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Abstract

Introduction: Upper body muscular imbalance is a potential risk factor in various shoulder problems and respiratory 
functions. Exercises aimed at the pectoralis minor and scapular stabilizer muscles could alleviate muscular imbalances in 
forward shoulder posture (FSP). However, the efficacy of these exercises on respiratory function, including chest mobili-
ty, lung capacity, and respiratory muscle strength in FSP remains unclear.

Material and methods: In this randomized clinical trial, 28 female participants with FSP, aged 18–23 years, were 
divided into the control and exercise groups. The exercise programs were conducted five days/week for eight weeks. 
The distance from the acromion process to the wall was measured to determine FSP. Pectoralis minor length (PL) were 
measured from coracoid process to the fourth costosternal joint, thoracic kyphosis (TK) was measured along the thora-
cic spines, chest expansion was measured from the amplitude of thoracic wall circumference during full expiration and 
inspiration, maximal respiratory muscle strength generated during respiration (MIP), and maximum respiratory muscle 
strength during expiration (MEP); all were assessed pre- and post-exercise intervention.

Results: After the eight-week training program, an improvement in FSP was observed, manifested as decreased mean 
difference (p < 0.05) and TK (p < 0.003). The PL (p < 0.05) and lower part of chest expansion (p < 0.010) were restored com-
pared to the control group. The strength generated in respiration (MIP) also improved in the exercise group (p < 0.013).

Conclusions: An eight-week pectoral muscle stretching and scapular stabilizer strengthening programme could redu-
ce FSP, improving chest mobility and respiratory muscle strength.

Keywords: forced vital capacity, maximum inspiratory pressure, rounded shoulder, 
strengthening exercises, thoracic excursion 

Introduction

Habitual poor posture in everyday tasks might cau-
se upper body muscular imbalance, which is a potential 
risk factor in various shoulder problems and respira-
tory functions [1,2]. Forward shoulder posture (FSP) 

is a postural misalignment resulting from a muscular 
imbalance between agonists and antagonists, namely 
a tightness of the anterior shoulder girdle muscles, pre-
dominantly the pectoralis minor, and weakness of the 
scapular muscles, especially the lower trapezius and 
serratus anterior [3,4]. Several studies have reported 
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the occurrence of postural defects among college-age 
female students [5–8]. Any imbalance between the-
se muscles subsequently alters the scapular position, 
causing abnormal protraction, downward rotation, and 
anterior tipping, which makes the shoulder move ante-
riorly [9,10]. In addition, FSP progressively develops 
into a slumped position characterized by an increase 
in a forward head posture and thoracic kyphosis (TK), 
thus resulting in dyspnea and respiratory dysfunction 
[11–13]. These slumped sitting postures increase the 
proximity of the ribs to the pelvis and intra-abdominal 
pressure limiting the movement of the diaphragm du-
ring inspiration [13,14].

Collectively, poor posture due to FSP leads not only 
to orthopedic problems but also a deterioration in the 
respiratory system. Tightness in the anterior shoulder 
girdle muscles, especially the pectoral muscles, limits 
chest wall movement in inspiration leading to incre-
ased work of breathing and decreased exercise capacity 
[15,16]. Impairment of pulmonary function has been 
found to be associated with decreased pectoralis minor 
muscle length and an increased degree of FSP in chro-
nic obstructive pulmonary disease patients [17]. A pre-
vious study indicated a correlation between elevated 
FSP and diminished pulmonary capacity, i.e., vital ca-
pacity, forced vital capacity (FVC), and expiratory re-
sidual volume [18], and that treatment alleviating FSP 
was an essential component of a rehabilitation program 
to prevent shoulder injuries and improve respiratory ef-
ficiency [18,19]. 

One effective approach for correcting muscular 
imbalance would be to stretch the tight muscles and 
strengthen the weak ones, [12]. Interestingly, many stu-
dies have reported that the combined stretching of pec-
toralis minor muscles and the strengthening of the sca-
pular stabilizer muscles alleviated muscular imbalance 
in individuals with FSP [19–22]. However, the effects 
of combined exercise interventions on the respiratory 
muscle strength and parameters of pulmonary function 
still remain unclear. Therefore, this study aimed to de-
termine the effects of combined pectoral muscle stret-
ching and scapular stabilizer strengthening exercises on 
the respiratory functions in female subjects with FSP. 
We hypothesized that the exercise regimen could alle-
viate FSP, minimizing the limitation of respiratory mu-
scle strength and functions.

Materials and methods 

Study design
The study was designed as a randomized, control-

led clinical trial. Ethics approval was conducted by the 

Ethical Committee from the Faculty of Physical Thera-
py, Srinakharinwirot University, Thailand (PTPT2016-
007). The trial was also registered under the Thai 
Clinical Trial Registry, registration number TCTR 
20180622002. 

Participants
Sedentary female participants were recruited from 

Srinakharinwirot University. The necessary sample si-
ze was calculated using the G-power program, version 
3.1.9.2 (University of Kiel, Kiel, Germany) [23]. ANO-
VA with repeated measures and within-between group 
interaction was used; this approach yielded a statistical 
power of 0.8, an α error probability of 0.05, and an ef-
fect size of 0.68. 

Based on the calculation, the required minimum sam-
ple size was 12 participants per group. However, assu-
ming that 10% would drop out equally, two additional 
participants were added per group. Therefore, the present 
study enrolled 28 female participants, i.e. two groups of 
14, with a mean age of 20.00 ± 1.40 years and body mass 
index (BMI) of 20.10 ±1.60 kg/m2. The 28 eligible par-
ticipants were randomly allocated into two groups, i.e., 
the control (n = 14) and exercise groups (n = 14) (Fig. 1). 
The inclusion criteria of participation comprised females 
sex, FSP, healthy BMI (18.50-24.90 kg/m2), and no un-
derlying diseases [24,25]. The shoulder posture was con-
sidered forward if the distance from the acromial head to 
the wall was greater than 2.54 cm [13,21]. The exclusion 
criteria comprised a history of chronic neck or shoulder 
pain with a pain scale of more than three evaluated by 
visual analogue scale (VAS), cardiopulmonary problems 
and refusal to participate [4,26,27].

Randomization and blinding
After baseline assessment, the participants were 

assigned to study groups at random by computer. The 
exercise group participated in the training program for 
eight weeks, in line with previous studies [28–30]. The 
control group received no exercise training but was 
educated on FSP management, i.e., postural awareness. 
The outcomes at baseline and week 8 (post-exercise) 
were blinded to the group allocation. The personal in-
formation received from the statistical analyses was 
blinded to the interventions, which were identified by 
a numerical code.

Procedure
The main outcomes, including forward shoulder po-

sture, pectoralis minor length, thoracic kyphosis, chest 
expansion, maximum pressure generated in respiration, 
and forced vital capacity were assessed using procedu-
res documented previously from the current study [31].
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Measurements of the forward shoulder posture 
(FSP)

The magnitude of FSP was assessed using a vernier 
height gauge (Mitutoyo 506-207, Japan) with a range 
of 0-200-mm, resolution of 0.02-mm, and accuracy of 
0.03-mm. The magnitude of FSP in millimeters was 
determined by measuring the distance from the wall to 
the anterior aspect of the acromion process. The base 
of the vernier height gauge was located on the wall; 
consequently, the tip of the instrument was moved and 
placed on a marker at the anterior tip of the acromion 
process. The FSP was assessed in a relaxed position 
[31,32].

Measurements of pectoralis minor length (PL)
The left and right PL were measured by a vernier ca-

liper (530-101 series, Mitutoyo, Japan) with a range of 
0-150-mm and 0.05-mm accuracy. In a relaxed sitting 
position, markings were made on the inferior angle of 
the coracoid process and the fourth costosternal junc-
tions on both the left and right sides [20,31,33]. The 
distance between these markers was measured three ti-
mes in millimeters on each side.

Measurements of thoracic kyphosis (TK)
The TK was evaluated using a flexible ruler. In the 

standing position, the spinous process of the seventh 
cervical vertebra and the twelfth thoracic vertebra were 
marked on the volunteer’s skin. At this point, the flexi-
ble ruler was curved along the thoracic spine and the 
flexicurve method was used to calculate the thoracic 
angle [31,34–36].

Measurements of chest expansion
Chest expansion was based on the difference in the 

thoracic wall size between full expiration and inspira-
tion [31,37]. A measuring tape was fitted around each 
landmark to measure each level of the chest expansion 
in centimeters. Each participant was verbally instructed 
to exhale and then inhale. Three levels of chest wall cir-
cumference, the upper, middle, and lower chest, were 
determined with apparent landmarks on the subject’s 
skin. For the upper chest area, the fifth thoracic spi-
nous process (T5) and the third intercostal space were 
marked at the mid-clavicular line. For the middle chest 
area, the seventh thoracic spinous process (T7) and the 
fifth intercostal space at the mid-clavicular line were 

Fig. 1. Diagram CONSORT 2010 flowchart of participation process in the study
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marked. For the lower chest area, the tenth thoracic spi-
nous process (T10) and the tip of the xiphoid process 
were measured [31,38]. 

Measurements of maximum pressure generated in 
inspiration (MIP), and expiration (MEP)

The strength of respiratory muscles was determined 
by measuring MIP and MEP as centimeter water pres-
sure (cmH2O). The evaluation was conducted in accor-
dance with the criteria and procedures established by the 
American Thoracic Society/European Respiratory Socie-
ty (ATS/ESR) [31,39]. A respiratory pressure meter (Mi-
cro RMA, Micro Medical Ltd., UK) was used to record 
the pressure at the mouth during maximal inspiration 
and expiration. The participants were generally recorded 
in a sitting position with a nose clip. MIP was recorded 
during the maximal inspired maneuver from the residual 
volume, and MEP during the Valsalva maneuver of the 
maximal expiration from the total lung capacity. The me-
asurement was performed for at least three maneuvers 
with the range of 5–10% reproducibility [40].

Measurements of forced vital capacity (FVC) 
According to the ATS/ESR guidelines, spirometry 

testing was performed to determine the lung volume 
in litres as an FVC value. In the sitting position, the 
volunteers were instructed to inhale deeply and force-
fully exhale through a spirometer (Viasys Micro Lab 
3500, UK). The acceptable repeatability of each FVC 
maneuver followed the criteria of the ATS/ESR guide-
lines [41].

Intervention
The volunteers in the exercise group performed 

exercises to stretch the pectoral muscle then strengthen 
of the lower trapezius and serratus anterior muscles five 
days a week for eight weeks [20].

Pectoralis stretching exercise
During the stretching exercise, the participants sto-

od in the corner with their foot positioned behind the 
labeled line. The shoulder was externally rotated and 
abducted at 90° and 120° with elbow flexion at a star-
ting position. One by one, the participant was instruc-
ted to actively stretch the pectoral muscle by rotating 
the central part of the body to the opposite side until 
reaching the end feel for 10 sequential repetitions/day; 
each stretch was held for 10 seconds, with a 30 second 
break between each stretch [19].

Lower trapezius and serratus anterior 
strengthening exercise

To strengthen the lower trapezius, a prone V-raise 
position was performed with a 125° shoulder horizontal 

abduction, flexed elbow for the first six weeks, then the 
difficulty was increased with an extended elbow for the 
last two weeks. The participant was guided to elevate 
both arms until the end range of the 10 repetitions/set, 
three sets/day, and was allowed a 30 second break be-
tween each set. Push-ups on the wall or standard pu-
sh-ups on a stability chair support were performed to 
strengthen the serratus anterior [41]. A chair of standar-
dized height (48–49 cm) was used in all sessions. Pu-
sh-ups were performed on the wall from weeks 1 to 6, 
and then on a stability chair support with the feet on the 
floor in weeks 7 and 8. The participant was instructed 
to maintain that posture while performing the push-up 
position. The subject moved the shoulders forward to 
promote scapular protraction and then backward to per-
form scapular retraction for three sets of 10 repetitions 
with a 30 second break between the sets [10,22].

Statistical analysis 
The results were organized and analyzed by IBM 

SPSS software, version 23 (IBM Corp., USA). The 
Shapiro-Wilk test was used to confirm a normal distri-
bution, and parametric tests were used for analyses. The 
characteristics of the participants at the baseline are 
expressed as mean ± SD, and the mean differences of 
the pre- and post-tests between the control and exerci-
se groups were compared with the independent t-test. 
The significance level for the statistical test was set as 
p < 0.05.

Results 

In terms of quality control, all measuring devices 
were reliably calibrated by experienced technicians be-
fore starting the experiment. The intra-class correlation 
coefficient (ICC2,1) was calculated from the two com-
pared measurements. In this study, all parameters de-
monstrated an ICC between 0.92 and 0.99, indicating 
very good reliability (p < 0.001). The study was carried 
out with 28 participants, 14 in each group. The baseli-
ne personal profiles of the participants are presented in 
Table 1. No significant difference was observed in the 
baseline, which represented the identical characteristics 
between the two groups.

Effect of exercise-induced FSP reduction on TK 
and PL

The structural alterations of FSP, TK, and PL are 
shown in Figure 2. The mean differences in FSP (left si-
de, p = 0.007; right side, p = 0.026) and TK (p = 0.003) 
were significantly reduced in the exercise group when 
compared to controls (Fig. 2A-B). Moreover, the exer-
cise group demonstrated a greater mean difference in 
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PL than the controls (left side, p = 0.014; right side, 
p = 0.008) (Fig. 2C). These results suggest that the em-
ployed eight-week exercise training program combi-
ning pectoral muscle stretching and scapular stabilizer 
strengthening could alleviate the FSP and the degree of 
TK, accompanied by an increase in PL.

Effect of exercise-induced FSP reduction on chest 
mobility and respiratory muscle strength

Regarding the three parts of the chest expansion 
(Fig. 3A-C), the exercise-trained group showed a gre-
ater difference in chest expansion during the interven-
tion compared to controls. Therefore, the eight-week 
exercise program aimed at reducing FSP alleviated the 
restriction in the lower part of the chest (p = 0.010) 
(Fig. 3C), but not in the upper (p = 0.813) (Fig. 3A) or 
middle (p = 0.912) (Fig. 3B) parts.

Effect of exercise-induced FSP reduction on 
respiratory muscle strength and lung capacity

A significantly greater increase in inspiratory muscle 
strength, measured by MIP (Fig. 4A) was noted in the 
exercise group than controls (p = 0.013). The mean diffe-
rence of MIP in the control group was 3.71 ± 2.84 cmH2O 
and 15.29 ± 3.27 cmH2O in the exercise-trained group. 
In contrast, no significant difference in expiratory mu-
scle strength as measured by MEP (Fig. 4B) was found 
between the groups (p = 0.433). This indicates that the 
improvement in FSP resulting from the eight-week exer-
cise training program could create greater force during 

Control group Exercise group
p-value

Means ± SD Means ± SD

Age (years)  20.00 ± 1.60  20.00 ± 1.10 0.18

Height (cm) 160.00 ± 6.90 161.00 ± 4.70 0.70

Weight (kg)  52.90 ± 7.10 50.80 ± 5.60 0.39

Body mass index (kg/m2)  20.70 ± 0.40 19.60 ± 1.50 0.09

Forward shoulder posture (cm)  6.20 ± 1.10 6.90 ± 0.90 0.07

Pectoralis minor length (cm)  16.0 ± 14.10 16.10 ± 9.30 0.77

Chest expansion (cm)  5.90 ± 1.00 5.80 ± 1.00 0.93

Force vital capacity (mL)  2.90 ± 0.30 2.90 ± 0.20 0.79

MIP (cmH2O)  78.00 ± 4.50 78.40 ± 5.50 0.95

MEP (cmH2O)  84.30 ± 18.50 86.10 ± 17.50 0.79

Tab. 1. Baseline characteristics of all participants

cm − centimeter, cmH2O − centimeter of water, kg − kilogram, kg/m2 − kilogram per square meter, MEP − maximum expiratory pres-
sure, MIP − maximum inspiratory pressure, mL − milliliter.

Fig. 2. Changes in forward shoulder posture. (A) Mean 
difference of forward shoulder posture (FSP; cm), (B) 
Thoracic kyphosis (TK; degree), and (C) Pectoralis 
minor muscle length (PL; mm) after the eight-week 
exercise training in the control (CT) and exercise groups 
(Exs).*p < 0.05 , **p < 0.01 compared to control group
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inspiration. In addition, the exercise-trained group sho-
wed a small increase in FVC (Fig. 4C), when compared 
to the control, but this difference was not significant (p 
= 0.072); however, this nonetheless indicates an impro-
vement in lung capacity during the eight-week exercise 
programme aimed at reducing FSP.

Discussion 

Muscular imbalance resulting from poor posture has 
a strong influence on postural misalignments, including 
FSP, and the development of musculoskeletal and respi-
ratory problems [1,2,43]. Tightness in the pectoral mu-
scle and weakness in the scapular stabilizer, particularly 

the lower trapezius and serratus anterior, are major cha-
racteristics of upper quadrant muscular dysfunction in 
FSP [3,4,9]. These imbalances subsequently lead to an 
abnormal plane of scapular movements, including an-
terior tipping, internal rotation, and downward rotation 
[9,17,39]. The findings of this study indicate that the 
employed exercise program, comprising pectoral mu-
scle stretching and scapular stabilizer muscle streng-
thening for eight weeks (five days/week) could reduce 
FSP, manifested as increased pectoralis minor length 
(PL) and decreased thoracic kyphosis (TK). In addition, 
the reduction of FSP led to an improvement in inspira-
tory muscle strength and chest expansion.

Fig. 3. Changes in chest expansion. (A) Mean difference 
of upper chest , (B) middle chest, and (C) lower chest 
expansion in control (CT) and exercise group (Exs) 
after the eight weeks of exercise training for reducing 
forward shoulder posture 
*p <0.05 compared to control group

Fig. 4. Changes in maximum inspiratory pressure. 
(A) Mean difference of Maximum inspiratory pressure 
(MIP; cmH2O), (B) Maximum expiratory pressure 
(MEP; cmH2O), and (C) Forced vital capacity (FVC; 
liter) in control (CT) and exercise group (Exs) after the 
eight weeks of exercise training for reducing forward 
shoulder posture 
*p < 0.05 compared to control group
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The selected exercise interventions were chosen 
due to their ability to stretch the tightened muscles 
and strengthen the weak muscles in the FSP [2,3]. The 
results were consistent with previous findings confir-
ming a reduction in FSP with muscular imbalance. 
Similarly, a six-week programme of combined ma-
nual treatment and stabilizing exercises was found to 
improve function and posture in women with forward 
head and rounded shoulder postures [44]. As compa-
red to conventional physiotherapy treatment, six-week 
scapular stabilization exercise promoted postural adju-
stment and relieved neck pain more effectively among 
female patients [45]. 

A two-week pectoral muscle stretching program 
was found to improve the scapular position and decre-
ase FSP [3]. Moreover, a six-week programme compri-
sing anterior shoulder stretching and posterior shoulder 
strengthening was able to reduce FSP in competitive 
swimmers [32]. In addition, a unilateral corner self-
stretch of the pectoral muscles at 90° shoulder abduc-
tion produced the greatest length change in the pec-
toralis minor muscle and maximally reduced FSP [9]. 
Hence, it was likely that a reduction in FSP would be 
related to an increase in PL. 

During static stretching, an increase in the pectoral 
muscle tension would activate the Golgi tendon organ, 
temporarily inhibiting muscle spindle activity. Hence, 
reduced tension in the pectoral muscles would further 
relax them to increase their lengths and reduce FSP 
[15].

The agonist muscles, i.e. the scapular stabilizers, 
particularly the lower trapezius and serratus anterior, 
was used to counteract the weakness and loss of mo-
vement associated with the muscular imbalance in FSP 
[46]. When the agonist muscles contracted, the tension 
in the antagonist muscle (pectorals) was inhibited by 
impulse signals from the motor neurons, thus rela-
xing them [15, 46]. The strength of the agonist muscle 
groups enhanced scapular retraction, upward rotation 
and posterior tilting, thus restoring the scapular plane 
in FSP [47]. Additionally, a six-week pectoral muscle 
stretching and scapular retractor and elevator strengthe-
ning programme was found to promote scapular stabi-
lity [48]. Furthermore, it appears that the use of sca-
pular stabilization exercise following pectoralis muscle 
stretching could decrease FSP and increase the pecto-
ralis minor index [28]. In addition, electromyography 
(EMG) data found this combined intervention to be the 
most effective treatment for improving lower trapezius 
muscle activity [22]. These findings clearly support the 
effectiveness of the present exercise training program 
in reducing FSP. It would, however, be beneficial to 
complete further studies with EMG measurements to 
confirm the muscle activities.

The present study was the first to assess the effects 
of stretching and strengthening exercise on respiratory 
functions of subjects with FSP. By reducing the degree 
of TK in participants with FSP, the intervention cor-
rected the muscular imbalance and improved posture. 
This finding is in line with previous findings regarding 
the prevalence of TK accompanying FSP in individu-
als [41]. In FSP, the subacromial space narrowed in the 
presence of thoracic hyperkyphosis, due to the shoulder 
muscle imbalance, and was also associated with the de-
gree of TK and scapular protraction [49]. 

TK associated with dyspnea and respiratory dys-
function has been observed in older people [13,50]. 
Additionally, the adoption of a slumped sitting posture 
results in the shifting of the ribs and the pelvis, which 
increased intra-abdominal tension and prevented the 
diaphragm from descending caudally [10]. Moreover, 
the lengths of the intercostal muscles become impa-
ired, thus making it difficult for them to contract and 
relax during respiration. Therefore, reducing FSP and 
the degree of TK made the upper trunk more erect and 
improved thoracic cage compliance [17]. Thereafter, 
the diaphragm, attached to the lower edge of the chest, 
functioned more effectively to expand the chest, as 
shown by the MIP [51].

However, no changes in the MEP were observed in 
the present study. Normally, forced expiration would be 
important for coughing and secretion clearance, which 
would be created by the maximum contraction of the 
abdominal muscles [52]. However, the exercise pro-
gramme employed in the present study might be unrela-
ted to abdominal muscle recruitment. 

Regarding lung capacity, a combination of thera-
peutic exercises, including scapular stabilization, was 
found to improve thoracic mobility and forced expira-
tory volume at one second (FEV1), but not FVC [53]. 
Similarly, it was found that although a prescribed FSP 
exercise program resulted in no significant difference 
in FVC, it tended to delay the age-related reduction in 
FVC [54]. 

Another limitation is that the study only includes 
healthy female subjects; as such this may limit the ge-
neralisability of its findings to male subjects. Therefore, 
further investigation is still needed in this area.

Conclusions 

The tested eight-week programme of pectoral mu-
scle stretching and scapular stabilizer strengthening 
exercises could alleviate FSP, resulting in improved 
TK, chest expansion and inspiratory muscle strength in 
sedentary participants. As mentioned previously, these 
exercise interventions are cost effective and could be 
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applied to prevent and alleviate poor posture and mu-
scular imbalance in both a healthy population and in 
individuals with pulmonary diseases. Additionally, the 
exercise regimen will be tested in patients presenting 
with mild to moderate chronic obstructive pulmonary 
disease (COPD) in a later study.
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