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Abstract

Objectives This review study aimed to evaluate the impact of therapeutic exercises on Upper-Crossed Syndrome
(UCS). The study utilized a systematic review and meta-analysis approach to investigate the effects of various
therapeutic exercises on forward head posture, rounded shoulders, and hyperkyphosis associated with upper crossed
syndrome.

Methods The study identified relevant keywords for each independent and dependent variable and conducted

a search in scientific databases, including PubMed, Web of Science, Scopus, and Google Scholar, without any time
limitations until 12 August 2023. Overall, 4625 articles were found in the selected databases, which were reduced

to 1085 after being entered into the EndNote software and removing duplicate data. The full texts of 30 remaining
studies were reviewed; ten articles meeting the criteria were included. Additionally, 12 studies from the Google
Scholar database were included, resulting in 22 studies. Using Comprehensive meta-analysis software (CMA ver 3),
data heterogeneity was measured with 1> and the Q tests. The Funnel Plot and Egger test methods were utilized to
determine the possibility of publication bias. The JBI checklist was used to assess the quality of the studies.

Results The results of the meta-analysis showed that therapeutic exercises were effective in improving forward head,
rounded shoulders, and thoracic kyphosis angles (C1 95% = -1.85-1.161, P=0.001, P=0.001, CI95%=-1.822-1.15, and
P=0.001, Cl 95%=-1.83-1.09, respectively).

Conclusion Based on the results, it appears that performing therapeutic exercises in the form of strength exercises,
stretching, shoulder-based exercises, and incredibly comprehensive exercises that target all muscles may be effective
in reducing forward head, rounded shoulders, thoracic kyphosis, and overall UCS.

Level of evidence 1
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Introduction

Upper Crossed Syndrome (UCS) is characterized by
upper quarter abnormalities, such as increased thoracic
kyphosis, rounded shoulders, and forward head posture
[1, 2]. The prevalence of UCS ranges from 11 to 60% in
different populations and age groups [3]. This disorder
affects the upper quarter of the body and has multiple
causes [2, 4]. Musculoskeletal abnormalities may develop
over extended periods due to biomechanical, psycho-
logical, and social stresses and repetitive activities [5, 6].
Repetitive movements can cause muscle length, strength,
and stiffness changes, which may lead to movement dis-
orders [7]. Some adverse effects of UCS include early
fatigue, pain in the back, neck, and shoulder segments,
decreased respiratory capacity and increased residual
volume, reduced aerobic endurance, an unattractive
appearance, and vertebral fractures [8]. This highlights
the importance of preventing and correcting this postural
abnormality [7].

In addition, it has been observed that UCS can lead to
a chain reaction of disorders in more distant segments,
such as the lower limbs [1, 2]. For instance, an increase in
lumbar hyper-lordosis resulting from changes in the tho-
racic hyper-kyphosis and cervical hyper-lordosis is one of
the indicators of this chain reaction phenomenon, which
affects the back muscles and anterior thigh muscles [9].
Therefore, selecting appropriate exercises to correct UCS
and prevent further disorders is crucial. In this regard,
several studies have explored the effectiveness of various
therapeutic exercises for this condition, including thera-
peutic exercises in games, strength training, stretching
exercises, shoulder-specific exercises, and comprehensive
exercises [10-13].

UCS is characterized by tightness in specific neck
muscles and weakness in others [14]. Therapists empha-
size the importance of assessing the head, shoulders,
and spine position because misalignment in these areas
can affect several biomechanical variables, motor con-
trol, and performance [15]. Exercise is assumed to cor-
rect existing muscular disorders [16]. However, despite
postural correction interventions being widely included
in exercise interventions [16—19], there is limited or
conflicting empirical data to prove the effectiveness of
exercise. Additionally, little information about which
exercise is the most effective intervention [1, 20]. In this
line, two systematic and meta-analytical reviews have
shown that therapeutic exercise can improve inappro-
priate postural control in individuals with other postural
misalignments [19, 21]. Therefore, exercise practitioners
require evidence-based recommendations for effective
exercises for individuals with postural deviations. More-
over, it is essential to be aware of practical and effec-
tive intervention strategies with detailed descriptions

Page 2 of 13

to improve inappropriate postural control or prevent its
consequences.

The UCS is one of the prevalent postural malalign-
ments in society, which various physical disorders and
symptoms may accompany. Therefore, therapeutic exer-
cise has been suggested to improve posture in UCS indi-
viduals. Despite several studies investigating the efficacy
of therapeutic exercises for UCS, discrepancies persist
among their findings. Consequently, prescribing thera-
peutic exercise programs to enhance the posture of peo-
ple with UCS requires more robust scientific evidence.
Thus, a systematic review and meta-analysis are neces-
sary to provide a comprehensive summary and make
definitive conclusions. Consequently, this systematic
review aimed to compile and assess the effectiveness of
various therapeutic exercises on forward head posture,
rounded shoulder, and hyperkyphosis among people with
upper crossed syndrome.

Methods

Search strategy

The study at hand follows the Cochrane guidelines and
PRISMA checklist, and it is a systematic review and
meta-analysis. A search strategy was employed to iden-
tify eligible articles, searching for English and Persian
articles using specific keywords. The keywords were
grouped with AND between each group, and OR was
used between the keywords within each group. The
search terms used for the search were: (“Upper crossed
syndrome” OR “Upper-crossed syndrome” OR “Forward
head” OR “rounded shoulder” OR hyperkyphosis OR
“thoracic kyphosis”) AND (Exercise OR Training OR
Protocol OR Rehabilitation OR “physical therapy” OR
“therapeutic exercise” OR “exercise therapy” OR “Exer-
cise Movement Techniques” OR physiotherapy). The
searches were performed in the SCOPUS, PUBMED, and
Web of Science databases. Moreover, the eligible paper
citations and Google Scholar were searched as additional
sources to find the relevant sources. To conduct a search
in the Google Scholar database, only the terms “Upper
Crossed Syndrome,” “Exercise,” and “Training” were que-
ried using the AND operator, and the identified sources
were subjected to examination. The articles considered
for this study were original, full-text articles published
in peer-reviewed journals, and they must meet the fol-
lowing criteria: written in either Persian or English, with
no restrictions on publication date, focused on the effi-
cacy of a common exercise program for individuals with
UCS, investigated at least one of the dependent variables
of interest in the present study, and had an intervention
program duration of at least three weeks. There was no
time limitation for the search strategy and the searches
were done on 6 July 2023.
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Search process

Initially, a search was conducted in selected databases,
and the information, including author names, titles, and
abstracts, was entered into an EndNote file. After remov-
ing duplicate records, two researchers independently
reviewed the studies while retaining the original author
names, titles, and abstracts. Any discrepancies were
resolved by the group supervisor, who acted as the final
reviewer. The full-text articles that met the inclusion cri-
teria for this study, including the name of the first author,
publication year, quality, sample size, participants’ char-
acteristics (age, gender, relevant indices, etc.), interven-
tion and exercise specifications (type, intensity, duration,
etc.), methods and tools for data collection, and the most
important results obtained, were summarized in Table 1.

Quality assessment

We utilized the JBI checklist to assess the quality of the
studies. As this checklist provides separate criteria for
different study types, we employed the quasi-experimen-
tal and clinical trial checklists for the studies included
in this article. The assessment results are presented in a
detailed Table 2.

Statistical analyses

In the current study, we employed the Comprehensive
Meta-Analyses (CMA ver3) statistical software for data
analysis. We gathered data from the articles selected for
the study, including pre-and post-test means, standard
deviation, P-values, sample sizes, and mean differences
(if obtainable). Data heterogeneity was assessed using the
I? and Q test. Funnel Plot and Egger test were utilized to
evaluate publication bias. In instances where significant
publication bias was detected, we utilized the trim-and-
fill method to gauge the possible effect on the final meta-
analysis results and to determine the extent of studies
missed in this domain.

Results

There were a total of 4625 articles identified in the
selected databases. Once the data was entered into End-
Note software and duplicate records were removed, 3540
articles remained. After reviewing the abstracts and
titles, 34 articles were selected for further analysis, and
the remaining articles were excluded. Following this, the
complete text of the 30 chosen articles was carefully ana-
lyzed; ultimately, ten papers were deemed suitable for the
study. Additionally, 12 studies from the Google Scholar
database were included, resulting in 22 studies. Each of
the three abnormalities associated with UCS (forward
head posture, rounded shoulders, and hyper-kyphosis)
were analyzed separately to aid in data analysis. The effect
of therapeutic exercise has been the subject of research
about UCS. In this study, in the 22 eligible studies, a total
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of 903 participants were involved, and this data is pre-
sented in Fig. 1.

Forward head posture

Twenty- two eligible studies have investigated the impact
of therapeutic exercise on forward head posture [5, 10—
13, 17, 18, 22-36]. Of these studies, three studies had two
independent intervention groups that were analyzed. In
total, 903 participants took part in these studies. Forest
plot analysis of the data showed a significant improve-
ment in forward head posture with therapeutic exercise
(CI 95% = -1.85-1.161, P=0.001) (Fig. 2). The 12 and Q
tests were used to assess heterogeneity, which showed
significant heterogeneity (P=0.001) (12=80.39) among
data. Funnel plot and Egger’s tests suggested the possibil-
ity of publication bias (P=0.001) (Fig. 3). Furthermore,
the results of the Trim and Filled also indicated that
adding nine random articles cannot change the overall
results of this study. Because of the heterogeneity, meta-
regression was used to examine the possible effect of age
on the eligible studies’ results. Age and weight did not
significantly impact the studies’ results (2<0.05).

Rounded shoulders

Twenty studies have examined the impact of therapeutic
exercise on rounded shoulders [5, 10-13, 17, 18, 22-28,
30-35]. Two of these studies had two independent inter-
vention groups, while one study had three independent
intervention groups. A total of 774 participants were
involved in these studies. Forest plot analysis of the data
showed a significant improvement in rounded shoulders
with therapeutic exercise (P=0.001, CI 95%=-1.822-
1.157) (Fig. 4). After assessing heterogeneity, significant
heterogeneity was observed (P=0.001) (12=75.38). Fun-
nel plot and Egger’s tests indicated publication bias in the
studies (P=0.001) (Fig. 5). Furthermore, the results of the
Trim and Filled also showed that adding eight random
articles cannot change the overall results of this study.
Meta-regression was used to examine the possible effect
of age on the eligible studies’ results. Age and weight did
not significantly impact the studies’ results (P<0.05).

Thoracic kyphosis

Eighteen studies have examined the effect of therapeu-
tic exercise on thoracic kyphosis [10-13, 17, 18, 22-30,
33, 35, 36]. In three studies, both independent interven-
tion groups were utilized, while in one study, all three
independent intervention groups were included. A total
of 673 participants were involved in these studies. Data
analysis using CMA and Forest plot analysis demon-
strated a significant improvement in thoracic kyphosis
with therapeutic exercise (P=0.001, CI 95%= -1.83-1.09)
(Fig. 6). After assessing heterogeneity, significant hetero-
geneity was observed (P=0.001) (I12=77.86). Funnel plot
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Table 1 (continued)

Variable / Result

Duration of Exer-

Comparison

Interventions

Number of participants (Male/Female)

(Age = Standard Deviation)

Participants

Author

cise (weeks), (day/ Condition

week), (Time/ses-

sion (min))
(4), (3), (NA)

and Year

significant improvement in the cervical

and shoulder angle

Forward Head,

No Exercise

d scapular stabilization
exercises using elastic

bands

Intervention group: 19(0/20) (20.26 +1.20)

Control group: 20(0/20) (20.15+1.27)

women

Nitayarak

Forward Shoul-
der, Kyphosis

etal, 2021

[35]

Significant improvements in forward

Forward Head,

Kyphosis

(8), (3), (30-70)

No Exercise

Strengthening and

Intervention group: 31(31/0) (34.77+9.19)

Control group: 31(31/0) (37.12+8.76)

formal nurses

Shalamzari

head and kyphosis angles in the inter-

stretching exercise
vention group

etal, 2022

[36]
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and Egger’s tests indicated publication bias in the studies
(P=0.001) (Fig. 7). Furthermore, the results of the Trim
and Filled also showed that adding six random articles
cannot change the overall results of this study. Meta-
regression was used to examine the possible effect of age
and weight on the eligible studies’ results. It is demon-
strated that age and weight did not significantly impact
the studies’ results (P<0.05).

Discussion

The results of this study indicate that prescribing thera-
peutic exercises can be an effective intervention in modi-
fying the angles of the forward head, rounded shoulder,
and thoracic kyphosis. The meta-analysis results showed
a significant difference in the change in the forward head
angle between the groups participating in therapeutic
exercise programs and the control groups.

The result of this study is consistent with other
research indicating the effectiveness of therapeutic exer-
cises in improving forward head posture in individuals
with UCS. For instance, previous studies have demon-
strated that therapeutic exercises using vibration devices
[25], NASM-based corrective exercises [10, 23], strength,
stretching, and a combination of both exercises, as well
as comprehensive corrective exercises [17] all have a
significant impact on forward head angle reduction in
individuals with UCS. It seems that the better forward
head posture may result from decreases in the anterior
displacement of the head secondary to better mechani-
cal advantage and biomechanical function of the neck
muscles that contribute to cervical flexion [38, 39]. In this
line, to address forward head posture, selected therapeu-
tic exercises aimed to stretch the shortened muscles of
the neck, such as the sternocleidomastoid, levator scapu-
lae, scalenes, and pectoralis major, and to strengthen the
deep neck flexor muscles, such as the longus colli, lon-
gus capitis, and anterior scalene. Additionally, exercises
aimed to strengthen the thoracic spine and shoulder
muscles to reduce the forward head angle [18, 19].

On the other hand, this study’s results indicate that
therapeutic exercise significantly improves rounded
shoulder posture in individuals with UCS. Previous stud-
ies have also demonstrated that various therapeutic pro-
grams, including two functional therapeutic programs
and therapeutic games [22], NASM-based corrective
exercises, selected corrective exercises [24], and strength,
stretching, or a combination of both exercises [17], have
a significant impact on improving rounded shoulder pos-
ture in individuals with UCS.

Ultimately, this study demonstrates that therapeutic
exercise can significantly reduce the thoracic kyphosis
angle in individuals with UCS. In support of this, various
studies have shown that different therapeutic exercises
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Identification of via and registers Identification of studies via other methods
—
.S Records identified from*: Records removed before
'gt Databases (n = PubMed, screening: Records identified from:
= Scopus, WOS) > Duplicate records removed Google Scholar (n =23)
= Registers (n = 4625) (n=1085)
s
—J
_ .
Records screened Records excluded™
e
(n =3540) (n =3506)
Reports sought for retrieval - Reports not retrieved Reports sought for retrieval - Reports not retrieved
2 (n=34) " (n=4) (n=23) - (n=0)
=
Q
: ! !
=3
(7]
Reports assessed for eligibility o Reports assessed for eligibility o
(n =30) > Reports excluded: (n =23) " Reports excluded:
Did not meet inclusion criteria Did not meet inclusion criteria
(n =20) (n=10)
No sufficient data (n = 1)
v
5 Studies included in review
] (n=22)
S Reports of included studies
£ (n=22)
Fig. 1 Search and selection of studies for systematic review according to PRISMA guidelines
Study name sex Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Lynch etal, 2010 Blank -0.766 0.392 0.153 -1.534 0.001 -1.956 0.050 ——
Park etal, 2014 3.000 -1.568 0.362 0131 -2277 -0.859 -4336 0.000
Haji hoseini etal, 2015 A 1.000 -0.619 0.458 0210 -1516 0278 -1.352 0.176 ——
Haji hoseini etal, 2015 B 1.000 -0.578 0.456 0208 -1473 0316 -1.267 0.205 ——
Haji hoseini etal, 2015 C 1.000 -1.112 0.481 0231 -2054 -0170 -2314 0.021
Ruivo et al 2017 3.000 -0.356 0.198 0.039 -0.744 0033 -1793 0.073 -
hoseini etal, 2017 A 2.000 -4.231 0.657 0432 -5518 -2943 -6.439 0.000 f—
hoseinietal, 2017 B 2.000 -0.783 0.379 0.144 -1525 -0.040 -2.066 0.039 —il—
cheshomi etal, 2018 1.000 -0.943 0.351 0123 -1.632 -0.254 -2.684 0.007 ——
Karimian et al, 2019 1.000 -2.149 0.524 0275 -3176 -1.122 -4.101 0.000
Abdolahzade et al, 2019 1.000 -2.194 0.462 0.214 -3.100 -1.288 -4.747 0.000
Javazi et al, 2019 1.000 -1.743 0.480 0.230 -2.683 -0.804 -3.635 0.000
Maarouf et al, 2020 2.000 1721 0.478 0.228 -2658 -0.785 -3.602 0.000
seidi etal, 2020 2.000 -4.087 0.717 0515 -5493 -2681 -5.697 0.000 f—
Salamat et al, 2020 A 2.000 -2.012 0.501 0251 -2993 -1.030 -4.015 0.000
Salamat et al, 2020 B 2.000 -1.604 0.469 0220 -2524 -0684 -3417 0.001
Hajizadeh et al, 2021 2.000 -0.166 0.366 0.134 -0.883 0551 -0.454 0.649 ——
Nitayarak et al, 2021 1.000 -1.109 0.344 0118 -1.783 -0434 -3223 0.001 —i—
Piri et al, 2021 1.000 -0.576 0.323 0.104 -1.209 0056 -1.785 0.074 —i
Ahmadi et al, 2022 1.000 -3.267 0.558 0312 -4361 -2172 -5.851 0.000 ——
Sarvari et al, 2022 1.000 -1.271 0.347 0120 -1951 -0592 -3.667 0.000
Miri et al, 2022 A 1.000 -0.013 0.500 0.250 -0.993 0.967 -0.026 0.979 ——
Miri et al, 2022 B 1.000 -5.480 1.090 1.188 -7.617 -3343 5027 0.000 —
Shalamzari et al, 2022 2.000 -0.709 0.262 0.069 -1.223 -0.196 -2.709 0.007 ——
Yaghoubitajani1 etal, 2022 A 3.000 -1.784 0.483 0.233 -2730 -0.838 -3.696 0.000
Yaghoubitajani1 etal, 2022 B 3.000 -1.763 0.481 0231 -2706 -0.820 -3.665 0.000
Guo etal, 2023 3.000 -2.144 0.397 0157 -2922 -1.366 -5403 0.000
Firouzjah et al, 2023 Blank -1.866 0.437 0.191 -2723 -1.008 -4.265 0.000
-1.508 0.177 0.031 -1856 -1.161 -8.507 0.000 ‘
4.00 -2.00 0.00 2.00 4.00

Favours A Favours B

Fig. 2 Forest plot of the effect of therapeutic exercise on Forward head posture
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Funnel Plot of Standard Error by Std diff in means

0.0

0.5
-
o
=
w 1.0
= o] L ]
]
b=
£
=
"

1.5

2.0

-6 4 5 6

Std diff in means

Fig. 3 Funnel plot of studies worked on forward head posture

Study name sex. Statistics for each study
Std diff Standard Lower Upper
in means error Variance  limit limit  Z-

Lynch etal,2010 Blank -0.944 0.398 0.159 -1725 -0.163
Park etal, 2014 3.000 -1.345 0.350 0.123 -2.031 -0.658
Haiji hoseini et al, 2015 A 1.000 -1.735 0.525 0.275 -2764 -0.707
Haji hoseini etal, 2015 B 1.000 -1.197 0.486 0.236 -2.149 -0.245
Haji hoseini etal, 2015 C 1.000 -2.460 0.593 0.351 -3.622 -1.299
Ruivo et al, 2016 3.000 -0.252 0.214 0.046 -0.672 0.168
hoseinietal, 2017 A 2.000 -0.599 0.373 0139 -1331 0.133
hoseini etal, 2017 B 2.000 -1.831 0.435 0.189 -2.683 -0.978
cheshomi et al, 2018 1.000 -2.704 0.461 0.213 -3.608 -1.800
Karimian et al, 2019 1.000 -1.948 0.507 0257 -2941 -0.955
Abdolahzade etal , 2019 1.000 -3.701 0.601 0.362 -4880 -2522
Javazi etal, 2019 1.000 -0.395 0.412 0170 -1.203 0413
Salamat et al, 2020 A 2.000 -1.990 0.499 0249 -2968 -1.012
Salamat et al, 2020 B 2.000 -2.123 0.510 0.261 -3123 -1.122
seidi etal, 2020 2.000 -4.039 0.712 0.507 -5434 -2644
Maarouf et al, 2020 2.000 -1.783 0.483 0.233 -2729 -0.837
Piri et al, 2021 1.000 -1.658 0.367 0.134 -2376 -0.939
Hajizadeh et al, 2021 2.000 -1.512 0.414 0171 -2323 -0.700
Nitayarak et al, 2021 1.000 -1.234 0.350 0122 -1919 -0.549
Ahmadi et al, 2022 2.000 -0.278 0.368 0135 -0.999 0443
Miri et al, 2022 A 1.000 -0.957 0.528 0279 -1992 0.077
Miri et al, 2022 B 1.000 -0.263 0.502 0.252 -1248 0721
Yaghoubitajani1 et al, 2022 A 3.000 -1.624 0.471 0222 -2546 -0.701
Yaghoubitajani1 etal, 2022 B 3.000 -0.889 0.428 0.183 -1.728 -0.050
Guo etal, 2023 3.000 -1.585 0.362 0131 -2295 -0.875
Firouzjah et al, 2023 Blank -1.630 0.421 0178 -2455 -0.804

-1.489 0.170 0029 -1.822 -1.157

Std diff in means and 95% CI

Value p-Value
-2.369 0.018 ——
-3.840 0.000
-3.307 0.001
-2.465 0.014
-4.151 0.000
-1.177 0.239
-1.605 0.109
-4.209 0.000
-5.864 0.000
-3.845 0.000
-6.154 0.000
-0.958 0.338
-3.986 0.000
-4.158 0.000
-5.675 0.000
-3.694 0.000
-4.522 0.000
-3.652 0.000
-3.531 0.000
-0.756 0.450
-1.814 0.070
-0.525 0.600
-3.449 0.001
-2.078 0.038
-4.372 0.000
-3.867 0.000
-8.781 0.000

-4.00 -2.00 0.00 2.00 4,00

Favours A Favours B

Fig. 4 Forest plot of the effect of therapeutic exercise on Rounded shoulders

can effectively mitigate the thoracic kyphosis angle in
individuals with UCS [17, 18, 22, 24].

To explain why therapeutic exercises are effective in
improving postural alignment in people with UCS, sev-
eral points can be considered [2]. Muscle imbalances

resulting from prolonged positioning or repetitive move-
ments in a specific and static position can affect upper
body posture. Biomechanical studies have shown that
the deep flexor muscles of the neck, upper back exten-
sors, and shoulder adductors become weakened and
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Fig. 5 Funnel plot of studies worked on Rounded shoulders
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Haji hoseini et al, 2015 A 1.000 -0.849 0.467 0218 -1765 0066 -1819  0.069 —F—
Haji hoseini et al, 2015 B 1.000 -0.496 0.454 0206 -1386 0394 -1092 0275 —
Haji hoseini et al, 2015 C 1.000 -0.921 0.470 0221 -1843 0001 -1959  0.050 ——
hoseini etal , 2017 A 2.000 -2.210 0.463 0215 -3118 -1302 -4769  0.000 ——
hoseini etal , 2017 B 2.000 -0.524 0.371 0138 -1251 0204 -1410 0.159 —+
cheshomi etal, 2018 1.000 -0.645 0.342 0117 -1315 0025 -1.887  0.059 —l—
Karimian et al, 2019 1.000 -1.759 0.491 0242 -2722 -0796 -3579  0.000 —i—
Abdolahzade etal , 2019 1.000 -3.342 0.565 0319 -4449 -2234 -5912  0.000 ——
Javazi et al, 2019 1.000 -1.206 0.444 0197 -2076 -0.337 -2718  0.007 ———
Salamat et al, 2020 A 2.000 -2.330 0529 0280 -3367 -1294 -4405  0.000 —
Salamat et al, 2020 B 2.000 -1.970 0.498 0248 -2946 -0995 -3960  0.000 ——
seidi etal, 2020 2.000 -5.682 0.916 0.839 -7.477 -3886 -6202  0.000 K
Maarouf et al, 2020 2.000 -1.277 0.448 0201 -2155 -0.399 -2851  0.004 +——
Piri et al, 2021 1.000 -0.779 0.328 0.108 -1422 -0137 -2376  0.017 ——
Hajizadeh et al, 2021 2,000 -1.484 0.412 0170 -2292 -0676 -3599  0.000 -+
Nitayarak et al, 2021 1.000 -0.347 0.323 0104 -0979 0286 -1.074 0283 ——
Ahmadi et al, 2022 2.000 -4.074 0.641 0411 -5330 -2819 -6358  0.000 p————
Sarvari et al, 2022 1.000 -1.124 0.340 0116 -1.791 -0457 -3303  0.001 ——
Shalamzari et al, 2022 2.000 -0.614 0.260 0.068 -1.123 -0.104 -2361 0018 ——
Miri et al, 2022 A 1.000 -0.734 0517 0.267 -1.747 0278 -1421  0.155 ——
Miri et al, 2022 B 1.000 -3.353 0.775 0.601 -4873 -1833 -4324  0.000 ——
Yaghoubitajani1 etal, 2022 A 3.000 -0.911 0.429 0.184 -1751 -0070 -2123 0034 —
Yaghoubitajani1 etal, 2022 B 3.000 -1.207 0.444 0197 -2077 -0.337 -2720  0.007 ——
Firouzjah et al, 2023 Blank -1.189 0.396 0157 -1966 -0413 -3.003  0.003 ——
-1.466 0.189 0.036 -1.837 -1.095 -7.744  0.000 L =
-4.00 -2.00 0.00 2.00 4.00

Favours A Favours B

Fig. 6 Forest plot of the effect of therapeutic exercise on Thoracic Kyphosis

strained compared to their antagonists [40]. This leads to
an imbalance in the upper quarter of the body, resulting
in forward head posture, abnormal scapular protraction,
increased thoracic kyphosis, and neck flexion, which
can eventually lead to painful shoulders and shorten-
ing of anterior shoulder muscles, such as the pectoralis

major and minor [35, 41]. These abnormalities are inter-
related in a kinetic chain, and a significant change in
the natural pattern of one of the spinal column curves
can lead to compensatory changes in other curves [40].
Therefore, researchers have selected various therapeu-
tic exercises that focus on the body’s chain reaction and
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Fig. 7 Funnel plot of studies worked on Thoracic kyphosis

simultaneously address the three abnormalities associ-
ated with UCS: forward head posture, rounded shoulders,
and hyper-kyphosis. This seems to be the primary reason
for the positive results found in the studies included in
this review [17]. The rhomboid, trapezius, and serratus
anterior muscles are the most important stabilizers of the
shoulder, primarily controlling shoulder movements in
a coordinated fashion [42]. In UCS, these muscles tend
to weaken, and inhibition of the rhomboid and serratus
anterior muscles can lead to increased shoulder abduc-
tion with anteriorly rotated shoulders [43]. According to
Kendall [7], this abnormality can result from the shorten-
ing of the pectoralis minor muscle and weakness of the
middle trapezius muscle. Additionally, in anterior shoul-
der dysfunction, the humerus bone is influenced by its
connection to the glenoid cavity, causing the arm to move
forward and rotate internally. This condition can result
in weakness and strain of the shoulder’s external rotator
muscles and shortening of the internal rotator muscles of
the shoulder [7]. Therefore, exercise interventions in the
reviewed studies may have helped reduce UCS by creat-
ing balance in muscular activity.

Moreover, this analysis revealed significant heteroge-
neity in the findings of different studies across all three
variables of forward head posture, rounded shoulder, and
thoracic kyphosis. It is worth noting that these studies
were conducted on individuals with various age ranges,
jobs, and interventions employed to improve UCS.
Therefore, these factors may contribute to the heteroge-
neity in the results of the studies included in the analysis.
In this context, the meta-regression results demonstrated
that age and weight did not significantly affect the stud-
ies’ results.

When generalizing the findings of this study, it is
essential to consider some of its limitations. Firstly, most
studies have not focused on investigating the long-term
effects of therapeutic exercise on UCS, so it is unclear
how long-lasting the effects mentioned in this article
would be. Secondly, this study aimed to investigate the
effects of therapeutic exercises on the postural alignment
of individuals with UCS. It did not examine the impact of
therapeutic exercises on performance, psychological, or
social characteristics. Thirdly, it should be noted that the
UCS is a cluster of symptoms, including postural devia-
tions, specific patterns of muscle tightness and weakness,
and scapular dyskinesia. However, it should be consid-
ered that most articles have relied solely on postural vari-
ables for diagnosing UCS. Therefore, they may lack the
necessary accuracy in identifying this condition. More-
over, in this study the quality assessment was not limited
to JBI score cut-off value and had no limitations regard-
ing the mean age or the participants’ jobs. This point may
have resulted in heterogeneity among the meta-analysis
results, and therefore, caution should be exercised in
generalizing these findings to other groups. Ultimately,
this study only assessed Persian and English-language
peer-reviewed journals and did not include other scien-
tific literature like conference proceedings, books, and
textbook chapters. It may be worthwhile to consider a
broader range of academic sources and include materi-
als in different languages to broaden the scope of future
research.
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Conclusion

The results revealed that prescribing various therapeutic
exercises effectively improves postural alignment in indi-
viduals with UCS. Exercise prescription can significantly
improve such individuals’ forward head posture, rounded
shoulder, and thoracic kyphosis angles. Moreover, it
seems that the effectiveness of therapeutic exercise for
this condition may be slightly less in children than in
adults.
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