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ABSTRACT. This study aims to determine the prevalence of growth plate
injuries and factors associated with injury in children and adolescent basketball
players in Malang City. The study used a quantitative descriptive design with
a cross-sectional approach in 80 basketball players aged 8-17 years. Data
collection was conducted using a Reported Condition Inquiry questionnaire
that included the duration of training, injury history, anatomical location of
injury, and mechanism of injury experienced by basketball players. The
results showed an injury prevalence of 83.8% with 70% of them involving the
growth plate area. The most common injury locations were the ankle (26.3%)
and the knee (21.3%). The most dominant risk factors were direct contact
and non-contact, each contributing 37.5% to the incidence of injury. These
findings indicate that basketball players are highly susceptible to growth
plate injuries due to the high physical demands of basketball and immature
bone structure. This study emphasizes the importance of implementing injury
prevention strategies through muscle strengthening, movement techniques,
and adjusting training loads according to the developmental stage of basketball
players.
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INTRODUCTION

Increased sports involvement with high levels of training intensity and
complexity performed repeatedly at a young age carries a high risk of injury
(Naaktgeboren et al., 2017). Regular participation among young players, coupled
with the specific risks of sport factors, can increase the likelihood of suffering
injuries mainly due to the immaturity of the musculoskeletal system during the
period of structural and motor development (Mendhe & Borkar, 2021). The
growth plate is a common site of traumatic injury and is the most fragile area of
the growing long bones in children with up to 20% of childhood fractures
involving growth plate damage (Sananta et al., 2020). During the growth phase,
bones are relatively weaker (2-5 times) compared to tendons and ligaments
(Sananta et al., 2022).

Physical fatigue can cause muscle fatigue which is identified as a potential
risk factor for injury due to rapid eccentric contractions (muscle lengthening) and
consequently interferes with motor performance, thus contributing to an increase
in the occurrence of injuries (Schwiete et al., 2025). As a result of repeated
pressure at high intensity or frequency during training, many basketball players
experience physical injuries, namely damage to the growth plate bones (Apers
etal., 2021). Factors that interact at the time of injury can be intrinsic (personal),
extrinsic (environmental) factors and previous injuries which can cause injuries
up to 50-70% (Kilic et al., 2018). Frequent jumping, landing, and sudden changes
of direction are extrinsic factors for injury in players due to exposure to high
levels of eccentric loading. Furthermore, a lack of adequate strength, endurance,
flexibility, and other skill-related components are intrinsic factors that increase
the risk of injury (Siup3inskas et al., 2019).

Approximately 80% of young athletes experience injuries related to the
musculoskeletal system (Naaktgeboren et al., 2017). This high figure indicates that
the musculoskeletal system at a young age is still in a developmental phase that
is vulnerable to injury. In line with this, previous research by (Dover & Kiely,
2015) indicates that growth plate injuries account for 15-30% of all childhood bone
injuries, emphasizing the importance of paying special attention to the growth
plate. One form of injury related to the growth plate is a pelvic apophyseal
avulsion, which is described in the medical literature as “a rare injury affecting
young athletes to the growth plate or cartilage that has not yet ossified (not yet
become bone)”. These injuries generally occur as a result of sudden, forceful
contraction or excessive passive lengthening (stretching) of the muscle. To
describe the location and type of injury to the growth plate, the Salter-Harris
classification is widely used in clinical practice (Sheffer et al,, 2020). Understanding
the characteristics of these injuries is important in determining the appropriate
rehabilitation approach, including the need for mechanical loading. This is supported
by the Journal of Functional Morphology and Kinesiology (Monaco et al., 2021)
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who cited that mechanical loading has an important role not only during the
development of the musculoskeletal system but also after the developmental
phase, as well as contributing to the maintenance of articular cartilage health.

This study examines the potential risk of growth plate injuries in young
people, suggesting that high-intensity exercise can contribute to a higher risk of
growth plate injuries. Overall, while exercise offers numerous benefits for
physical and mental health, attention should be paid to the potential risk of
injury (Smith & Merwin, 2021). Training interruptions due to injury or illness
can substantially reduce the opportunity to achieve high levels of performance,
therefore better knowledge of injury risk factors and prevention strategies is
essential (Wik et al., 2020). Coaches need to reduce repetitive training loads and
control training progression in basketball players who are experiencing peak
growth (PHV) (Jayanthi et al., 2022). Coaches should use a variety of exercises
to prevent excessive repetitive movements that can lead to injury, by including
strengthening exercises or weight training can reduce the risk of injury by up
to 68%, improve performance and health parameters (Brenner, 2016).

MATERIAL AND METHODS

Participants

The research sample consisted of children and adolescent basketball
players who actively train in Malang City. The purposive sampling technique
involved the deliberate selection of 80 individuals based on the following criteria:
basketball players in Malang City, aged 8-17 years, players who actively train
regularly, with a training frequency of at least three times a week. This research
passed ethical research at State University of Malang (UM) Indonesia.

Research design

This study used a quantitative descriptive design with a cross-sectional
approach to describe the prevalence of growth plate injuries in adolescent
basketball athletes (Wang & Cheng, 2020). The study was conducted from October
to November 2025 in Malang City.

Reported Condition Inquiry

The Reported Condition Injury is a questionnaire designed to gather
information about health status. It covers personal data (age, weight, and height),
duration of practice (in years), mechanism of injury, anatomical location affected,
and time of injury (Bastos, et al., 2014).
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Objective: The purpose of this scale is to measure the prevalence rate of
growth plate injuries in Malang City basketball players and to determine the
risk factors for injuries that occur in the growth plate.

Structure: This research design uses a questionnaire structure consisting
of VO-V7: VO: Identification, V1: Age, V2: Weight, V3: Height, V4: Training time, V5:
Injury, V6: Anatomical site, V7: Mechanism of Injury

Response Method: Responses were measured using the “Reported Condition
Inquiry” questionnaire.

Interpretation: Injury History: Injury, no injuries. Mechanism of injury:
No injuries, running, jump, impact, specific athletic gesture. Anatomical site: No
injuries, neck, shoulder, arm, dorsal, elbow, forearm, lumbar region, wrist, hip,
knee, calf, ankle. Analysis of growth plate: Growth plate, not a growth plate.
Growth plate symptoms: Pain in the joints, deformities (lumps, shifts, cracks),
swelling in the joints. Risk factors for growth plate injury: No injuries, overuse,
non-contact, direct contact.

Validity and Reliability: The validity and reliability of the instrument were
tested using Pearson correlation and Crohn’s Alpha using IBM SPSS Statistics. Data
analysis techniques included univariate analysis in the form of frequency
distributions and percentages to describe the research results.

Analysis of statistics

In this study, the collected data will be processed using IBM SPSS
Statistics. Validity and reliability tests will ensure that the questionnaire items
accurately and consistently measure the variables studied. The analysis results
are presented in the form of descriptive statistical tables, frequencies, and
percentages.

RESULTS
Table 1. Statistical analysis of physical character test results
Physical Characteristics N Minimum Maximum Mean # Std. Deviation
Age (th) 80 8.0 17.0 12,55 +2.2098
Weight (kg) 80 20.0 93.0 48.05+13.3633
Height (cm) 80 120.0 180.0 155.52 + 10.0252
Valid N 80

Source: Present research
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Based on the descriptive analysis results in table, the average age of
respondents was 12.55 years with an age range of 8 to 17 years, reflecting that
respondents were in the early to middle adolescence phase. Respondents’ average
weight was 48.05 kg with a weight ranging from 20 kg to 93 kg, while height
showed an average value of 155.52 cm with a range of 120 cm to 180 cm. These
results indicate a normal variation in physical characteristics for basketball
players who are in their growth period.

Table 2. Statistical analysis of training duration results

Exercise Duration Frequency Percentage

0-5.9 months 14 17.5%

6 —11.9 months 10 12.5%
1-1.9 months 23 28.7%
2-29years 12 15.0%
3-39years 10 12.5%

> 4 years 11 13.8%

N 80 100.0%

Source: Present research

The table shows that in Malang City, the majority have training
experience of 1 to 1.9 years, with a percentage of (28.7%), making this group
the most dominant. Groups with a duration of less than 1 year, namely 0 to 5.9
and 6 - 11.9 months, were (17.5%) and (12.5%), respectively, indicating that
quite a lot of respondents are still in the initial phase of training. Meanwhile,
groups with longer training experience, namely 2 to 2.9 years, were (15.0%), 3
to 3.9 (12.5%), and more than 4 years (13.8%), indicating that a small portion
have long-term training duration.

Figure 1 shows that both children and adolescents had a higher
proportion of injuries compared to those who did not experience injuries. In the
children group, 75% experienced injuries, while 25% did not experience
injuries. Meanwhile, in the adolescent group, the percentage of injuries was
higher, at 85%, with 15% experiencing no injuries. These findings indicate that
the incidence of injuries is more dominant in the adolescent group than in
children, thus indicating an increasing risk of injury with age.
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Fig. 1. Graph of injury history in children and adolescents

Figure 2 shows the differences in patterns between children and
adolescents. In the children group, the most common injuries occurred during
running and performing specific movements, each at 33%, while injuries from
jumping were relatively low (8%), and no injuries from impacts were found.
Conversely, in the adolescent group, the most dominant injuries occurred from
specific movements (37%), followed by jumping (25%), running (16%), and
impacts (7%). Furthermore, the percentage of non-injury in adolescents (15%)
was lower than in children (25%). This suggests that in adolescents, activities
with higher movement complexity and mechanical loads, such as specific
movements and jumping, play a greater role in the occurrence of injuries than
in children.

Mechanism of Injury

NO INJURIES RUNNING JUMP IMPACT SPECIFIC
ATHLETIC
GESTURE

=@=Children =—#=Adolescent

Fig. 2. Graph of mechanism injury
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Figure 3 shows the distribution of injury locations between children and
adolescents. In children, injuries focused on one primary area, the ankle (42%),
indicating that lower extremity stability and movement control are weak points
in this age group. Injuries to other body parts were relatively low, so the injury
pattern in children tended to be simpler and more localized. In adolescents,
injuries occurred in more body parts with a more even proportion, such as the
knee (22%), ankle (24%), wrist (13%), shoulder (6%), elbow (6%), and calf
(12%). This pattern reflects the increasing intensity, complexity of movements,
and physical demands in adolescents, which causes the risk of injury not only
to be concentrated in one joint, but also to involve various body segments.
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Fig. 3. Graph of anatomical site

Table 3. Statistical analysis of growth plate

Growth Plate Frequency Percentage
No injuries 13 16.3%
Growth plate 56 70.0%
Not a growth plate 11 13.8%
N 80 100.0%

Source: Present research

Table 3 shows that 70% of respondents experienced injuries affecting
the growth plate, specifically the shoulder, elbow, wrist, knee, calf, and ankle.
Meanwhile, 13.8% experienced injuries that did not involve the growth plate,
and 16.3% of respondents experienced no injuries at all. The high number of
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respondents in the growth plate category indicates that the growth plate area
is highly susceptible to excessive stress in active basketball players because
their bone structure is not yet fully mature.

Table 4. Statistical analysis of growth plate symptoms

Growth Plate Symptoms Frequency Percentage
Pain in the joints 23 41.1%
Deformities 10 17.9%
(lumps, shifts, cracks)
Swelling in the joints 23 41.1%
N 56 100.0%

Source: Present research

Table 4 shows that of the 56 respondents who experienced growth plate
injuries, 23 players (41.1%) reported joint pain and 23 players (41.1%)
reported swelling at the ends of the bones. The high prevalence of these two
symptoms indicates that inflammation and pain are the primary indications of
growth plate injuries due to basketball activities. Meanwhile, 10 players
(17.9%) reported deformities such as lumps, cracks, and bone displacement.
These findings demonstrate that early detection through complaints of pain and
signs of swelling is important to prevent more severe complications in the bone
growth process.

Risk Factors for Growth Plate Injury

8,8%
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Direct Contact

A No Injuries

Fig. 4. Graph of risk factors for growth plate injury

Figure 4 shows that the most common risk factors for growth plate
injuries are direct contact and non-contact injuries, each accounting for 37.5%.
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Overuse injuries accounted for 8.8%, while 16.3% of respondents experienced
no injuries. These results indicate that, in addition to physical collisions between
players, sudden movements such as sprinting, sudden stops, or changes in
direction are the primary causes of growth plate injuries.

DISCUSSION

The study results show that growth plate injuries are a fairly common
problem among children and adolescent basketball players in Malang City. The
injury rate reached 83.8% of those with a history of injury, with 70% experiencing
injuries affecting the growth plate. This figure illustrates the high potential risk
of skeletal injury in the 8-17 age group, a phase where bone growth is actively
underway and the growth plate structure is still fragile, making it more susceptible
to impact forces (Hern & Fern, 2024). The average age of respondents was 12.55
years, indicating that most players were in the peak height velocity (PHV)
phase, which is a period of accelerated growth that causes an increase in height
in a short time (Achmad et al., 2022).

During the growth phase, bones are relatively weaker (2-5 times)
compared to tendons and ligaments, so that the growth plate becomes more
susceptible to injury due to the increase in bone length which is not balanced
by adaptation of the strength of the muscles and surrounding tissue (Sananta et
al., 2022). Improper biomechanics, such as incorrect running, jumping, and
sudden movements in basketball can put excessive stress on certain parts of the
body and increase the likelihood of recurrent injuries (Forelli et al., 2024). This
is reinforced by findings from the literature (Aksovic et al., 2024) which is in
accordance with the results of this study that the highest injury locations are at
the ankle (26.3%) and knee (21.3%) which are the main centers of support in
basketball movements. Injuries that occur in the knee are related to conditions
such as Osgood-Schaltter which occurs due to repeated pulling of the patellar
tendon on the tibial tuberosity, which is one of the active growth plate areas
(Corbi et al., 2022). Ankle injuries can involve the distal epiphysis of the tibia
and fibula due to rotational movements, sudden changes in direction, or landing
errors. The high frequency of injuries at these two locations suggests that the
loads experienced by basketball players tend to exceed the adaptive capacity of
the developing bone. Growth plate injuries of these lower extremities require
high vigilance and close monitoring during skeletal growth (Sabharwal &
Sabharwal, 2018). Early recognition and appropriate treatment of these injuries
can minimize long-term morbidity.
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The respondents’ training duration also reflects the high prevalence of
growth plate injuries. The majority (28.7%) had a training duration of 1-1.9
years, indicating that many of them are still in the early stages of movement
adaptation. Less experienced basketball players often exhibit poor motor control
skills and unstable landing techniques, increasing the likelihood of growth plate
injuries during intense movements (Costae Silvaetal., 2024). The high prevalence
of growth plate injuries in this study indicates that children and adolescent
basketball players in Malang City are at significant risk of injury due to the
biological development and physical demands of their sport. This finding aligns
with the literature (Emery & Pasanen, 2019) that high-intensity exercise at
puberty requires close supervision to prevent serious injuries that can interfere
with long-term bone growth.

Growth plate injuries in basketball players are influenced by a complex
combination of risk factors, including direct contact, non-contact, and overuse
(Mendhe & Borkar, 2021). The results of this study indicate that direct contact
and non-contact injuries accounted for an equal percentage (37.5%), while
overuse accounted for 8.8% of the total injuries. Direct contact in basketball,
such as collisions during a ball grab or collisions between players, can cause
sudden compression forces on bones containing active growth plates. Impacts
often result in epiphyseal injuries due to shear and compression forces caused
by repeated rotations or direct hits, which disrupt the growth plate. Although
their frequency cannot be completely avoided in basketball, injuries due to
direct contact often occur without the body’s readiness or lack of ability to
anticipate the impact.

Non-contact injuries were also one of the biggest risk factors identified
in this study. Non-contact injuries occur when basketball players make sudden
changes in direction, stop abruptly, pivot, or land after a jump (Zhang et al.,
2025). These movements place significant stress on the lower extremities,
particularly the knees and ankles. Because the growth plates are still open in
childhood and adolescence, the high extrinsic loads from these activities can
cause irritation, displacement, or damage to the growth plates. Muscle fatigue
also impairs the body’s ability to control movement, increasing the risk of non-
contact injuries (Schwiete et al.,, 2025). This is supported by research data, where
specific movements are the most dominant mechanism (36.3%). Epidemiological
surveys show that knee injuries account for 14-33% of all injuries, with specific
movements such as lay-ups, pivots, and step-backs being high-load movements
on the heel and knee (Zhu et al., 2025). The characteristics of basketball require
basketball players to complete many jumps, sudden stops, and runs which are
potential for injury because they involve demands on strength and coordination
of the knees and ankles which increase the risk of injury.
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Overuse also contributes to the risk of growth plate injury. Repeated
high-intensity exercise without sufficient recovery time can cause microtrauma to
growing bones (Borkowski et al., 2025). The results of this study indicate that
8.8% of respondents experienced overuse injuries. The variety of movements
in basketball can increase repetitive stress on the growth plates, increasing the
risk of injury. Immature bone structures make them more susceptible to
damage, emphasizing the importance of managing exercise, strengthening
supporting muscles, and monitoring growth to prevent injuries that can disrupt
growth plate development (Myers et al., 2017). High training frequency, early
specialization in one sport, and relatively similar movement patterns such as
repeated jumps and landings in basketball, can cause repetitive stress on the
distal epiphyseal area of the tibia and fibula. In a study (Jayanthi et al., 2020) it
was stated that over time, especially young basketball players, are more likely
to experience overuse injuries if they have a higher level of sport specialization.

In young basketball players, as bone stiffness increases, resistance to
impact decreases, and sudden overload can cause the bones to bend or bend.
Swelling, hyperemia, and deformity in the physical area are symptoms of injury
characterized by tenderness, because blood vessels in the area widen or
experience vasodilation, causing fluid, protein, and cells to leak into the
surrounding tissue. This is consistent with the results of the study, which
showed that 41.1% of respondents experienced swelling at the ends of bones
and 41.1% experienced pain in the joints. Due to the various injury risks
experienced by basketball players, it is important that training programs take
into account physical and psychological maturity, so that growing children and
adolescents can adjust to their own body changes.

CONCLUSIONS

Based on the results of research that has been conducted, regarding the
prevalence and factors related to growth plate injuries in children and adolescent
basketball players in Malang City, it can be concluded that growth plate injuries
are a fairly high problem experienced by basketball players with a prevalence
of injuries reaching 83.8% and as many as 70% of which involve the growth
plate area. The most common locations of injury are the ankles and knees,
which are the main support areas in basketball. The most dominant risk factors
come from direct contact and non-contact at 37.5%, indicating that suboptimal
movement techniques and high training loads have a significant influence on
the growth plate. This high number, a condition that requires special attention
because it can impact the process of bone growth and the development of player
performance in the future.
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