
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
Journal of Men's Health 2024 vol.20(7), 104-112 ©2024 The Author(s). Published by MRE Press. www.jomh.org

Submitted: 07 March, 2024 Accepted: 02 April, 2024 Published: 30 July, 2024 DOI:10.22514/jomh.2024.114

OR I G INA L R E S E A R CH

Effects of foam rolling and static stretching training in
youth soccer players with hip joint range of motion
restriction
Gaofei Zhang1, Yonghwan Kim2,*, Moonyoung Choi3,*

1Physical Education College, Zhoukou
Normal University, 466000 Zhoukou,
Henan, China
2Department of Physical Education,
Gangneung-Wonju National University,
25457 Gangneung, Republic of Korea
3Department of Sports Science
Convergence, Dongguk University,
04620 Seoul, Republic of Korea

*Correspondence
yhkim@gwnu.ac.kr
(Yonghwan Kim);
dory0301@dongguk.edu
(Moonyoung Choi)

Abstract
Hip range of motion (ROM) restriction is commonly observed in youth soccer players.
This study aimed to investigate the effects of foam rolling training (FRT) and static
stretching training (SST) on youth soccer players who have restricted hip ROM. The
study included 34 youth soccer players with hip ROM restrictions, who were divided
into two groups: FRT (n = 17, 15.9 ± 1.3 years) and SST (n = 17, 15.9 ± 1.7
years). Both groups were diagnosed with hip ROM restriction and enrolled in the
study, then performed foam rolling and static stretching programs three times a week
for six weeks. The Copenhagen Hip and Groin Outcome Score (HAGOS), and hip
ROM, Lower Quarter Y-Balance Test (YBT-LQ), and isokinetic hip strength test were
measured before and after intervention. The results showed that both FRT and SST
were effective in improving hip function, as measured by HAGOS, and in increasing hip
ROM, particularly flexion, abduction and internal rotation (p < 0.05). External rotation
was significantly increased only in the SST group (p < 0.05). Both FRT and SST also
improved YBT-LQ (p < 0.05). However, the SST group showed higher reach distances
than the FRT group in all directions after training (p < 0.05). Both groups improved
isokinetic hip strength in flexion and abductionmovements, but when compared between
groups, the FRT group showed greater improvement in peak torque (p < 0.05). In
conclusion, FRT was more effective in reducing symptoms and pain and improving
muscle strength, while SST improved hip mobility and dynamic balance more broadly.
These results suggest that including both foam rolling and static stretching in a training
program to optimize hip ROM and function in youth soccer players may be effective.
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1. Introduction

Soccer is a sport that requires quick direction changes, sprints,
and powerful lower-body movements. The hip joint plays a
vital role in performing these core soccer techniques. It is a
crucial link in the kinetic chain, transferring force from the
lower extremities to the upper body and vice versa. In soccer,
this dynamic transfer of force is essential for activities such as
kicking the ball powerfully or changing direction quickly [1].
Performing soccer skills requires multidirectional move-

ment, which demands a wide range of motion (ROM) of the
hip joint [2]. Movements such as cutting, pivoting, and quick
lateral movements rely heavily on the hip joint’s ability to
move fluidly [3]. However, these activities involve repeti-
tive, strong use of certain muscle groups, especially the hip
extensors and internal rotators. This can create an imbalance
with their antagonist muscles, resulting in restricted hip ROM
for flexion and external rotation [4] (Fig. 1). Restricted hip

ROM can directly affect a player’s performance by altering the
kinetics of the lower extremities. It can limit the power and
accuracy of kicking and decrease the overall effectiveness of
agility and speed in maneuvers [5]. This is particularly true for
youth soccer players during a rapid growth period. They often
report decreased natural tightness and flexibility around the hip
joints because their bones grow faster than the flexibility of
their muscles and tendons [6].

However, the increased risk of injury associated with a
restricted hip ROM is more concerning than the immediate
impact on performance [7]. Athletes with limited hip mobil-
ity are reported to be vulnerable to various musculoskeletal
injuries. Tak et al. [8] confirmed through a systematic re-
view that reduced total hip ROM was the most consistently
associated risk factor for groin pain in athletes. Hogg et al.
[9] compared soccer players with non-contact anterior cruciate
ligament injuries to a control group and reported that decreased
hip ROM, especially internal rotation, was strongly associated
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FIGURE 1. Restricted hip range of motion example.

with anterior cruciate ligament injuries.
Additionally, restricted hip ROM during adolescence can

cause musculoskeletal imbalance and lead to inappropriate
mechanical movement patterns, which can affect an athlete’s
performance decline [10, 11]. These injuries require active
management because unresolved problems can present a po-
tential risk factor. Moreover, systematic and organized man-
agement can prevent the development of serious conditions
such as osteoarthritis or chronic pain syndrome in the future
and can greatly contribute to the athlete’s career and quality
of life [8]. Foam rolling training (FRT) and static stretching
training (SST) are two promising non-invasive intervention
strategies known for improving flexibility and joint mobility
[12, 13]. SST is a traditional technique that is well-known
to reduce muscle stiffness by improving the elasticity and
extensibility of soft tissues [14]. Furthermore, several studies
have shown that foam rolling, a self-release technique, is an
effective strategy for relieving tension in muscles and fibrous
tissues [15, 16].
However, there is a lack of research specifically targeting

effective interventions to improve hip ROM in youth soccer
players, and these interventions are limited when applied to
them. A comparison of effective interventions to improve hip
ROM has not yet been investigated. In this study, we used FRT
and SST interventions on youth soccer players with limited hip
mobility and compared changes in subjective hip score, hip
ROM, dynamic balance, and isokinetic hip strength.

2. Materials and methods

2.1 Participants
Forty-four high school male soccer players were included in a
study after being diagnosed with hip ROM restriction through
clinical evaluation by an orthopedic surgeon. However, ten
of the volunteers were excluded because they did not consent
after hearing the explanation, had recently worsened pain, or
had other health problems. The remaining 34 male high school
soccer players were included in the intervention training group.
Exclusion criteria for the study were general surgery on neu-
rological or musculoskeletal structures, other hip pathologies,
chronic musculoskeletal treatment, and severe acute lower

extremity or head injury prior to recruitment. The selected
players were divided into two groups, with 17 assigned to FRT
for even numbers and 17 assigned to SST for odd numbers.
Before and after the intervention, the players completed ques-
tionnaires and functional tests and were trained three times
a week for six weeks. The patient (or their parent or legal
guardian in the case of children under 16) gave their written
consent for examination and publication for the purpose of the
study.

2.2 Subjective hip function
TheCopenhagenHip andGroinOutcome Score (HAGOS)was
used as a self-assessment method in the study. The reliability
and validity of HAGOS are well supported, evidenced by high
test-retest reliability with intraclass correlation coefficients
ranging from 0.82 to 0.91, and statistically significant correla-
tion coefficients for convergent construct validity (0.37–0.73)
and responsiveness (0.56–0.69) [17]. It involved entering
subjective hip joint status through a questionnaire [18], which
had a total of 37 questions and consisted of six sub-scales:
pain (10 items), symptoms (7 items), physical function in daily
living (5 items), physical function in sport and recreation (8
items), participation in physical activities (2 items), hip and/or
groin related quality of life (5 items). Each questionwas scored
on a 5-point Likert scale from 0 to 4. Each sub-scale was
converted to a score out of 100, and the overall score was the
average score of the six sub-scales. A score of 100 indicated
a healthy state and a lower score indicated a poorer subjective
state.

2.3 Hip range of motion
The hip ROM of athletes was measured using a universal go-
niometer (Baseline® Model 12-1000, Fabrication Enterprises
Inc., White Plains, NY, USA) [19], with extension performed
in the prone position and flexion performed in the supine
position. The stationary arm was positioned at the lateral
midline of the pelvis, and the movement arm was positioned
at the lateral midline of the femur when using the goniometer.
The reference point was set at the greater trochanter. Ad-
duction and abduction were measured in the supine position,
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with the goniometer centered on the anterior superior iliac
spine (ASIS). Internal and external rotation were measured
while sitting, with the knee flexed 90◦. The anterior aspect
of the patella was used as a reference point, with the stationary
arm perpendicular to the floor and the movement arm at the
tibia’s anterior midline. All measurements were taken as
the athlete’s maximum active ROM, and angle measurements
were repeated twice, with higher values recorded. If the error
exceeded 3◦, a re-measurement was conducted.

2.4 Dynamic balance
YBT-LQ is a test that evaluates dynamic balance, including
flexibility, strength, stability and proprioception of the lower
extremities. YBT equipment (Y Balance Test™, Cedar Park,
TX, USA) was used for the test [20]. An experienced examiner
(physical therapist with more than 5 years of clinical experi-
ence) demonstrated the correct testing posture and movement
sequence and then provided participants with an opportunity
to practice. Participants then took a single leg stance with one
foot on the stance plate in the center of the YBT equipment
for testing. To take measurements, stretch the other leg as
far as possible while maintaining balance, and push the reach
indicator out in the anterior (ANT), posteromedial (PM), and
posterolateral (PL) directions with the tip of the toe. When
the extending leg touched the ground or the standing leg’s
heel came off the stance plate, the measurement was retaken.
Participants performed a series of movements in a total of three
directions twice, and the higher record was analyzed.

2.5 Isokinetic hip strength
To measure the players’ isokinetic hip strength, an isokinetic
dynamometer (Humac Norm, CSMi, Stoughton, MA, USA)
was used to evaluate the flexion, extension, adduction and
abduction strengths of the hip joint [2, 21]. Participants lay on
an examination chair, and the rotation axis of the dynamometer
was precisely aligned with the anatomical axis of the hip
joint. The axis of rotation for flexion and extension was set
based on the greater trochanter of the femur in the supine
position, and the axis of rotation for adduction and abduction
was adjusted based on the ASIS in the side-lying position. To
reduce compensatory movements during the test, straps were
used to secure the pelvis and torso, and the dynamometer’s hip
attachment was placed on the distal thigh above the knee.
The evaluation involved concentric contraction at an angular

velocity of 30◦/s. Before the test, an experienced examiner
explained the procedures and methods thoroughly, and partic-
ipants were given several opportunities for prior practice. The
hip joint’s ROM for testing was set to 0 to 100◦ for flexion and
extension and 0 to 45◦ for adduction and abduction in a neutral
position. Participants took the main test four times, following
two practice sessions. To reduce the impact of the lower
extremity segment’s weight on the results, the lever arm was
moved close to the horizontal position, and gravity correction
was applied. The peak torque value, measured in newton
meters (Nm), was converted to peak torque per kilogram (kg)
of body weight and normalized to the relative muscle strength
value (unit: Nm/kg).

2.6 Training program
2.6.1 Static stretching training
The SST program involved active static stretching and was
conducted for six weeks. Participants in the SST group under-
went a training program for 40 minutes per session, three times
a week. The program session consisted of a 10-minute warm-
up, 20 minutes of active static stretching, and a 10-minute of
cool-down. To increase whole body temperature and promote
blood circulation, participants performed warm-up and cool-
down activities by running on a treadmill for 10 minutes each
at an intensity equivalent to 40–60% of their maximum heart
rate (HRmax), as calculated by standard formulas (HRmax
= 220 − age) [22]. The heart rate of participants on the
treadmill was monitored in real-time using an electronic heart
rate monitoring device (Polar H10, Polar Electro, Bethpage,
NY, USA). The target muscle groups for improving hip ROM
were set to be the same muscles as the FRT group. Par-
ticipants were advised to perform active static stretching for
each target muscle group in a controlled manner, avoiding
bouncing movements. According to the most recent guidelines
updated by the American College of SportsMedicine (ACSM),
maintaining static stretches for 10 to 30 s is effective for most
individuals in improving flexibility, with a recommended total
of 90 s per joint [22]. Following these guidelines, the partici-
pants repeated a cycle of 30 s of static stretching and 30 s of rest
for each targetedmuscle group, doing this cycle three times. To
effectively stretch the target muscle, participants were advised
to perform stretching at an intensity corresponding to a visual
analog scale (VAS) score of 7 to 8 for pain at the end range of
ROM [15]. The active static stretching posture for each target
muscle group is illustrated in Fig. 2.

2.6.2 Foam rolling training
The FRT program used a foam roller (Hyperice, Vyper 2.0,
Irvine, CA, USA) made of ethylene vinyl acetate with a di-
ameter of 15 cm and a length of 90 cm. Participants in the
FRT group trained three times a week for six weeks, with each
session lasting a total of 40 minutes. The program consisted of
a warm-up, foam rolling, and a cool-down. The warm-up and
cool-down activities involved treadmill running, employing
the same method as used by the SST group. During the foam
rolling portion of the program, participants foam rolled for
20 minutes, spending 3 minutes on each target muscle group
on the symptomatic limb. The target muscle groups were
the Hip Flexors, Gluteal muscles, Adductors, Tensor Fasciae
Latae (TFL), Rectus femoris, and Hamstrings [23]. Each target
muscle group was foam rolled for a cycle of 60 s, followed by
30 s of rest, repeated twice. Participants were trained on the
visual analogue scale (VAS) ranging from 0 to 10 and advised
to perform foam rolling at an intensity corresponding to a pain
level of 7 to 8 on the VAS for effective stimulation (Fig. 3)
[15].

2.7 Data analysis
The data were analyzed parametrically after testing for normal-
ity using the Shapiro-Wilk test. The sample size of participants
was calculated using G*power software (version 3.1.9.4, Uni-
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FIGURE 2. Static stretching training. (A) Hip Flexors; (B) Gluteal muscles; (C) Adductors; (D) Tensor fasciae latae; (E)
Rectus femoris; (F) Hamstrings.

FIGURE 3. Foam rolling training. (A) Hip Flexors; (B) Gluteal muscles; (C) Adductors; (D) Tensor fasciae latae; (E) Rectus
femoris; (F) Hamstrings.

versity of Düsseldorf, Düsseldorf, North Rhine-Westphalia,
Germany) with F-test and repeated measurers, with-between
interaction (Effect size (medium) f = 0.25, α err prob = 0.05,
and power = 0.80) as the calculation conditions. The outcome
was a critical F of 4.14, a denominator df 32.0, and a total sam-
ple size of 34. To compare demographic characteristics and
baseline kinematic and kinematic variables between groups,
independent sample t-tests were conducted. A paired t-test
was used to compare before and after intervention by training
group, and a repeated two-way analysis of variance (ANOVA)
was performed to test the interaction between groups and time.
Statistical significance (p) was determined by setting the 0.05
level. The data were analyzed using SPSS (version 25.0; IBM
Corp, Armonk, NY, USA).

3. Results

3.1 General characteristics of participants
The participants were divided into groups, and their general
characteristics are presented in Table 1. The groups did not
differ significantly in terms of age, height, weight, body mass
index, player experience, position, restricted ROM side and
dominant side.

3.2 Subjective hip function
Table 2 provides a comparison of the HAGOS scores between
the groups, which were measured to evaluate subjective hip
function. The scores related to symptoms, pain, activities of
daily living, sport and recreation, physical activity, and quality
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TABLE 1. General characteristics of participants.

Variables
SST

(n = 17)
FRT

(n = 17) t or χ2 p-value
Age (yr) 15.9 ± 1.3 15.9 ± 1.7 0.180 0.858
Height (cm) 173.4 ± 3.9 173.5 ± 6.9 −0.024 0.981
Weight (kg) 69.3 ± 8.7 70.0 ± 9.8 −0.264 0.793
Player career (yr) 8.9 ± 1.5 9.5 ± 2.1 −1.330 0.193
Restricted ROM side, Left/Right (n) 8/9 10/7 0.472 0.492
Dominant side, Left/Right (n) 5/12 6/11 0.134 0.714
Position, DF/MF/FW (n) 5/10/2 6/8/3 0.513 0.774
Data are expressed as mean ± standard deviation or number; SST, static stretching training; FRT, foam rolling training; ROM,
range of motion; DF, defender; MF, midfielder; FW, forward.

of life were significantly increased after training compared to
before training, for both the FRT and SST groups. When com-
paring the two groups, the FRT group showed a significantly
greater improvement in the sub-scales related to symptoms
and pain, and the interaction effect of time and group was
significant.

3.3 Hip range of motion
Table 3 displays the training effect on hip ROM. After training,
both the FRT and SST groups showed a significant increase
in hip flexion, abduction, and internal rotation ROM, while
external rotation significantly increased only in the SST group.
However, there were no significant changes in extension and
adduction for both groups. In a comparison between both
groups, the SST group showed significantly greater ROM in
all motions than the FRT group after training. Moreover, in-
teractions by time and group were found in flexion, abduction,
internal, and external rotation.

3.4 Dynamic balance
Table 4 shows the differences between groups in YBT-LQ,
which was measured to evaluate dynamic balance. After
training, both the FRT and SST groups showed a significant
improvement in the anterior, posteromedial, and posterolat-
eral reach distances of the involved limb compared to before
training. In comparison between both groups, the SST group
showed significantly higher reach distances in all directions
after training than the FRT group.

3.5 Isokinetic hip strength
Table 5 displays the between-group differences in isokinetic
hip strength. Both FRT and SST groups showed a significant
improvement in peak torque (Nm) in flexion and abduction af-
ter training, but there were no significant changes in extension
and adduction. In a comparison between both groups, the FRT
group showed a more significant improvement in flexion and
abduction than the SST group after training, and there was also
an interaction effect.

4. Discussion

The purpose of this study was to examine the impact of FRT
and SST on youth soccer players who have restricted hip mo-

bility. The study focused on how these training interventions
affect subjective hip function, ROM, dynamic balance and
strength of the players. By gaining insight into how FRT
and SST contribute to these aspects, the goal was to optimize
training protocols to reduce pain and symptoms and improve
performance in youth soccer players with restricted hip mobil-
ity. The findings reveal that both FRT and SST interventions,
conducted over six weeks, significantly improved overall vari-
ables of subjective hip function and dynamic balance, as well
as certain variables of ROM and isokinetic strength, in youth
soccer players with restricted hip ROM.

The study found that one of the main outcomes was im-
provement in ROM. In particular, ROM is a crucial aspect
of the study because it is the decisive basis for the diagnosis
of a restricted hip. In a previous study, AlTaweel et al. [2]
targeted professional soccer players and found a significant
difference in hip ROM between players based on their field
position. This means that the hip ROM is linked to physical
and technical factors specific to soccer players’ specific tactics
and responsibilities for each position. The differences in
hip ROM outcomes observed in the FRT and SST groups in
our study necessitate a specific interpretation based on bio-
mechanical and physiological mechanisms. This interpretation
investigates how each intervention modality influences hip
ROM via distinct but complementary pathways. Junker et
al. [24] previously studied the effects of foam roll myofascial
release versus contract-relax proprioceptive neuromuscular fa-
cilitation stretching in 40 healthy men. A 4-week randomized
controlled trial found that foam rolling and proprioceptive
neuromuscular facilitation (PNF) stretching had similar effects
on improving flexibility. During static stretching, mechanical
stress and the total time under tension contribute to mor-
phological adaptation [25]. In a previous study, Panidi et
al. [26] conducted a meta-analysis and found that only high
stretching volumes or intensities induce an increase in fascicle
length, whereas low stretching volumes and intensities do
not cause changes in muscle morphology. This suggests that
total mechanical stress mediated by volume load and intensity
is an important regulating factor for fascial length increase
during static stretching. In our study, participants in the
SST group performed static stretching at high volume and
intensity, and these interventions are likely to have had a more
comprehensive effect on overall hip ROM.

In this study, the FRT was performed primarily targeting
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TABLE 2. Subjective hip function score (unit: score).

Section
SST

(n = 17)
diff
(%)

FRT
(n = 17)

diff
(%) T × G

Baseline Post 6 wk Baseline Post 6 wk p-value
HAGOS total 78.1 ± 6.2 88.4 ± 7.1a 13.2 78.5 ± 7.7 91.6 ± 3.4a 16.8 0.069
Symptoms 78.1 ± 6.1 85.3 ± 5.2a 9.2 78.8 ± 8.5 92.1 ± 2.5a,b 16.9 0.022
Pain 72.4 ± 7.5 81.1 ± 9.2a 12.0 73.2 ± 5.5 88.2 ± 6.6a,b 20.5 0.019
ADL 81.7 ± 7.2 89.7 ± 5.8a 9.8 80.9 ± 4.6 89.3 ± 5.0a 10.4 0.254
Sport and recreation 75.4 ± 6.3 92.4 ± 2.3a 22.5 77.9 ± 6.9 92.7 ± 3.5a 19.0 0.120
Physical activity 80.2 ± 7.7 90.6 ± 3.6a 13.0 78.3 ± 5.5 94.4 ± 3.1a 20.6 0.335
Quality of life 81.0 ± 6.2 91.5 ± 2.9a 13.0 81.6 ± 6.9 93.3 ± 3.5a 14.3 0.451
Data are expressed as mean± standard deviation; a, Baseline vs. Post 6 wk; b, SST vs. FRT; SST, static stretching training; FRT,
foam rolling training; wk, week; diff, different; HAGOS, hip and groin outcome scale; ADL, activities of daily living; T× G, time
× group.

TABLE 3. Participant’s hip range of motion (unit: degree).

Motion
SST

(n = 17)
diff
(%)

FRT
(n = 17)

diff
(%) T × G

Baseline Post 6 wk Baseline Post 6 wk p-value
Flexion 95.4 ± 8.7 120.8 ± 5.0a 25.8 92.7 ± 9.0 105.5 ± 3.6a,b 13.3 <0.001
Extension 18.1 ± 5.1 19.8 ± 4.6 9.4 17.8 ± 4.7 19.6 ± 4.5 10.1 0.505
Adduction 15.3 ± 4.5 16.7 ± 5.6 9.2 16.1 ± 3.7 17.7 ± 5.2 9.9 0.476
Abduction 33.1 ± 7.1 50.9 ± 4.6a 53.8 36.7 ± 2.4 44.8 ± 4.5a,b 22.1 0.020
Internal R. 30.2 ± 4.2 43.7 ± 4.8a 44.7 29.9 ± 4.8 38.0 ± 5.9a,b 27.1 0.005
External R. 48.4 ± 7.2 60.0 ± 8.3a 24.0 47.5 ± 7.5 50.6 ± 4.1b 6.5 0.229
Data are expressed as mean± standard deviation; a, Baseline vs. Post 6 wk; b, SST vs. FRT; SST, static stretching training; FRT,
foam rolling training; wk, week; diff, different; Internal R, Internal rotation; External R, external rotation; T × G, time × group.

TABLE 4. Dynamic balance (unit: cm).

Direction
SST

(n = 17)
diff
(%)

FRT
(n = 17)

diff
(%) T × G

Baseline Post 6 wk Baseline Post 6 wk p-value

Anterior 62.8 ± 6.1 74.7 ± 7.0a 18.9 63.9 ± 7.2 69.2 ± 7.1a,b 8.3 <0.001

Posteromedial 71.3 ± 11.3 86.3 ± 9.9a 21.0 70.8 ± 7.7 79.6 ± 8.8a,b 12.4 0.005

Posterolateral 72.5 ± 15.2 84.4 ± 16.0a 16.4 71.0 ± 6.1 78.4 ± 9.3a,b 10.4 0.011

Data are expressed as mean± standard deviation; a, Baseline vs. Post 6 wk; b, SST vs. FRT; SST, static stretching training; FRT,
foam rolling training; wk, week; diff, different; T × G, time × group.

TABLE 5. Isokinetic strength (unit: Nm/kg).

Movement
SST

(n = 17)
diff
(%)

FRT
(n = 17)

diff
(%) T × G

Baseline Post 6 wk Baseline Post 6 wk p-value

Flexion 145.5 ± 36.8 160.5 ± 32.4a 10.3 140.4 ± 38.7 174.9 ± 36.8a,b 24.6 0.006

Extension 212.7 ± 50.6 220.7 ± 48.6 3.8 210.5 ± 47.8 219.2 ± 46.9 4.1 0.258

Adduction 105.5 ± 21.3 110.9 ± 32.5 5.1 102.5 ± 42.4 108.4 ± 35.5 5.8 0.361

Abduction 113.4 ± 20.1 133.4 ± 26.1a 17.6 118.6 ± 23.2 149.8 ± 39.9a,b 26.3 0.019

Data are expressed as mean± standard deviation; a, Baseline vs. Post 6 wk; b, SST vs. FRT; SST, static stretching training; FRT,
foam rolling training; wk, week; diff, different; T × G, time × group.
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the fascial layer and connective tissue surrounding the hip
muscles, which may reduce fascial tightness and improve the
tissue extensibility of muscles involved in joint movement
[27]. Meanwhile, SST was performed to target the muscu-
lotendinous unit directly, promote elongation, and increase
the length of muscle fibers over time. Unlike the immediate
effects of foam rolling, the benefit of static stretching is that it
accumulates over time, resulting in lasting changes in muscle
length and flexibility [28]. These adaptations can significantly
improve ROM across all hip movements, as observed in the
SST group. However, because static stretching was imple-
mented for a relatively short period in this study, the observed
increase in ROMmight primarily result from enhanced stretch
tolerance, attributed to the adaptation of nociceptive nerve ter-
minals, rather than structural changes in themuscle-tendon unit
[14]. During static stretching, the Hoffman reflex inhibition
occurs, reflecting a decrease in spinal cord excitability and
reflexive responses tomuscle stretching [29]. This reduction in
motor neuron excitability in the spinal cord leads to decreased
muscle tension, facilitating easier muscle stretching without
discomfort and potentially increasing stretch tolerance [30].
Such adaptations enhance the efficacy of static stretching in
improving flexibility and ROM.
The significant improvement in various HAGOS subscales

as a result of FRT and SST demonstrates the various ways
in which hip mobility restrictions can be improved. Foam
rolling applies pressure to the fascia, which is the connec-
tive tissue surrounding muscles. This breaks down fascial
adhesions and tender points, which can cause muscle tension
and pain. This can help to significantly reduce symptoms
of muscle imbalance or overuse-related discomfort or pain,
which are common among soccer players. Furthermore, the
mechanical pressure of foam rolling increases blood flow to
the target area, which promotes tissue oxygenation [31]. This
also promotes the elimination of metabolic waste and increases
the delivery of oxygen and nutrients to muscle and fascial
tissues. Improved tissue health via FRT may have contributed
to the decrease in pain and symptoms reported in the HAGOS
score. Meanwhile, active SST aims to improve flexibility
by putting tension on stretch muscles and connective tissues
[32]. SST’s gradual stretching of muscle fibers may help
relieve symptoms by reducing mechanical stress on muscles
and tendons while increasing ROM. As reflected in the sub-
scales of HAGOS, appropriate improvements could have been
made in daily activities, sports and recreation. Although
both FRT and SST were effective in improving subjective hip
function, the particular benefits of FRT on symptom- and pain-
related sub-scales may be linked to its multifaceted effects on
fascial release, blood circulation, and pain modulation.
Dynamic balance and hip mobility are closely related, and

there is a lot of evidence to support this connection [33].
This relationship is important for athletic performance and
injury prevention, especially in sports that require quick and
multidirectional movements such as soccer [8]. Teyhen et
al. [34] reported that having high levels of hip ROM allows
for wider strides, deeper squats, and wider reach, which all
contribute to better balance during dynamic activities. With-
out proper hip mobility, athletes may compensate with less
efficient movement strategies, which can compromise their

balance and stability. Our study found that both FRT and SST
groups showed improvement in reach distance in all directions
of the Y-Balance Test Lower Quarter after the intervention.
However, the SST group had significantly better results than
the FRT group. This is because SST involves the modulation
of muscle fiber lengthening, which may lead to improved
neuromuscular adaptations [28]. Precise control of muscle
activity allows for more accurate coordination during balance
tasks, which may have contributed to the superior results seen
in the SST group. Overall, hip flexibility is essential for
maintaining and coordinating balance during dynamic tasks
[33].
Although FRT may have a positive effect on dynamic bal-

ance through alleviating muscle stiffness and enhancing tissue
elasticity [35], it is likely that it does not significantly expand
dynamic balance to the same extent as SST. This is because
FRT primarily provides short-term improvements in muscle
function [13]. Therefore, FRT’s primary contribution to bal-
ance may be its immediate effects on muscle relaxation and
pain relief rather than long-term improvements in flexibility
or proprioception [36]. The differential effects of FRT and
SST on dynamic balance, particularly the more significant
improvement in the SST group, are most likely due to the
comprehensive effects on hip mobility, neuromuscular coor-
dination, and proprioceptive abilities [28].
The isokinetic hip strength test revealed a significant im-

provement in strength, specifically in flexion and abduction,
for both the FRT and SST groups. However, there were no
significant differences in strength between the two groups,
notably for extension and adduction. The notable improve-
ment in hip flexion and abduction strength is likely due to a
combination of increased flexibility, lessened pain, and the
characteristics of the intervention applied. It should be noted
that both the FRT and SST interventions were primarily de-
signed to improve flexibility and ROM, rather than the direct
strength of the muscles involved in hip movement. This result
aligns with the principle of specificity in training [37]. In
a recent study, Nakao et al. [38] investigated the chronic
effects of a static stretching program on hamstring strength.
The results showed that while passive stiffness decreased, peak
torque remained unchanged after a 4-week static stretching
intervention. This indicates that static stretching effectively
reduced stiffness in the hamstring musculotendinous unit with-
out adversely affecting maximal strength. Additionally, the
study noted a post-intervention shift in the angle of peak
torque during isokinetic strength testing to a greater knee
extension angle. This shift suggests that static stretching can
modify the torque-angle curve, highlighting its potential to
influence the mechanics of muscle contraction. In another
study, Lee et al. [39] investigated the effect of foam rolling
on isokinetic muscle strength. The study found that foam
rolling performed as part of a warm-up had an immediate effect
on lower extremity strength, reporting a 33–35% increase
in isokinetic knee strength. These results suggest that self-
myofascial release through foam rolling can contribute to the
improvement of muscular performance by stimulating both
physiological and mechanical properties within the muscle,
improving neuromuscular efficiency and relieving joint stress
as a result of improving ROM.
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Similarly, in our study, the participants’ hip flexion and ab-
duction strength increased after a 6-week static stretching and
foam rolling intervention. Neither of the training interventions
in this study was intended to increase strength. As a result,
overall strength gains, including extension and adduction, were
not observed in either group. However, the improvements in
hip flexion and abduction strength are likely due to increased
muscle recruitment efficiency resulting from improved ROM
of the hip joint [40]. The results of this study showed that the
most significant changes in hip ROMwere observed in flexion
and abduction movements, which may have contributed to
the reduction in mechanical resistance caused by the FRT and
SST interventions, allowing for more effective contraction in
flexion and abduction. Furthermore, the FRT group showed
greater strength improvement, which could be due to improved
pain and symptom management. Pain is a critical cause of
decreased muscle strength as it inhibits muscle activity. By
alleviating the pain that accompanies hip flexion and abduction
movements, this inhibitory effect may have been reduced,
resulting in greater strength improvement [41].
Although our study yielded meaningful results, it also has

several limitations. Firstly, the study only included male high
school soccer athletes, which may limit the generalizability
of the results to other athletes, sports and female athletes.
Secondly, there are still limitations to extensive research on
restricted hip ROM-related injuries, including causes, treat-
ments and rehabilitation. Therefore, this study cannot provide
a definitive answer. Thirdly, because the control group was not
established and comparative effectiveness was not established,
it cannot be confirmed that the intervention training in this
study is superior to other intervention programs. Fourthly, we
employed active static stretching techniques that participants
could perform independently, aiming for interventions that
could be seamlessly integrated into their training routines.
However, the inclusion of additional passive stabilization tech-
niques, such as pelvic stabilization provided by a therapist’s
hands or mechanical aids, might be necessary to ensure the
consistent effectiveness and safety of the static stretching.
Lastly, while this study conducted various measurements, the
most important aspect of restricted ROMwas the improvement
of ROM. Therefore, to determine whether these variables
are causal, it will be necessary to check whether there is a
relationship between hip score, strength and dynamic balance
depending on whether ROM is improved.

5. Conclusions

The study found that both FRT and SST interventions, which
lasted for six weeks, were effective in improving flexion, inter-
nal rotation, and abduction in ROM, as well as the subjective
hip function in youth soccer players with restricted hip ROM.
Additionally, dynamic balance, flexion and abduction strength
also improved. In particular, FRT was more effective in
reducing symptoms and pain and improving muscle strength,
while SST improved hip mobility and dynamic balance more
broadly. Therefore, this study recommends recognizing the
individual effects of FRT and SST and leveraging their com-
plementary benefits through a tailored approach based on the
individual needs of athletes.
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