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Abstract

Background Abnormal posture is known to affect the efficacy of exercise therapy for musculoskeletal diseases.
However, no studies to date have examined the effect of exercise programs should take into account the posture
of the upper body in patients with rotator cuff disease. This study aimed to assess how rotator cuff and corrective
exercises impact shoulder function and muscle strength post-arthroscopic rotator cuff repair surgery, providing
tailored rehabilitation programs for patients with forward posture.

Methods Ninety male patients who underwent arthroscopic rotator cuff repair participated in this study. The
patients were randomly divided into three groups corrective exercise group (CEG, n=29), rotator cuff exercise group
(REG, n=27), and control group (CG, n=28). Each group was instructed to apply different exercise programs to correct
posture and enhance rotator cuff strength. All patients were checked by the American Shoulder and Elbow Surgeons
(ASES) score, Constant score and muscle strength, and range of motion preoperatively and postoperatively at 6
months and 1 year.

Results ASES shoulder function scores showed significant difference between the three groups (p=0.002, F=7.03),
indicating that the corrective exercise program was more beneficial than rotator cuff exercises (p=0.009, F=3.78).

A significant intergroup difference in mean Constant score was also noted (p=0.025, F =3.86), while a statistically
significant interaction between time and group was observed (p=0.032, F=2.96).

Conclusions These results suggested that a corrective exercise program can improve shoulder muscle strength and
function after rotator cuff repair in male patients with a forward shoulder posture.
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Background

Shoulder pain resulting from musculoskeletal disorders
is a common issue, affecting up to 70% of individuals
[1]. About 50% of patients with shoulder pain may con-
tinue to experience discomfort for up to 12 months after
their initial diagnosis and treatment [2]. Treatment for
shoulder pain can include various interventions, such as
education, exercise, manual therapy, electrical therapy,
injections, medications, and surgery. However, up to
25% of individuals who receive these treatments may still
experience recurrent pain, which can hinder the recovery
process [3].

After arthroscopic rotator cuff repair, patients typically
experience shoulder pain for about three months. If the
pain persists, it can reduce the range of motion in the
shoulder joint, leading to postoperative joint contraction
[4]. Persistent shoulder pain at 1 week postoperative is
reportedly associated with surgical duration and cuff tear
size. Shoulder joint motion is often limited by pain that
appears within 2 months of surgery [5]. Shoulder pain
after surgery is associated to longer recovery time, post-
operative complications, delayed return to preoperative
lifestyle, and sutured tendons [6].

Previous research has examined the effects of exercise
therapy on pain reduction and the return to daily activi-
ties following rotator cuff repair [7]. Recently, there has
been growing interest in the potential for early return to
sports as a means of reducing post-surgery pain in ath-
letes [8]. The rehabilitation process typically includes
strengthening exercises for the rotator cuftf muscles, such
as the supraspinatus, infraspinatus, and subscapularis,
which aim to improve muscle strength [9]. Additionally,
exercises that focus on strengthening the shoulder joint
may also aid in patient recovery [10, 11].

The current modern lifestyle often involves reduced
physical activity at work, increased use of smartphones,
and prolonged periods of sedentary. These factors
increase the risk of misalignment of the shoulder joint. A
forward shoulder posture is common in individuals who
spend extended periods in sedentary positions and is a
risk factor for musculoskeletal problems. In addition to
traditional risk factors such as sex, age, and physical fit-
ness, upper-body posture can also affect the recovery of
patients with rotator cuff injuries [12].

Many exercise programs do not take into account indi-
vidual posture and lifestyle patterns. Poor postures such
as forward neck and shoulder postures can result in addi-
tional stress on the upper body, particularly the shoulder
joint. For this reason, exercise programs should take into
account the posture of the upper body, especially after
shoulder surgery [13].

Patients who have undergone arthroscopic rotator cuff
repair surgery often exhibit a forward shoulder posture,
which is also commonly seen in the general population.
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This abnormal posture can negatively impact the effec-
tiveness of exercise, especially during postoperative
rehabilitation. As a result, the design of rotator cuff and
corrective exercises should take into account the spe-
cific indications and the individual’s upper-body posture
characteristics.

The hypothesis of this study is that in patients with
forward shoulder posture undergoing rotator cuff repair,
corrective exercises will have a more positive impact
on postoperative recovery of shoulder range of motion,
shoulder function, and muscle strength compared to
rotator cuff exercises.

Methods

Study design

The sample size calculated using G*Power 3.1.9.7 (Uni-
versitdt Diisseldorf, Germany). A study that had achieved
a power of 0.95 with a 0.3 effect size and an « of (p) 0.05
was taken as a reference. We estimated a follow-up loss
rate of 20%, and ultimately, 30 patients per group partici-
pated in the study. Ninety male patients diagnosed with
small- to medium-sized tears with a forward shoulder
posture at the Samsung Medical Center Orthopedic Sur-
gery Department participated in this study. All patients
received arthroscopic rotator cuff repair, which a single
orthopedic surgeon performed. The patients were ran-
domly divided into a corrective exercise group (CEG,
n=30), rotator cuff exercise group (REG, n=30), or
control group (CG, n=30). The exclusion criteria were
patients with cuff tears caused by traumatic injury, large
or massive cuff tears, and a history of shoulder surgery.
Patients in each group received either corrective exer-
cise or rotator cuff exercise education between 10 and
12 weeks after surgery. They were also encouraged to
continue the instructed exercises at home. To improve
patient compliance, videos were provided, and exercise
participation was encouraged through telephone. Range
of motion, ASES score, Constant score, and strength tests
were conducted at 6 and 12 months post-surgery. Dur-
ing the follow-up for shoulder surgery, six participants
were excluded. Two were excluded due to personal prob-
lems, while four refused to take the post-operative test.
Ultimately, corrective exercise group (CEG, n=29), rota-
tor cuff exercise group (REG, n=27), or control group
(CG, n=28) total 84 male patients enrolled in this study
(Fig. 1). Table 1 shows the characteristics of participants.
This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and was approved by
the Institutional Review Board of Sungkyunkwan Univer-
sity College of Medicine, Samsung Medical Center (no.
SMC 2020-07-057). Table 1 shows the characteristics of
participants.
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Fig. 1 Study flow chart

Table 1 Participants’ characteristics

Corrective exercise group (n=29) Rotator cuff exercise group (n=27) Control group pvalue
(n=28)
Age, years 5821+6.55 5895+9.05 59.96+7.74 0.698
Height, cm 168.67+9.05 169.83+5.78 168.77+6.27 0.719
Weight, kg 7040+ 854 70.17+£10.96 71.63+£12.21 0.860
Body mass index, kg/m? 24.68+2.16 24314344 25.07+346 0.656
Dominant arm, right/left 28/1 27/0 26/2
Involved side, right/left 22/7 20/7 17/11
Tear size, small/medium 8/21 10/17 8/20
Forward shoulder angle, ° 33.72+6.36 31.52+527 31.00+6.35 0.508

Values are presented as mean +standard deviation or n, as appropriate

Forward shoulder posture measurement

All patients underwent an assessment of their forward
shoulder posture before surgery, and the examination
method was as follows. Each participant was evaluated
three times for forward shoulder posture while standing
upright and looking straight ahead. Prior to the mea-
surement, the participants were instructed to move their
shoulders forward while keeping their bodies relaxed.
Markers were placed on the acromion and spinous pro-
cess of the seventh cervical vertebra (C7) to evaluate the
forward shoulder angle and upper-body posture.

The patients were captured on camera using a smart-
phone in the sagittal plane with two markers. The angle
of the forward shoulder was calculated by measuring the
distance from a vertical extension running from the pos-
terior to a line that connects the C7 and acromial mark-
ers (Fig. 2). An angle exceeding or equal to 22 degrees
was classified as an abnormal forward shoulder angle
[14].

Range of motion(ROM) measurement
The ROM of the shoulder was evaluated before the sur-
gery and at 6 months and 1 year after the surgery. To
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Acromion

Fig.2 Forward shoulder angle assessment performed in the sagittal plane

measure the shoulder joint ROM, the participant was
seated and the ROM of forward flexion, abduction, and
external rotation was measured in degrees using a goni-
ometer. Moreover, the ROM of internal rotation was
assessed using the back-scratch method at the spinal
level. This test was repeated twice and the average value
was analyzed [15].

Shoulder function assessment
The function of the shoulder was evaluated before the
surgery and 6 months and 1 year after the surgery. The
assessments were done using two questionnaires: the
American Shoulder and Elbow Surgeons (ASES) ques-
tionnaire and the Constant score. The ASES was cre-
ated by the American Shoulder and Elbow Surgeons. The
ASES score consists of two subscores: activity of daily liv-
ing (ADL) and a pain visual analog scale (VAS), but it is
reported as a single overall score. It is a patient-reported
score with subscales for pain and function, ranging from
0 (worst pain and functional loss) to 50 (no pain and
excellent function). The two subscores are summed for a
maximum total score of 100, as previously described [16].
The Constant score, which was introduced by Constant
and Murley, is another commonly used questionnaire.
The Constant score is comprised of four subscales: pain
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(up to 15 points), ADL (up to 20 points), ROM (up to 40
points), and strength (up to 25 points). The total score
ranges from 0 to 100, with higher scores indicating better
shoulder function [17].

Muscle strength

Muscle strength was measured using a handheld dyna-
mometer to measure the isometric strength of the
shoulder’s scaption, external and internal rotation. The
muscle contraction was isometric, and the final value was
recorded as the average of two measurements [18].

The measurement of scaption strength is performed
by flexing the shoulder 90 degrees forward flexion and
abducting the arm 30-40 degrees to match the scapular
plane position of the scapula. The examiner places the
handheld dynamometer on the patient’s forearm and
measures the patient’s strength. To measure internal and
external rotation strength, the patient maintains a posi-
tion with the elbow flexed at 90 degrees and abducted at
0 degrees. The examiner places the handheld dynamom-
eter on the inner side of the forearm to measure internal
rotation strength, and on the outer side of the forearm
to measure external rotation strength. The results were
recorded in pounds (Ib). This study calculated the per-
centage deviation (%) between the injured and non-
injured sides as affected side/non-affected side x 100
and analyzed the absolute values of these deviations. The
muscle strength of the shoulder was evaluated before the
surgery and 6 months and 1 year after the surgery.

Exercise program
All exercise programs were instructed by a clinical exer-
cise specialist with over 10 years of clinical experience.

ROM exercises

All the participants underwent ROM exercises after sur-
gery. Additionally, they used a continuous passive motion
machine for 30 min after the surgery to improve their
ROM for 2—4 weeks.

At 6 weeks postoperatively, the participants performed
passive shoulder flexion exercises on a table by slid-
ing their arms forward and backward. Gradually, they
performed passive external rotation exercises using a
medical stick for 10 weeks postoperatively without expe-
riencing any pain [19].

Corrective exercise program

All patients were educated on the following exercise pro-
gram and began exercising between 10 and 12 weeks
postoperatively. The program aimed to strengthen the
weakened lower trapezius, serratus anterior, and infra-
spinatus muscles by carrying out strengthening exercises.
Meanwhile, the tight muscles, such as the upper trape-
zius and pectoral muscles, were subjected to stretching
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exercises. The exercise intensity was set at a moderate
level, with a rating of perceived exertion (RPE) of 13. The
corrective exercise program lasted for 50 min, consisting
of a 15 min warm-up and stretching period, 30 min of
strength exercises, and a 5 min cool-down. The patients
were instructed to perform the exercise program at home
three times a week, including three sets of 15 repetitions
for each exercise (Table 2).

After the initial exercise education, we provided an
at-home video exercise program to enhance exercise
compliance. We also held telephone-based educational
sessions to encourage at-home exercising and provided
feedback on the exercise program to increase adherence
rates.

Rotator cuff exercise program

All patients were educated on the following exercise pro-
gram and began exercising between 10 and 12 weeks
postoperatively. The rotator cuff exercise program aimed
to strengthen the supraspinatus, infraspinatus, and teres
minor muscles. The stretching exercises were designed
to aid in the recovery of limited ROM after surgery. A
TheraBand was used for the rotator cuff exercises, and
participants were instructed to avoid using compensatory
mechanisms during the exercise.

The exercise intensity was determined using the RPE
and maintained at a level perceived by the participants as
RPE 13. This was achieved by adjusting the band resis-
tance. The exercise program consisted of a 15 min warm-
up and stretching period, followed by a 30 min strength
exercise, and 5 min cool-down. Patients were instructed
to conduct the exercise program at home three times a
week with three sets of 15 repetitions each (Table 2).

To improve adherence to the at-home program, a video
program was distributed. Telerehabilitation sessions were
conducted, and feedback on the exercise program was
provided to improve participant compliance.

Table 2 Exercise program
Corrective exercise

Rotator cuff exercise  Inten-

program program sity
Warmup  Upper body ergometer  Upper body ergometer  RPE
(15 min) Pectoralis stretching Shoulder flexion 11
Latissimus dorsi stretching
stretching Shoulder rotation
stretching
Main Shoulder shrug Scaption RPE
exercise Scapular re-protraction  Band Internal rotation 13
(30 min) Punch exercise Band external rotation
Prone shoulder Band extension
abduction
Cool down  Pectoralis stretching Shoulder flexion RPE
(5 min) Latissimus dorsi stretching 11
stretching Shoulder rotation
stretching

RPE: Rating of perceived exertion
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Statistical analysis

The data analysis was performed using Windows SPSS/
PC ver. 21 (IBM Corp., Armonk, NY, USA). All variables
were analyzed using descriptive statistics. Data are pre-
sented as mean (M) and standard deviation (SD).

The Kolmogorov-Smirnov test was performed to con-
firm data normality. To assess the intergroup differences
in shoulder function and strength, repeated-measures
ANOVA analysis of variance was conducted. For post-
hoc test, one-way ANOVA analysis was conducted to
confirm the differences between groups. A significance
level of «=0.05 was used for all statistical analyses.

Results

Shoulder ROM

ROM significantly increased after the 6 and 12 months
of exercise in all groups but not a significant the inter-
group difference, the interaction between time and group
(Table 3; Fig. 3).

Shoulder function

Changes in mean ASES score

ASES score significantly increased after the 6 and 12
weeks of exercise in all groups (p=0.000, F=16.74),
and there was also a significant intergroup difference
(p=0.002, F=7.03) and a significant interaction between
time and group (p=0.009, F=3.78). Post hoc analysis
revealed that the corrective exercise group had signifi-
cantly higher ASES scores than the rotator cuff and con-
trol groups at 6 and 12 months after surgery (p<0.001)
(Table 4; Fig. 4a).

Changes in mean constant score

The constant score significantly increased after the 6 and
12 weeks of exercise in all groups (p=0.000, F=21.76),
and there was also a significant intergroup difference
(p=0.025, F=3.86) and a significant interaction between
time and group (p=0.032, F=2.96). Post hoc analy-
sis revealed that the corrective exercise group had sig-
nificantly higher constant scores than the rotator cuff
and control groups at 12 months after surgery (Table 4;
Fig. 4b).

Changes in muscle strength

Changes in the scaption muscle strength ratio

The scaption muscle strength ratio significantly
increased after the 6 and 12 months of exercise in all
groups (p=0.002, F=7.81). There was a significant group
(p=0.025, F=3.88) but not a significant interaction
between the groups (p=0.124, F=1.97). Post hoc analysis
revealed that the corrective exercise group had a higher
scaption muscle strength ratio than the rotator cuff exer-
cise 6 months after the surgery (p<0.05). Moreover, after
12 months, the corrective exercise group showed a higher
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Table 3 Postoperative shoulder range of motion
Variable Group Preoperative 6 months postoperative 12 months postoperative  Effect F pvalue  partial n2
Forward elevation  CE 1455242759 1379311656 151.55+12.76 G 0.95 0.392 0.023
RE 14648+2385 133.89+£20.21 144.26+10.63 T 1531 0.000%**  0.159
C 150.36+19.90  129.64+21.69 139.64+20.99 GXT 1.92 0.124 0.045
External rotation CE 5293+16.18 39.14+£1553 4931+15.10 G 1.86 0.162 0.283
RE 56.48+17.42 39.63+15.50 4833+13.45 T 2897  0.000*** 0263
C 50.00+19.27 3571+£17.68 40.54+15.53 GXT 0573  0.669 0.014
Internal rotation CE 7.59+4.18 6.86+2.99 859+2.73 G 0902 0410 0.022
RE 7.33+3.60 6.67+2.76 7.11+2.90 T 6.53 0.002** 0.075
C 7.79+3.20 557+349 7.07+3.20 GXT 1.50 0.205 0.036
Abduction CE 142.21+3096  135.17+£2148 148.97 £13.45 G 0977 0381 0.024
RE 137.96+3020  12852+2231 146.85+11.19 T 1243 0.000***  0.133
C 14036+2396  12821+2435 140.00+20.18 GXT 0.51 0.704 0.012
Values are presented as mean+standard deviation
CE: corrective exercise; RE: rotator cuff exercise; C: Control; G: group; T: time
*p<0.05, **p<0.01, ***p<0.001
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(Forward elevation) (External Rotation)
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Fig. 3 Changes in shoulder range of motion
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Table 4 Functional outcomes after surgery as evaluated by the ASES, constant score

Variable  Group Preoperative 6 months postoperative 12 months postoperative Effect F pvalue partial n2
ASES CE 5931+16.31 65.10+9.12 75.14£9.73 G 7.03 0.002** 0.148
RE 60.30+10.37 55.59+7.34 62.04+£11.12 T 16.74 0.000%** 0171
C 56.54+13.22 58.11£9.96 63.73£15.12 GxT 3.78 0.009** 0.085
Post-hoc CE>RE, C*# CE>RE, C*#
Constant  CE 59.72+16.20 56.34+£10.25 68.45+10.89 G 3.86 0.025*% 0.087
RE 61.07£11.50 49.63+8.21 58.15+£8.94 T 21.76 0.000*** 0212
C 59.25+14.13 50.32+947 58.04+13.73 GXT 2.96 0.032* 0.068
Post-hoc CE > RE* CE>RE, C*
Values are presented as mean standard deviation
CE: corrective exercise; RE: rotator cuff exercise; C: Control; G: group; T: time
The result of RM ANOVA was described: *p<0.05, **p<0.01, ***p<0.001
The result of One-way ANOVA for post-hoc was described: #p<0.05, #p<0.01, ##p <0.001
(a) American shoulder and Elbow Surgeons Score (b) Constant Score
80+ 70
a b °
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Fig. 4 Changes in shoulder functional score

scaption muscle strength ratio than the rotator cuff and
control groups (Table 5; Fig. 5a).

Changes in external rotation muscle strength ratio

The external rotation muscle strength significantly
increased after 6 and 12 months of exercise in all groups
(p=0.000, F=13.48). There was a significant group
(p=0.019, F=4.15) but not a significant interaction
between the groups (p=0.103, F=2.01). Post hoc analysis
revealed that the corrective exercise group had a higher
external rotation muscle strength than the rotator cuff
exercise 6 months after the surgery (p<0.05). Moreover,
after 12 months, the corrective exercise group showed a
higher external rotation muscle strength than the rotator
cuff and control groups (Table 5; Fig. 5b).

Changes in internal rotation muscle strength ratio

The internal rotation muscle strength significantly
increased after 6 and 12 months of exercise in all groups
(p=0.000, F=11.94). There was a significant group
(p=0.006, F=5.41) but not a significant interaction
between the groups (p=0.427, F=0.97). Post hoc analysis

revealed that the corrective exercise group had a higher
internal rotation muscle strength than the rotator cuff
exercise 6 months after the surgery (p<0.05). However,
there was no significant difference between the groups
after 12 weeks (Table 5; Fig. 5¢).

Discussion

This study aimed to assess and compare the effects of cor-
rective and rotator cuff exercises on the ROM, strength,
and function of the shoulder joint in patients with a for-
ward shoulder posture after undergoing arthroscopic
rotator cuff repair surgery.

The shoulder joint has the widest range of motion and
can move in more directions than any other joint. Its
unique characteristics are essential for proper shoulder
function [20].

The importance of shoulder joint instability and ROM
cannot be overstated. An increased ROM in the shoulder
joint can lead to instability, while improved stability can
limit ROM. Therefore, normal ROM and shoulder joint
stability are two important factors in shoulder function
[21].
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Table 5 Changes in shoulder muscle strength ratio during follow-up
Variable Group Preoperative 6 months postoperative 12 months postoperative  Effect F pvalue partial n2
Scaption CE 69.22+2427  67.53+2229 79.84+18.74 G 3.88 0.025% 0.087

RE 67.94+25.66 55.16+18.15 66.13+£14.06 T 7.81 0.002** 0.088

C 70.12+22.64 58.14+13.74 63.81+£13.02 GXT 197 0.124 0.046
Post-hoc CE>RE* CE>RE, C*
External Rotation ~ CE 78.14+19.04 739842374 80.20+£13.61 G 4.15 0.019* 0.093

RE 80.76+16.11 63.03+£14.82 69.18+14.45 T 1348  0.000***  0.143

C 7631+1813  6092+1642 70.90+13.20 GxT 2.01 0.103 0.047
Post-hoc CE>RE CE>RE, C*
Internal Rotation ~ CE 88.15+16.01 83.95+19.10 87.19+10.13 G 541 0.006* 0.118

RE 87.56+859 76.16+9.80 82.54+957 T 1194  0.000*** 0.128

C 81.84+15.12 73.74+894 81.37+£7.51 GXT 0.97 0427 0.023
Post-hoc CE>RE*

Values are presented as mean+standard deviation
CE: corrective exercise; RE: rotator cuff exercise; C: Control; G: group; T: time
The result of RM ANOVA was described: *p<0.05, **p<0.01, ***p<0.001

The result of One-way ANOVA for post-hoc was described: *p<0.05, #p<0.01, *##p<0.001
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Fig. 5 Changes in shoulder muscle strength

After undergoing rotator cuff repair surgery, all patients
must wear an abduction brace for 4-6 weeks to maintain
the repaired rotator cuft’s stability. However, during this
period, overactive shoulder motion is restricted, result-
ing in a limited shoulder range of motion. After the brace
is removed, shoulder movements may continue to be
restricted [22].

In this study, the ROM of the shoulder joint increased
postoperatively in all three groups, but no significant dif-
ferences were observed between the groups. These results
suggest that ROM in the shoulder joint is influenced
more by the anatomical integrity of the rotator cuff than
by differences in the strength or muscle activation of the
rotator cuff muscles [23]. Previous studies have shown
that a forward shoulder and head posture reduced the
forward flexion range of up to 15° and the flexion velocity
by 8% [24, 25] contributing to an imbalance in the upper
trapezius, lower trapezius, and serratus anterior muscles,
leading to altered shoulder movements. Baskurt et al.
[26] demonstrated that corrective exercises could help
to improve ROM in forward flexion, external rotation,
internal rotation, and abduction of the shoulder joint in
patients with subacromial impingement syndrome or

T T T T
12 Month Pre-operative 6 Month 12 Month

frozen shoulder conditions. In our study, ROM did not
show significant differences between groups compared to
previous studies. However, the greatest improvement in
ROM was revealed with CEG.

In the present study, we used various measurement
methods and questionnaires to evaluate shoulder joint
function to confirm changes between the groups after
corrective exercises [27, 28]. The results of this study
showed that at 6 and 12 months after surgery, the CEG
group had the highest shoulder joint function scores.
These results are thought to be due to the fact that a cor-
rective exercise program effectively improves the position
and orientation of the scapula and muscle imbalance,
leading to better shoulder function.

Patients with a forward shoulder posture result in
changes in their biomechanics and muscle activation
patterns in the shoulder joints. As a result, the serratus
anterior muscle weakens, leading to shoulder joint insta-
bility and decreased shoulder function [29]. The optimal
scapular position and coordinated muscle activation
of the surrounding muscles require functional shoul-
der joint stability. The sequence of muscle activation
and engagement is crucial in the generation of shoulder
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joint movements when moving the arm [30]. The pec-
toral muscles are the most important muscles related
to forward shoulder posture. Shortening the major and
minor pectoralis muscles pulls the scapula into the rib
cage, resulting in scapular mispositioning. In contrast,
the weakening of muscles such as the serratus anterior,
rhomboid, middle, and lower trapezius is characteristic
of altered scapular positioning. These muscular imbal-
ances play a fundamental role in creating a forward
shoulder posture [13].

Considering these aspects, the exercise program con-
sisted of stretching exercises for the shortened pectoralis
muscles and a strength training program for lengthening
the serratus anterior, rhomboid, middle, and lower tra-
pezius muscles [25]. A corrective exercise program can
strengthen the muscles around the weakened shoulder
joint and correct muscle activation imbalances. Com-
pared to previous studies, this exercise program used
in this study improved the shoulder joint stability, and
shoulder function through improved the forward shoul-
der posture [31].

Patients with a forward shoulder posture who undergo
rotator cuff repair surgery often experience acute pain
and inflammatory reactions during the postoperative
phase. These factors can exacerbate muscle imbalances
and lead to repetitive patterns of impaired movement
[32]. Therefore early exercise intervention is crucial for
improving muscle imbalance and increasing joint func-
tion postoperatively [33].

The results of this study showed that scaption strength
and external rotation strength in the corrective exercise
group were better than those in the rotator cuff exercise
group at 6 months after surgery, and scaption strength in
the corrective exercise group was better than that in the
other two groups at 12 months after surgery. The results
of this study showed that scaption strength, internal rota-
tion, and external rotation strength in the corrective
exercise group were better than those in the rotator cuff
exercise group at 6 months after surgery, and scaption
strength in the corrective exercise group was better than
that in the other two groups at 12 months after surgery.
The results from this study were similar to previous stud-
ies, which have shown that corrective exercise programs
increase upper-body muscle strength in middle-aged
women who experience shoulder pain [34, 35].

Corrective exercises for postural correction alter the
scapular position to an anatomically normal position
and inhibit excessive activity of the upper trapezius while
activating the middle trapezius, lower trapezius, serra-
tus anterior, and rhomboid muscles. These changes can
reduce the load on the shoulder joint, allowing more
efficient shoulder joint movements [36]. These changes
increase shoulder joint stability and promote mechanore-
ceptors, which positively affect muscle strength, resulting
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in significant differences in muscle strength between
groups [37]. For this reason, it is believed that this study
also showed a significant difference in strength improve-
ment in the group that performed the corrective exercise
program compared to the rotator cuff strength exercise
group.

The optimal position of the scapula is parallel to the
spine and is positioned approximately 3 inches from the
midline of the thorax. The scapula is located between
the second and seventh thoracic vertebrae, parallel to
the ribs, and tilted about 30° from the frontal plane [38].
However, forward shoulder posture experience altered
scapular position and movement could affect the cou-
pling force of the scapular muscles between the trapezius
and serratus anterior muscles, which are crucial for scap-
ular movement and lead to the breakdown of movement
patterns. Overall, muscle imbalance around the shoulder
joint can increase stress on the shoulder joint [39, 40].

Kibler et al. [41] reported that it is important to first
stabilize the proximal musculature before initiating
movement of the distal musculature to enhance overall
body movements. In order to achieve anatomical stabil-
ity by balancing the muscular forces around the scapula,
corrective exercises should focus on the proximal muscu-
lature of the shoulder joint. These exercises also help in
dynamic stabilization of the scapula by engaging the sur-
rounding muscles during active arm movements [42].

Scapular malalignment due to muscle imbalance causes
an imbalance between muscle length and strength. Mus-
cle imbalance in the shoulder joint ultimately influences
its functional movement [14]. The corrective exercise
program implemented in this study addresses muscle
imbalances caused by postural asymmetry and positively
influences muscle activation, leading to improved out-
comes compared with other programs.

The strength of this study lies in its focus on patients
who underwent rotator cuff repair and have a forward
shoulder posture. While many researchers have exam-
ined the effects of exercise following rotator cuff repair,
studies specifically targeting patients with certain pos-
tures, as in this research, are rare. Additionally, this study
distinguished itself by separating participants into groups
to clearly assess the effects of rotator cuff exercises and
corrective exercises. It is already somewhat established
in the literature that combining rotator cuff exercises and
corrective exercises can yield positive results. However,
there are very few studies that have evaluated these two
types of exercises independently. Therefore, the greatest
strength of this study is its verification of the effects of
corrective exercises in patients with forward shoulder
posture who have undergone rotator cuff repair.

This study has several limitations. First, variations in
the daily activity levels of participants could not be con-
trolled. The extent to which the exercise program was
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performed may vary depending on each patient’s activity
level or regular exercise habits, but this was beyond our
control. Second, we could not standardize the partici-
pants’ understanding of each exercise program. Although
we used consistent language and expressions during
exercise education to convey the same information, indi-
vidual comprehension could not be controlled. Lastly,
while the exercise program was encouraged via phone
calls following a single education session, there was no
separate process in place to verify whether the exercises
were actually performed.

Conclusion

Our study found that a corrective exercise program can
enhance the strength and function of shoulder muscles
in male patients with a forward shoulder posture under-
going rotator cuff repair surgery. For these patients, cor-
rective exercises can be beneficial in improving both
shoulder function and muscle strength.
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