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In the modern society, abnormal movements of
the scapula and humerus, in particular, resulting
from biodynamic damages of the human body, are
characterized by movement impairment syndrome
of the scapula, which may trigger pain in certain
areas and increase or decrease in range of motion.
As a result, compensation exercise in certain
directions and decrease in muscle strength appear
(1). 
The shoulder joints have the greatest movement

range among all the joints of the human body(2)
and are complex areas, and because of wide
mobility, are fluid but affect stability and there-
fore are apt to trigger damages to the bones,
muscles, tendons, ligaments, and bursas by

excessive movements of the joint(3). Accordingly,
the functions and stability of shoulder joints
occurring by interaction and harmony among dif-
ferent joints are an important element in ordinary
life(4). 

Stabilization is an ability to adjust large or fine
movements of the joints consciously or uncon-
sciously and in dynamic stability of the shoulder
joints the muscles play a great role, and normal
movement pattern of the shoulder joints is har-
monious movement together with stabilization
rhythms of the scapular(3) and three dimensional
movement, not two dimensional movement(5). The
goal of stabilization exercise is to recover muscles
and movement adjustment ability(6, 7). 

The serratus anterior among many muscles
which act in shoulder stabilization has been known
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This study aimed to examine the most effective exercise method for shoul-
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While the subjects conducted push up and push up plus exercises under
diverse stable conditions(a stable surface, a support of 25cm height, a
support of 30 cm height and a balance pad), activities of the upper trapez-
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as an important element to maintain normal
scapulohumeral rhythm. The serratus anterior
aids upward rotation and posterior tipping of the
scapula while raising the upper limbs and pre-
vents scapular winging by maintaining the scapu-
la within the thoracic cage. A winged scapula is a
condition where the internal side floats and the
lower edge is protruded back(8) during the abduc-
tion of the arms and occurs due to damage to long
thoracic nerve resulting from trauma around the
scapula, a surgery, an infection, and damage
related to sports activities(9). 

When one comes down with this disease, the
scapula noticeably floats when resistance is given
at 30° adduction or when 60° abduction is con-
ducted(3) and a general cause is the weakening of
the serratus anterior and trapezius(9); This dis-
ease triggers loss of upper limb muscle strength
and restriction to flexion and abduction, bringing
about severe pain(10,11). Therefore, the motions of
holding, pulling, and pushing something are
restricted and activities of daily living may be
negatively affected(12).

Therapeutic exercises to recover shoulder joint
functions are being carried out and in particular,
the importance of coordination and balance
adjustment among the stabilizer muscles compos-
ing the shoulder joints has been recognized(13).
For such reason, shoulder rehabilitation program
aimed at increasing strength of the serratus ante-
rior and the stabilization muscles around the
scapula and selection of an appropriate exercise in
the process of implementing such program are
important(14). In general, therapeutic exercise
programs for prevention and rehabilitation of
shoulder joint functional disability consider
scapular stabilizer muscles importantly and
recently, there is a lot of trend to utilize closed
chain exercise in upper limb exercise and treat-
ment programs(15).
Closed chain exercise includes movements when

the peripheral areas of the body are fixed or sta-
bilized at palm width and the representative
example is weight supporting training. Closed
chain exercise triggers co-contraction of the mul-
tiple muscles through mechanical pressure on the
articular surfaces as well as improving muscle
strength and endurance. This exercise stimulates
afferent nociceptors around the joints and pro-
vides more proprioceptors and therefore is often
used in an exercise treatment program for
dynamic stability of the joints and postural main-
tenance(17).

Push up is known as a typical upper limb closed
chain exercise, an exercise for performance evalu-
ation and improvement of muscle strength of the
chest, shoulders, and arms, and a resistance exer-
cise. This exercise is very popular in upper limb
strengthening programs and easy to learn, does
not require equipment, and may be applied differ-
ently from fitness level; Its popularity is growing
(18). Recently, push up plus was created by adding
the elements of plus to push up. A push-up plus is
an exercise which added scapula traction to ordi-
nary push up motion and Ghigiareli (18) recom-
mended push up plus as an effective closed chain
exercise for the serratus anterior muscle and
scapular stabilizing synergist. 
In a previous study, Moseley et al.(14) used push

up plus and push up exercise on the area of the
hands to conduct shoulder joint exercise and com-
pared different muscles, in other words, upper,
middle, and lower trapezius muscles, levator
scapulae muscle, rhomboid muscle, middle and
lower serratus anterior muscle, and pectoralis
major muscle. Ludewig et al.(16) compared differ-
ences among four types of push up standard push
up plus exercise, push up exercise modified on
elbows(a modified push up with the elbows flexed),
push up exercise modified on knee(a modified
push up conducted while kneeling down), and
push up exercise against a wall(a modified push
up conducted while pushing the wall in a standing
position) and examined activities of the serratus
anterior and upper trapezius and rates of these
two muscles. 

In addition, Hwang(20) studied the effects of
push-up plus exercise using a sling on stabiliza-
tion of the lumbar region and Oh et al.(21) com-
pared when instability was provided to the hands
with when a stable surface was provided using
sling exercise equipment. Lear and Gross(22)
compared push up plus with push up plus con-
ducted with the feet raised. Nonetheless, research
which examined push up plus exercises according
to the height of base of support, stable base of
support, and unstable base of support is still
insufficient.  

Accordingly, this study intends to examine
activities of shoulder stabilizer muscles  according
to diverse stabilization conditions during push up
exercise and push up plus exercise used as closed
chain exercise methods in upper limb exercise
programs and look at the most effective exercise
method for shoulder joint rehabilitation. 
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This study involved 20 young male adults in the
Department of Physical Therapy, M University
who sufficiently listened to the purpose and
method of this study and agreed to participate in
this experiment. All the subjects had no experi-
ence on weight training and had no muscu-
loskeletal system disease such as shoulder pain,
winging scapula, impingement syndrome, and
carpocarpal joint damage. The general character-
istics of the subjects are as follows. 

In order to measure activities of the dominant
pectoralis major muscle, serratus anterior muscle,
upper trapezius muscle, and triceps brachii mus-
cle, MP150 WSW(BIOPAC System Ine.CA, USA)
(Fig. 1), a surface electromyogram was used. 

Medical electrodes Ag/AgCI were used as elec-
trodes. In order to provide an unstable surface,
balance pads (Fig. 2) were applied to the bilateral
palms and the supports of 25cm height and 30cm
height were applied(Fig. 3, 4). 

Measurement by the Electromyogram
In order to remove sweat, moisture, and electri-

cal resistance, hair on the area where an electrode
would be applied was removed and the skin was
cleaned with alcohol gauze. The location of each
muscle where the electrodes would be attached
was determined by referring to the studies by
Cram and Kneebone(23) and Lear and Gross(22).
The dominant upper limb was determined by ask-
ing the subjects and the dominant upper limb of
all the subjects was the right side. 

In order to quantify activity potential of each
muscle, activity of each muscle during maximal
voluntary isometric contraction(MVIC) in a manu-
al muscle test position was measured. Data values
for five seconds were processed into root mean
squares(RMSs) and the average electromyography
signal amount for three seconds excluding the
first and last seconds was used as 100% MVIC. 

Study procedure
The starting posture of all exercises was to spread

the hands shoulder width, gathered both feet, and
maintained the body in a straight line (15). Push up

Subjects

Experimental tool

Experimental method

METHODS 

Age

Weight

Height

24.05±2.21

66.65±7.67

174.40±5.92

Mean±SDGeneral Characteristics

Table 1. General characteristics of the subjects

Pectoralis major 

The middle area between the
anterior axilla and fold in the
oblique direction from 2cm below
the clavicle 

Serratus anterior 
Anterior boundary of the latissimus
dorsi muscle, the height of lower
end of the scapula  

Triceps brachii 
The belly at the center of the back
of the upper arm

Upper trapezius 

The middle area between the
acromion of the scapula in the
direction in parallel with muscle
fibers and the 7th cervical verte-
bra's spinous process 

Location of attachmentMeasured muscle 

Table 2. The location of the electrodes by each muscle

Fig. 1. Electromyogram Fig. 2 Balance pad

Fig. 3. Support of 25cm
height

Fig. 4 Support of 30cm
height
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exercise with the knee joints flexed needed less
power than push up exercise with the knee joints
extended while able to derive similar electromyo-
grphy amplitude(8). Accordingly, this study
applied modified push up exercise with the knee
joints flexed to the subjects.  
In addition, in order to maintain a neutral pos-

ture of the cervical vertebrae, the craniocervical
area was flexed so that the cervical vertabrae and
the thoracic vertabrae were on a straight line(24).
Before the experiment, all the subjects were asked
not to excessively raise the thoracic vertabrae as a
compensation action when they tracted their
shoulders and practiced push up plus three times
while maintaining their body in a straight line
(25). In this study, the subjects performed the fol-
lowing exercises in a random order. 
They performed the exercise with a basic posture

(Fig. 5). 
They performed the exercise with a support of

25cm height being applied(Fig. 6). 
They performed the exercise with a support of

30cm height and balance pads on the bilateral
hands being applied(Fig. 7). 

Under each measurement method, an oral
instruction "start" was given. At a speed comfort-
able for the subjects, they conducted push-up and
push-up plus motions. They took a rest for two
minutes between each performance. Electromyo-
graphy signals were collected while the subjects
maintained scapular protraction with isometric
contraction for five seconds and maintained iso-
metric contraction in a push-up flexion motion
for five seconds. Average electromyography sig-
nals for three seconds excluding the first and last
seconds were used for analysis. 

Electromyography signal processing method
Channels were designated so that each channel

was able to receive electromyography signals.
Surface electromyography signals and other sig-
nals were filtered and processed using
Acknowledge 4.1 software on a personal computer.
The sampling rate of the conducted signals was
set at 1000Hz and the amplified wave form was
filtered using a band pass filter at 60~500Hz and
a notch filter at 60Hz. In order to quantify the
collected signals, they were processed into RMS. 

During push up and push up plus exercises, activity
of the upper trapezius muscle was higher in a posture
with changes from the stable condition compared to
on the stable surface. In particular, in a push up
exercise posture, there were statistically significant
differences according to each condition of the sup-
ports(p<.05). However, there were no significant dif-
ferences in a push up plus exercise posture(Table 3).

Fig. 5. Basic posture

Fig. 6. Posture with a support of 25cm height 

Fig. 7. Posture with a support of 30cm height and
balance pads

Activity of the upper trapezius muscle according to
different base of support

RESULTS
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Activity of the pectoralis major muscle according 
to the different bases of support
During push up and push up plus exercises,

activity of the pectoralis major muscle was higher

in a posture with changes from the stable condi-
tion compared to on the stable surface. However,
there were no statistically significant differences
among the three methods(Table 4). 

Activity of the serratus anterior muscle according
to the different bases of support 
During push up and push up plus exercises,

activity of the serratus anterior muscle was higher
in a posture with changes from the stable condi-
tion compared to on the stable surface. In partic-

ular, in a push up plus exercise posture, there
were statistically significant differences according
to each of the supports(p<.05). However, there
were no significant differences in a push up exer-
cise posture(Table 5). 

Push up

Push up plus

.003

.409

Stable surface

Support of 25cm height

Support of 30cm height and balance pads

Stable surface

Support of 25cm height 

Support of 30cm height and balance pads

42.35±24.43

64.17±43.16

70.84±45.12

14.46±11.15

18.06±14.22

19.24±15.50

Posture Base of support condition Mean±SD p

Table 3. Activity of the upper trapezius muscle according to the different bases of support 

Push up

Push up plus

.278

.140

Stable surface

Support of 25cm height

Support of 30cm height and balance pads

Stable surface

Support of 25cm height 

Support of 30cm height and balance pads

27.12±13.73

30.16±13.93

39.67±39.40

10.10±6.41

7.61±5.13

12.99±8.63

Posture Base of support condition Mean±SD p

Table 4. Activity of the pectoralis major muscle according to the different bases of support 

Push up

Push up plus

.053

.000

Stable surface

Support of 25cm height

Support of 30cm height and balance pads

Stable surface

Support of 25cm height 

Support of 30cm height and balance pads

29.58±20.67

43.21±16.26

39.71±20.71

42.76±18.06

62.92±20.02

82.87±21.75

Posture Base of support condition Mean±SD p

Table 5. Activity of the serratus anterior muscle according to the different bases of support
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Activity of the triceps brachii muscle according to
the different bases of support
During push up and push up plus exercises,

activity of the triceps brachii muscle was higher in
a posture with changes from the stable condition
compared to on the stable surface. In particular,

in a push-up  exercise posture, there were statis-
tically significant differences according to the
condition of each support(p<.05). However, there
were no significant differences in a push-up plus
exercise posture(Table 6). 

Push up plus exercise is considered as the most
appropriate exercise to heighten activities of the
muscles around the scapula including the serratus
anterior muscle and therefore has been most pre-
ferred(8, 14, 16, 22). It is an exercise to most
actively move the serratus anterior muscle on the
electromyography and under the condition of
maintaining the posture, conducting push-up
maintains maximal contraction of the serratus
anterior muscle during the movement of the elbow
joints, thereby reducing protruded scapula and
increasing ability of the scapula's upward rotation.
As an effective method for this, a modified push-
up posture in a quadruped position is recom-
mended(26) and conducting exercise with the acti-
vated condition of the serratus anterior muscle
maintained is more effective for scapula treatment
(24, 27). 
Oh et al.(21) noted that activity of the pectoralis

major muscle was significantly higher in push up
motion using a sling than on a fixed base of sup-
port and in the case of triceps brachii muscle,
there was no difference between the sling and the
fixed base of support but muscle activity was high
when the elbow joint angle was 45 degrees. Park
et al.(28) observed that during push up exercise on
a stable and an unstable base of support, activity
of the serratus anterior muscle became signifi-
cantly higher but there was no difference between
the activity of the upper trapezius muscle and that

of the lower trapezius muscle. 
Lehman et al.(29) and Kim(27) reported that

when push up plus exercise was conducted on a
stable and an unstable base of support, activity of
the serratus anterior muscle significantly differed
according to the change in foot height regardless
of the condition of the surface where the hands
contacted. In a study by Kim and Lee(30), when an
unstable base of support was provided to the
lower extremities, muscle activity more obviously
increased even though it did not statistically sig-
nificantly improve, than when a stable and un
unstable surface were provided to the upper
extremities. In addition, in studies by Lear and
Gross(21) and Ludewig et al.(15), which examined
correlation between the serratus anterior muscle
and the upper trapezius muscle, when the subjects
conducted push up plus with the bilateral feet on
a small chair, there was inverse correlation
between the serratus anterior muscle and the
upper trapezius muscle and the lower trapezius
muscle did not show significant muscle activity. 
Accordingly, this study examined muscle activity

of the shoulder stabilizer muscles according to
different surface condition in a push up plus posi-
tion used as a method of closed chain exercise in
an upper extremity exercise program and intended
to provide the most effective exercise method for
shoulder joint rehabilitation. 
Therefore, in the present study as well like previous

studies, push up plus exercise was conducted in a
quadruped position, and changes in the distance 

Push-up

Push-up plus

.000

.052

Stable surface

Support of 25cm height

Support of 30cm height and balance pads

Stable surface

Support of 25cm height 

Support of 30cm height and balance pads

65.53±17.39

80.27±15.68

78.64±16.33

53.85±25.74

60.65±25.81

61.04±26.02

Posture Base of support condition Mean ± SD p

Table 6. Activity of the triceps brachii muscle according to the different bases of support

DISCUSSION
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between the two hands affected muscle activity of
the applied muscles(31). Accordingly, in order not
to make errors, this study applied the distance
between the two hands constantly to be the
shoulder width of the subjects. In addition, special
attention was paid so that the body was not under
the shoulders in order to prevent semiluxation of
the humerus and not to damage the joint capsule
of the shoulder joints' ligaments(30). 

The result was that activity of the pectoralis
major muscle and the serratus anterior muscle did
not significantly differ in a flexion position
according to different bases of support and there
was significant difference between the upper
trapezius muscle and the triceps brachii muscle.
There was no significant difference in activities of
the upper trapezius muscle and the pectoralis
major muscle in push up plus position according
to different bases of support but there was signif-
icant difference only in activity of the serratus
anterior muscle. In previous research, push up
plus exercise conducted in a quadruped position
exhibited the highest activation of the serratus
anterior muscle(8, 26) but did not show activation
of the upper trapezius muscle. The reason is that
the subjects who participated in this study were
healthy males in their 20s and had no imbalance
between the upper trapezius muscle and the ser-
ratus anterior muscle.

According to previous research, patients with
imbalance between the trapezius and the serratus
anterior exhibit excessive muscle activity in order
to compensate for the serratus anterior muscle
with the weakened upper trapezius muscle and as
a result abnormal rotation of the scapula occurs
triggering impingement(15, 25). An exercise with
low ratio of the trapezius to the serratus anterior
is one of important elements for rehabilitation
exercise aimed at selectively strengthening the
serratus anterior muscle, reducing muscle imbal-
ance, and stabilizing the shoulder(16). 

Functional disability of the shoulders is a mus-
culoskeletal disease which occurs during ordinary
life and some of ordinary injuries are shown in
instability of the shoulders and impingement syn-
drome. Existing research noted that in order to
resolve imbalance of the muscles around the
scapula and control wrong nerve roots, selective
strengthening exercise according to weakened
muscles and adequate exercise stimulation are
required(6).
The limitation of this study is that precise effect

cannot be concluded because it did not involve

patients with functional disability of the shoulders
and it cannot be generalized to all the people
because it concerned only 20 males in their 20s.
Therefore, future research should examine an
exercise program to increase the number of sub-
jects including patients with functional disability
of the shoulders and to improve all the surround-
ing muscles.  

This study examined activity of the shoulder
stabilizer muscles in a push up exercise posture
and a push up plus exercise posture according to
diverse surface stabilization conditions and
intended to provide the most effective exercise
method for shoulder joint rehabilitation. This
study applied a stable surface, a support of 25cm
height, a support of 30cm height, and balance
pads and compared activities of the upper trapez-
ius, pectoralis major muscle, and triceps brachii
muscle.  

The serratus anterior muscle important for the
protruded scapula exhibited the highest muscle
activity in an unstable push up plus exercise and
higher muscle activity when a support of 25cm
height, a support of 30cm height, and a balance
pad were applied than when a stable surface was
applied. 

Therefore, provision of diverse bases of support
according to the conditions of patients in a pro-
gram for shoulder joint rehabilitation will a more
effective method than a sable base of support. 

In addition, according to the purpose of this
study, applying effective base of support condi-
tions and postures for each muscle for the reha-
bilitation of the shoulder joints will be an effective
method. 

This research was financially supported by
Masan University as part of 2014 industry aca-
demic research. 
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