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Abstract

Background: Upper cross syndrome (UCS) in children and teenagers has surged due to the extensive use of tablets and mobile
phones, as well as poor postural habits. Persistent poor posture during adolescence can result in significant postural abnormalities
in adulthood. This study aimed to investigate the impact of selected corrective exercises on trunk extensor muscle strength and
posture correction in adolescents with upper-crossed syndrome.

Methods: This study was quasi-experimental and conducted from October 2020 to January 2021 at Sistan and Baluchestan
University, Zahedan, Iran. 208 male adolescents were initially screened based on their posture for sampling. Based on the
inclusion and exclusion criteria, twenty-four adolescents, aged 16.43+0.58 years, diagnosed with UCS, were randomly allocated
to the corrective exercises group (n=12) or the control group (n=12). Random Number Generator Software was applied for
randomization. Measurements of kyphosis, forward head and shoulder, and trunk extensor muscle strength were conducted
using a flexible ruler, photography, and a dynamometer, respectively. The corrective exercises were implemented for 10 weeks.
The control group did not engage in any intervention. Paired t-tests and independent t-tests were applied as statistical methods
for analysis.

Results: The corrective exercises group exhibited a significant improvement in kyphosis (8.80, P=0.001), forward head (5.39,
P=0.02), and the strength of trunk extensors (4.83%, P=0.001) as compared with the control group. Although the corrective
exercise group displayed a significant correction from the pre-test to the post-test in forward shoulder (6.08, P=0.001), this
improvement was not significant compared with the control group (P=0.06).

Conclusions: This study concluded that a 10-week corrective exercises program can serve as an effective strategy for correcting
posture and increasing trunk extensor muscle strength in adolescents with upper-crossed syndrome.
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1. Introduction

The spine is responsible for sustaining proper
posture (1). Deviations in spinal curves can lead to
pain and dysfunction (2). Fundamentally, posture is
governed by the interplay of muscles, tendons, and
bones, with changes arising from daily activities and
the body’s adaptive responses to its environment (3).
Prolonged poor posture, causing adaptive changes
in muscles, ligaments, and joints due to gravity
and compensatory methods, may lead to muscle
and joint overloading, contributing to various
physical issues (3, 4). Postural malalignments are
frequently linked to functional changes, reduced
quality of life, increased fall risk, and spinal

mobility and balance defects (2). Epidemiological
studies highlighted the common occurrence of
unfavorable posture in children and adolescents
(5). The ubiquity of upper-cross syndrome (UCS)
among children and adolescents is attributed to
inadequate activity and excessive use of tablets
and mobile phones (6). Persistent incorrect posture
during adolescence has been shown to correlate
with severe postural disorders in adulthood (7).
Upper crossed syndrome involves abnormalities in
skeletal muscle structures, particularly in the neck
and shoulder girdle area, which include concurrent
deformities like forward head, thoracic kyphosis,
and forward/rounded shoulders, often arising
from incorrect work habits and improper body
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ergonomics (8, 9). The resulting increased lordosis
curve of the neck in upper crossed syndrome creates
dysfunctions in the upper body (10). Forward head,
a common abnormality in adolescents, coupled
with excessive cervical lordosis, can result in
intervertebral foramen narrowing, zygapophysial
joint compression, and posterior compression of
cervical vertebrae, potentially causing headaches
and premature degeneration of cervical vertebrae
(4, 10). Upper crossed syndrome also manifests
as hyperkyphosis, scapula anterior tilt, internal
shoulder rotation, and scapular protraction,
impacting biomechanical alignment, glenohumeral
joint stability, and scapular position (10). Thoracic
kyphosis has been linked to weakness and reduced
strength of trunk extensors (2, 11). Trunk strength
is essential for health and physical performance,
playing a crucial role in distributing external forces
and loads on the spine (12). In a study, it was shown
that adolescent boys and girls with poor posture
have lower trunk muscle strength values (13). While
prior studies emphasized stretching shortened
muscles and strengthening weakened muscles
in treating postural abnormalities (14), limited
research has focused on measuring trunk muscle
strength following corrective exercise protocols
(15). Also, despite epidemiological research
highlighting high rates of postural abnormalities in
children and adolescents (5), limited research exists
concerning corrective exercise interventions in this
growing population, especially in adolescents with
upper crossed syndrome. Given the interrelated
nature of UCS abnormalities, including forward
head, hyperkyphosis, and forward shoulder
posture, upper crossed syndrome can cause pain
and discomfort and contribute to poor posture (16).

This study sought to answer the question of
whether a 10-week corrective exercise program
could improve trunk extensor muscle strength
and correct hyperkyphosis, forward shoulder,
and forward head deformities in male adolescents
with UCS. Therefore, this study aimed to assist
in the treatment of upper crossed syndrome in
adolescents, potentially reducing complications
and associated time and economic costs.

2. Methods
2.1. Design

This was a quasi-experimental study with a pre-
test/post-test, a control group, and an intervention
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in the experimental group to investigate the
effectiveness of an exercise protocol on trunk
extensor muscle strength and posture correction in
adolescents with UCS. This study was conducted
from October 2020 to January 2021 at Sistan and
Baluchestan University, Zahedan, Iran.

2.2. Selection and Description of Participants

The study participants were male adolescents
aged 15-17 enrolled in the second level of secondary
education in Zahedan, Iran, in 2020-2021. First,
208 students were initially screened based on their
posture. Then, a questionnaire was administered
to collect information on their personal, medical,
and sports backgrounds. From this pool, based
on the inclusion and exclusion criteria of the
study, 24 students with upper crossed syndrome,
three simultaneous malalignments of forward
head, hyper-kyphosis, and forward shoulders,
who volunteered to participate in the study, were
selected. We strictly adhered to the inclusion and
exclusion criteria during the selection process. The
inclusion criteria were: healthy individuals without
specific diseases, an age range between 15 and 17
years, non-participation in regular sports activities,
and the presence of UCS abnormalities (kyphosis
angle > 42°, forward head angle < 50°, and forward
shoulder angle < 52°) (17, 18). The exclusion criteria
were: participation in corrective treatments outside
the study, a diagnosis of structural abnormalities,
and a history of surgery or spinal fracture.

2.3. Sample Size Determination

The sample size was estimated using G*Power
and based on meantSD of kyphosis (exercise
group=41.15+2.23; control group=44.20+2.71)
from previous research (19), with an alpha of 0.05
and a power of 0.90. Accordingly, the total sample
size was estimated to be 22 people (11 participants
for each group). Finally, due to possible loss, 24
participants (12 people per group) were considered
(Figure 1).

2.4. Data Collection and Measurements
2.4.1. Variables of Upper Cross Syndrome (UCS)

A side-view photography method (Canon
camera; X710, Japan) was used to measure the
forward head and shoulder. High reliability
of this method was previously reported (20).
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Did not receive any intervention (n=12)
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Figure 1: The figure shows the CONSORT flowchart of the study.

Anatomical landmarks, including the C7 vertebra, ear
tragus, and acromion, were used. Forward head angle
is the angle between the line from the tragus to C7
and the horizontal line passing through C7; forward
shoulder angle is the angle between the connecting
line of the acromion and C7 and the horizontal line
passing through the acromion. AutoCAD software
assessed angles based on lines connecting the
specified anatomical points (Figure 2).

To measure the kyphosis angle, a 60 cm flexible
ruler was employed in this study. The flexible ruler
has demonstrated excellent reliability (97%) (11,
21). The formula e=4Arc tan(2h/l), implemented in
Excel software, was used to determine the kyphosis
angle, where “L” represents the length of the arc
and “h” signifies the width of the thoracic arc.
The measurement procedure involved placing the
participant in a standing position, looking forward
at the horizon, in a comfortable stance with legs
shoulder-width apart. The T2 and T12 vertebrae
were marked on the skin. Then, the flexible ruler
was positioned on the participant’s spinal arch.
The marked points T2 and T12 were transferred
onto the ruler. Carefully, the flexible ruler was
detached from the body. Then, its inner arc was
drawn on paper using a pen. The upper and lower
parts of the arch (T2 and T12) were connected by
a line, providing the length of the arc (L), and the
most protruding part of the thoracic arch denoted
the depth of the arch (h). These measurements,
accurate to 0.1 mm, were input into the kyphosis
angle evaluation formula, yielding the kyphosis
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Figure 2: The figure shows how to measure the forward head and
shoulders.

angle in degrees for each participant.
2.4.2. Trunk Extensor Muscle Strength

To measure this variable, a hand dynamometer
(SPF Model, China) was used (22). The participants
stood in front of horizontally and parallelly
fixed metal bars on the wall, with their vision
facing forward. A strap, situated approximately
one centimeter below the anterior superior iliac
spine, was secured around the participant’s pelvis
and fixed to the bars, limiting pelvic movement.
Additionally, a strap around the participant’s
arms near the fourth thoracic vertebra (T4) (23),
held a metal ring, to which the dynamometer was
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attached on one side, while the ring was fixed to
the bars on the other side. Participants, with their
hands crossed on their chest, were instructed to
perform trunk extensions by opening their chest
and pulling their shoulders back with maximum
strength. The measurement process involved a
submaximal repetition followed by three repetitions
at maximum strength, each lasting 5 seconds
with 30 seconds of rest. The highest strength was
recorded in kilograms and then normalized to the
participant’s weight.

2.5. Procedure

Upon identification of eligible and volunteer
participants, informed consent forms were
provided, and consent from both the participants
andtheir guardianswas obtained. Random Number
Generator Software was used for randomization.
First, each participant randomly selected a number
from 1 to 24, with the researcher unaware of the
number assigned to each person. Then, 12 random
numbers between 1 and 24, generated by the
Random Number Generator Software, were placed
in one group and the next 12 in the other group:
Control (n=12) and Corrective Exercises (n=12).
The exercise protocol in the corrective exercise
group was implemented for 10 weeks, three sessions
per week. The control group did not engage in the
intervention. Measurements were taken before and
after the exercise protocol.

2.6. Intervention

The corrective exercise protocol spanned
10 weeks, with three sessions per week for the
experimental group. The training regimen, detailed
in Table 1, encompassed a series of stretching
and strengthening exercises designed to address
forward head posture, kyphosis, and forward
shoulder issues. Chin-tuck exercises included a
simple chin-tuck and a chin-tuck next to the wall
with a ball. The participant was asked to stand
adjacent to the wall, moving their chin downward
and back, and maintaining this position for a
specified duration (24).

TheraBand strengthening exercises included
three TheraBand exercises: shoulder retraction,
shoulder flexion, and shoulder external rotation.
Shoulder retraction involved fixing the middle of
the TheraBand to a bar in front of the participant.
The participant, standing with arms in abduction
and elbows in 90 degrees of flexion with the forearm
horizontal and parallel to the ground, pulled
the TheraBand to bring the scapulae together.
Shoulder external rotation required fixing the
TheraBand to a bar, while the participant, with a
90-degree arm abduction, 90-degree elbow flexion,
and the forearm horizontal and parallel to the
ground, externally rotated the arm by pulling the
TheraBand. The shoulder flexion exercise involved
fixing the TheraBand to a point on the ground;
with arms at 90 degrees of flexion, the participant
pulled the TheraBand to raise the shoulders up
to 180 degrees before returning to the starting
position (24).

The exercise intervention also comprised
back extensor strengthening exercises, Swiss ball
exercises, and pectoral muscle stretching exercises,
which were performed as described below. Back
extensor strengthening exercise: performed in a
prone position on the floor. The participants, lying
down had their pelvis supported, slowly raise their
head and trunk from the ground, maintaining the
position for a specified duration (10). Swiss ball
exercises: two exercises targeting the anterior and
posterior trunk muscles were performed using
a Swiss ball. In the first exercise, the participants
assumed a bridge position on the Swiss ball. The
second exercise, performed by two people, involved
holding hands while giving external rotation to
their arms with the Swiss ball between them,
maintaining the positions for a specified duration
(25). Pectoral muscle stretching exercises: executed
in two positions, on the floor and with the help of
the wall. In the first position, the participant, lying
on the floor, had their shoulders pushed towards
the floor by a partner, maintaining the position for
a specified duration (26). In the second position,
the participant stood in a corner of the wall with
their feet in line and hands at 90 degrees of arm

Table 1: The progress of the corrective exercises program

Weeks W1 W2 W3 W4 W5 W6 W7 W38 W9 W10
Theraband Exercises Set & Repeat (n) Ix10  2x10  2x10  2x12  2x12  3x12  3x12  3x14  3x14  4x14
Other Exercises Set (n) &Time (s) 1x10 2x12 2x14 3x14 3x16 3x16 3x18 4x18 4x20 4x20

TheraBand exercises included shoulder retraction, shoulder flexion, and shoulder external rotation. Other exercises included chin tucks,
Swiss ball exercises, pectoral muscle stretching, and back extensor strengthening.
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abduction and 90 degrees of elbow flexion on the
wall. While bending the knee of the front leg, the
participants guided their trunk towards the corner
of the wall, maintaining the position for a specified
duration (24). Examples of exercises are given in
Figure 3.

Tl

Figure 3: The figure shows the examples of selected corrective
exercises.

The structure of the training session was as
follows: the exercises were progressively advanced
from easy to hard. A training session before
the commencement of exercises familiarized
participants with the routines. The color of the
TheraBand was determined during this session,
ensuringappropriateresistance for each participant.
The participants practiced 10 repetitions with
different colors of TheraBand’s, and based on
the Omni Scale (27), the appropriate color was
selected. To adhere to the overload principle,
repetitions and training sets increased, and the
TheraBand color changed as the participants
progressed. Additionally, in other exercises where
the participant maintained the training position for
the necessary duration, the training time increased
from 10 seconds to 20 seconds during the training
weeks. Rest intervals between TheraBand sets were
1 minute, whereas those for the other exercises
were set at half the duration of each hold.

2.7. Data Analysis

Normal distribution was checked with the KS
test. Paired and independent t-tests were used for
intra- and inter-group comparisons, respectively.
Cohen’s d was used to report effect size. Alpha
(o) was considered as 0.05, and the analysis was
executed using IBM SPSS version 27.

3. Results

Twenty-four high school male adolescents with
UCS and a mean age of 16.43+0.58 in Zahedan,
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Iran participated in this study. The inclusion
criteria were healthy individuals without specific
diseases, an age range between 15 and 17 years,
non-participation in regular sports activities, and
the presence of UCS abnormalities (kyphosis > 42°,
forward head < 50° and forward shoulder < 52°)
(17, 18). The exclusion criteria were: participation in
corrective treatments outside the study, diagnosis
of structural abnormalities, and a history of surgery
or spinal fracture. Demographic information
regarding the mean+SD of age, height, weight, and
body mass index (BMI) in the corrective exercise
group were 16.33+0.65, 169.75+8.64, 58.37+11.20,
and 20.40+4.16, respectively. The corresponding
values for the control group were 16.54+0.52,
176.13+6.73,  62.96+13.80, and 20.26+3.72,
respectively. The results showed that there was
no significant difference between the two groups
in the variables of age (P=0.40), height (P=0.06),
weight (P=0.38), and BMI (P=0.93).

Additionally, the results of the intra- and inter-
group comparisons of UCS variables and trunk
extensor muscle strength are reported in Table 2.
Intra-group results (paired t-test) outlined in
Table 2 demonstrate significant improvements
in the forward head (P=0.001), forward shoulder
(P=0.001), kyphosis (P=0.001), and trunk extensor
muscle strength (P=0.001) from pre-test to post-
test in the corrective exercises group. Conversely,
no significant changes were detected in the control
group for the mentioned variables (P=0.13, P=0.36,
P=0.37, P=0.16). Inter-group analysis (independent
t-test) showed no significant baseline differences
between the groups in forward head (P=0.56),
kyphosis (P=0.83), forward shoulder (P=0.09), or
trunk extensor muscle strength (P=0.49). However,
significant improvements were observed in the
forward head (P=0.026, Cohen’s d=0.99), kyphosis
(P=0.001, Cohen’s d=1.65), and trunk extensor
muscle strength (P=0.001, Cohen’s d=2.00)
between the two groups after intervention. Despite
a significant improvement in the forward shoulder
angle within the corrective exercises group, this
change was not significant between the two groups
(P=0.068, Cohen’s d=0.80) (Table 2).

4, Discussion

UCS, resulting from muscle imbalance in the upper
quadrant, manifests as altered movement patterns,
muscle activation, and deformities, including

forward head, forward shoulder, and kyphosis (28).

Int. J. School. Health. 2026; 13(2)
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Table 2: Intra- and intergroup comparisons of trunk extensor muscle strength and UCS factors

Variable Group Pre-test Post-test Mean P value Cohen’s
Mean+SD Mean+SD Difference (Intra-Group) d
FH (deg) Corrective Exercise 43.58+7.83 47.66+6.19 -4.08 0.001 1.36
Control 41.90+5.48 42.27+4.38 -0.36 0.655 0.13
P value Inter-group 0.56 0.026"  —eeeeem e e
Cohen’s d 0.24 099 e e s
Kyphosis (deg)  Corrective Exercise 46.57+5.00 38.44+6.05 8.12 0.001 1.89
Control 46.17+3.89 47.25+4.51 -1.08 0.242 0.37
P value Inter-group 0.83 0.001"  eeeeeem s
Cohen’s d 0.08 1.65 e e
FSH(deg) Corrective Exercise 45.66+6.16 51.75+5.04 -6.08 0.001 1.31
Control 49.09+2.02 48.18+3.65 0.90 0.250 0.36
P value Inter-group 0.09 0.068  —eeeem e
Cohen’s d 0.73 080 e e s
TEMS Corrective Exercise 8.42+2.01 12.77+2.27 -4.34 0.001 1.86
(weight %) Control 7.81+2.24 7.93+2.54 -0.12 0.587 0.16
P value Inter-group 0.49 0.001"  eeeeeeee e
Cohen’s d 0.28 200 e e e

*Intra-group comparison, P value<0.05; **Inter-group comparison, P value<0.05; UCS: Upper Cross Syndrome; FH: Forward Head; FSH:
Forward Shoulder; TEMS: Trunk Extensor Muscles Strength; Deg: Degree

Kendall’s perspective on postural disorder
improvement recommends stretching shortened
muscles and strengthening weakened ones (29).
The corrective exercises in this study aimed to
address these deformities through targeted muscle
stretching and strengthening over 10 weeks,
showing significant improvement with a large effect
size in the forward head angle, kyphosis angle, and
percentage of trunk extensor muscle strength in
male adolescents with UCS.

Previous research on the use of corrective
exercises for adolescent posture correction
has shown positive effects, which confirm our
findings (16, 30). A review study emphasized that
the most effective results in improving postural
abnormalities occur with interventions targeting
both neural and muscular components over a
minimum of 6 weeks, three times weekly, for 15 to
60 minutes per session (14). Our study aligned with
these recommendations, as it investigated the effect
of corrective exercises for 10 weeks, conducted three
times weekly, resulting in a significant correction
of UCS deformity in male adolescents.

In this regard, it has been reported that
corrective exercises that include stretching
and strengthening, along with comprehensive
programs that involve all target muscles, are
perhaps effective in correcting UCS (31). Firouzjah
and colleagues investigated corrective exercise
programs incorporating muscle release, stretching,
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and strengthening, with and without Swiss ball
exercises, in athletes aged 16-18 years with UCS,
and reported reductions in spinal abnormalities
and improved performance (32). Consistent with
these findings, the inclusion of Swiss ball exercises
in the present study led to improvements in UCS.
Furthermore, Shadi and co-workers showed that
combined stretching and strengthening exercises
are effective in correcting UCS in adolescents,
supporting the present results (16). An analysis of a
review study showed that upper crossed syndrome
correction is most effective in programs including
strength and stretching exercises (33). Additionally,
Hajihosseini and colleagues reported that
combined exercises have a more favorable effect
on correcting forward head posture and kyphosis
than either strengthening or stretching exercises
alone (24). Our training protocol combined
strengthening and stretching exercises, but
unlike previous study on upper crossed syndrome
(31), it included TheraBand exercises to target
weakened muscles an approach rarely explored in
adolescents. Although few studies have addressed
this, their results were consistent with our findings
(24, 34). Using TheraBand promotes three key
adaptations in muscles. These include enhanced
neuromuscular activation, improved elastic energy
storage and release, and strength gains through
rapid force production (35). Increased strength was
also observed in our study.

The effect of exercises in our study in correcting
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forward head posture was particularly noteworthy.
Forward head posture is associated with the
shortening of the neck extensor muscles and
weakness of the neck flexor muscles (36). Exercises
in this study, including the chin tuck exercise,
demonstrated significant improvement in forward
head angle, potentially due to the increased length
of shortened upper neck muscles and enhanced
strength in the front neck muscles, restoring
balance (37). The deep neck flexors are very
important for the position of the cervical spine.
The primary action of these muscles is to nod the
chin. A defect in muscle recruitment can create
an imbalance between the neck’s anterior and
posterior stabilizers. A forward head posture will
be created as a result. Thus, maintaining correct
cervical alignment (chin tuck) during exercise is
key to reducing the stress on the cervical spine and
improving forward head posture (38). Additionally,
altered head posture is associated with changes in
scapular muscle activity along the kinetic chain (32).
Thus, our results showed that corrective exercises
on the complex of the shoulder may have positively
influenced the scapular muscles, contributing to
the reduction in forward head angle.

Moreover, exercises in the present study reduced
the kyphosis angle in male adolescents with UCS.
This finding was in line with findings from other
studies that have investigated kyphosis correction
and upper crossed syndrome (16, 25). Thoracic
hyperkyphosis probably causes the stretching and
weakness of the erector spinae muscles and, as a
result, reduces the sense of position and the strength
of the back extensors and limits trunk extension
(39). It has been shown that spinal balance in the
sagittal plane is related to trunk muscle strength
(2). Individuals with a higher degree of kyphosis
have been shown to have lower peak strength in
the trunk extensor muscles (40). In addition to
improving the kyphosis angle, our study found
a significant increase in trunk extensor strength.
This effect was observed in adolescents with UCS
who performed corrective exercises. Therefore,
our study highlighted the potential role of muscle
strengthening in increasing the strength of the
erector spinae muscles, contributing to improved
hyperkyphosis.

Strengthening exercises targeting the back and
trunk extensors appear particularly effective. They
address postural deformity while enhancing trunk
extensor strength. Additionally, the improvement
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in forward shoulder angle was not significant
between the two groups, which may be attributed
to the resistance of this deformity to the effect
of training. However, significant intra-group
improvement was observed in the corrective
exercise group after 10 weeks of training in forward
shoulder angle. Further investigation is warranted
to explore the specific effects of exercises on
forward shoulder correction.

4.1. Limitations

Although the study participants were advised
not to participate in regular activities outside of the
study program, it was not possible to fully control
the participants’ daily activities. In addition, the
exercises in the present study were conducted
exclusively on adolescent boys with upper crossed
syndrome and did not include girls.

5. Conclusions

In this study, a 10-week exercise program
demonstrated significant improvements in posture
correction and trunk extensor strength parameters,
contributing to the existing body of knowledge
on the positive effect of targeted interventions
in UCS postural correction. Our results showed
that the corrective exercise protocol of this study
can be used as an effective method to improve
malalignments related to adolescent male UCS.
Furthermore, this exercise intervention can serve as
a method to prevent UCS. Therefore, the use of the
present exercise protocol is suggested for teachers,
coaches, and sports medicine specialists in order
to prevent and correct UCS in male adolescents.
It is recommended to investigate girls with upper
crossed syndrome using a design similar to the
present research for the future studies.
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