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Introduction

The serratus anterior (SA) muscle is one of the

scapular upward rotation (SUR) muscles that is con-

sidered to be important in maintaining the scapulo-

humeral rhythm and optimal function of the shoulder

complex when elevating the arm (Ekstrom et al, 2004;

Inman and Abbott, 1996; Levangie and Norkin, 2011).

While elevating the arm, the SA rotates the scapular

bone upwards and prevents anterior tilting and

winging of the scapular bone (Gregg et al, 1979;

Watson and Schenkman, 1995). These functions of the

SA allow the scapular bone to move in close contact

with the thorax while the arm is moving (Gregg et

al, 1979; Ludewig et al, 1996; Ludewig et al, 2004).

The scapulohumeral rhythm or alignment of the

scapula can be deteriorated by various conditions, in-

cluding muscle fatigue, alteration of muscle length, or

insufficient activation of the SA muscle (McQuade et al,

1998; Sahrmann, 2002; Yoshizaki et al, 2009). Among

these, decreased SA muscle activity causes deforma-

tion of the scapulothoracic rhythm, which causes the

scapula to be winging, rotate downward, or tilt ante-

riorly (Sahrmann, 2002; Watson and Schenkman,
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Background: The serratus anterior (SA) muscle is one of the important muscles in the upward
rotation of the scapula when the arm is raised. Insufficient muscle activity of the SA can cause
deformation of the shoulder rhythm resulting in shoulder pathology.
Objects: This study intends to compare SA and upper trapezius (UT) activity during the conventional

wall-slide and push-up plus exercises for SA muscle strengthening and the scapular upward rotation
(SUR) exercise.
Methods: A total of 30 subjects participated in this study, and we measured the muscle activity of the

SA and UT muscles during the wall-slide, push-up plus and SUR exercises. The one-way repeated
ANOVA was used to compare SA and UT muscle activities during the 3 exercises.
Results: During the SUR exercise, SA muscle activity was 79.88% maximum voluntary isometric

contraction (MVIC), which was significantly higher than its activity during the other 2 exercises. The UT
muscle activity was 47.53 %MVIC during the SUR exercise, indicating a significantly higher UT muscle
activity than during the other 2 exercises.
Conclusion: These findings suggest that the SUR exercise can maximize SA muscle activity to

strengthen the SA while keeping UT muscle activity at an appropriate level.
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1995). Especially, decreased activity of the SA can

break the balance of force couples among upward ro-

tator muscles and cause shoulder pathology (Ekstrom

et al, 2003; Ludewig et al, 2004; Sahrmann, 2002).

The deformation of the shoulder blade position in a

superior translation can also occur because other

synergistic muscles are predominantly used to com-

pensate for decreased activity of the SA during

shoulder elevation (Lukasiewicz et al, 1999; Peat and

Grahame, 1977). Ludewig and Cook (2000) found that

patients who suffer from shoulder impingement syn-

drome display decreased muscle activity of the SA

and imbalance of other synergistic muscles of up-

ward rotator muscles.

To solve the deformation of the shoulder, numer-

ous researches have investigated increasing the SUR

muscles’ activities respectively and restoring balance

between the SUR muscles. To strengthen each SUR

muscle, a shoulder shrug motion was used for max-

imum muscle activity of the upper trapezius (UT)

(Ekstrom et al, 2003). The shoulder elevation motion

above the head in the prone position showed the largest

muscle activity of the lower trapezius (Ekstrom et al,

2003; Peterson-Kendall et al, 2005). Scapular protraction,

like a forward punching motion, was used for se-

lective muscle activity of the SA. To restore balance

between the SUR muscles, the push-up plus (PUP)

exercise, which protracts the shoulder blade and

pushes the trunk toward the ceiling, was used for in-

ducing isolated activity of the SA (Lehman et al,

2008; Ludewig et al, 2004). Also, the wall slide (WS)

exercise was used to maximize the activity of the SA,

among other SUR muscles (Hardwick et al, 2006).

Muscle activity transmitted through an EMG signal

reflects the motor unit of the muscle or muscle

group during muscle recruitment, and it has a higher

muscle activity when it is given more load or the

muscle generates more force (David et al, 2000).

Therefore, the more a muscle exhibits high muscle ac-

tivity during a specific movement, the more advanta-

geous the movement is for obtaining muscle strength

(David et al, 2000). To improve specific muscle

strength, the minimum muscle activity can be ach-

ieved at 40 to 60 %MVIC (Andersen et al, 2006;

Ayotte et al, 2007). Several researchers have recom-

mended exercising with the arm at 90° or less of the

humerus elevation in the early stage of rehabilitation

in order to prevent excessive strain on the rotator

cuff and shoulder ligament (Jobe et al, 1987; McCann

et al, 1993; Pappas et al, 1985). However, most of

these exercises for SA muscle strength did not reach

or barely reached a minimum of muscle activity to

gain strength. The traditional exercise methods for

restoring strength of the SA, forward punch or

shoulder protraction exercises, show a mean muscle

activity of 31.4 to 47 %, which barely met the mini-

mum muscle activity to obtain muscle strength. In

the case of the push-up plus exercise used at a later

stage of rehabilitation, the mean muscle activity was

35.1%, which did not reach the minimum muscle ac-

tivity to obtain muscle strength (Decker et al, 1999;

Hardwick et al, 2006).

However, in the case of workers or athletes re-

quiring high-strength muscles, the exercise needs to

achieve higher SA muscle activity. However, such

exercises can cause excessive muscle activity of the

UT and cause shoulder problems (Decker et al, 1999;

Ekstrom et al, 2003). For this reason, we have de-

vised a method of SUR exercise that maximizes SA

muscle activity while maintaining appropriate UT

muscle activity. Therefore, the purpose of this study

was to compare 2 previously studied conventional

exercise methods for selectively increasing SA mus-

cle activity, the WS and PUP, with the SUR ex-

ercise method.

Methods

Subjects

A total of 30 healthy, right-handed men (age=23.9±

3.3 years, height=174.0±4.7, mass=73.2±10.9) (Table 1)

participated in this study. All the participants in the

study were right-handed. Participants in the study
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completed a self-report to determine if there were

any orthopedic or neurological problems in the upper

extremities. Subjects were excluded from this study

if they had (1) a history of dislocation or traumatic

injuries of the tested shoulder complex or (2) a history

of shoulder surgery within the previous 6 months.

All subjects received an explanation of this study

and agreed to participate in this study by signing a

consent form. This study was approved by the

Yonsei University Wonju Institutional Review Board

(approval number: 1041849-201705-BM-045-01).

Surface electromyography (EMG)

The SA and UT muscle activities were measured

using the TeleMyo 2400T (Noraxon Inc., Scottsdale,

AZ, USA) and analyzed using MyoResearch software

(XP Master Edition 1.07, Noraxon Inc., Scottsdale,

AZ, USA). Before attaching EMG electrodes, the skin

was shaved and gently rubbed with sandpaper to re-

duce skin impedance. One surface electrode was ap-

plied to the SA parallel to the muscle fibers, below

the axilla, anterior to the latissimus dorsi, and poste-

rior to the pectoralis major (Criswell, 2010). Correct

electrode placement was verified through observation

of the oscilloscope during resisted scapular

protraction. In addition, resisted shoulder extension

was observed to limit potential crosstalk from the

latissimus dorsi. A second surface electrode was ap-

plied to the UT parallel to the muscle fibers,

two-thirds of the way between the spinous process

of the seventh cervical vertebrae and the acromion

process (Criswell, 2010).

To normalize EMG data, maximal voluntary iso-

metric contraction (MVIC) was used. All data were

presented as percentages of MVIC. To collect the

MVIC data, subjects performed MVIC of the SA and

UT muscles based on the muscle manual testing po-

sition (Kendall et al, 2005). In order to examine the

SA, the subjects sat on a chair with a backrest to

fix the trunk and performed arm elevation in a posi-

tion between 120° and 130° of flexion. Manual resist-

ance was applied to the dorsal surface of the sub-

ject’s arm, between the shoulder and elbow, down-

ward in the direction of extension. To assess the

UT, subjects sat on a chair and performed elevation

of the acromial end of the clavicle and scapula.

Manual resistance was applied to the subject’s

shoulder, in the direction of depression. Subjects re-

peated the MVIC 3 times with a 30 second rest be-

tween each trial to obtain the mean EMG value used

as 100 %MVIC. Subjects maintained each trial for 5

seconds with a 30 min rest between each muscle

contraction (Soderberg, 2000). The average value of

the middle 3 seconds of the 5 second period was

used for data analysis. For data analysis, the EMG

signals were amplified and the sampling rate was

1000 Hz. A bandpass filter between 20 and 450 Hz

was used and a notch filter at 60 Hz was applied.

EMG data were processed into the root-mean-square

(RMS) value, which was calculated from 50-ms data

points of windows.

Experimental procedure

All subjects performed the 3 different exercises,

and EMG activity in the SA and UT muscles was

recorded during the exercises. The durations of the 3

exercises were controlled by a sound signal gen-

erated by a metronome. Each subject was given a 5

min practice time to acclimatize to the movement

and speed. Participants performed 3 trials of each

exercise in a randomized order, with a rest time of 3

min between exercises to minimize the order effect.

In addition, 1 min of rest was given per trial to

minimize the effects of muscle fatigue. During each

trial, the average value of the middle 3 seconds of

Parameters Mean±SDa

Age (year) 23.9±3.3

Height (㎝) 174.0±4.7

Weight (㎏) 73.2±10.9

Dominant hand Right=30 / Light=0
amean±standard deviations.

Table 1. General characteristics of the subjects (N=30)
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the 5 second period was recorded.

Scapular upward rotation (SUR)

For the SUR exercise, the subject sat on the

chair. The subject then placed the palm of the hand

on the crown of the head to rotate the scapula

upwardly. The scapula was fixed with an orthopedic

belt (Figure 1). To fix the scapula in the upward

rotation direction using the orthopedic belt, the fix-

ing device located under the chair and the scapula

were connected to the orthopedic belt at an angle of

45°. At this time, the angle of the scapula was ro-

tated 45° upward, so that the scapula was not ele-

vated but resisted in the SUR direction (Figure 2).

Wall slide (WS)

The subject stood facing the wall, spreading his

feet as wide as his shoulders, putting a foot on the

wall and a foot behind. In the starting position, the

medial side of the forearm was touching the wall,

and the shoulder was flexed at 90° and horizontally

abducted at 45° in the scapular plane. The elbow

was flexed at 90°. Subjects were instructed to push

their arms over the wall. When the shoulder flexion

angle reached 145°, the sliding movement was ended.

The subject was instructed to lift both arms until

the elbow did not push the target bar but touched it

slightly and to maintain the position of the arm for 5

seconds at the end position (Hardwick et al, 2006)

(Figure 3).

Push-up plus (PUP)

The PUP exercise started from a standard

push-up position, in which the both arms were

opened to the shoulder width and the upper body

was maintained in a straight line. PUP refers to the

action of protracting the shoulder from the end of a

normal push-up, with the elbow fully up. The sub-

jects were kept in motion for 5 seconds at this plus

phase. Something to note when carrying out this ex-

ercise is that the back should not be bent too much

(Ludewig et al, 2004) (Figure 4).

Statistical analysis

Variables were normally distributed, as determined

by Kolmogorov-Smirnov tests; thus, parametric sta-

tistics were used. Data of this study were expressed

as mean±standard deviations. Statistical analyses

were done with SPSS ver. 24.0 (SPSS Inc., Chicago,

IL, USA). After half the data (n=15) was collected, a

power analysis was done to calculate the number of

subjects needed to determine a clinically meaningful

difference between exercises. The number of subjects

chosen was calculated using G*Power Software

(University of Kiel, Berlin, Germany) and was based

on an effect size of .25 standard deviation (SD) with

an α level of .05 and power at .92. One-way re-

peated-measures analyses of variance with 1 with-

Figure 1. Scapular with orthopaedic belt.

Figure 2. Scapular upward rotation (SUR).



한국전문물리치료학회지 2017년 24권 4호 29-37
Phys Ther Korea 2017;24(4):29-37

- 33 -

in-subject factor (exercise) were used to compare

the muscle activity of the SA and UT muscles ac-

cording to the 3 exercises.

Results

Serratus anterior muscle activation

The SA muscle activity was 49.77 %MVIC when

the PUP exercise was performed. In the case of the

WS exercise, the SA muscle activity showed 65.01

%MVIC. When the SUR exercise was performed, the

muscle activity was 79.88 %MVIC. The SUR exercise

showed significantly higher SA muscle activity than

the WS exercise (p=.026) and the PUP exercise

(p<.001). Additionally, the WS exercise showed sig-

nificantly higher muscle activity than the PUP ex-

ercise (p=.025) (Table 2)(Figure 5A).

Upper trapezius muscle activation

The UT muscle activity was 7.86 %MVIC when

the PUP exercise was performed. In the case of the

WS exercise, the UT muscle activity showed 9.98

%MVIC, and when the SUR exercise was performed,

the UT muscle activity was 47.53 %MVIC. The SUR

exercise showed significantly higher UT muscle ac-

tivity than the WS exercise (p<.001) and the PUP

exercise (p<.001). However, there was no significant

difference in UT muscle activity between the WS

and PUP exercises (p=.396) (Table 2)(Figure 5B).

Discussion

The SUR is a motion caused by the synergistic

contraction of the SA, the UT, and other muscles

(Escamilla and Andrews, 2009; Johnson et al, 1994).

However, imbalance between these muscles can lead

to shoulder structural deformation (Ludewig and

Cook, 2000; Lukasiewicz et al, 1999). Ludewig and

Cook (2000) found that while the arm was elevated

along the scapular plane, the average SA muscle ac-

tivity of the normal group was between 30 and 50

%MVIC, while the UT muscle activity ranged from

15 to 20 %MVIC. Conversely, on average in the

group with shoulder impingement, the SA showed

muscle activity from less than 20 to 40 %MVIC,

while the UT muscle activity ranged from 22 to 30

Figure 3. Wall slide (WS).

Figure 4. Push-up plus (PUP).

Exercises Serratus anterior Upper trapezius

SURa 79.88±34.43b 47.53±35.36

WSc 65.01±30.98 9.98±7.92

PUPd 49.77±15.96 7.86±5.47
ascapular upward rotation, bmean±standard deviation, cwall slide, dpush-up plus.

Table 2. Mean muscle activity for three exercises (Unit: %MVIC)
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%MVIC. When the arms were raised with 4 to 6 ㎏

dumbbells, the normal group showed UT muscle ac-

tivity from 53 to 64 %MVIC, whereas the group with

shoulder impingement showed significantly higher UT

muscle activity, from 56 to 78 %MVIC (Ludewig and

Cook, 2000). Given the above results, the decreased

SA muscle can cause compensatory hyperactivity of

the UT muscle and cause shoulder lesions (Cram,

2003; Edgerton et al, 1996). For this reason, a great

deal of research has been conducted on methods for

maximizing muscle activity of the SA while main-

taining moderate activity of the UT (Decker et al,

1999; Ekstrom et al, 2004; Hardwick et al, 2006;

Ludewig et al, 2004).

We found that the SA muscle activity was the

highest when performing the SUR exercise (79.88

%MVIC); when performing the WS exercise, it

showed 65.01 %MVIC, and the lowest muscle activity

occurred when the PUP exercise was performed

(49.77 %MVIC). The UT showed higher muscle activ-

ity during the SUR exercise (47.53 %MVIC) than the

WS exercise (9.98 %MVIC), and significantly higher

muscle activity during the SUR exercise than the

PUP exercise (7.86 %MVIC). However, there was no

significant difference in the UT muscle activity when

the WS and PUP exercises were compared.

In a previous study performed by Hardwick et al

(2006), although the SA exhibited various levels of

muscular activity according to the angle of the hu-

merus, the maximum muscle activity exhibited dur-

ing the WS exercise was 75.7 %MVIC. In addition,

in the above study, the SA muscle activity was

barely over 31.3 %MVIC when the PUP exercise

was performed (Hardwick et al, 2006). One notable

fact is that it showed the highest muscle activity

when elevating the shoulder in the scapular plane.

When the shoulder angle reached 140° in the scap-

ular plane, SA muscle activity was up to 82.4

%MVIC (Hardwick et al, 2006). Other studies that

measured SA muscle activity when performing vari-

ous exercises showed that when the shoulder was

flexed more than 125° or the shoulder was abducted

more than 125° in the scapular plane, the SA muscle

activity of the MVIC was 91 and 89%, respectively

(Ekstrom et al, 2005). However, when performing

the above actions, the UT muscle activity was 83

and 77 %MVIC, respectively, which was quite high

(Ekstrom et al, 2005).

When interpreting the results of this study, the

following explanations can be made. First, based on

the results of the above studies, it seems necessary

to elevate the arms more than 125° to elicit high

muscle activity of the SA (Ekstrom et al, 2003;

McCann et al, 1993). However, this motion has

A B

Figure 5. Comparison EMG activity during three exercises. *p<.05, (A) SA (B) UT (SA: serratus
anterior, UT: upper trapezius, SUR: scapular upward rotation, WS: wall slide, PUP: push-up plus,
MVIC: maximal voluntary isometric).
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been shown to increase the UT muscle activity of

the synergistic muscles of the SUR. Nevertheless,

we could use the orthopedic belt to resist the up-

ward rotation of the scapula and limit the elevation

movement, which would result in higher muscle

activity of the SA, with lower muscle activity of

the UT than other exercises performed with an an-

gle of the shoulder greater than 125°. Another rea-

son for this was that the WS movement could be

difficult to provide enough resistance with the wall

against the arm-raising force (Hardwick et al, 2006).

For this reason, previous studies dealing with the

WS did not show a high SA muscle activity dur-

ing the exercise (Hardwick et al, 2006). In addition,

the PUP exercise had a strong resistance due to

the direction of the force acting on the force and

the direction of the gravity acting on the resistance

in the opposite direction, but since it did not in-

volve the elevation of the upper arm, it would be

difficult to produce the maximum muscle activity of

the SA (Lehman et al, 2008; Ludewig et al, 2004).

The results of our study show that the muscle

activity of the SA was close to 80 %MVIC and the

muscle activity of the UT was only about 50 %MVIC

during the SUR exercise. Although the muscle activ-

ity of the UT during the SUR exercise was sig-

nificantly higher than that of the other 2 exercises,

previous studies have shown that the UT muscle

activity must also be close to its maximum value in

order to reach the maximum value of the SA muscle

activity; therefore, it may be effective to increase

muscle activity of the SA for strengthening of the

SA (Decker et al, 1999; Ekstrom et al, 2005).

This study has some limitations. First, only young

people of the same sex participated in the study.

Thus, this result cannot be relied on for subjects of

other sexes or elderly persons. In addition, since this

study was conducted on healthy subjects, it is not

known what type of muscle activity will occur in

subjects who are suffering from shoulder disease,

such as shoulder impingement syndrome or SLAP

lesions.

Conclusion

The WS and PUP exercises can selectively acti-

vate the muscles, but they exhibit relatively low

muscle activity of the SA compared to the MVIC.

Maximal muscle activity of the SA can be achieved

through the SUR exercise, which can also enhance

SUR motion. The SUR exercise may involve UT

muscle contraction with a relatively high MVIC, but

it may drive the SA muscle to maximum muscle

activity.
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