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This cross-sectional study examined the influence of Peak Height Velocity
(PHV) on agility and sprint performance in young pencak silat athletes. 20
athletes (11 females, 9 males; aged 11-15 years) underwent anthropometric
assessments to estimate PHV using the Mirwald equation, with agility and
sprint performance evaluated through the Illinois Agility Test and 20-meter
sprint, respectively. Results revealed a significant negative correlation
between PHV and agility (r = -0.458, p = 0.042), indicating that improved
agility was associated with advancing maturation. At the same time, PHV
showed a strong positive association with sprint performance (r = 0.650, p =
0.002). Male athletes demonstrated superior agility compared to females (p =
0.012), though no significant gender difference emerged in sprint times (p =
0.064). The findings establish PHV as a critical determinant of physical
performance in adolescent pencak silat practitioners, with the maturation
stage significantly influencing sport-specific skill development. These results
emphasize the importance of incorporating biological maturation metrics,
rather than relying solely on chronological age when designing training
programs for youth martial artists. Coaches should consider athletes' PHV
status to optimize agility and speed development while mitigating injury risks
during growth spurts. The study provides empirical support for maturation-
adjusted training protocols in combat sports, though longitudinal research is
recommended to track performance trajectories across PHV phases and
further validate these finding
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INTRODUCTION

Sport is a physical activity carried out
systematically to maintain or improve the
health of the body and mind. Regular
exercise can help prevent disease and
increase body strength (Bull et al., 2020).
Physical activity offers advantages not just
for the body but also for mental well-being.
Studies indicate that working out can help
lower stress levels and boost feelings of
happiness (Mandolesi et al., 2018). Apart
from that, sports can also provide fun and
the opportunity to socialize with other
people (Eather et al., 2023). There are many
kinds of sports, and one category aims
specifically at achieving competitive success,

managed in a professional manner to
maximize performance in  particular
disciplines.

Based on the Law of the Republic of
Indonesia Number 3 of 2005 on the National
Sports System, achievement sports refer to
sports that systematically nurture and
advance athletes through planned, tiered,
and continuous development via
competitions, aiming for accomplishments
supported by sports science and technology
(Republic of Indonesia, 2005). Achievement
sports not only focus on achieving
competitive results but also involve the

holistic development of athletes, including

physical, technical, tactical, and
psychological aspects (Islami, 2021). In
performance sports, understanding the

physical development and growth of athletes
plays an important role in designing effective
training programs. One important aspect of
growth is the period of accelerated height
growth, known as peak height velocity
(PHV). This period occurs during
adolescence and is associated with
significant changes in body composition,
strength, speed, and other physical abilities
(Malinaetal., 2019).
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Engaging in physical exercise can
enhance an individual’s performance and
productivity. Pencak silat, as a form of
martial arts and an integral part of
Indonesia’s cultural heritage, also contributes
to boosting performance and productivity
(Ihsan et al., 2018). Pencak silat develops
various aspects, including sports, and martial
arts, as well as spiritual or mental aspects
(Lubis, 2004). In the sport of pencak silat,
understanding PHV is important because this
sport demands complex motor skills,
strength, endurance, and good coordination.
Pencak silat athletes who are in the PHV
phase experience significant physical and
physiological changes, which can affect their
ability to perform specific movements in
pencak silat. Therefore, the training program
Designed with PHV factors in mind can help
athletes optimize their potential and avoid
the risk of injury (Cumming et al., 2017).

Peak height velocity (PHV) serves as a
point for designing training
programs for children involved in sports
(Mauluddin & Hartono, 2019). Ina study on
Peak Height Velocity (PHV), it was found
that optimal physical activity and adequate
nutrition play an important role in achieving
peak height growth in children who are
active in sports. PHV is an important
indicator in understanding the biological
maturation process in children, which can
assist in developing training
programs that align with the developmental
needs of children (Annas, 2022). PHV used
as a maturity benchmark, the researchers
calculated "years from PHV" to assess each
participant's biological maturity status, rather

reference

coaches

than relying on chronological age alone,
Boys averaged -0.9 years from PHV (not yet
matured), Girls averaged +1.1 years from
PHV (already past PHV), indicating girls
were biologically around 2 years more
mature than boys (Nizam Shafie, 2014).
Determining how often and how long
training sessions should be conducted must
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also take into account the child’s growth and
developmental stages, including the phase of
rapid height increase known as peak height
velocity (PHV) (Philippaerts et al., 2006)
(Mercé et al., 2021) (Sumartiningsih et al.,
2021). The regularity and duration of
training are closely related to the
development of Peak Height Velocity (PHV)
in young athletes. A consistent training
program, with the right frequency and
duration, supports the achievement of PHV
and optimal physical growth in athletes
(Fanita & Sumartiningsih, 2023). The fitness
development associated with PHV showed
that male athletes experienced notable
improvements in strength (handgrip), power
(medicine ball throw, squat jump), and
endurance (push-ups, Yo-Yo test) once they
reached their PHV, and Female athletes
showed no improvement with age, likely
because they were already post-PHV and
possibly affected by adolescent factors like
increased fat mass or decreased physical
activity (Nizam Shafie, 2014).

While numerous studies have
explored Peak Height Velocity (PHV) and its
role in athlete development, there remains
limited knowledge regarding how PHV
influences training programs, particularly
within the context of Pencak Silat. A method
for predicting PHV age has been developed
by (Mirwarld et al., 2002), but its application
in designing training programs is still limited.
(Philippaerts et al., 2006) conducted a study
on the relationship between PHV and
physical performance in young soccer
players but did not examine how to apply
these findings in designing specific training
programs. (Lloyd & Oliver, 2012) developed
a long-term athletic development model that
takes PHV into account, but this study did
not specifically discuss how the model can be
applied in martial arts such as Pencak Silat.
However, another study by (Nizam Shafie,
2014).
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Explained that peak height velocity
(PHV) is a measure of biological maturity.
The researchers calculated "years from PHV"
to assess the biological maturity status of
each participant, rather than relying solely
on chronological age. On average, boys were
-0.9 years from PHV (immature), while girls
were +1.1 years from PHV (past PHV),
indicating that girls are approximately two
years more biologically mature than boys.
Fitness development was also associated
with PHV. The study found that male
athletes showed significant increases in
strength (handgrip), power (medicine ball
throw, squatjump), and endurance (push-up,
Yo-Yo test) after reaching PHV. In contrast,
female athletes did not show any increases
with age, likely because they had passed
PHV and may have been influenced by
adolescent factors such as increased fat mass
or decreased physical activity. These results
reinforce the idea of a ‘sensitive period’ near
the time of peak height velocity (PHV) that
can be leveraged to maximize physical
growth, aligning with the principles of the
Long-Term Athlete Development
framework. The period before or around
PHV is an ideal time to train strength,
power, and endurance, especially in boys.
Therefore, training programs should be
tailored to the athlete's maturity level, not
their chronological age. Meanwhile, (Lubis
& Wardoyo, 2014) studied aspects of
training in pencak silat but did not integrate
PHYV factors in designing training programs,
potentially reducing the effectiveness of
athlete development. However, research by
(Mohamed Shapie et al., 2018) showed that
peak velocity (PHV) has a significant impact
on  athletic  development.  Younger
participants (E13), who were approximately
two years away from achieving PHYV,
showed  marked  improvements
performance, including more successful kicks
and improved evasiveness. This suggests that
athletes in the pre-PHV stage are highly

in
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responsive to physical training, particularly
in areas such as coordination, strength, and
agility. In contrast, older participants (E16),
who had passed PHV, showed
improvements in overall fitness but did not
translate these improvements into improved
fighting performance. This suggests that
post-PHV athletes may benefit more from
training that emphasizes tactical awareness,
decision-making, and skill application, rather
than focusing solely on physical fitness. The
research  underscores  that  training
effectiveness depends on an athlete’s
biological maturity rather than solely on
chronological age, stresses  the
importance of coaches assessing an athlete’s
peak height velocity (PHV) status prior to
designing appropriate training programs.
This research underscores the importance of
considering biological maturity, not just
chronological age when designing training

and

programs. Coaches must understand where
each athlete is about PHV to create
developmentally appropriate and effective
training strategies. There is a study by
(Hindawan et al., 2020) regarding the
anthropometric characteristics and physical
fitness of Pencak Silat athletes enrolled in
Student Education and Training Centers
across Java, but no in-depth analysis has
been carried out on the influence of Peak
Height Velocity (PHV) on designing effective
training programs (Hachanaet al., 2013).
This gap indicates the need for
research that comprehensively analyzes the
relationship between PHV and the
effectiveness of training programs in pencak
silat. As noted in prior research, the majority
of studies on PHV have concentrated on
sports such as soccer, while martial arts
particularly pencak silat remain relatively
overlooked. This research seeks to examine
the influence of Peak Height Velocity (PHYV)
on regimens. A  deeper
understanding of this correlation can be used
to optimize the process of coaching pencak

training
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silat athletes by considering the phases of
biological growth and development. Unlike
previous studies (Philippaerts et al., 2006)
(Lloyd & Oliver, 2012), which did not apply
PHV findings to martial arts, this research
integrates biological factors such as PHV
into the design of training programs for
pencak silat. This can help coaches develop
the right training program by adjusting the
of strength, and
endurance training according to the age and
physical condition of the athlete. Thus, the
training program is not only effective in

portion technique,

improving performance but also safe for
athlete development. Previous research, such
as (Lubis & Wardoyo, 2014) and (Hindawan
et al., 2020) has primarily focused on
technical or anthropometric aspects but has
not considered the role of PHV in training
program development. The preliminary
assumption of this research is that PHV plays
an important role in determining the success
of training programs for athletes. The study
will examine the growth and performance
data of pencak silat athletes, with an
emphasis on the PHV period and its
relationship to various aspects of the training
program. This study is one of the few to
explicitly analyze the relationship between
PHV, agility, and speed in the context of
pencak silat, offering a novel approach to
understanding the physical development of
athletes in this sport. The findings of this
research are anticipated to offer fresh
perspectives on applying PHV to enhance
training programs and athlete development,
while also serving as a reference for tailoring
programs according to each athlete’s stage of
growth. Additionally, this research will
provide a practical framework for designing
training programs based on biological
maturity, rather than simply using
chronological age. It will also identify
physical performance differences between
male and female athletes during the PHV
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period and suggest gender- and maturity-
sensitive training adaptations.

METHODS
This research employed a cross-
sectional approach to examine how growth
and Peak Height Velocity (PHV) influence
the effectiveness of training programs among
pencak silat athletes. This method provides
an overview of the growth and performance
conditions of athletes (Wang & Cheng,
2020). The targets of this study were children
aged 11-15 years. Researchers used the
Mirwald gender-specific regression algorithm
to estimate the age at PHV and the
maturation status of athletes. The Mirwald
algorithm is a non-invasive approach that
uses measurements such as chronological
age, standing height, sitting height, body
weight, and leg length, which are then
processed and analyzed with Microsoft Excel
to calculate Maturity Offset and Peak Height
Velocity (PHV) (Mirwarld etal., 2002). The
independent variable in this research is PHV,
which is determined using measurements of
age, height, sitting height, body weight, and
leg length. PHV serves as the primary
indicator in this study to evaluate how the
period of rapid growth influences young
athletes. The dependent variable is physical
performance, which is measured through
agility and speed (Malinaetal., 2021).
1) The sample criteria for this study are
as follows: Exclusion Criteria :
a. Athletes aged 11-15 years cannot
participate due to health issues
b. such asbeing unwell or having mental
health conditions
c. and hose who cannot comprehend or
follow the research procedures.
Inclusion Criteria :
a. Athletesaged 11-15 years whoare
in good physical and mental

health
b. and who are actively involved in
regular pencak silat training
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sessions at the Al-Ghozaliyah
training center.

This study used a purposive sampling
method to select respondents based on age
and activity criteria in training. This method
also facilitates comparisons between male
and female groups, as well as different
developmental stages (Towlsonetal., 2017).
The participants in this research were pencak
athletes the Al-Ghozaliyah
training center. Data collection was carried
out on September 12, 2024, with a total of 20
respondents and located at JI. Mukharom
No. 7, Kedungmundu, Kec. Tembalang,
Semarang City, Central Java. The study
participants included male and female
Pencak Silat athletes aged 11-15 years. Out
of the 20 athletes who took part, 9 were
male, with a mean age of 14 years (SD = 0.7)
and an age range of 13 to 15 vyears.
Meanwhile, 11 female athletes
included, with an average age of 12.5 years
(SD * 0.8) and ages ranging from 11 to 13
years. All participants were actively engaged

silat from

were

in Pencak Silat training sessions conducted
three times per week (Sharma, 2017).

This research employed a set of tests
designed to assess the physical fitness and
technical skills of pencak silat athletes. The
tools utilized in this study consisted of a
stopwatch for timing, cone and ladder drills
to enhance agility, target boxes for practicing
kicking, measuring tapes for taking physical
measurements, anthropometric instruments,
and software to process Peak Height Velocity
(PHYV) data for analyzing growth. During the
research process, Body Mass Index (BMI)
measurements were also taken, covering
body weight, standing height, sitting height,
leg length, and arm length. Additionally,
specialized software was employed to
calculate PHV wusing the collected
anthropometric information (Annas, 2022).

Sprint performance was assessed
through a 20-meter sprint test, in which the
athletes started from a stationary position
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and their time was taken as they crossed the
20-meter mark (Loturco et al., 2018). The
Illinois Agility Test was employed to
evaluate agility, which involved sprinting
and changing directions through a set course
marked by cones. Timing was recorded using
a stopwatch to ensure consistent and
accurate measurement (Hachana et al.,
2013).

After collecting the data, it was
examined through descriptive statistical

methods to outline the sample’s
characteristics. To assess the data
distribution, the Shapiro-Wilk test for

normality was applied. When the data met
the assumption of normality, the Pearson
correlation was employed to evaluate the
relationships between variables. Conversely,
if the data did not follow a normal
distribution, the Spearman correlation served
as an alternative analysis method (Schober et
al.,, 2018). All statistical analyses were
performed using SPSS version 27 software
with the significance level setatp < 0.05.

RESULTS AND DISCUSSION

Table 1 shows the differences in
anthropometric  characteristics  between
female and male martial arts athletes. This
study involved 20 pencak silat athletes,
consisting of 11 women and 9 men. The
average age of the male athletes is higher, at
14.00 = 0.71 years, ranging from 13 to 15
years old. In contrast, the female athletes
have an average age of 12.55 * (.82 years,
with ages spanning from 11 to 13 years old.
There is a mean age gap of 1.45 £ 1.08 years
between the two groups. This age disparity
may influence the athletes’ physical growth
and performance, as indicated by the
research of (Malina et al., 2019) which
shows that chronological age has a
significant effect on physical development
and motor skills in adolescent athletes.

Table 1. Description of Research
Data
Variable Female Male
N =11) N =9)
Mean * SD Mean * SD
Age (year) 12.55 £0.82 14.00 £ 0.71
Height (cm) 152.27 £6.97 161.11 £11.19
Body Weight (kg) 43.82 £8.91 44.14 £15.93
Sitting Height (cm) 66.18 * 6.66 72.22 £5.91
Limb Length (cm) 87.46 £ 6.28 88.89 £7.82
Body Mass Index 18.86 * 3.37 18.84 = 1.66
(kg/m2)
PHYV (Year, Month) 12.73 £0.40 15.36 £ 0.72
Frequency (Week) 3.0£0.0 3.0£00
Duration 150.0 £ 0.0 150.0 £ 0.0

(Minutes)/ exercise
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Male athletes have a higher average
height (161.11 * 11.19 cm) than female
athletes (152.27 = 6.97 cm). This difference
is in line with the research of (Lopes et al.,
2019), which states that in adolescence,
males tend to have a higher height than
females due to differences in the onset of
puberty and growth velocity. Meanwhile, the
body weight of both groups was relatively
the same, with an average body weight of
male athletes of 44.14 + 15.93 kg and female
athletes of 43.82 * 8.91 kg. This suggests
that despite the height difference, the body
composition between male and female
pencak silat athletes tends to be similar at
this age. Sitting height and leg length also
showed variation, with male athletes having
greater values. These differences could
potentially affect the biomechanics of
movement in pencak silat. As stated by
(Werneck etal., 2019), body proportions can
affect movement efficiency in martial arts
sports.

COMPARISON OF AGILITY AND
SPEED BETWEEN MALE AND
FEMALE ATHLETES

Table 2 presents a comparison of
agility and speed between male and female
pencak silat athletes. The results of the
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independent t-test indicate a significant
difference in agility (p = 0.012), with male
athletes performing better (19.04 + 1.82
seconds) than female athletes (21.14 £ 1.56
seconds).

Table 2. Independent T-test of
Agility and Speed
Variabl Female Male -
e N=11) ~N=9 value
Agility( 2114+ 1904 = 012
s) 1.56 1.82
Speed 400 %048 357 %049 064

(s)

This variation may be attributed to
factors like disparities in muscle strength,
coordination, and neuromotor development
between males and females during
adolescence. Research by (Adriyani et al.,
2020) shows that during adolescence, males
tend to have an advantage in motor skills
that require strength and speed, including
agility. Based on research by (Nizam Shafie,
2014) presented comparative data on the
physical characteristics and performance of
male and female pencak silat athletes aged
13 to 16 years. The data is divided into three
main categories: descriptive data, general
physical abilities, and sport-specific abilities.
In terms of physical performance, the study
by (Nizam Shafie, 2014) utilized different
tests compared to the present study, such as
the 20-kick test and the three-directional
jump test for sport-specific performance. In
contrast, the present study utilized different
methods to assess agility and speed,
specifically the Illinois Agility Test for agility
and the 20-meter sprint for speed. The
findings of this research reveal notable
distinctions between male and female
athletes regarding body dimensions, physical
power, and performance in pencak silat. In
terms of descriptive data, it can be seen that
the average height and sitting height of males
are higher than that of females. This
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significant difference is also seen in the
variable "Years from PHV" (Peak Height
Velocity), where males are still in the phase
before peak height growth, while females
have generally passed this phase. This due to
the biological fact that females experience an
earlier growth peak than males, thus
affecting their physical maturity. In the
general physical ability category, males
showed significant advantages in almost all
parameters, including handgrip strength,
medicine ball throwing distance, endurance
(measured by the Yo-yo test), number of
push-ups, and jump height. This finding
supports (Nizam Shafie, 2014) observation
that males excel in physical performance,
though it should be noted that different tests
were used for assessing these abilities. This
finding reflects the influence of hormones
and muscle development that are more
dominant in males during adolescence,
which have an impact on overall physical
performance. However, the Reactive
Strength Index (RSI) values between males
and females did not show significant
differences, indicating that the efficiency of
time use in generating reactive force may be
relatively balanced. Meanwhile, in sport-
specific abilities such as the 3-directional
jump and the 20-kick test, males again
showed  higher  performance, with
significantly faster times in the 20-kick test.
This can be attributed to higher muscle
strength, speed, and movement efficiency,
which are important advantages in pencak
silat as a sport based on strength, agility, and
endurance. Overall, these data indicate that
there are significant differences between
male and female pencak silat athletes in
various aspects of physical performance.
These results can be used as a basis for
developing more personalized training
programs that are sensitive to differences in
gender and the level of biological maturity of
athletes. With a better understanding of these
characteristics, coaches can improve the
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effectiveness of training and optimize the
potential of athletes in a more targeted
manner. Compared to the findings of
(Nizam Shafie, 2014) the present study also
observed superior performance in male
athletes in both agility and speed. However,
the difference in test instruments may
explain why this study found clearer
performance in PHV and
biological maturity. For the speed variable,
although male athletes performed better
(3.57 * 0.49 seconds) than female athletes
(4.00 = 0.48 seconds), this difference was not
statistically significant (p = 0.064). This
suggests that despite differences in agility,
short-distance running speed is relatively
comparable between male and female
athletes at this age.

variations

RELATIONSHIP BETWEEN
PEAK HEIGHT VELOCITY (PHV),
AGILITY, SPEED, AND AGE

Table 3. Correlation Test

correlation analysis showed a significant
negative relationship between Peak Height
Velocity (PHV) and agility (r = -0.458, p =
0.042). The negative correlation between
PHV and agility (r = -0.458, p = 0.042)
suggests that an increase in PHV, which is
the peak of height growth during puberty, is
associated with an increase in agility.
Athletes who are in the PHV phase or have
passed through it tend to have better agility
performance. Physical development during
puberty is closely related to improved motor
skills, including agility. Therefore, planning
an appropriate training program according to
this growth phase is very important for
coaches to maximize the physical potential
of athletes. This is supported by research
showing that maturity status affects
adaptation to training and that appropriate
training can improve the performance of
young athletes (Nebigh et al., 2022). This is
in line with research by (Moran et al., 2018)
who found that anthropometric changes
during the PHV phase can affect motor
abilities, including agility, due to changes in
body composition and muscle strength.

Interesting comparisons can be made with
the findings of (Mohamed Shapie et al.,
2018), who investigated how circuit training

Variab Variabl Pearso p- Low Upp
lel e2 n’sr value er er
95% 95%
CI CI
PHV Agility -0.458* 0.042 -
0.74 0.02
9 0
PHV Age 0.734** 0.001 0.43 0.88
* 2 8
Agility Speed 0.650** 0.002 0.84 30.8
9 96

affects the fighting performance of young
silat athletes. Their findings indicated that
the E13 group demonstrated an increase in
the frequency of kicks delivered during
matches  after  undergoing  training,

Notes * =p < 0.05, **=p < 0.01, ***p < 0.00]

Pearson correlation analysis (Table 3)
showed several significant relationships:

a. REILATIONSHIP BETWEEN PHV
ANDAGILITY
Peak Height Velocity (PHV) is the
fastest growth period in height during
puberty. Meanwhile, agility is defined as the
ability to change the direction of the body or
body parts quickly and efficiently. Pearson
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suggesting that enhanced physical fitness
carried over into actual competition.
Additionally, both the E13 and C13 groups
showed better skills against
opponents’ attacks, which likely resulted
from the technical guidance they received.
However, the frequency of actions during
competition generally decreased for the older
participants (E16 & C16), indicating that the
transfer of fitness gains to actual competition
limited. However, all participants
showed significant improvements in their

evasive

was
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fitness after the intervention phase.
Therefore, training plans should be modified
to better enhance agility during this stage.
Research by (Hammami et al., 2018) showed
that biological maturity, based on the peak
height velocity (PHV) phase, significantly
affected the agility of young athletes, with
significant differences between pre-and post-
PHV emphasizing the importance of
tailoring training programs according to each
individual's maturity level

b. RELATIONSHIP BETWEEN PHV
ANDAGE

The connection between Peak Height
Velocity (PHV) and age plays a crucial role
in sports science, especially in the context of
young athletes’ growth and development.
PHV acts as a key marker for assessing
physical growth and biological maturation,
as it reflects the period of maximum changes
in body measurements such as height and
body weight. This phase indicates a notable
acceleration in height
adolescence as they age (Albaladejo-Saura et
al., 2021). In this research, a significant
positive correlation was found between PHV
and age (r = 0.734, p < 0.001), indicating
that PHV tends to increase as age advances,
adolescents tend to experience a greater
acceleration in height growth. Although
there is a strong correlation between age and
PHYV, each individual has a different time of
onset of PHV. According to research by
(Cumming et al., 2017), the average age of
PHYV for boys is around 13-14 years, while
for girls it is around 11-12 years. The age of
PHYV in females is generally earlier than in

increase during

males due to a faster maturation process.
Understanding biological maturation is
critical in planning training programs for
young athletes. This is because children or
adolescents who experience PHV earlier or
later may require different approaches in
terms of intensity and type of training.
Coaches should recognize that athletes who
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are the same age chronologically can differ in
their biological development stages.
Therefore, training plans must be adjusted to
align with each athlete’s biological maturity
to better meet their physical requirements
and capabilities, optimize performance, and
reduce the likelihood of injuries. In addition
to age, genetic factors, nutrition, physical
activity, and environmental conditions also
affect the timing and intensity of PHV
(Hasyim & Saharullah, 2021).

c. RELATIONSHIP
AGILITY DAN SPEED
The connection between agility and
speed represents a key element of athletic
performance, particularly in sports that
demand rapid reactions, directional shifts,
and bursts of acceleration. From this

BETWEEN

analysis, a positive correlation was found
between agility and speed (r = 0.650, p =
0.002), indicating an association between
these two skills. This positive correlation
indicates that athletes with good agility
performance also tend to have good speed.
An effective training program should
consider developing these two aspects
simultaneously, especially during the PHV
phase. Specific training in agility and speed
should be part of an athlete's development
program, especially in sports that require
rapid acceleration and quick changes of
direction such as Pencak Silat. (Lloyd &
Oliver, 2012) suggest a Long-Term Athlete
Development (LTAD) approach that
considers the stages of athlete development
to optimize training effectiveness. This
relationship can be explained by the
physiological and biomechanical factors
underlying both skills, these include muscle
strength, power, flexibility,
neuromuscular coordination as revealed by
(Torres-Unda et al., 2013) in research
examining the connections among various
aspects of physical fitness in teenage athletes.

and
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Based on the results of this study, the
implications of PHV for designing effective
training programs for adolescent pencak silat
athletes are:

1. INDIVIDUALIZATION
TRAINING PROGRAMS

From the results of this study, Peak
Height Velocity (PHV) shows that athletes
can experience physical development at
different rates despite having the same
chronological age. Therefore, an
individualized approach is necessary in
designing a training program for each

OF

athlete. By considering PHV, coaches can
evaluate an athlete's rapid growth phase and
adjust training programs based on relevant
physical components, such as strength,
agility, and balance (Saputro & Siswantoyo,
2018). This research suggests that
individualized training programs can
maximize athlete development by adjusting
the intensity, volume, and focus of training
according to each athlete's physical
development phase. Meanwhile, training
programs that do not consider individual
differences can hinder athlete development
potentially cause (Kusuma &
Rindaningsih, 2024). Training programs that
consider biological maturation are more
effective in improving long-term
performance. Research suggests that training
tailored to PHV also has the potential to
reduce the risk of injury. Rapid growth often

and

increases the risk of injury, so it is important
to design training programs that suit the
specific needs of athletes during their growth
period  (Towlson et al., 2021).
Individualizing exercise programs according
to PHV can enable the achievement of
optimal performance, accelerate physical
development, and reduce the risk of injury in
athletes.

2. FOcCUs ON
DEVELOPMENT

AGILITY

101

Agility development is particularly
important during the Peak Height Velocity
(PHV) phase, as the increase in muscle mass
that occurs during this period of rapid
growth affects coordination and balance.
Thus, a planned and systematic agility
training program is needed to address these
biomechanical changes. Studies have shown
that speed-agility-quickness (SAQ)--based
training  approaches
increasing agility, improving acceleration,
and strengthening motor responses in young
athletes (Lee et al., 2024). In the context of
young athletes' development, understanding
and monitoring the PHV phase is essential
for designing effective training programs. An
approach that considers an individual's
biological maturation, not just chronological
age, may assist in determining the
appropriate time to focus on agility
development. This is in line with the concept

are effective in

of bio-banding, which categorizes young
athletes based on their level of biological
maturity to ensure suitability in training and
competition (Tsutsui et al., 2022). Thus, a
focus on agility development during the PHV
phase is essential to ensure proper adaptation
to physical changes, improve athlete
performance, and minimize the risk of
injury. Training programs designed with
neuromuscular and biomechanical changes
during this period in mind will help athletes
reach their maximum potential in physical
activity and sports.

3. INTEGRATION OF SPEED AND
AGILITY TRAINING
The integration of speed and agility
training is very important in improving
athlete performance, including in sports such
as Pencak Silat. Speed is the ability to
perform movements as quickly as possible,
while agility is the ability to change body
direction efficiently. These two aspects
complement each other to improve athletes'
skills. According to research by (Illah et al.,
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2024). Exercises that combine speed and
agility can improve athletes' ability to attack
and defend more effectively. In addition,
training methods such as the Zig-Zag Run
have proven effective in developing sickle
kick agility in pencak silat athletes. This
exercise 1s designed with a winding
movement pattern that aims to train athletes
to move quickly and agilely, to increase the
ability to attack optimally in matches
(Tofikin & Sinurat, 2020). The importance of
integrating speed and agility training is also
supported by other research which shows
that plyometric training can increase the leg
power of martial arts athletes, which
contributes to increasing speed and agility in
performing attack techniques (Hidayatullah,
2020). As such, training programs that
integrate speed and agility are essential for
improving athlete performance in sports such
as Pencak Silat. These exercises not only
improve physical abilities but also assist
athletes in mastering the techniques
necessary to achieve optimal performance.

4. CONSIDERING
DIFFERENCES
Gender differences are important to

consider in an athlete's training program,
especially regarding the Peak Height
Velocity (PHV) phase. PHV is a period of
rapid growth that occurs during puberty.
Typically, boys reach PHV around age 14,

GENDER

while girls reach it earlier, around age 12
(Mauluddin & Hartono, 2019). After PHV,
males tend to have greater muscle mass,
which supports higher anaerobic capacity,
such as activities that require high strength
and speed. In contrast, females tend to have
better flexibility and aerobic capacity that
support endurance (Philippaerts etal., 2006).
Research suggests that these characteristics
make the training program needs of men and
women different. Training for men may
focus more on strength and speed, while

women may focus on endurance and

102

flexibility to reduce the risk of injury. This
adjustment is important so that training is
more effective and by the athlete's physical
development stage (Annas, 2022).

5. MONITORING GROWTH AND
MATURATION
Regular monitoring of growth and
maturation is essential to tailor the training
program to the athlete's stage of
development, especially during adolescence.
Each athlete goes through different growth
phases, such as Peak Height Velocity (PHV),
which affects strength, coordination, and
injury risk. With a good monitoring system,
coaches can adjust training intensity and
focus on skills such as balance and stability
during times of rapid growth. Growth and
maturation are two major factors in the
development of young athletes. Growth
refers to changes in body size, such as height
and weight, while maturation relates to the
biological process toward adulthood that
affects bones, muscles, and hormones (Parry
et al., 2024). Both of these factors can have a
significant impact on athlete performance,
including strength, speed, and endurance,
and need to be monitored regularly
(Eisenmann et al., 2020). Especially in the
PHYV phase, the risk of injury increases due
to growth imbalances between bones,
muscles, and ligaments, which can lead to
injuries such as apophysitis and joint
disorders (Baker et al., 2024). Therefore,
methods such as measuring height, weight,
and limb length, as well as predicting adult
height can be used to tailor training
programs and reduce the risk of injury
(Eisenmann et al., 2020). In addition,
strategies such as bio-banding, which groups
athletes by maturation level, can help create
fairer competition for young athletes (Parry
etal.,2024).

CONCLUSION
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GANEFO is not only a platform for
international athletic competitions, but also a

programs
muscular

should focus on improving
strength and explosive power,

symbol of Indonesia’s resistance to advancing tactical pencak silat skills, and
imperialism, demonstrating how sports can optimizing  biomechanical =~ movement
be used as a political tool to strengthen a efficiency.

country’s position in the global arena. Unlike
the international Olympics, which are
merely competitions to determine the
winner, GANEFO was established to foster
brotherhood and togetherness. The success
of GANEFO indirectly increased the dignity
of the Indonesian nation in the eyes of the
world community. Apart from being the first
country to initiate GANEFO, the
organisation itself played a crucial role in
strengthening China’s position the
international sports world.

The findings of this study strongly
affirm that Peak Height Velocity (PHV)
serves as a critical biological marker in
designing optimal training programs for

in

adolescent pencak silat athletes. Our analysis
revealed that PHV significantly predicts both
agility (r = -0.458, p = 0.042) and sprint
performance (r = 0.650, p = 0.002), while
also highlighting developmental differences
between male and female athletes, with
males showing superior agility (p = 0.012)
during the growth phase. Based on these
findings, propose specific
recommendations for developing maturity-
based training programs tailored to each
phase of biological development. During the
pre-PHV phase (before the growth spurt),
coaches should prioritize neuromuscular
coordination and fundamental agility
development through light plyometric
exercises and technical skill acquisition. As
athletes enter the PHV phase (peak growth

we

The strong correlation between PHV
and chronological age (r =0.734, p <0.001)
found in this study emphasizes the need for a
paradigm shift in training design, where
biological maturity should take precedence
over chronological age as the primary
reference. Specifically, we recommend
training programs that consider the timing
differences in maturation between male and
female athletes, regular PHV monitoring to
identify critical training windows, and the
integration of bio-banding approaches in
training and competition groupings. This
evidence-based recommendation addresses a
methodological gap in martial arts training
by providing a comprehensive framework
that not only maximizes performance
enhancement during key developmental
stages but also minimizes injury risk through
appropriately adjusted training loads. It also
supports long-term athlete development by
delivering targeted stimuli aligned with each
athlete’s maturity status.

For future research, we recommend
validating this protocol through longitudinal
studies and expanding its application to
other martial arts disciplines, while
incorporating  psychosocial — monitoring
throughout the critical growth phases. The
development of a sport-specific bio-banding
model for pencak silat represents an essential
next step for translating these findings into
daily training practice.

period), training should shift toward

enhancing joint stability and injury REFERENCES

prevention, while refining techniques at

moderate  intensity and  incorporating Adriyani, R., Iskandar, D., & Camelia, L. S.

(2020). Gender Differences in Motor
Coordination and Physical Activity.
Proceedings of the 4th International
Conference on Sport Science, Health, and

proprioceptive training to accommodate
rapid changes in body structure. In the post-
PHV phase (after the growth spurt),

103



Fenny Novita Sari, et al./ JPES 14 (4) (2025)

Physical Education (ICSSHPE 2019).
https://doi.org/10.2991/ahsr.k.200214.
034

Albaladejo-Saura, M., Vaquero-Cristobal, R.,

Gonzalez-Galvez, N., & Esparza, F.
(2021). Relationship between Biological
Maturation, Physical Fitness, and
Kinanthropometric Variables of Young
Athletes: A Systematic Review and
Meta-Analysis. International Journal of
Environmental Research and Public Health,
18,
https://doi.org/10.3390/1jerph1801032
8

Annas, S. A. I. (2022). The Relationship

Between Physical Activity And Peak
Height Velocity In Children Aged 9 — 11
Years. ACPES Journal of Physical
Education, Sport, and Health (AJPESH),
2(1), 58-62.
https://doi.org/10.15294/ ajpesh.v2il.5
7681

J., Read, P., Graham-Smith, P.,
Cardinale, M., & Jones, T. W. (2024).
Growth and maturation in adolescent
track and field athletes. Aspetar Sports
Medicine Journal, 13.

F. C., Al-Ansari, S. S., Biddle, S.,
Borodulin, K., Buman, M. P., Cardon,
G., Carty, C., Chaput, J.-P., Chastin,
S., Chou, R., Dempsey, P. C., DiPietro,
L., Ekelund, U., Firth, J., Friedenreich,
C. M., Garcia, L., Gichu, M., Jago, R.,
Katzmarzyk, P. T., ... Willumsen, J. F.
(2020). World Health Organization
2020 guidelines on physical activity and
sedentary behaviour. British Journal of
Sports Medicine, 54(24), 1451-1462.
https://doi.org/10.1136/bjsports-2020-
102955

Cumming, S. P., Lloyd, R. S., Oliver, J. L.,

Eisenmann, J. C., & Malina, R. M.
(2017). Bio-banding in  Sport:
Applications to Competition, Talent
Identification, and Strength and
Conditioning of Youth Athletes.
Strength & Conditioning Journal, 39(2),
34-47.
https://doi.org/10.1519/SSC.00000000
00000281

104

Eather, N., Wade, L., Pankowiak, A., &

Eime, R. (2023). The impact of sports
participation on mental health and
social outcomes in adults: a systematic
review and the ‘Mental Health through
Sport’ conceptual model. Systematic
Reviews, 12(1), 102.
https://doi.org/10.1186/s13643-023-
02264-8

Eisenmann, J. C., Till, K., & Baker, J. (2020).

Growth, maturation and youth sports:
issues and practical solutions. Annals of
Human  Biology, 47(4), 324-327.
https://doi.org/10.1080/03014460.202
0.1764099

Fanita, Z. C., & Sumartiningsih, S. (2023).

Effect of frequency and duration of
training on PHV between Swiss and
Indonesian football clubs aged 9-11
years. JPPI (Jurnal Penelitian Pendidikan
Indonesia), 94), 667.
https://doi.org/10.29210/020233440

Hachana, Y., Chaabéne, H., Nabli, M. A,

Attia, A., Moualhi, J., Farhat, N., &
Elloumi, M. (2013). Test-retest
reliability, criterion-related validity, and
minimal detectable change of the
Illinois agility test in male team sport
athletes. The Journal of Strength &
Conditioning Research, 27(10), 2752-
2759.

Hammami, R., Sekulic, D., Selmi, M. A.,

Fadhloun, M., Spasic, M., Uljevic, O.,
& Chaouachi, A. (2018). Maturity
Status as a Determinant of the
Relationships Between Conditioning
Qualities and Preplanned Agility in
Young Handball Athletes. Journal of
Strength and Conditioning Research, 32(8),
2302-2313.
https://doi.org/10.1519/JSC.00000000
00002390

Hasyim, & Saharullah. (2021). Evaluasi

Program Pembinaan Olahraga. Rajawali
Press.

Hidayatullah, M. K. (2020). Pengaruh Latihan

Plyometric  Terhadap  Peningkatan
Power Tungkai Atlet Pencak Silat Klub



Fenny Novita Sari, et al./ JPES 14 (4) (2025)

PSHT Kecamatan Pleret. Jurnal Ilmu
Pendidikan, 7(2), 809-820.

Hindawan, 1., Apriantono, T., Herman, L.,

Fahmi Hasan, M., Dwi Juniarsyah, A.,
Indah Ihsani, S., Ikhwan Hidayat, 1.,
Winata, B., Safei, 1., Sunadi, D., &
Kusnaedi, K. (2020). ANALISIS

KARAKTERISTIK
ANTROPOMETRI DAN KONDISI
FISIK ATLET PELAJAR

DISEKOLAH PUSAT PENDIDIKAN
DAN LATIHAN PELAJAR SE-
PULAU JAWA. Jurnal  Sains
Keolahragaan Dan Kesehatan, 5(1), 55-71.
https://doi.org/10.5614/jskk.2020.5.1.
6

Adriyani, R., Iskandar, D., & Camelia, L. S.

(2020). Gender Differences in Motor
Coordination and Physical Activity.
Proceedings of the 4th International
Conference on Sport Science, Health, and
Physical Education (ICSSHPE 2019).
https://doi.org/10.2991/ahsr.k.200214.
034

Albaladejo-Saura, M., Vaquero-Cristébal, R.,

Gonzalez-Galvez, N., & Esparza, F.
(2021). Relationship between Biological
Maturation, Physical Fitness, and
Kinanthropometric Variables of Young
Athletes: A Systematic Review and
Meta-Analysis. International Journal of
Environmental Research and Public Health,
18, 328.
https://doi.org/10.3390/1jerph1801032
8

Annas, S. A. 1. (2022). The Relationship

Between Physical Activity And Peak
Height Velocity In Children Aged 9 — 11
Years. ACPES Journal of Physical
Education, Sport, and Health (AJPESH),
21, 58-62.
https://doi.org/10.15294/ ajpesh.v2il.5
7681

J., Read, P., Graham-Smith, P.,
Cardinale, M., & Jones, T. W. (2024).
Growth and maturation in adolescent
track and field athletes. Aspetar Sports
Medicine Journal, 13.

105

Bull, F. C., Al-Ansari, S. S., Biddle, S.,

Borodulin, K., Buman, M. P., Cardon,
G., Carty, C., Chaput, J.-P., Chastin,
S., Chou, R., Dempsey, P. C., DiPietro,
L., Ekelund, U., Firth, J., Friedenreich,
C. M., Garcia, L., Gichu, M., Jago, R.,
Katzmarzyk, P. T., ... Willumsen, J. F.
(2020). World Health Organization
2020 guidelines on physical activity and
sedentary behaviour. British Journal of
Sports  Medicine, 54(24), 1451-1462.
https://doi.org/10.1136/bjsports-2020-
102955

Cumming, S. P., Lloyd, R. S., Oliver, J. L.,

Eisenmann, J. C., & Malina, R. M.
(2017). Bio-banding in  Sport:
Applications to Competition, Talent
Identification, and Strength and
Conditioning of Youth Athletes.
Strength & Conditioning Journal, 39(2),
34-47.
https://doi.org/10.1519/SSC.00000000
00000281

Eather, N., Wade, L., Pankowiak, A., &

Eime, R. (2023). The impact of sports
participation on mental health and
social outcomes in adults: a systematic
review and the ‘Mental Health through
Sport’ conceptual model. Systematic
Reviews, 12(1), 102.
https://doi.org/10.1186/s13643-023-
02264-8

Eisenmann, J. C., Till, K., & Baker, J. (2020).

Growth, maturation and youth sports:
issues and practical solutions. Annals of
Human  Biology, 47(4), 324-327.
https://doi.org/10.1080/03014460.202
0.1764099

Fanita, Z. C., & Sumartiningsih, S. (2023).

Effect of frequency and duration of
training on PHV between Swiss and
Indonesian football clubs aged 9-11
years. JPPI (Jurnal Penelitian Pendidikan
Indonesia), 94), 667.
https://doi.org/10.29210/020233440

Hachana, Y., Chaabéne, H., Nabli, M. A,

Attia, A., Moualhi, J., Farhat, N., &
Elloumi, M. (2013). Test-retest
reliability, criterion-related validity, and
minimal detectable change of the



Fenny Novita Sari, et al./ JPES 14 (4) (2025)

Illinois agility test in male team sport
athletes. The Journal of Strength &
Conditioning Research, 27(10), 2752-
2759.

Hammami, R., Sekulic, D., Selmi, M. A,
Fadhloun, M., Spasic, M., Uljevic, O.,
& Chaouachi, A. (2018). Maturity
Status as a Determinant of the
Relationships Between Conditioning
Qualities and Preplanned Agility in
Young Handball Athletes. Journal of
Strength and Conditioning Research, 32(8),
2302-2313.
https://doi.org/10.1519/JSC.00000000
00002390

Hasyim, & Saharullah. (2021). Evaluasi
Program Pembinaan Olahraga. Rajawali
Press.

Hidayatullah, M. K. (2020). Pengaruh Latihan
Plyometric  Terhadap  Peningkatan
Power Tungkai Atlet Pencak Silat Klub
PSHT Kecamatan Pleret. Jurnal Ilmu
Pendidikan, 7(2), 809-820.

Hindawan, 1., Apriantono, T., Herman, 1.,
Fahmi Hasan, M., Dwi Juniarsyah, A.,
Indah TIhsani, S., Ikhwan Hidayat, 1.,
Winata, B., Safei, 1., Sunadi, D., &

Kusnaedi, K. (2020). ANALISIS
KARAKTERISTIK

ANTROPOMETRI DAN KONDISI
FISIK ATLET PELAJAR

DISEKOLAH PUSAT PENDIDIKAN
DAN LATIHAN PELAJAR SE-
PULAU JAWA. Jurnal  Sains
Keolahragaan Dan Kesehatan, 5(1), 55-71.
https://doi.org/10.5614/jskk.2020.5.1.
6

Thsan, N., Zulman, Z., & Adriansyah, A.
(2018). Hubungan Daya Ledak Otot
Tungkai dan Dayatahan Aerobik
dengan Kemampuan Tendangan Depan
Atlet Pencak Silat Perguruan Pedang
Laut Pariaman. Jurnal  Performa
Olahraga, 3(1).
https://doi.org/https://doi.org/10.240
36/kepel.v3i01.41

Illah, A., Utomo, G. M., Kandupi, A. D.,
Usbah, M., Zainuddin, E., & Hanafi,
M. (2024). PENGARUH LATIHAN

106

SPEED, AGILITY, AND
QUICKNESS TERHADAP
PENINGKATAN KECEPATAN
TENDANGAN SAMPING PADA
PESERTA EKSTRAKURIKULER
PENCAK SILAT DI SMA ITP
SURABAYA. Bajra: Jurnal
Keolahragaan, 3(1).
https://doi.org/https://doi.org/10.528

1/zenodo.11093280

Islami, A. A. (2021). Keterampilan Psikologis
Pemain Sepakbola Ditinjau Dari Posisi
Bermain Dan Kelompok Usia. Universitas
Negeri Yogyakarta.

Kusuma, E. T., & Rindaningsih, 1. (2024).
Manajemen Kepelatihan dalam
Membangun Mental Juara pada Atlet.
Jurnal Pendidikan Islam, 1(4), 17.
https://doi.org/10.47134/pjpi.v1i4.699

Lee, Y.-S.,Lee, D., & Ahn, N. Y. (2024). SAQ
training on sprint, change-of-direction
speed, and agility in U-20 female
football players. PLOS ONE, 19(3),
€0299204.
https://doi.org/10.1371/journal.pone.0
299204

Lloyd, R. S., & Oliver, J. L. (2012). The Youth
Physical Development Model. Strength
& Conditioning Journal, 34(3), 61-72.
https://doi.org/10.1519/SSC.0b013e31
825760ea

Lopes, V. P., Malina, R. M., Gomez-Campos,
R., Cossio-Bolafios, M., Arruda, M. de,
& Hobold, E. (2019). Body mass index
and physical fitness in Brazilian
adolescents. Jornal de Pediatria, 95(3),
358-365.
https://doi.org/10.1016/j.jped.2018.04.
003

Loturco, 1., Jeffreys, 1., Kobal, R., Cal Abad,
C. C., Ramirez-Campillo, R., Zanetti,
V., Pereira, L. A., & Nakamura, F. Y.
(2018).  Acceleration and Speed
Performance of Brazilian Elite Soccer
Players of Different Age-Categories.
Journal of Human Kinetics, 64(1), 205—
218. https://doi.org/10.1515/hukin-
2017-0195



Fenny Novita Sari, et al./ JPES 14 (4) (2025)

Lubis, J. (2004). Panduan Praktis Pencak Silat.
Rajawali Grafindo Persada.

Lubis, J., & Wardoyo, H. (2014). Pencak Silat.
Rajawali Grafindo Persada.

Malina, R. M., Coelho-e-Silva, M. .,
Martinho, D. V., Sousa-e-Siva, P.,
Figueiredo, A. J., Cumming, S. P.,
Kralik, M., & Koziet, S. M. (2021).
Observed and predicted ages at peak
height velocity in soccer players. PLOS

ONE, 16(7), €0254659.
https://doi.org/10.1371/journal.pone.0
254659

Malina, R. M., Cumming, S. P., Rogol, A. D.,
Coelho-e-Silva, M. J., Figueiredo, A. J.,
Konarski, J. M., & Koziet, S. M.
(2019). Bio-Banding in Youth Sports:
Background, Concept, and Application.
Sports  Medicine, 49(11), 1671-1685.
https://doi.org/10.1007/s40279-019-
01166-x

Mandolesi, L., Polverino, A., Montuori, S.,
Foti, F., Ferraioli, G., Sorrentino, P., &
Sorrentino, G. (2018). Effects of
Physical Exercise on Cognitive
Functioning and Wellbeing: Biological
and Psychological Benefits. Frontiers in

Psychology, 9.
https://doi.org/10.3389/fpsyg.2018.00
509

Mauluddin, M. 1., & Hartono, S. (2019).
IDENTIFIKASI MATURASI FISIK
ANAK USIA 10-14 TAHUN
DENGAN METODE MIRWALD
GENDER-SPECIFIC REGRESSION
ALGORITHMS PADA  ATLET
PUTRA KLUB RENANG DI
SURABAYA. Jurnal Kesehatan
Olahraga, 7(2), 239-244.

Mercé, C., Branco, M., Rodrigues-Ferreira,
M., VencesBrito, A., Catela, D., Seabra,
A. P., Milheiro, V., & Cynarski, W.
(2021). The Influence of Sport Practices
on Body Composition, Maturation and
Maximum Oxygen uptake in children
and youth. Retos, 44(December), 649—
658.
https://doi.org/10.47197/RETOS. V441
0.90968

107

Mirwarld, R. L., G. Baxter-Jones, A. D.,
Bailey, D. A., & Beunen, G. P. (2002).
An assessment of maturity from
anthropometric measurements. Medicine
& Science in Sports & Exercise, 34(4), 689—

694.
https://doi.org/10.1097/00005768-
200204000-00020

Mohamed  Shapie, M., Oliver, J.,

O’Donoghue, P., & Tong, R. (2018).
Effect of Circuit Training on Fighting
Performance of Young Silat Athletes -
A Case Study. Malaysian Journal of
Movement, Health & Exercise, 7(1), 27.
https://doi.org/10.4103/2600-
9404.323053

Moran, J., Parry, D. A., Lewis, 1., Collison, J.,
Rumpf, M. C., & Sandercock, G. R. H.
(2018). Maturation-related adaptations
in running speed in response to sprint
training in youth soccer players. Journal
of Science and Medicine in Sport, 21(5),
538-542.
https://doi.org/10.1016/j.jsams.2017.0
9.012

Nebigh, A., Hammami, R., Kasmi, S., Rebai,
H., Drury, B., Chtara, M., & van den
Tillaar, R. (2022). The Influence of
Maturity Status on Dynamic Balance
Following 6 Weeks of Eccentric
Hamstring Training in Youth Male
Handball Players. International Journal of
Environmental Research and Public Health,
19(15), 9775.
https://doi.org/10.3390/1jerph1915977
5

Nizam  Shafie, M. (2014). Fitness
Characteristics  of  Youth  Silat
Performers. Malaysian Journal of Sport
Science and Recreation, 10(1),40-53.

Parry, G. N., Williams, S., McKay, C. D.,
Johnson, D. J., Bergeron, M. F., &
Cumming, S. P. (2024). Associations
between growth, maturation and injury
in youth athletes engaged in elite
pathways: a scoping review. British
Journal of Sports Medicine, 58(17), 1001—
1010. https://doi.org/10.1136/bjsports-
2024-108233



Fenny Novita Sari, et al./ JPES 14 (4) (2025)

Philippaerts, R. M., Vaeyens, R., Janssens, M.,
Van Renterghem, B., Matthys, D.,
Craen, R., Bourgois, J., Vrijens, J.,
Beunen, G., & Malina, R. M. (2006).
The relationship between peak height
velocity and physical performance in
youth soccer players. Journal of Sports

Sciences, 24(3), 221-230.
https://doi.org/10.1080/026404105001
89371

Republic of Indonesia. (2005). Undang-Undang
Republik Indonesia Nomor 3 Tahun 2005
Tentang Sistem Keolahragaan Nasional
Dengan. 1, 1-53.

Saputro, D. P., & Siswantoyo, S. (2018).
Penyusunan norma tes fisik pencak silat
remaja  kategori  tanding.  Jurnal
Keolahragaan, 6(1), 1-10.
https://doi.org/10.21831/jk.v6il.17724

Schober, P., Boer, C., & Schwarte, L. A.
(2018). Correlation  Coefficients:
Appropriate Use and Interpretation.
Anesthesia & Analgesia, 126(5), 1763—
1768.
https://doi.org/10.1213/ANE.0000000
000002864

Sharma, G. (2017). Pros and cons of different
sampling techniques. International
Journal of Applied Research, 3(7).

Sumartiningsih, S., Setiowati, A., Rahayu, S.,
& Syahputri, W. (2021). The
Relationship of Physical Activity and
Peak Height Velocity in Children. The
S5th ISMINA International Conference on
Sports, Health, and Physical Education,
April, 156-163.

Tofikin, & Sinurat, R. (2020). Zig-Zag Run:
Metode Latihan Kelincahan Tendangan
Sabit Pencak Silat. Journal Sport Area,

52), 177-185.
https://doi.org/10.25299/sportarea.202
0.vol5(2).5333

Torres-Unda, J., Zarrazquin, 1., Gil, J., Ruiz,
F., Irazusta, A., Kortajarena, M., Seco,
J., & Trazusta, J. (2013).
Anthropometric, physiological and
maturational characteristics in selected
elite and non-elite male adolescent

108

basketball players. Journal of Sports

Sciences, 31(2), 196-203.
https://doi.org/10.1080/02640414.201
2.725133

Towlson, C., Cobley, S., Midgley, A., Garrett,
A., Parkin, G., & Lovell, R. (2017).
Relative Age, Maturation and Physical
Biases on Position Allocation in Elite-
Youth Soccer. International Journal of
Sports  Medicine, 38(03), 201-209.
https://doi.org/10.1055/s-0042-119029

Towlson, C., Salter, J., Ade, J. D., Enright,
K., Harper, L. D., Page, R. M., &
Malone, J. J. (2021). Maturity-
associated considerations for training
load, injury risk, and physical
performance in youth soccer: One size
does not fit all. Journal of Sport and

Health  Science,  10(4), 403-412.
https://doi.org/10.1016/j.jshs.2020.09.
003

Tsutsui, T., Iizuka, S., Sakamaki, W.,

Maemichi, T., & Torii, S. (2022).
Growth until Peak Height Velocity
Occurs Rapidly in Early Maturing
Adolescent Boys. Children, 9(10), 1570.
https://doi.org/10.3390/ children91015
70

Wang, X., & Cheng, Z. (2020). Cross-
Sectional Studies. Chest, 158(1), S65—
S71.
https://doi.org/10.1016/j.chest.2020.0
3.012

Werneck, A. O., Conde, J., Coelho-e-Silva, M.
J., Pereira, A., Costa, D. C., Martinho,
D., Duarte, J. P., Valente-dos-Santos,
J., Fernandes, R. A., Batista, M. B.,
Ohara, D., Cyrino, E. S., & Ronque, E.
R. V. (2019). Allometric scaling of
aerobic fitness outputs in school-aged
pubertal girls. BMC Pediatrics, 19(1), 96.
https://doi.org/10.1186/s12887-019-
1462-2



