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COMPARISON OF THE ELECTROMYOGRAPHY DURING PUSH-UP EXERCISE
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ABSTRACT

Objective: The aim of this study was to determine the effects of different push-up conditions
(standard push-up (SDP), Swiss-ball push-up (SWP), and suspension push-up (SPP) on muscle activities of
the anterior deltoids, pectoralis major, rectus abdominis, and triceps brachii muscles by using
electromyography (EMG) analysis. Method: Seventeen healthy male subjects (mean age +SD = 22.76 + 2.61
years, mean height +SD= 173.53 + 4.84 cm, mean weight +SD = 71.18 + 8.04 kg, mean body mass index +
SD = 23.57 + 1.77 kg/m'z). On the experimental day, general characteristics and body composition were
measured. After that, subjects were suggested to warm up and stretching for 10 minutes and then they were
measured EMG of four different muscles while randomly performing 3 push-up conditions; (SDP), (SWP), and
(SPP). Data analysis used smart analysis software, a Butterworth low-pass filter, with a cutoff frequency of 20
Hz for low-pass and 400 Hz for the high-pass. One-way ANOVA repeated measurement was used to
determine normalized percentage of maximum voluntary contraction. Results: For (SWP) condition, results
showed that %MVC values of anterior deltoids muscle had significantly lower than those of (SDP) and (SPP)
(p<0.05). Pectoralis major muscle had significantly lower than (SDP) and (SPP) (p<0.05). And for (SDP)
conditions, %MVC values of rectus abdominis muscle had significantly lower than (SWP) and (SPP) (p<0.05).
For (SPP) condition, %MVC values of anterior deltoids and pectoralis major were significantly higher than
(SWP) condition and %MVC values of rectus abdominis was significantly higher than (SDP) condition(p<0.05).
Interestingly %MVC values of triceps brachii showed no significant difference when compare among three
different conditions. Conclusion: The EMG results in this study showed that (SPP) condition can activate
triceps brachii, pectoralis major, rectus abdominis muscles more than (SWP). And (SPP) condition for
individual advanced training, whereas (SWP) condition would be recommended for moderate training,
proprioception training or specific training especially triceps brachii muscle as well as rehabilitation training.
For (SDP) condition, it could be used for only the anterior deltoids muscle.

(Journal of Sports Science and Technology 2016; 16(1) : 33-44)
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INTRODUCTION

Exercise is any bodily activity that improves the physical fithess and overall health, which can also
help to develop the body functions such as cardiovascular function, muscle strength, and muscle
endurance.™ Performance of muscle body movement is enhanced by many ways and the effective
movement depend on anatomical factors, neuromuscular skills, physiological capacities, and psychological
background.4 Push-up is the basic and popular exercise in the sports club, gymnasium, and fitness center
which can develop upper body strength, local muscle endurance and power. It is performed for standard
measurement of upper body muscle endurance.’ Increased strength and muscle size of the upper body can
be observed especially in pectoralis major, anterior deltoids, and triceps brachii muscles.’ The load during a
push-up is limited by an individual’'s bodyweight and anthropometry of subject.7

Recently, the comparison study of push-up surface found that performing push-up on unstable
surface has greater effects on the muscles than stable surface.” In addition, several studies demonstrated
an increase in muscle electromyography (EMG)while performing a push-up on common unstable conditions

. . 3,6,10-12
such as the Swiss-ball, and suspension.

Push-up with Swiss-balls, inflated discs, BOSU-ball push-up,
and wobble boards enhance function of the upper body muscular such as pectoralis major, anterior deltoids,
and triceps brachii muscles when compared with standard push-up conditions suggesting that muscle
functions can be increased when subject perform exercise with instability conditions.*" Interestingly, few
studies have been proposed the relationship between push-up on the unstable surface and functions of
rectus abdominal muscle'”"* and latissimus dorsi muscles.” Moreover, data about the comparative research
among different kinds of push-up conditions has not yet been clearly evaluated. Therefore, the main objective
of this research was to determine effects of different push-up conditions (standard push-up, Swiss-ball push-

up, and suspension push-up) on anterior deltoids, pectoralis major, rectus abdominis and triceps brachii

muscle activities by using EMG analysis.

METHODS

Participants

Participants were 17 healthy male (mean age +SD = 22.76 + 2.61 years, mean height +SD= 173.53 +
4.84 cm, mean weight £SD = 71.18 = 8.04 kg, mean body mass index + SD = 23.57 + 1.77 kg/mfz, mean
length of left arm+ SD = 74.78 + 2.46 cm, mean length of right arm + SD= 75.03 + 2.55 cm) within the age
range of 18-30 years. All of them usually go to either gymnasium or sports club for working out and are right-
handed dominant. They had no record of injured or history of amyotrophic lateral sclerosis according to the
terms of the American College of Sports Medicine guideliness' Before started the experiment, participants
were interviewed to complete a health history and inform consent. They were recruited through advertisement

and social network.
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Procedure

The experiment was performed at the 3" Floor of Biomechanics laboratory, College of Sport Science
and Technology, Mahidol University. On the first visiting, the demographic data of the participants including
age, weight, height, and sex was recorded. The percentage of subcutaneous fatwas also measured using a
voltage measurement (Omron (HBF-375)). Participants take off their shoes and stand on the board, while both
hands holding two axes of the machine for one minute. After that, anthropometry measured by tape measure.
For example, length of the left and right arms that were from acromion process to middle finger, left and right
upper arms circumference by marking spine extending from acromion process to olecranon process and then
marking upper arm length midpoint of triceps brachii muscle area for circumference measured, breath in and
breath out chest circumference with tape measured that drag line through between both nipple, and arm
muscle mass measured by Omron (HBF-375).0n the second visiting, participants come to the laboratory one
hour before starting and they were asked to warm up and stretch their muscles for 10 minutes. In preparation
for the electrode attachment, we used surface electrodes and did the experiment with the same person”"
Steps to prepare electrodes by using sandpaper to rub and clean then with cotton with alcohol to attached
electrodes. Before the trial, warm up muscles by stretching for 10 minutes is reccomended'® Using Peter
Konrad’s method to measure EMG during maximum voluntary isometric contraction of 4 muscles groups was
performed. Participants were trained correctly push up practices by a personal trainer. If participants cannot
push-up properly, the default data were rejected from the process or excluded from the trial. Each condition
repeated three times, speeds of push-up were controlled by a metronome. The length between hands and
foot were calculated by 75% of the participant total height”' Times of push-up were constructed at least 3
second each time. Randomized conditions were used to for reduce bias trial. After the participants finished

first condition, they were rested 15 minutes and switch to second and third condition, respectivelymfzo'

Statistical Analysis

Data was analyzed using SPSS/PASW Statistics version SPSS (version 18, Chicago, IL, USA). Means
and standard deviations were calculated for the study characteristics. Mean and standard errors of mean for
a result of EMG (anterior deltoids, pectoralis major, rectus abdominis and triceps brachii) one-way ANOVA
repeated measurement were used to determine EMG (mV) and normalized (%MVC). To test normal
distribution of data using Kolmogorov-Smirnov test. If data was not normal distribution using Friedman test.
The level of statistical significance was p<0.05 and used the G-Power calculation. And sample for the

reference population.
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RESULTS

The general characteristics of subjects

Seventeen subjects participated in this study. Characteristics of subjects were shown in Table 1. The
average of age, weight, height, percentage of body fat and body mass index (BMI) were22.76+2.61 years
(yr), 71.18+8.04 kilograms (kg), 173.53+4.84 centimeters (cm),16.02+2.84 percent (%), and 23.57+1.77

kilograms per meter2(kg/m2)respeotively (Table 1).

Table 1.Mean and standard deviation (mean + S.D.) of general characteristics of subjects.

Characteristics Mean+S.D. (n=17)
Age (years, yr) 22.7642.61
Weight (kilogram, kg) 71.1848.04
Height (centimeters, cm) 173.53+4.84
%Body fat (percent, %) 16.02+2.84
BMI (kilograms per meter’, kg/mz) 23.57+1.77

Anthropometrics data of subject

Anthropometrics data of subject were shown in Table2. Results were presented in mean and standard
deviation (Mean+SD).The average length of left and right armswere74.78+2.46 cm and 75.03+2.55 cm. The
average circumference of left and right arms were 31.31+£2.42 cm and31.35+£2.29 cm. The average of chest
circumference during breath in and out were 97.29+4.97 cm and92.76+5.11cm. Arms muscle mass was

39.57+2.37% (Table 2).

Table 2. Mean and standard deviation (S.D.) of the anthropometrics of subject

Anthropometrics Mean+SD (n=17)
Length of the left arm (cm.) 74.78+2.46
Length of the right arm (cm.) 75.03+2.55
Left upper arm circumference triceps brachii(cm.) 31.31£2.42
Right upper arm circumference triceps brachii(cm.) 31.35+2.29
Breath in chest circumference (cm.) 97.29+4 .97
Breath out chest circumference(cm.) 92.76+5.11
Arm muscle mass (%) 39.57+2.37
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Percentage of maximum voluntary contraction values (%MVC) of muscles compare among three
difference push-up conditions (standard push-up, Swiss-ball push-up, and suspension push-up)

%MVC values during the standard push-up, Swiss-ball push-up, and suspension push-up for anterior
deltoids muscle were 75.30+3.70%, 50.37+4.09%, and 72.75+3.43%, respectively. Compare among three
different push-up conditions, %MVC values of Swiss-ball push-up for anterior deltoid muscle had significantly

lower than those of standard push-up and suspension push-up (p<0.05) (Table 3).

Table 3 Mean and standard error of mean (SEM) of muscles in each condition.

Swiss-ball push-up suspension push-up

Muscles standard push-up
(%MVC) (%MVC) (%MVC)

Anterior deltoid

75.30+3.70%

50.37+4.09%"

72.75+3.43%"

Pectoralis major

58.67+4.86%

49.48+4.50%"

70.7826.52%"°

Rectus abdominis

12.98+0.95%

42.7745.35%°

60.87+4.53 %'

68.61+ 2.67%

69.79+£2.77%

75.91£3.76%

Triceps brachii

aSigniﬁcantdifferencebetween standard push-up and Swiss-ball push-up(p<0.05)
bSigniﬁcant difference between Swiss-ball push-up and suspension push-up (p<0.05)
“Significant difference between standard push-up and Swiss-ball push-up (p<0.05)
dSignificant difference between Swiss-ball push-up and suspension push-up (0<0.05)
eSigniﬂcant difference between standard push-up and Swiss-ball push-up (p<0.05)
fSignificant difference between standard push-up and suspension push-up (0<0.05)

%MVC values of pectoralis major muscle during the standard push-up, Swiss ball push-up, and
suspension push-up were 58.67+4.86%, 49.48+4.50%, and 70.78+6.52%, respectively. Compare among
three different push-up conditions, %MVC values of Swiss-ball push-up for pectoralis major muscle had
significantly lower than standard push-up and suspension push-up (p<0.05) (Table 3).

%MVC values of rectus abdominis muscle activity during the standard push-up, Swiss-ball push-up,
and suspension push-up was 12.98+0.95%, 42.77+5.35%, and 60.87+4.53%, respectively. Compare among
three different push-up conditions, %MVC values of standard push-up for rectus abdominis muscle had
significantly lower than Swiss-ball push-up and suspension push-up (p<0.05) (Table 3).

%MVC values of triceps brachii muscle activity during the standard push-up, Swiss-ball push-up,

and suspension push-up was 68.61+ 2.67%, 69.79+2.77%, and 75.91+£3.76%, respectively. There were no
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significant difference in %MVC values when compare among three different push-up conditions for triceps
brachii muscle (p>0.05) (Table 3).

Compare among four different type muscles, %MVC values of anterior deltoids for Swiss-ball push-
up had significantly lower than standard push-up and suspension push-up (p<0.05). %MVC values of
pectoralis major for Swiss-ball push-up had significantly lower than standard push-up and suspension push-
up (p<0.05). %MVC values of rectus abdominis for standard push-up had significantly lower than Swiss-ball
push-up and suspension push-up (p<0.05). And %MVC values of triceps brachii, had no significant

difference among three different push-up conditions (Fig.1) (Table 4).

Figure 1

100
%=MVC

90

80

70

®Significant difference between standard push-up and Swiss-ball push-up (p<0.05)
bSigniﬂoant difference between standard push-up and suspension push-up (p<0.05)
CSigniﬂcant difference between Swiss-ball push-up and suspension push-up (p<0.05)
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Table 4 Mean and standard error of mean (SEM)of condition in each muscles.

Muscles Anterior deltoids Pectoralis major | Rectus abdominis Triceps brachii

Standard push-up

.301£3.70% 58.67+4.86% 12.98+0.95% 68.61+ 2.67%
L a _ a E
).37+4.09%—— 49.48+4.50%—= 42.7715.35% - »C 69.79+2.77%
L b L}
.75+3.43% 70.78+6.52% 60.87+4.53 % ; 75.91+3.76%

®Significant difference between standard push-up and swiss-ball push-up (p<0.05)
bSigniﬂcant difference between swiss-ball push-up and suspension push-up (p<0.05)
CSigniﬂcant difference between standard push-up and suspension push-up (p<0.05)

DISCUSSION

The main purpose of this study was to compare EMG data among four different muscle types which
were anterior deltoids, pectoralis major, rectus abdominis, and triceps brachii muscles while performing push-
up on three different conditions (standard push-up, Swiss-ball push-up, and suspension push-up).Results
found that anterior deltoids muscle showed a much more values during a standard push-up than during
suspension push-up and Swiss-ball push-up respectively. This results were similar to the previous
study”which found that anterior deltoids muscle is the most strongly activated muscle while performing
standard push-up condition. Moreover, the activity of pectoralis major muscle during suspension push-up
showed greater activated than during standard push-up and Swiss-ball push-up, respectively, which is similar
to the previous Study.m For rectus abdominis muscle, this muscle was the best activated muscle during

perform suspension push-up condition as well as Swiss-ball push-up, respectively which also was
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corresponded to the previous study.”'24

However in previous studies revealed that standard push-up by
rectus abdominis was activated less than lower body instability with stability ball, upper body instability with
the extreme balance board, and dual instability with the stability ball conditions.” Triceps brachii muscle
showed better activation during suspension push-up condition than during Swiss-ball push-up and standard
push-up, respectively. This result is similar to the previous research'" which could be indicated that triceps
brachii muscle had no different activities between stable push-up and upper body instability push-up. In
contrast, the recent research was done by Ronald L. Snarr (2013)reported that triceps brachii muscle is lower
activated during traditional push-up than during suspension push—upm, whereas our results indicated that the
activation of triceps brachii muscle had no significant difference during performing among three push-up
conditions.

For standard push-up condition, the increases of EMG muscle activities of anterior deltoid, pectoralis

*1%%|n addition, we found that

major and triceps brachii were similar to the result shown in the previous study.
rectus abdominis muscle was activated less than other muscles because this condition was a stable kinetic-
chain.”® Its structure is close to stable surface resulting in smaller rectus abdominis activation, they were
similar to previous study.22 Another similar research of Gregory 2006 had shown that increased rectus
abdominis muscles activity when subject’'s hands close to the unstable surface.”®

For Swiss-ball push-up condition, we found that anterior deltoids, pectoralis major, rectus abdominis
muscles were activated equally except triceps brachii muscle found to be activated more than the others,
suggesting that triceps brachii muscle is an essential muscle for controlling ball during Swiss-ball push-up
condition. Similar to the previous researoh,26 they found that triceps brachii was activated more than
pectoralis major and rectus abdominis muscles. In previous study, they suggested Swiss-ball push-up
condition can be used for rehabilitation program and help to increase muscle activity in upper/middle
trapezius and serratus anterior but not in triceps brachii muscles.”’

For suspension push-up condition, the most activated muscle was triceps brachii muscle, since this
condition is an unstable kinetic-chain, therefore groups of upper limb and trunk muscles have to work harder
than stability condition.”® Our results were contrasted to Ronald L. Snarr 2013 who found that lying hands
position on the rope showed no significant difference of triceps brachii activation among the others
conditions. However recently study and Calatayud J. 2014 and So Young Jeong 2014 reported that increase
triceps brachii activities in suspension push-up, these could be suggested that upper extremities muscles

especially triceps brachii muscle are essential to stabilize the body while performing this condition.

CONCLUSION

Results in this study can be concluded that for standard push-up condition, it could be used only

triceps brachii muscle as well as rehabilitation training lower limb muscles injuries such as knee and ankle
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injuries. Swiss-ball push-up condition would be recommended for moderate training, proprioception training
and specific triceps brachii training as well as rehabilitation program training. For advance push-ups training,
we would recommend suspension push-up because this condition can strongly activated triceps brachii,
pectoralis major, and rectus abdominis muscles much more than other conditions. In summary, this study
reveals the beneficialeffects of3 different push-up conditions. The results could be used by trainer to select an
appropriate push-up condition for developing upper body strength, local muscle endurance and power in

individual people.
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