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Abstract

Background/Obijectives: The purpose of this study was to identify the effect of push-up exercise upon the sling
and fixed surface on the triceps brachii and serratus anterior muscle activation.

Methods/Statistical analysis: Twenty healthy subjects agreed to the participation of this experiment and were
those who met with the selection criteria. The subjects performed randomly the static and dynamic push-up
exercise on the fixed surface, and the static and dynamic push-up exercise on the sling. While each push-up
exercise was conducted on the surfaces, the triceps brachii and serratus anterior muscle activation was
measured by surface electromyography (SEMG). Repeated ANOVA was used to compare the mean of EMG
activation of the triceps brachii and serratus anterior muscle normalized by maximal voluntary isometric
exercise.

Findings: The result showed that there was significantly different in triceps brachii long head muscle
activation within the measure (p<.05), while there was not significantly different in the triceps brachii lateral
head, and serratus anterior muscle (p>.05). The triceps brachii muscle activity showed a significant increase
in the static push-up exercise upon the sling compared to the dynamic push-up exercise on the fixed surface
and sling (p<.05). During the static push-up exercise on the sling, EMG activation of the triceps brachii long
head significantly increased greater than the triceps brachii lateral head (p<.05). However, although there
was no significant difference, in the static push-up exercise on the fixed surface, EMG activation of the triceps
brachii long head was very increase (p>.05). Also, in the dynamic push-up exercise on the fixed surface and

sling, EMG activation of the serratus anterior was very increase (p>.05).

Improvements/Applications: These findings suggest that static push-up exercise on sling can strengthen the
triceps brachii long head muscle more effectively than the triceps brachii lateral head. That is necessary for the
use of walker and wheelchair in patients with paraplegia.
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1. INTRODUCTION

The triceps brachii muscle is divided into three muscle branches and the muscle extending elbow joint.
Long head crosses the shoulder joint and, together with the deltoid and coracobrachialis, prevent the dislocation
of the humerus. The use of pectoralis major and the triceps brachii muscle limit the movement of the

scapulothoracic joints, resulting in stabilization of the trunk [1,2].

When using a walker, the weight shift is made by the triceps brachii and latissimus dorsi. Because the
strengthening of these muscles is included in the preliminary gait training plan, it plays an important role in the
use of walker [3]. Patients with paraplegia or quadriplegia require the function of the triceps brachii muscles to
push the wheelchair in their daily lives. If this ability is insufficient, wheelchair users may experience shoulder
impingement syndrome or carpal tunnel syndrome, and prevalence of musculoskeletal disorders such as carpal

tunnel syndrome and upper limb injury may be increased [4].

Closed kinetic chain is a motion that occurs when the distal end of the limb is fixed and the resistance
is applied simultaneously to the proximal and distal ends [5]. Closed kinetic chain exercise is widely used in
exercise programs for joint stability and posture maintenance [6,7]. Davies [8] states that closed Kinetic chain
are typical of functional movements similar to daily activities or sports activities. For example, if your hands

or feet support your weight and are fixed, like push-ups or squats.

Push-ups and modified push-ups are generally known as the typical closed kinetic chain movements of
the upper limbs, as well as chest, shoulder and arm strength exercises. In addition to strengthening the chest
and upper limbs and improving endurance, they also provide mechanical compression to the joint surface,
resulting in cooperative contractions of the muscles around the shoulders [9,10].

Providing unstable ground at this time increases the effects of exercise to increase mobility and stability
and improves neuromuscular control ability due to muscle weakness [11]. Recently, the interest in the field of
physical therapy or sports is the active participation in the treatment process, which is more effective than the
passive treatment method. As many studies [12] have progressed, the utilization of sling exercise therapy is
increasing. In addition, proprioceptive sensations are stimulated to promote weakened muscles and prevent
recurrence [13]

Oh et al. [13] compared muscle activity during push-ups on slings and fixed support surfaces. The push-
up exercise on sling had no significant difference in the muscle activity of the triceps brachii compared to the
exercise on the fixed support. Oh et al. [14] compared muscle activity according to the support surface interval
during push-ups. There were significant differences in muscle activity of the triceps brachii according to the
support surface interval. Weed and Kraemer [15] reported that the triceps brachii muscles became more active

when pushed up with a narrow hand position.

Although there are studies on the trunk stability such as abdominis and waist on the unstable support
surface using sling, there are not many papers that have combined various movements such as static and
dynamic movements.

Therefore, the purpose of this study is to compare EMG activity of the triceps brachii and serratus anterior
muscles when the normal adults in their 20s perform static and dynamic push-up exercise on the sling and

fixed support surface. Thus, this study is to identify the effect of the unstable sling support surface and push-up
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movement for the strengthening of the triceps brachii and serratus anterior muscle.

2. METHODS
2.1. Subjects
Twenty healthy adult men were participated to test the effect of push-up exercise using sling at B University
in Republic of Korea. The criteria for selecting the subjects were those who agreed to the participation with
sufficient explanation for the purpose and procedure of the experiment. Those who had fracture or pain of upper
extremity, congenital malformations, orthopedic and neurological diseases, and those who exercised regularly

for 6 months were excluded.

The characteristics of the subjects are shown in Table 1.

Table 1. General characteristics of subjects (N=20)
Age (yrs) Height (cm) Weight (kg)
23.3£2.4* 174.9+5.6 73.1£9.5

*Mean + Standard deviation.

2.2. Experimental instrument

2.2.1. Surface electromyography

To measure the maximum voluntary isometric contraction (MVIC) and muscle activation of the triceps
brachii (long head, lateral head) and serratus anterior on push-up exercise upon supported surfaces, Trigno
surface electromyography (Delsys Inc, Boston, USA) was used. The EMG signal was measured by the sensor
of the electrode and transmitted wirelessly to the Trigno Base Station, which collected wirelessly to the PC for

muscle activation analysis by EMGworks 4.0 software (Delsys Inc, USA).

The surface EMG electrodes was attached to the dominant side muscle of the subject and the electrode

attachment placement for each muscle is shown in Table 2.

Table 2. EMG electrode placement

Muscle Electrode placement

Middle area between acromion and olecranon, 2 cm inward from the
Triceps brachii long head centerline
of the humerus

2 cm from the centerline of the humerus to the lateral side, between acromion

Triceps brachii lateral head
and olecranon

Serratus anterior between rib 6™ and 8" in the middle axillary line

2.2.2. Sling

In this study, slings (Red cord, Therapimaster®, Norway) were used for dynamic and static push-up

movements to provide support surface instability.
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2.3. Experimental methods

MVIC and muscle activation of the triceps brachii and serratus anterior muscles were measured three times on
each four movements for 5 seconds: static and dynamic push-up on the fixed support and sling. Subjects rested

2 minutes between push-up movements, and the sequence of exercises was randomized.
2.3.1. Data collection and procedure
Maximal voluntary isometric contraction (MVIC)

MVIC was measured to normalize the root mean square (RMS) of triceps brachii and serratus anterior on
push-up on the supported surfaces. Normalization is necessary to prevent the difference between muscle strength
[16].

For MVIC measurement of triceps brachii, the subjects were instructed to prone lying with the shoulders and
elbows flexion 90° on the table. And if they extended their flexed elbow without shoulder rotation 90°, the

experimenter gave the maximal resistance to the elbow flexion direction on their wrist joints.

For MVIC measurement of serratus anterior, the subjects sat with the shoulders flexion 125° on the table. The

experimenter gave the maximal resistance to the shoulder extension direction on their elbow joint.
Triceps barchii and serratus anterior muscle activation in push-up on supported surfaces

The signal collected by the SEMG electrode on triceps brachii (long head and lateral head) and serratus anterior
was stored as a digital signal, and the sampling rate was 1000 Hz, and band pass filter was from 5~300 Hz. The
signal collected during each push-up exercise was saved into the computer via Root Mean Square (RMS) by

AcgKnowledge 3.8.1 program. RMS was normalized by a percentage for MVIC.
2.3.2. Push-up exercise
Push-up on the fixed surface

Subject took the start position by looking at the floor from the floor with elbows straight. Exercise posture
distributes weight across your hands and feet and tries to keep your shoulders, trunk and hips straight. The static
push-up exercise was maintained as this posture for five seconds, and the dynamic push-up exercise was
performed three times with one set of three times push-ups within five seconds. Each subject was repeated 3
times for 5 seconds, and the maximum value of the mean values for 3 seconds except the first and last 1 seconds
was taken as the RMS value.

Push-up on the sling

The sling was positioned at the suspension point 25 cm above the floor. The subject places his both hands on
the handle of the suspension point, looked at the floor with his elbows straight as starting position. Exercise
posture distributes weight across your hands and feet and tries to keep your shoulders, trunk and hips straight.

Static and dynamic push-up exercise was the same with the posture and data processing of the fixed surface.
2.4. Statistical analysis

Repeated ANOVA was performed to analyze the muscle activity of the triceps brachii and serratus anterior
for the dynamic and static push-up on the support surface. SPSS ver.12.0 program was used to analyze

statistically RMS collected through the experiment and the statistical significance level was a = .05.
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3. REsuLTS AND DiscussioN
The result showed that there was significantly different in triceps brachii long head muscle activation within
the measure (p<.05), while there was not significantly different in the triceps brachii lateral head, and serratus
anterior muscle (p>.05). The triceps brachii muscle activity showed a significant increase in the static push-up
exercise upon the sling compared to the dynamic push-up exercise on the fixed surface and sling (p<.05).
During the static push-up exercise on the sling, EMG activation of the triceps brachii long head significantly
increased greater than the triceps brachii lateral head (p<.05). However, although there was no significant
difference, in the static push-up exercise on the fixed surface, EMG activation of the triceps brachii long head
was very increase (p>.05). Also, in the dynamic push-up exercise on the fixed surface and sling, EMG

activation of the serratus anterior was increased insignificantly (p>.05) (Table 3).

Table 3. EMG activity in push-up exercise on supported surface (Unit : %)
On the fixed surface On the sling
F P
Variables Static push-up |Dynamic push-up| Static push-up |Dynamic push-up
Triceps brachii 144.73+21.04*
115.17+18.82% | 106.18+21.53 86.90+16.08 5.78 .002
long head **

Triceps brachii
64.72+10.48 63.68+14.6 62.59+8.14 71.9+15.25 .18 .83
lateral head

Serratus anterior 97.78+19.83 131.88+32.34 | 103.44+20.64 127.33425.3 3.01 .67

aMean * Standard deviation.

*: In triceps brachii long head, the static push-up on the sling was significant increase compare to the dynamic
push-up on the fixed surface and on the sling (p<.05),

**: In the static push-up on the sling, triceps brachii long head was more significantly increased than lateral
head (p<.05)

EMG signals record motor unit action potentials that are generated in the muscle endplates of the muscle
nerve junctions when muscles contract and relax and are conducted bilaterally along the muscle fibers to the
tendons of each muscle fiber [17]. EMG can be used in various ways, including evaluating and analyzing the
response of the exercise unit to determine whether it is normal or abnormal, and for determining diseases,

evaluating exercise, analyzing muscles, and analyzing pain [18].

Sling exercise therapy is a therapeutic exercise approach aimed at improving physical discomfort,
reducing pain, and increasing strength and endurance [19]. Sling exercise therapy is significant because most
of the physiotherapy techniques we are currently using are passive approaches [20]. And it has a therapeutic

effect on mobility, stretching, and sensory-motor training. However, scientific evidence is still lacking [21].

The purpose of this study was to investigate the push-up exercise for the strengthening of the triceps
brachii and serratus anterior when performing push-up exercise on the fixed support surface and sling. The
result showed that there was significantly different in triceps brachii long head muscle activation within the

measure (p<.05). And during the static push-up exercise on the sling, EMG activation of the triceps brachii
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long head significantly increased greater than the triceps brachii lateral head (p<.05).

Maeo et al. [22] reported that in the pectoralis major muscle activity dynamic exercise was significantly
higher than that of static exercise. However, in this study, unlike the previous studies, the muscle activity of
the triceps brachii long head was increased in the static exercise rather than in the dynamic exercise. Some
studies show that the change of support surface during push-ups does not affect the muscle activity of the
muscles around the shoulder joint. However, in the result of this study, the triceps brachii long head was higher
in the sling, that is, unstable surface, than the stable surface. As a similar result with this study, Lehman et al.
[23] found that push-ups on Swiss balls were greater in the muscle activation of triceps brachii than push-ups
on stable supports. Oh et al. reported that muscle activity was higher in push-ups on sling than in the fixed
surface [13].

Triceps brachii long head is considered significant because it has a larger volume than any other muscle
in the elbow, and has the larger volume needed for tasks requiring high work performance, functioning as a
"preliminary" elbow muscle. However, triceps brachii lateral head showed high muscle activity, although there
was no significant difference in muscle activity during the push-up exercise in the sling. The serratus anterior
showed high muscle activity, although there was no significant difference in muscle activity during the push-

up exercise on the fixed support surface.

The limitation of this study is that it is difficult to generalize because the number of subjects was small
size, and age group was limited. And the lab environment wasn’t controlled completely. In future studies, it

should be considered that various ages, and increased subjects size with shoulder disease is included.

4. CONCLUSION

This study was conducted to investigate whether the supported surface and push-up exercise needed for
strengthen-ing the triceps brachii and serratus anterior muscle strength were effective. As a result, there was a
statistically significant increase in the triceps brachii long head when the static push-up was performed on the
sling (p <.05). The muscle activation of triceps brachii lateral head and serratus anterior didn’t matter the static
or dynamic, and the supported surface. Therefore, the muscle activity of the triceps brachii long head can be
strengthened effectively by the static push-up exercise on the sling. It would be more efficient to provide unstable

support like sling and static movement when applied to the clinical rehabilitation program.
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