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Abstract1)

Background: Round shoulder posture, results from excessive flexed posture of the thorax, is defined as

a position of scapular protraction, anterior tipping, and downward rotation. However, previous studies

have focused on only passive position of the thorax during scapular posterior tilting (SPT) and have not

reported on SPT combined with correction of flexed posture.

Objects: The aim of this study was to compare effects of SPT and SPT with prone trunk extension

(SPT + PTE) on activities of the lower trapezius, serratus anterior, and thoracic erector spinae and

degree of posture in subjects with round shoulder and flexed posture.

Methods: Fifteen subjects with round shoulder and flexed posture were recruited. The caliper was

used to measure the degree of round shoulder and flexed posture. Electromyography was performed to

collect data of muscle activities. Paired t-test was used to compare two exercise (α=.05).

Results: When SPT + PTE was applied, the degree of round shoulder posture (p=.001) and flexed

posture (p=.039) significantly decreased compared with that when SPT was applied. The lower trapezius

activity significantly increased in the SPT + PTE condition compared with that in the SPT condition

(p=.026). There were no significant differences in serratus anterior activity between SPT + PTE and

SPT. The thoracic erector spinae activity significantly increased in the SPT + PTE condition compared

with that in the SPT condition (p=.014).

Conclusion: SPT + PTE might be one of the effective methods to enhance activities of lower trapezius

and thoracic erector spinae, and to reduce round shoulder posture and flexed posture in subjects with

round shoulder and flexed posture.

Key Words: Flexed posture; Prone trunk extension; Round shoulder posture; Scapular posterior

tilting.

Introduction

Round shoulder posture (RSP) is defined as a po-

sition of scapular protraction, anterior tipping, and

downward rotation (Lee et al, 2015). RSP results

from loss of activities of the serratus anterior (SA)

and lower trapezius (LT), pectoralis minor (PM)

tightness, excessive thoracic kyphosis, and scapular

structural problem (Finley and Lee, 2003; Thigpen et

al, 2010). Severe RSP may cause subacromial im-

pingement, biceps tendonitis, instability of gleno-

humeral joint, and changes in activities of daily liv-

ing (Magee, 2014; Sahrmann et al, 2017).

Flexed posture (FP) is a collective term for for-

ward head posture and thoracic kyphosis (Balzini et

al, 2003). Thoracic kyphosis is diagnosed when the

Cobb angle of kyphosis is 40˚ or more (Hinman,

2004). Forward head posture is defined as a forward

translation of the head relative to the thoracic spine

in the sagittal plane (Silva et al, 2009). Strength re-
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duction of the spinal extensor muscle and limitation

of shoulder range of motion (ROM) have been asso-

ciated with FP (Sinaki et al, 1996). FP would poten-

tially alter scapular position into more protraction

and downward rotation (Gray and Grimsby, 2012). In

addition, it may aggravate shoulder impingement

syndrome and rotator cuff pathology (Ludewig et al,

2000; McClure et al, 2004).

Many studies have recommended scapular posterior

tilting (SPT) exercise to improve RSP (Hrysomallis,

2010; Lee et al, 2015; Thigpen et al, 2010). In partic-

ular, various trunk positions of SPT have been con-

trived because thoracic position affects SPT and

movement of the upper extremity (Sahrmann, 2011).

SPT exercise in the prone position is particularly

used to strengthen LT and SA and stabilize the

scapula to the thoracic wall. Ha et al (2012) found

that SPT in prone and backward rocking positions

elicited LT activity more than 50% of the maximal

voluntary isometric contraction (MVIC). Another

study demonstrated that SPT in the prone position

was the most influential method to strengthen the LT

and SA and stabilize the scapula to the thoracic wall.

However, previous studies have focused on only

passive position of the thorax during SPT and have

not reported on SPT combined with correction of FP.

Various methods such as isometric back strengthen-

ing exercise, proprioceptive postural retraining, and

adapted physical activity program improving balance

and gait are recommended to improve excessive FP

(Hongo et al, 2005; Sinaki, 2007). Among these

methods, prone trunk extension (PTE) is an effective

exercise for thoracic erector spinae (TES) strength-

ening and prevention of age-related kyphosis (Ball et

al, 2009). Therefore, we applied PTE during SPT to

investigate the effects of SPT combined with PTE

(SPT + PTE) on periscapular muscle and TES ac-

tivity and posture in subjects with RSP and FP.

The purpose of this study was to compare effects

of SPT and SPT + PTE on activities of the LT, SA,

and TES and degree of posture in subjects with RSP

and FP. We hypothesized that activities of the LT,

SA, and TES would increase and degree of RSP and

FP would decrease during SPT + PTE compared

with those during SPT.

Methods

Subjects

The G*Power software ver. 3.1.2 (Franz Faul,

University of Kiel, Kiel, Germany) was used in the

power analysis in this study. A necessary sample

size of 15 subjects was calculated from the data of

the pilot study of six participants to achieve a power

of .80 and an effect size of .69, which was calculated

by differences of mean and standard deviation (SD)

between two conditions, with an α level of .05.

Fifteen subjects, consisting of 10 men and 5 women

(age 21±2 years, height 171.7±7.9 ㎝, weight 71.2±9.2

㎏, BMI 24.1±2.7 ㎏/㎡), were recruited. Inclusion

criteria were as follows: (1) RSP (the greater RSP

side was adopted when both sides had RSP) and (2)

FP. Exclusion criteria were (a) limited range of mo-

tion of PM, biceps short head, and coracobrachialis

(excluding anterior factors to affect RSP) (Lee et al,

2015); (b) pain in the thoracic region in the previous

year or longer than 1 week; (c) congenital malfor-

mation of the spine or scoliosis; and (d) history of

shoulder surgery or any shoulder pain or injury

(Katzman et al, 2015). An informed consent form

was read and signed by all participants before the

study. This study was approved by Yonsei

University Wonju Institutional Review Board

(approval number: 1041849-201807-BM-072-02).

Measurements

Round shoulder posture

The RSP was confirmed using a caliper (Figure 1).

Subjects were placed in supine position to avoid

measurement variation of humeral rotation and un-

wanted scapular movement. Subsequently, the primary

investigator (PI) measured the distance between the
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Figure 1. Round shoulder posture measurement. Figure 2. Flexed posture measurement.

acromial posterior border and table on both sides

(Magee, 2013). RSP was defined as having a distance

≥25 ㎜ (Sahrmann et al, 2017). The intra-rater reli-

ability of this method was .99 in our study, measured

by intraclass correlation coefficient (ICC) [.95; 95%

confidence interval (CI)=.47-.99, standard error of

measurement (SEM)=2.16, minimal detectable changes

95% CI (MDC95)=5.99].

Flexed posture

FP was confirmed using a caliper (Figure 2).

Subjects stood in front of the wall with their heels

and back against the wall, knees extending as much

as possible, and head in a natural position. If the

distance was ≥51 ㎜, it was diagnosed as FP

(Balzini et al, 2003). In this position, the PI measured

the distance between the subject’s occiput and the

wall. The ICC of measurement of FP in this study

was .93 (95% CI, .75-.98; SEM, 11.97; MDC95, 33.18).

Surface electromyography recording and 

data processing

Surface electromyography (EMG) data of the LT,

SA, and TES were collected from a Noraxon TeleMyo

2400 system (Noraxon, Inc., Scottsdale, AZ, USA).

These data were analyzed by the Noraxon

MyoResearch 1.06 XP software. The EMG signals

were recorded at 1,000 ㎐ and processed into the root

mean square after being amplified and filtered

(band-pass filter, 10 and 450 ㎐; notch filter, 60 ㎐).

The PI attached self-adhesive Ag/AgCl electrodes on

the muscle belly of the LT, SA and TES after shav-

ing and scrubbing the subject’s skin. At this time,

two electrodes were located approximately 2 ㎝ apart

in the muscle fiber direction for inhibiting crosstalk.

The electrodes for the LT were placed beside the

scapular medial border at 55˚ obliquely. For the SA,

the electrodes were located over the level of the

scapular inferior edge, 2 ㎝ under the axillary fossa,

and anterior of the latissimus dorsi. The electrodes for

TES were positioned roughly 5 ㎝ beside to the spi-

nous process of T9 (Criswell, 2010). EMG data were

normalized by MVICs. MVIC of the LT was per-

formed with horizontal shoulder extension and external

rotation in prone position and position wherein the

arm was raised overhead in line with the muscle fi-

bers of the LT. For the SA, the subject sat with

shoulder internal rotation and 125˚ abduction in the

scapular plane (Kendall et al, 2005). To measure

MVIC of the TES, the subject was placed in the

prone position with the chest positioned at the edge of

the bed. The patient performed upper trunk extension

and shoulder retraction while the PI applied resistance

to the subject’s shoulders (Vera-Garcia et al, 2010).

Each contraction was maintained for 5 s against man-

ual resistance maximally, and 1-min rest was given

to minimize muscle fatigue. The middle 3 s of the tri-

al was used to analyze EMG data. The mean value of
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A

B

Figure 3. Position of interventions (A: Scapular
posterior tilting exercise, B: Scapular posterior
tilting with prone trunk extension).

the two trials for each muscle activity was taken as

the MVIC. The EMG activities collected during the

two exercises were expressed as a percentage of

MVIC (%MVIC).

Procedures

Prior to the intervention, the subject was de-

termined to have RSP, and degree of FP was

measured. Then, the subject was familiarized with the

SPT until he/she could maintain the position of ex-

ercise properly for 5 s. A 5-min period was given af-

ter familiarization to inhibit learning effect and muscle

fatigue. The subject performed the two exercises in

random order using the random number generator in

Microsoft Excel (Microsoft Corp., Redmond, WA,

USA). Each intervention was maintained for 5 s, and

two trials were performed. A 1-min rest period was

provided between trials. The degree of RSP and FP

were measured after exercise to compare immediate

effects of SPT and PTE + SPT.

SPT

The subject was placed in the prone position on the

table with pillow under the abdomen. Nonelastic straps

were used to fix the subject’s hip, knee, and ankle

(Park et al, 2015a). The nontested hand was placed

under the forehead with the dorsum on top, and the

forehead was pushed slightly for cervicothoracic

stabilization. The subject was instructed to raise the

tested arm with the elbow extended until the radial

border of the wrist touched the target bar slightly and

held this position without pushing the target bar,

which was located at the subject’s earlobe line in the

prone position. Subsequently, the shoulder was ab-

ducted 145˚ by a goniometer, and the forearm was

aligned neutrally (Ekstrom et al, 2003) (Figure 3A).

SPT + PTE

The subject was placed in the prone position, and

the xiphoid process (XP) was placed at the edge of

the table to support only the lower trunk. To prevent

lumbar hyperextension, a pillow was placed under the

subject’s abdomen. The subject’s hip, knees, and an-

kles was fixed with nonelastic straps (Park et al,

2015a). The subject was then instructed to lift the up-

per trunk parallel to the ground while his/her

non-tested arm was placed at the chest to inhibit

compensatory motion. The PI pushed the subject’s chin

and most pronounced thoracic spinous process to

maintain neutral alignment for craniocervicothoracic

stabilization (Lee et al, 2016). When the subject was

able to maintain PTE, he/she was instructed to per-

form SPT exercise (Figure 3B). Target bar was set at

the subject’s earlobe line when subject performed PTE.

Statistical analysis

The SPSS ver. 23 (IBM corp., Armonk, NY, USA)

was used for statistical analysis. First, assumption of

normal distribution was confirmed using one-sample

Kolmogorov-Smirnov test. Paired t-tests were con-

ducted to assess the statistical significance of the

activities of the LT, SA and TES; RSP; and FP be-

tween SPT and SPT + PTE. The significance level

was set at α=.05. The effect size was calculated by

dividing the mean difference between the two ex-

ercises by the SD of the SPT.

Results

The results of our study are shown in Table 1

and 2. The LT activity significantly increased in the
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SPTa SPT+PTEb t p

LTc (%MVICd) 55.00±17.08e 65.90±25.27 -2.492 .026*

SAf (%MVIC) 28.77±24.56 31.14±21.15 -.534 .602

TES
g
(%MVIC) 54.42±19.76 63.33±25.13 -2.803 .014*

a
scapular posterior tilting,

b
prone trunk extension,

c
lower trapezius,

d
percentage of maximal voluntary isometric

contraction,
e
mean±standard deviation,

f
serratus anterior,

g
thoracic erector spinae, *p<.05.

Table 1. Outcomes of muscle activities in this study

SPT
a

SPT+PTE
b

t p

RSP
c
(㎜) 72.19±12.37

d
67.79±12.67 4.334 .001*

FPe (㎜) 89.71±37.19 80.19±31.75 2.281 .039*
ascapular posterior tilting, bprone trunk extension, cround shoulder posture, dmean±standard deviation, eflexed posture,

*p<.05.

Table 2. Outcomes of round shoulder posture and flexed posture in this study

SPT + PTE condition compared with that in the

SPT condition (t=-2.492, p=.026, ES=.638). There

were no significant differences in SA activity be-

tween the SPT + PTE and SPT conditions (t=-.534,

p=.602, ES=.097). The TES activity significantly in-

creased in the SPT + PTE condition compared with

that in the SPT condition (t=-2.803, p=.014, ES=.502).

When the SPT + PTE was applied, the degree of

RSP (t=4.334, p=.001, ES=.355) and FP (t=2.281,

p=.039, ES=.256) significantly decreased compared

with that when SPT was applied.

Discussion

This study incorporated PTE to determine whether

SPTs with PTE differentially affected the LT, SA

and TES activities and degree of posture in subjects

with RSP and FP. The hypothesis was that LT, SA,

and TES activity would be enhanced and degree of

RSP and FP would be decreased when SPT + PTE

was applied. To our knowledge, this study is the

first to report the application of PTE during SPT.

When SPT and SPT + PTE are compared, LT

activity increased significantly by 19.82% in SPT +

PTE compared with that in SPT. This result sup-

ported our hypothesis. This result is consistent with

a previous study although the method of multi-joint

exercise differed slightly (Kibler et al, 2008). Kibler

et al (2008) reported that dynamic exercise including

trunk extension such as in lawn mowing and rob-

bery showed higher activity of LT compared with

inferior glide or low-row exercise because multi-joint

exercise required larger ROM and more loads. A

challenging position in exercise might elicit LT

activity. Ha et al (2012) reported that the highest LT

activity was shown in backward rocking diagonal

arm lift than in wall facing arm lift, prone arm lift,

and backward rocking arm lift because backward

rocking diagonal arm-lift was the most challenging

position (i.e., antigravity position and scapular tilting

anteriorly). In this study, the SPT + PTE position

was more challenging than the SPT position because

SPT + PTE was performed in antigravity position

and without trunk support. Therefore, SPT + PTE

could be an effective exercise to increase LT activity

in subjects with RSP and FP.

TES activity was significantly greater by 18.55%

in SPT + PTE than in SPT. This result also sup-

ported our hypothesis. It was difficult to compare be-

tween our results and those of former studies directly

because we are the first to investigate such data.

However, previous studies have reported that PTE

increased TES activation (Park et al, 2015a; Park et

al, 2015b). Park et al (2015a) found that trunk ex-

tension was the most effective method to induce TES
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activity among various exercises. Another study re-

ported that the ratio of thoracic longissimus and

thoracic iliocostalis lumborum to lumbar iliocostalis

lumborum was significantly increased in PTE with

the XP positioned at the edge of the table compared

with that with the iliac crest positioned at the edge

of the table (Park et al, 2015a). Therefore, the reason

for higher TES activity was added motion and more

generated loads. SPT + PTE might change the axis

of the extension of the thorax and center of gravity

posteriorly than SPT; therefore, it increased the load

on the back muscles. Increased TES activity might

be helpful to reduce FP. Earlier studies have found

that TES activity and FP were correlated negatively.

Granito et al (2012) showed that TES activity and

the degree of thoracic kyphosis have moderate neg-

ative correlation in elderly women with and without

osteoporosis. Another study showed that TES activity

was greater in erect standing position compared with

that in the sway standing position in subjects with

healthy adults (O’Sullivan et al, 2002). Thus, SPT +

PTE can help correct FP and elicit TES activity in

subjects with RSP and FP.

The degree of RSP and FP decreased significantly

by 6.10% and 10.61%, respectively, during SPT +

PTE compared with that during SPT. Many pre-

vious investigators have studied various exercises to

improve RSP. Lee et al (2015) reported that the ap-

plication of PM and scapular brace during SPT

greatly decreased RSP compared with SPT alone in

subjects with RSP. Another study also reported that

the application of a scapular brace decreased the

forward scapular angle (same as RSP) compared

with the no application condition during various

shoulder exercises such as scapular punch, Y test,

and W test in healthy overhead athletes with FP

and RSP (Cole et al, 2013). This study may also be

one of the methods of correcting RSP like that in

other previous studies. The mechanism of RSP

changes in our study is believed to activate the LT.

The role of the LT is scapular adduction as well as

depression and upward rotation. During SPT + PTE,

higher activity of LT resulted in scapular adduction,

and an adducted scapula might reduce RSP.

Moreover, the anatomic relationship between thoracic

posture and scapular position might affect RSP and

FP. Earlier studies have investigated the change in

scapular positions according to spinal alignment dur-

ing humeral elevation. Kebaetse et al (1999) reported

that the erect sitting posture provided the scapula

with less internal rotation, anterior tilting, and up-

ward rotation compared with the flexed sitting

posture. Finley and Lee (2003) also found that scap-

ular anterior tipping and upward rotation and hum-

eral medial rotation in the scapular resting position

were significantly decreased in the upright sitting

posture compared with the flexed sitting posture.

Similar to that in previous studies, improved FP

might decrease RSP after SPT + PTE in this study.

Thus, SPT + PTE can be used to improve posture

in subjects with FP and RSP.

This study has some limitations. First, the results

could not be generalized because we only recruited

subjects aged 19-29 years. Second, this study could

not show the long-term effect of the interventions.

Third, we measured the degree of RSP in supine

position and that of FP in standing position. Further

studies should measure the RSP and FP in the same

position to exhibit assistance of gravity and ensure

more validity.

Conclusion

This study analyzed the effect of SPT + PTE on

posture and activities of LT, SA, and TES in sub-

jects with RSP and FP and compare SPT and SPT

+ PTE as regards RSP, FP, and activities of LT,

SA, and TES. The results reported that SPT + PTE

markedly reduced RSP and FP and increased activ-

ities of LT and TES as compared with SPT. Thus,

SPT + PTE might be one of the effective methods

to elicit LT and TES activity and to decrease RSP

and FP in subjects with RSP and FP.
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