interaction between the measurements 
obtained from the lower and middle locations of the losers 

Three sensor placement locations 
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A(W) 2.05 2.8 3.9 2.05 2.6 3.6 2.06 2.2 3.2 2.05 2.5 3.9 Game 1 
A Vs. B B(L) 2.06 2.9 4.1 2.05 2.4 3.4 2.05 1.9 2.8 2.06 2.4 4.1 

C(W) 2.06 2.9 4.1 2.05 2.9 4.1 2.05 2.9 4.1 2.05 2.6 4.1 Game 2 
C Vs. D D(L) 2.05 2.9 4.1 2.04 2.9 4.1 2.07 2.9 4.1 2.05 2.9 4.1 

E(W) 2.05 2.8 3.9 2.06 2.5 3.6 2.06 2.3 3.2 2.05 2.5 3.9 Game 3 
E Vs. F F(L) 2.06 2.5 3.6 2.05 2.5 3.5 2.05 2.2 3.1 2.05 2.4 3.5 

G(W) 2.06 2.6 3.6 2.05 2.5 3.5 2.05 2.2 2.9 2.05 2.5 3.7 Game 4 
G Vs. H H(L) 2.05 2.1 3.1 2.06 1.9 2.8 2.06 2.1 2.8 2.06 2.4 3.1 

I(W) 2.05 2.5 3.5 2.05 2.9 4.1 2.04 2.7 3.8 2.05 2.7 4.1 Game 5 
I Vs. J J(L) 2.06 1.9 2.7 2.06 2.1 2.9 2.05 1.9 2.7 2.06 1.3 2.9 
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(p=0.86). Lastly, there was a significant difference 
(p<0.05) between the entire right arm BB of the winner 

and the loser (p=0.0). 
 

 
Table 2. EMG results averaged over all the competitors 

EMGAVG EMGRMS EMGHigh(pk)  
Comp.  Mean±SD EBB Mean±SD EBB Mean±SD EBB 

L 2.06±0.4 2.72±0.1 3.84±0.2 
M 2.06±0.3 2.67±0.2 3.77±0.2 

 
Winner 

U 2.05±0.4 

 
2.06±0.3 
 2.42±0.3 

 
2.61±0.2 

3.43±0.4 

 
3.69±0.3 
 

L 2.05±0.3 2.47±0.4 3.49±0.6 
M 2.05±0.3 2.37±0.3 3.34±0.5 

 
Looser 

U 2.07±0.6 

 
2.07±0.4 
 2.21±0.4 

 
2.32±0.3 

3.11±0.5 

 
3.32±0.5 
 

 

Comp: Competitors. EBB: Entire Biceps Beachii 
 
 

Table 3. Statistical significance (p-value) in the mean EMGAVG measured by the three different sensor placement loca-
tions in the competitors 
 

Significant (p<0.05) Not significant (p>0.05) 
Comp.(LSP) p-value Comp. (LSP) p-value 
W(L) vs. L(L) 0.04  W(M) vs. L(L) 0.41 
W(L) vs. L(M) 0.03 W(M) vs. L(M) 0.34 
W(L) vs. L(U) 0.01 W(U) vs. L(L) 0.18 
W(M) vs. L(U) 0.01 W(U) vs. L(M) 0.15 
W(U) vs. L(U) 0.01 W(L) vs. W(M) 0.12 
L(L) vs. L(M) 0.01 L(L) vs. L(M) 0.86 
L(M) vs. L(U) 0.01 W(L) vs. W(U) 0.53 
Winner EBB vs. Loser EBB 0.03 W(M) vs. W(U) 0.46 
LSP: Location of Sensor Placement; W: Winner; L: Loser; (L): Lower; (M): Middle; (U): Upper. EBB: Entire Biceps Brachii 
 
 

 
 
Figure 2. EMGAVG, EMGRMS and EMGHigh (pk) of the winners 
and the losers determined from the EMG measurements from 
each of the three sensor placement locations on the BB. 
 
 
Discussion 
 
This article discussed the processes for quantifying mus-
cle activity during arm wrestling and summarized the key 
research findings. It focused on the comparison of the 
muscle activity during contraction, which was measured 

in one of three locations on the BB, between the winner 
and the loser of an arm wrestling match. Some EMG ana-
lyses have been previously performed on the BB; these 
have studied sensor placement location, age variations, 
muscle contractions with different ranges of motion, etc. 
in the fields of sports science, biomedical, clinical activi-
ties, and ergonomics[6, 20, 21]. Researchers have also 
found that the EMG results are varied on the inter-
electrode distance [22-24].   
 
However, we did not find any previous study that investi-
gated the muscle activity with the following conditions: 
1) only the BB muscle of the dominating arm of each 
player was studied, 2) the data was collected during arm 
wrestling course where muscle was contracted as maxi-
mum level, and 3) three specific sensor placement loca-
tions of the muscle were compared. In this study, we cla-
rified the electromyographic activity on three locations of 
the upper arm biceps brachii muscle of winning and los-
ing arm wrestlers. In the statistical analysis of this ex-
periment, we treated each pair of competitors as a unique 
experiment and discovered the following results: 
 
• The most important finding of the present investiga-
tion was that the EMG signal couldn’t determine the win-
ner and loser in an arm wrestling match because, in some 
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cases, the muscle activity of the loser was higher than that 
of the winner (Table 1 and Fig 2). 
 
• A total of 90 results (ten participants, three electrode 
placement locations and three statistical measurements 
(Table 1, individual results) were recorded, which results 
in a total of 45 comparisons (pair). Among these, 27 
comparisons (60%) found that the winners exhibited 
higher activity than the losers, 11 comparisons (24.44%) 
found that the losers had higher muscle activity than the 
winner and the remaining 07(15.56%) comparisons ob-
tained equal results for both competitors. 
• The consolidated statistical results for the entire bi-
ceps show (Table 2) the average EMGRMS (2.61±0.2) and 
average EMGHigh(pk) (3.69±0.3) values of the winners are 
higher than the respective values of the losers. In contrast, 
the average EMGAVG (2.07±0.4) value of the losers is 
greater than those of the winners (2.06±0.3). 
 
• The placement of the electrode on the lower portion 
of the muscle measures higher muscle activity, in both the 
winners and the losers, than placement in the middle or 
upper part of the muscle. As a result, the muscle activity 
of the BB during arm wrestling is highest in the lower 
portion of the muscle, is decreased in the middle of the 
muscle and is even lower in the upper portion of the mus-
cle (Fig 2). 
 
• In Table 3, among the 16 statistical analyses (p-
values) shown, 8 comparisons show significant differ-
ences (p<0.05) and remaining 8 comparisons show not 
significant differences (p>0.05). 
 
• This study highlights that the specific placement of 
EMG sensors that will be used to record muscle strength 
should be decided with the utmost concern. Thus, re-
searchers need to use anatomical knowledge and a suit-
able understanding of the effect of electrode placement to 
ensure accurate results; these types of expert information 
are described by a number of well-known references. 
 
Our experiment and findings are limited by some factors. 
First, we used only the right arm biceps muscle in our 
study although there are other muscles that are affected 
during arm wrestling, such as the shoulder, wrist, triceps, 
latissmus dorsi, and pectoralis major. In addition, the 
EMG data acquisition system used was only able to 
measure three channels. Furthermore, there was a 20-
minute rest between each match and we did not confirm 
the occurrence of muscle fatigue. However, we highlight 
that our results should not be used to justify improper 
EMG sensor placement on the biceps muscle and the re-
sults are effective for physiological measurements of the 
bicep in sports science studies that are concerned with the 
upper arm. 
 

Conclusion 
 
Although during the arm wrestling competition other 
muscles of upper arm are moving, however our experi-
ment was only focused on the BB muscle activity among 
the arm wrestling participators. We analyzed the influence 
of electrode location on the measurement of the muscle 
activity under the same contraction. It recommends that, 
electromyography signal cannot distinguish the winner or 
loser, because signals are varied due to force and muscle 
activeness. The investigation also revealed that, the sig-
nals were higher in the order of lower, middle and upper 
part on the BB muscle. Our findings assist further re-
searcher to develop rehabilitation program, systems or 
specific exercise protocols for arm wrestling or related 
upper limb activities. Lastly, these findings might bring 
new knowledge for strength and arm associated coaches 
to improve resistance training protocols in a performance 
and prophylactic point of view. Further investigation is 
needed to achieve a better understanding of the biome-
chanics of arm wrestling, the mechanisms of resulting 
injuries and the function of various risk factors in injury 
causation. 
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