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Abstract: Introduction: In youth soccer, for examining injury prevention and exercise performance,
most of the interventional studies concerning corrective postural asymmetries have applied gen-
eral intervention programs, ignoring the specific individual corrective needs of each youth player
separately. The aim, therefore, of the present study was to examine the effect of 8 weeks of an
individualized corrective exercise intervention program on musculoskeletal asymmetries in young
soccer players. Materials and Methods: Eighty young male soccer players (age: 14.4 ± 1.2 years;
body height: 166.3 ± 9.6 cm; body mass: 59.1 ± 11.5 kg) participated in the current laboratory-based
study. A battery of postural and musculoskeletal asymmetry evaluations were initially performed.
After the completion of the initial assessment, each player was provided with an individual muscu-
loskeletal asymmetry corrective exercise intervention program which lasted for 8-weeks, with the
aim of restoring muscular asymmetries. Following the application of the intervention program, a
re-evaluation of their musculoskeletal asymmetries was performed. Results: There was a significant
improvement in the primary angle of trunk rotation (r = −0.56, p < 0.001), hamstring flexibility (right:
r = −0.55, p < 0.001; left: r = −0.48, p < 0.001), hip external rotation (right: r = −0.46, p < 0.001; left:
r = −0.26, p = 0.020), hip internal rotation (right: r = −0.26, p = 0.021; left: r = −0.35, p = 0.002), the
opened-eyes Stork Test (right: r =−0.33, p = 0.003: left: r =−0.33, p = 0.003), the closed-eyes Stork Test
(right: r = −0.39, p < 0.001; left: r = −0.43, p < 0.001), the Thomas test [right: (χ2(3) = 52.281, p = 0.001,
γ̂ = −0.751; left: (χ2(3) = 45.832, p = 0.001, γ̂ = −0.696)] and of ankle prone passive dorsiflexion
(flexed knees) (χ2(2) = 13.019, p = 0.005, V = 0.285). Conclusions: An 8-week individual corrective
intervention exercise program may improve postural and musculoskeletal asymmetry status in young
male soccer players.

Keywords: postural asymmetries evaluation; youth soccer; corrective exercise program

1. Introduction

Several studies have previously observed that body posture asymmetry may cause
muscle imbalance, musculoskeletal injuries, motor control impairment [1–6] and a reduction
in exercise performance in young soccer players [7]. Postural asymmetry-induced injuries
might be due to early specialization and/or to premature participation in sports [8–11]. Both
early specialization and premature participation in sports may cause postural malalign-
ment in young athletes since the development of their musculoskeletal system is not yet
fully developed, predisposing young athletes to injury development [9–12]. It was also
observed that the magnitude of asymmetry-induced injuries progressively increases in
young soccer players over time, being higher in older adolescent players than in younger
counterparts [13].

An additional factor that has been observed to be associated with asymmetrical adapta-
tions in bone and muscle circumferences, as well as in lower limb flexibility and in muscular
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strength, is the presence of laterality in sports [2,14]. It was observed, for example, that the
increased usage of the dominant leg in soccer may progressively negatively influence pos-
tural asymmetrical adaptations [15,16] and the asymmetry between the two legs due to the
single-leg landing impact [17]. However, postural asymmetry-induced muscle imbalance,
muscular injuries and motor control impairments [1–6], leading to a reduction in exercise
performance [7], are potentially modifiable factors [16]. Zuk et al. (2019) pointed out that
corrective exercises can be regularly applied for stabilizing the lumbar-pelvis complex,
particularly in an attempt to protect spinal overload, during daily soccer training in young
female soccer players [16]. However, apart from the study conducted by Zuk et al. (2019),
according to the authors’ knowledge, no other previous relevant study has applied any cor-
rective individualized exercise intervention program in an attempt to correct the identified
postural asymmetries of young female or male soccer players.

The only attempt that has been applied to potentially alleviate postural asymmetries
as much as possible, and subsequently reduce injury incidences in young soccer players,
is the FIFA 11 plus, which was proposed by the International Federation of Association
Football (FIFA) in 2005. The FIFA 11 Plus is an injury prevention program aiming to
provide a complete warm-up during training in an attempt to prevent injuries in amateur
soccer players of 14 years of age and older [18]. Indeed, studies have shown that the 8-week
implementation of the FIFA 11+ program was effective in reducing the injury rate [19–21] and
in improving lower limb strength and body balance [22]. However, the FIFA 11+ Program
effectively targets amateur players in general, since all players perform the same exercises,
particularly during the warm-up. Nevertheless, each player has different corrective-exercise
needs due to different body asymmetry cases and to the dissimilar levels and degrees of
postural asymmetries. Consequently, the design of a specific individualized program for
each soccer player is required for targeting the personal needs of each young athlete.

Although several studies have examined the relationship between body posture
and injury development in young soccer players, no interventional studies incorporating
individualized corrective-exercise programs (CEP) which target the correction of body
asymmetries in young soccer players were located. Since postural asymmetries predispose
young elite soccer players to injuries [2] and to a reduction in power performance and
hamstring flexibility [7], specific corrective exercises that may be applied in an attempt
to alleviate postural asymmetry incidences, and, therefore, to improve the overall muscu-
loskeletal clinical and kinesiological health statuses of young athletes should be discovered.
The current study, therefore, aimed to examine the effect of 8 weeks of individual CEP on
postural and musculoskeletal asymmetries in young soccer players. It was hypothesized
that the specific individual CEP, applied for 8 weeks to each player initially diagnosed
with postural asymmetry, would induce significant reduction in the degree of postural
asymmetry and subsequently may contribute to enhancing the overall musculoskeletal and
kinesiological health statuses of young soccer players.

2. Materials and Methods
2.1. Participants

The participants (n = 80) of this clinical laboratory-based study were young male soccer
players (age: 14.4 ± 1.2 years; body height: 166.3 ± 9.6 cm; body mass: 59.1 ± 11.5 kg),
enrolled in professional soccer academies for at least 3 years and solely practicing soccer.
Injured or sick players were excluded from the study. All parents were informed in writing
regarding the purpose and the significance, as well as the experimental methods and
procedures, of the study. Parental and participants’ written informed consent was obtained
prior to the initiation of any evaluation. All participants completed a medical history
questionnaire. None of them were on any medication and/or had a history of any disease
or evidence of musculoskeletal injury before or during the study period. The study was
conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the National Bioethics Committee (EEBK/EP/2017/39). The coaches and parents were
allowed to be present during all laboratory testing procedures.
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2.2. Experimental Design

All anthropometric, postural and musculoskeletal asymmetry evaluations were per-
formed in the laboratory during afternoon hours (3 pm–6 pm). The participants arrived in
the lab in groups of four players. The baseline data were collected after the completion of
the competitive season 2016–2017 and prior to the beginning of the preparation training for
the next season 2017–2018. According to the individual evaluation results, participants with
any postural asymmetries and/or musculoskeletal dysfunctions received a booklet with
the necessary and specific CEP. Each booklet consisted of the appropriated CEP, where each
CEP was designed to correct a postural or musculoskeletal asymmetry. The order of the
CEP implementation was chosen due to the restoration nature of the exercise program and
the musculoskeletal asymmetry corrective goal of each exercise program. Between the two
corrective training sessions, a gap at least 72 h was applied. The implementation period
of the intervention CEP lasted for 8 weeks. Thereafter, the participants were re-evaluated
following the completion of the interventional program. Table 1 presents the timeline of
the study.

Table 1. Intervention timeline.

Period Baseline 1st Week 4th Week 8th Week 9th Week

Soccer Season End of season
2016–2017

Beginning
of Pre-season

2017–2018

End of
Pre-season
2017–2018

In season
2017–2018

In season
2017–2018

Assessments and
Intervention Initial assessment Intervention period

(CEPs) Reassessment

CEPs = Corrective exercise programs.

2.3. Anthropometric Characteristics Evaluation

Standing and sitting height as well as body mass were all measured with a stadiometer
and calibrated scale (Tanita Digital Scale, BC-545n, Southampton, UK) without shoes to the
nearest 0.1 cm and 0.1 kg, respectively.

2.4. Postural and Muscular Asymmetry Evaluation

Thoracic kyphosis and lumbar lordosis were evaluated using an inclinometer (AcuAngle®

Inclinometer, Baseline Evaluation Instruments, White Plains, NY, USA) [23]. The angle of
trunk rotation (ATR) was evaluated with a scoliometer (Mizuho Osi®, Mizuho OSI Inc.,
Tokyo, Japan) [24]. Furthermore, the pelvic tilt [25], the hamstring tightness (90–90 test), the
hip abductor and hip adductor length, and the hip rotation (internal and external) [26] were
evaluated with a goniometer (Baseline Evaluation Instruments, HiRes®12-100HR). The
leg length discrepancy was measured with meter and the Stork test with a stopwatch [25].
The ankle prone passive dorsiflexion with extended and flexed knees were assessed and
scored [26]. A Thomas test was implemented and scored as described by Magee (2014) [25].
The two functional movement screening tests, a deep squat and a hurdle test, were applied
and scored as previously described [27].

2.5. Categorization

The participants were divided into two groups, normal and asymmetry groups, based
on the cut-off values of each measured musculoskeletal variable [23,25,28] as indicated
below. Based on kyphotic posture: asymmetry1 (lower value—35◦), normal (36◦–40◦), and
asymmetry2 (41◦—through highest value) [23]; based on lordotic posture: asymmetry1
(lower value—25◦), normal (26◦–29◦), and asymmetry2 (30◦—through highest value) [23];
based on ATR: normal (0–4◦) and asymmetry (5◦—through highest value) [28]; based
on pelvic tilt: normal (lower value—20◦, used) and asymmetry (21◦—through highest
value) [25]; based on hamstring tightness (knee extension with flexed hip): normal (lower
value—20◦) and asymmetry (21◦—through highest value) [29]; based on hip abduction (hip
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adductors length): normal and asymmetry [29]; based on hip external rotation: normal and
asymmetry [29]; and based on hip internal rotation: normal and asymmetry [29]. Based on
the cut-off values, the CEPs were designed to target the postural asymmetries.

2.6. Implementation of Intervention and CEPs

Each CEP was coded with a number and assigned for a condition. Seventeen different
programs were designed for thoracic kyphosis (1), lumbar lordosis (2), right thoracic
scoliosis (3), left thoracic scoliosis (4), right lumbar scoliosis (5), left lumbar scoliosis (6),
anterior pelvic tilt (7), posterior pelvic tilt (8), hamstring stretching (9), hip adductor
muscle length—stretching (10), iliopsoas stretching (11), rectus femoris stretching (12),
tensor fasciae latae stretching (13), hip external rotator stretching (14), hip internal rotator
stretching (15), soleus stretching (16) and gastrocnemius stretching (17) (see Supplementary
Materials). In addition, for convenience, the program code was referred to the participants
by the researchers during the programs’ demonstration. Each participant was also coded,
and instead of their names, their code was used in each program. Each CEP targeted one
condition, assigned a frequency of twice per week, with an illustration of each exercise
and the assigned sets and repetitions. In stretching exercises, holding time was assigned
in seconds (see below). Prior to the demonstration, the researcher verbally explained the
general instructions, all of which also could be found printed behind each program. In
scoliosis programs some exercises should be performed unilaterally. Therefore, the letter R
was used for right and the L for left side.

For maximizing muscle flexibility, the static stretching technique was used in the
stretching CEPs [30]. The stretching programs were performed at the end of the regular
daily training session for improving joint flexibility and range of motion (ROM) [30]. The
duration of a static stretch should be less than 60 s to avoid it negatively influencing perfor-
mance [31]. The static stretching protocol was designed based on Hadjicharalambous (2016)
and Takeuchi and Nakamura (2020) [32,33]. The start-of-hold duration was 5 s for the
first two weeks and progressively increased with 10 s during the third to fifth week and
an additional 10 s during the sixth to eighth week. Each player alongside his CEPs also
received written relevant general instructions. All the programs were designed to target the
muscles influenced by each asymmetry, either with stretching or strengthening exercises
or both [25]. The illustrations used for each program were derived from the Exercise Pro
Version 5.0 developed by BioEx Systems, Inc.©, Smithville, TX, USA [34].

2.7. Statistical Analysis

All data are expressed as the mean ± standard deviation (SD) following a test for
normality of distribution (Kolmogorov–Smirnov). For data that violated the assumptions of
parametric analysis (i.e., equality of variance and normality of distribution) non-parametric
examination was carried out, and these data were expressed as the median (interquar-
tile range: IQR). For comparing the differences in the measured variables before and
after the intervention, the non-parametric Wilcoxon test and parametric paired-samples
t-test were performed. The effect sizes (ESs) for the Wilcoxon test were estimated accord-
ing to Rosenthal’s (1991) equation (r = Z/

√
N) [35]. The ESs for the paired t-test were

estimated according to Rosenthal (1991) and Rosnow and Rosenthal’s (2005) equation
(r =
√

(t2/(t2 + df)) [35]. Nominal and ordinal data were analyzed by the Chi-square test
(χ2). The ESs were estimated and reported with the Cramer’s V value for nominal and the
Gamma value for ordinal data. The ESs were interpreted according to Cohen’s criteria. A
value of r = 0.1 was considered a small effect size, 0.3 represented a medium effect size,
and 0.5 represented a large effect size [36]. A value of Cramer’s V = 0.1 was considered
a small effect size, 0.3 represented a medium effect size and 0.5 represented a large effect
size [36]. The Gamma value (γ̂) is used to test whether there is an association between
ordinal variables [37]. The Gamma value ranges from −1.00 to 1.00, where a Gamma
value of 0.00 represents no association; a Gamma value of 1.00 represents a perfect positive



Appl. Sci. 2023, 13, 6445 5 of 13

relationship between variables; and a Gamma value of −1.00 represents a perfect negative
relationship between the ordinal variables [37].

3. Results
Anthropometric Characteristics

The anthropometric characteristics of the participants, before and after the application
of the intervention programs, are presented in Table 2.

Table 2. Anthropometric characteristics.

Variable
Before Intervention After Intervention

Participants (n = 80, Median, [IQR])

Age (years) 14.36 [1.24] 14.36 [1.24]

Body standing height (cm) 166.30 [9.57] 168.16 [9.14]

Right leg length (cm) 92.21 [5.76] 92.26 [5.76]

Left leg length (cm) 92.34 [5.73] 92.46 [5.79]

Variable
Before Intervention After Intervention

Participants (n = 80, Mean ± SD)

Body sitting height (cm) 83.34 ± 6.13 84.19 ± 5.85

Body mass (kg) 59.13 ± 11.54 62 ± 11.12

The descriptive data of postural and muscular asymmetries before and after the
intervention programs are presented in Table 3.

There was a statistically significance difference in sitting height ((pre = 83.3 cm,
post = 84.2 cm), t(79) = −8.09, p < 0.001) and in body mass ((pre = 59.1 kg, post = 62.0 kg),
t(79) =−8.78, p < 0.001) (Table 3), both being higher by the end of the intervention programs.

Thomas test score results demonstrated a statistically significant improvement, χ2(3) = 52.281,
p = 0.001, γ̂ = −0.751, for the right side, and, χ2(3) = 45.832, p = 0.001, γ̂ = −0.696, for the
left side (Figure 1) following the implementation of the intervention program.
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Table 3. Descriptive data and Wilcoxon Test.

Postural and Muscular
Asymmetries

Before Intervention
Median [IQR]

After Intervention
Median [IQR] Z Score p ES

Standing height (cm) 166.30 [9.57] 168.16 [9.14] −7.153 0.001 −0.80

Thoracic kyphosis (◦) 43.25 [8.87] 42.68 [6.73] −0.808 0.419 −0.09

Lumbar lordosis (◦) 31.39 [7.17] 29.76 [7.16] −1.927 0.054 −0.22

Spinal rotation (A) (◦) 2.33 [2.29] 1.25 [1.87] −4.987 0.001 −0.56

Spinal rotation (B) (◦) 0.19 [0.73] 0.05 [0.35] −1.444 0.149 −0.16

Pelvic tilt (◦) 19.84 [3.71] 19.88 [2.97] 0.000 1 0

Right hamstring (90-90 test) (◦) 30.69 [12.60] 23.75 [11.62] −4.957 0.001 −0.55

Left hamstring (90-90 test) (◦) 33.44 [12.94] 27.19 [13.36] −4.306 0.001 −0.48

Right hip abduction (◦) 45.75 [6.76] 45.88 [5.67] −0.151 0.880 −0.02

Left hip abduction (◦) 46.41 [5.34] 47.06 [5.44] −0.923 0.356 −0.10

Right hip external rotation (◦) 29.13 [4.27] 32.31 [4.35] −4.137 0.001 −0.46

Right hip internal rotation (◦) 25.94 [5.16] 28.00 [6.68] −2.304 0.021 −0.26

Left hip external rotation (◦) 25.63 [6.43] 27.50 [5.63] −2.325 0.020 −0.26

Left hip internal rotation (◦) 28.13 [4.99] 30.44 [4.22] −3.168 0.002 −0.35

Right leg length (cm) 92.21 [5.76] 92.26 [5.76] −0.905 0.366 −0.10

Left leg length (cm) 92.34 [5.73] 92.46 [5.79] −2.460 0.014 −0.28

Stork Test—opened eyes right leg (s) 26.72 [6.95] 28.33 [5.79] −2.940 0.003 −0.33

Stork Test—opened eyes left leg (s) 26.46 [6.99] 28.24 [5.65] −2.986 0.003 −0.33

Stork Test—closed eyes right leg (s) 10.69 [8.74] 14.28 [10.31] −3.515 0.001 −0.39

Stork Test—closed eyes left leg (s) 9.69 [9.19] 13.24 [10.30] −3.833 0.001 −0.43

ES: Effect Size estimate.

The ankle prone passive dorsiflexion with flexed knees demonstrated a statistically
significant improvement, χ2(2) = 13.019, p = 0.005, V = 0.285, following the implementation
of the intervention programs (Figure 2). However, there was no statistically significant
improvement in the ankle prone passive dorsiflexion with extended knee, although the
number of the participants/players who turned to normal cases increased from 57 to
67 following the implementation of the intervention programs, χ2(3) = 5.789, p = 0.122,
V = 0.190 (Figure 2).

The Deep Squat variable did not demonstrate a statistically significant improvement
(χ2(2) = 5.381, p = 0.068, γ̂ = 0.420) following the application of the intervention programs,
despite the fact that the number of participants who reached normal cases increased from
57 to 69 after the intervention (Figure 3).

Following the implementation of the intervention programs, the Hurdle Test results
demonstrated no statistically significant improvement, for the right side, χ2(2) = 0.432,
p = 0.806, γ̂ = −0.092, or for the left side, χ2(2) = 1.927, p = 0.382, γ̂ = 0.113 (Figure 4).



Appl. Sci. 2023, 13, 6445 7 of 13Appl. Sci. 2023, 13, x FOR PEER REVIEW 7 of 13 
 

 
Figure 2. Ankle passive dorsiflexion: pre- and post-intervention results, V = effect size. 

The Deep Squat variable did not demonstrate a statistically significant improvement 
(χ2(2) = 5.381, p = 0.068, 𝛾 = 0.420) following the application of the intervention programs, 
despite the fact that the number of participants who reached normal cases increased from 
57 to 69 after the intervention (Figure 3). 

 
Figure 3. Deep squat: pre- and post-intervention results, 𝛾 = effect size. 

Following the implementation of the intervention programs, the Hurdle Test results 
demonstrated no statistically significant improvement, for the right side, χ2(2) = 0.432, p = 
0.806, 𝛾 = −0.092, or for the left side, χ2(2) = 1.927, p = 0.382, 𝛾 = 0.113 (Figure 4). 

66

0 0
14

57

6 6 11

57

3 2
18

67

4 2 7

0

20

40

60

80

Normal Right Left BilateralNu
m

be
r o

f P
ar

tic
ip

an
ts

Asymmetry

Ankle Passive Dorsiflexion (n=80)
Flexed Knees: p = 0.005, V = 0.285 Extended Knees: p = 0.122, V = 

0.190

Flexed knee  Before Intervention Flexed knee  After Intervention

Extended knee Before Intervention Extended knee After Intervention

16
4

57

9
2

69

0

20

40

60

80

1 2 3 (Normal)

Pa
rt

ici
pa

nt
s

Score

Deep Squat (n=80)
p = 0.068, 𝛾 ̂ = 0.420

Before Intervention After Intervention

Figure 2. Ankle passive dorsiflexion: pre- and post-intervention results, V = effect size.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 7 of 13 
 

 
Figure 2. Ankle passive dorsiflexion: pre- and post-intervention results, V = effect size. 

The Deep Squat variable did not demonstrate a statistically significant improvement 
(χ2(2) = 5.381, p = 0.068, 𝛾 = 0.420) following the application of the intervention programs, 
despite the fact that the number of participants who reached normal cases increased from 
57 to 69 after the intervention (Figure 3). 

 
Figure 3. Deep squat: pre- and post-intervention results, 𝛾 = effect size. 

Following the implementation of the intervention programs, the Hurdle Test results 
demonstrated no statistically significant improvement, for the right side, χ2(2) = 0.432, p = 
0.806, 𝛾 = −0.092, or for the left side, χ2(2) = 1.927, p = 0.382, 𝛾 = 0.113 (Figure 4). 

66

0 0
14

57

6 6 11

57

3 2
18

67

4 2 7

0

20

40

60

80

Normal Right Left BilateralNu
m

be
r o

f P
ar

tic
ip

an
ts

Asymmetry

Ankle Passive Dorsiflexion (n=80)
Flexed Knees: p = 0.005, V = 0.285 Extended Knees: p = 0.122, V = 

0.190

Flexed knee  Before Intervention Flexed knee  After Intervention

Extended knee Before Intervention Extended knee After Intervention

16
4

57

9
2

69

0

20

40

60

80

1 2 3 (Normal)

Pa
rt

ici
pa

nt
s

Score

Deep Squat (n=80)
p = 0.068, 𝛾 ̂ = 0.420

Before Intervention After Intervention

Figure 3. Deep squat: pre- and post-intervention results, γ̂ = effect size.



Appl. Sci. 2023, 13, 6445 8 of 13Appl. Sci. 2023, 13, x FOR PEER REVIEW 8 of 13 
 

 
Figure 4. Hurdle Test: pre- and post-intervention results, 𝛾 = effect size. 

4. Discussion 
The aim of the current clinical laboratory-based study was to examine the effect of 8 

weeks of individualized CEP on postural and musculoskeletal asymmetries in young soc-
cer players. According to the authors’ knowledge, this is the first study that has examined 
the effect of individual specific intervention programs in an attempt to improve the overall 
musculoskeletal health of young soccer players by individually correcting their postural 
asymmetries. The main findings of the current study were the significant corrections in 
several of the tested asymmetries (such as the ATR (A), the 90-90 test for hamstring flexi-
bility, the external and internal hip rotation, the Stork Test, the Thomas test, and the ankle 
prone passive dorsiflexion) following the application of the intervention programs. These 
results suggest that 8 weeks of an individual CEP program may improve postural and 
musculoskeletal asymmetry statuses in young male soccer players. Considering that pos-
tural asymmetries may induce injury development [1–6] and a reduction in exercise per-
formance in young soccer players [7], they should be regularly screened for postural and 
musculoskeletal asymmetries for an early diagnosis and a primary correction purpose. 

In the current study, the ATR (A) results demonstrated a statistically significant im-
provement with a large effect size, following the application of the intervention programs. 
In mild scoliosis, the main goal of exercise intervention applications is to decrease the 
progression of the scoliosis curvature [38], while the same intervention has been used as 
the only treatment for severe adolescent idiopathic scoliosis as well [39]. In our study, 
most of the participants observed were in the functional scoliosis range, and individual-
ized CEP interventions were able to improve their functional scoliosis curvature. Our re-
sults support a previous study suggesting that scoliotic posture and/or non-structural sco-
liosis are impermanent and reversible [40]. There was also improvement in the co-existing 
spine asymmetries, such as thoracic kyphosis or lumbar lordosis, results that are in agree-
ment with a previous report [41], although in this previous study the frequency was eve-
ryday treatment under direct supervision, for 30 to 60 min, and lasted for three months in 
junior soccer players. However, only 8 weeks of CEP intervention may induce similar re-
sults in young soccer players. 

Interestingly, no significant improvement was found in the results of thoracic kypho-
sis or lumbar lordosis following the intervention program, which is not in agreement with 
the study of Mahrová et al. (2014). In our study, the suggested frequency of the interven-
tion program was twice a week and lasted for 8 weeks. However, in the study of Mahrová 
et al. (2014), the intervention period lasted for six months and the hold during stretching 
and rest periods between sets was not more than 5 s. Thus, the total time of the stretching 
sessions in both groups was 10–15 min, resulting in 40–65 min per week [3]. Similar to our 

9 10 14
8

19 22 22 25

52 48 44 47

0
10
20
30
40
50
60

Before Intervention After Intervention Before Intervention After Intervention

Right Side Left Side

Pa
rt

ici
pa

nt
s

Score

Hurdle Test (n=80)
Right: p = 0.806, 𝛾 ̂  = −0.092, Left: p = 0.382, 𝛾 ̂  = 0.113   

1 2 3 (Normal)

Figure 4. Hurdle Test: pre- and post-intervention results, γ̂ = effect size.

4. Discussion

The aim of the current clinical laboratory-based study was to examine the effect of
8 weeks of individualized CEP on postural and musculoskeletal asymmetries in young
soccer players. According to the authors’ knowledge, this is the first study that has exam-
ined the effect of individual specific intervention programs in an attempt to improve the
overall musculoskeletal health of young soccer players by individually correcting their
postural asymmetries. The main findings of the current study were the significant correc-
tions in several of the tested asymmetries (such as the ATR (A), the 90-90 test for hamstring
flexibility, the external and internal hip rotation, the Stork Test, the Thomas test, and the
ankle prone passive dorsiflexion) following the application of the intervention programs.
These results suggest that 8 weeks of an individual CEP program may improve postural
and musculoskeletal asymmetry statuses in young male soccer players. Considering that
postural asymmetries may induce injury development [1–6] and a reduction in exercise
performance in young soccer players [7], they should be regularly screened for postural
and musculoskeletal asymmetries for an early diagnosis and a primary correction purpose.

In the current study, the ATR (A) results demonstrated a statistically significant im-
provement with a large effect size, following the application of the intervention programs.
In mild scoliosis, the main goal of exercise intervention applications is to decrease the
progression of the scoliosis curvature [38], while the same intervention has been used as
the only treatment for severe adolescent idiopathic scoliosis as well [39]. In our study, most
of the participants observed were in the functional scoliosis range, and individualized
CEP interventions were able to improve their functional scoliosis curvature. Our results
support a previous study suggesting that scoliotic posture and/or non-structural scoliosis
are impermanent and reversible [40]. There was also improvement in the co-existing spine
asymmetries, such as thoracic kyphosis or lumbar lordosis, results that are in agreement
with a previous report [41], although in this previous study the frequency was everyday
treatment under direct supervision, for 30 to 60 min, and lasted for three months in junior
soccer players. However, only 8 weeks of CEP intervention may induce similar results in
young soccer players.

Interestingly, no significant improvement was found in the results of thoracic kyphosis
or lumbar lordosis following the intervention program, which is not in agreement with the
study of Mahrová et al. (2014). In our study, the suggested frequency of the intervention
program was twice a week and lasted for 8 weeks. However, in the study of Mahrová
et al. (2014), the intervention period lasted for six months and the hold during stretching
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and rest periods between sets was not more than 5 s. Thus, the total time of the stretching
sessions in both groups was 10–15 min, resulting in 40–65 min per week [3]. Similar to our
study, holding during the stretching exercises started with 5 s, but progressively increased,
resulting in 7–12 min per stretching program and a total of 14–24 min per week per program,
a frequency much less than one used in the study of Mahrová et al. (2014). Likewise,
stretching exercises were used for lower body muscle tightness which decreased involved
joints’ ROM, and combined with strengthening exercises targeting the weak muscles,
resulted in an improved muscle balance and postural asymmetries [3]. Consequently, a
greater training frequency when combined with a longer-training intervention period, such
as the one used in a previous study (Mahrová et al. 2014), might possibly contribute to
further improving thoracic kyphosis and lumbar lordosis.

During the 8-week intervention program, there was a statistically significant increase
in standing and sitting height and in body mass results as well. According to the World
Health Organization growth charts, z-scores for boys aged 5 to 19 years old show that the
height and mass norms change every three months [10]. In our study, significant changes
occurred within 8 weeks. Height is the simplest parameter for growth and affects almost
all orthopedic conditions during a child’s growth [42]. An increase in body height was
found to increase trunk asymmetry [43]. Consequently, in the current study, the significant
increase in standing and sitting height observed within 8 weeks might have negatively
affected the programs’ effectiveness in correcting thoracic kyphosis and lumbar lordosis.
An alternative reason could be that the frequency of the intervention program application
and the 8-week duration of the training intervention was not adequate to contribute to
significantly improving thoracic kyphosis and lumbar lordosis. A combination of both
above mentioned reasons could have caused the lack of improvement in thoracic kyphosis
and lumbar lordosis following the intervention program.

Hamstring flexibility was significantly improved bilaterally, with a large effect size, fol-
lowing the application of CEP, a result which is supported by several previous studies [32,44].
The frequency of our proposed hamstring stretching program was twice a week, 2.5 to
12.5 min, for 8 weeks. It is essential to preserve flexibility in young athletes, through stretch-
ing programs from an early age [12]. It was found that the inclusion of stretching programs
on tight hamstrings in 6- to 11-year-old school children can improve their performances
in straight-leg-raise and sit-and-reach tests. In order for such a program to be effective,
it was suggested that stretching exercises should be included during both the warm-up
and cool-down periods [44]. It was also found that studies with two to four sessions per
week, 4 to 7 min per session, 20 s holding per stretching, and between 8 and 32 weeks
duration, may effectively improve hamstring flexibility [44]. Hill and Najera (2020) tested
the efficacy of the hamstring stretching program in 13–15-year-old students. They found
significant improvements in the intervention group who performed a 3 min stretching
program, holding each stretch for 20 s, twice a week for nine weeks [45]. Consequently,
the results of the current study are in line with these previous reports and further support
the significance and inclusion of stretching exercises in the individual CEPs of young
soccer players.

Both hip external and internal rotation ROM demonstrated statistically significant
improvements following the application of the current individual intervention exercise
programs. Similarly to our study, a previous study showed that stretching exercises used for
lower-body muscle tightness and decreased ROM, combined with strengthening exercises
targeting weak muscles, results in an improved muscle balance and postural asymmetries [3].
Mahrová et al. (2014) found that the combined program, which included joint mobilization
exercises, elicited improvement in the left hip flexion ROM. Improvements in the rectus
femoris, tensor fasciae latae, knee flexors, and triceps surae bilateral muscles shortening
were also found. Additionally, improvements in the left iliopsoas, right rectus femoris,
bilateral tensor fasciae latae, bilateral knee flexors, and right triceps surae were found [3].

In our study, the Thomas test score included testing iliopsoas, rectus femoris, and
tensor fasciae latae muscle tightness. Similar to the study of Mahrová et al. (2014), the
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results from our study showed that both sides demonstrated statistically significant bilateral
improvements in the Thomas test score, with a strong association of the Gamma value.
Regarding ankle dorsiflexion, Mahrová et al. (2014) found no modification in the ROM;
only ankle plantar flexion ROM was improved [3]. In our study, the ankle prone passive
dorsiflexion was passively assessed in positions with extended and flexed knees in order to
test gastrocnemius and soleus shortening, respectively. Soleus shortening was significantly
improved with a medium effect size. However, in the study of Mahrová et al. (2014), the
evaluation of joint mobility was performed with 2D video-graphic kinematic analysis [46],
which is a more accurate test that the one used in our study. Additionally, in the study
of Mahrová et al. (2014), the intervention program lasted longer (six months) compared
to our study. However, although these differences exist, 8 weeks of CEP may also induce
significant increases in soleus shortening in young soccer players.

The current study did not evaluate the effect of postural asymmetry corrective exercise
programs on exercise performance parameters, which would be the ideal research method-
ology scenario of the study. Considering, however, the absence of a control group, by using
this particular methodology, we wanted the participants of the current study to maintain as
much focus as possible toward performing their intervention programs properly and with
high motivation without being disturbed by fitness evaluations. Future studies, however,
using elite and preferably young soccer players, may examine the effect of individualized
exercise corrective programs not only on postural asymmetries but simultaneously also
on exercise performance parameters. A previous study from our laboratory, for example,
examined the effect of postural asymmetries on some exercise performance parameters,
and suggested that kyphotic and scoliotic postural asymmetries deteriorate neuromuscular
explosiveness performance and diminish lower limb flexibility in young international-
level soccer players [7]. Other recent studies suggested that the presence of inter-limb
asymmetries may negatively affect dynamic task performance and represent an injury
risk factor in male soccer players [47], and that the magnitude and direction of within-
limb strength imbalances were inconsistent when compared within the same assessment
under different-resistance load conditions in youth elite soccer players [48]. Using also
Y-Balance-Test scores, González-Fernández et al. (2022) [49] examined postural stability
and inter-limb asymmetry in the anterior, posteromedial and posterolateral directions in
youth and mature semi-professional soccer players with different competitive levels and
playing positions, revealing that inter-limb asymmetry showed higher values in lower age
categories, and center-backs were worse than wingers and forwards. Based on the results
of the current study, in combination with the results derived from the aforementioned
discussed studies, we could hypothesize that correcting postural asymmetries in lower
age categories with specific individualized exercise intervention programs, whilst also
taking into consideration the playing position of the children, will contribute significantly
in improving exercise performance parameters and eliminating injury risk factors in youth
soccer players.

From a methodological point of view, recent advances have suggested the importance
of using countermovement jumps as a tool for detecting bilateral asymmetries in hip and
knee strength in elite young soccer players [50]. However, others have not supported the
use of functional tests, such as the isometric hip torque, which, as they are resembling
sports, could be used for movement analysis and as injury-minimizing factors in soccer
players [51]. Consequently, using the methodological techniques for detecting postural
asymmetries employed in the current study may be considered an easy, reliable and safe
methodological approach for regularly evaluating postural and muscular asymmetries in
youth athletes.

4.1. Limitations and Strengths

A limitation of the current study was the absence of a control group. This, however,
was inevitable for ethical reasons, since it would be inappropriate to exclude a young
athlete from an individual CEP which could improve his soccer performance and health.
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In addition, direct supervision was not always feasible since the three soccer academies
which participated in the study were in three different cities. However, coaches were able
to monitor the training intervention and supervise the young soccer players during the
training period.

4.2. Practical Application

From the point of view of practical application and for a better translation of laboratory
knowledge to daily practice in youth soccer, the medical teams of soccer academies should
regularly perform clinical evaluations of postural asymmetry identification in young ath-
letes. This early diagnosis may contribute in reducing spinal asymmetry incidences in
young soccer players through specific individual corrective exercise intervention programs.
The primary purpose of these corrective programs is to progressively improve the phys-
iological adaptations of the spine through specific training intervention exercises in an
attempt to reduce and/or eliminate postural asymmetries during the developmental stages
of young soccer players, and, therefore, to support their musculoskeletal health and their
long-term training development.

5. Conclusions

An 8-week individual interventional corrective exercise program may improve postu-
ral asymmetries in young male soccer players between the ages of 12 and 17. The inclusion,
therefore, of both strengthening exercises targeting weak muscles and stretching exercises
targeting tight muscles have effectively improved several postural and musculoskeletal
asymmetries and, therefore, the overall musculoskeletal health statuses of young soccer
players. Young soccer players should be regularly screened for postural and musculoskele-
tal asymmetries for early correction purposes. Further research is required to test whether
a direct and firm supervised intervention and a more prolonged exposure to CEPs would
better-improve postural and musculoskeletal asymmetries in young soccer players.
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