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Abstract

Introduction: Studies have explored relationship between
physical fitness and injury patterns among footballers, but
research focusing on young footballers in Malaysia
remains limited.

Objectives: To determine associations between physical
fitness components (cardiorespiratory fitness, speed,
agility and explosive power) and lower limb injury
patterns in youth footballers from National Football
Development Programme (NFDP) at Akademi Mokhtar
Dahari (AMD), Malaysia.

Method: This is a cross-sectional study involving 158
footballers aged 13 to 17 years from AMD. Physical
fitness was assessed through VO2max (cardiorespiratory
fitness), 5-metre, 10-metre, and 20-metre sprints (speed),
arrowhead agility test (agility), and countermovement
jump (explosive power). Injuries were categorized into
five regions: mid-body, upper-leg, knee, lower-leg, and
foot-and-ankle, based on reports by the AMD
physiotherapists. Descriptive statistics and k-means
clustering were applied to classify players into two groups:
best speed-endurance and best power-agility. Chi-square
analysis examined injury occurrences.

Results: Players with higher cardiorespiratory fitness had
fewer injuries in mid-body but were more prone to knee
injuries. Faster players showed increased injury risk
across all regions, potentially due to greater acceleration-
deceleration forces. Power-agility group exhibited higher
risks for knee, foot, and ankle injuries, likely linked to
mechanical stress of dynamic movements like jumping
and pivoting.

Conclusions: This study highlights potential association
with increased injury risks in young players, emphasizing
need for balanced training programmes that incorporate
neuromuscular control and proprioception.
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Introduction

Over 240 million are estimated to participate in football
globally, including amateur and professional players!.
Football is a high-intensity team sport involving explosive
movements like kicking, tackling, jumping, sprinting, and
quickly changing direction. Frequent physical contact and
sudden movements, which happen roughly every six
seconds, increase risk of injuries®. Studies show that
physical fitness components like speed, endurance, and
agility are key factors in football player recruitment and
selection®. However, young football players often fall
behind elite players in these fitness areas*. Research shows
that relationship between physical fitness and injury risk
is complex>®. Evidence shows that higher fitness levels
might increase injury risk because more capable players
often experience greater physical demands and longer
playing times’. In Malaysia, programmes like Akademi
Mokhtar Dahari (AMD) are designed to develop future
football talent. AMD trains promising young players, aged
13 to 17 years, through intensive programmes that
improve skills and physical fitness. However, these
demanding programmes can place extra stress on growing
bodies, raising risk of injuries. While there is plenty of
research on injury rates and fitness in Western countries,
there is limited data on Malaysian youth football players.

Objectives

To examine association between physical fitness factors
like VO: max, agility, speed, and countermovement jump
performance with injury risk in young football players.

Method

Participants comprised 158 football players from AMD,
ages ranging from 13 to 17 years who were selected as
they represent a high-performance group within AMD
youth football training programme.

Agility: Arrowhead agility test is a common assessment
used to measure an athlete's agility, quickness, and change
of direction. The procedure involves marking three cones
in a straight line with 5 yards between each cone. Athlete
begins at middle cone, sprints to touch one of the outer
cones, reverses direction to touch the other outer cone, and
finally sprints back through the starting point. Timing
starts when the athlete begins movement and stops when
he crosses starting cone after completing pattern. Proper
footwear and level surface are essential for accuracy and
safety during the test®®.

Speed:
e S-metre sprint test is commonly used to measure
an athlete’s acceleration and short-distance
speed. In this test, participants warm up
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thoroughly before standing behind starting line.
Participants sprint maximally over 5-metre
distance on tester’s signal, with stopwatch
recording their time. Test is usually repeated
three times, with rest periods of 2-3 minutes
between trials, to ensure accuracy'”.

e /0-metre sprint test measures an athlete’s short-
distance acceleration, commonly used in sports
requiring rapid bursts of speed. To conduct the
test, mark 10-metre distance with the cones on
flat, non-slippery surface. After proper warm-
up, the athlete starts from standing position and
sprints as fast as possible over the distance, with
the time recorded using a stopwatch. Test is
usually repeated 3-5 times with rest between
trials, and the fastest or average time is taken for
analysis. Consistency in starting position and
equipment setup is key to reliable results'!.

e 20-metre sprint test is used to measure
acceleration and speed over slightly longer
distance, often in sports requiring quick bursts
of power. Participants begin from the stationary
start, sprinting 20 metres as fast as possible
while their time is recorded using a stopwatch.
Test is typically performed multiple times, with
rest between trials, to ensure consistency and
reliable results. Surface type, starting stance,
and timing equipment should be controlled for
accuracy. This test is commonly used in athlete
combines and fitness assessments due to its
simplicity and effectiveness in measuring
explosive power and speed'!.

VO2max test (20 metre shuttle run): Evaluation of
maximal aerobic capacity through maximal multistage 20-
metre shuttle run test involved participants running
between two lines spaced 20 metres apart. A cassette tape
emitted tones at specific intervals, dictating pace. Initial
speed was set at 8.5 km/hour for the first minute, with
subsequent  increments of 0.5 km/hour/minute.
Participants aimed to reach the line at each tone, and when
they could no longer maintain this pace, their participation
was concluded. The number of laps completed was
recorded!?!3. Scores from the final stage were converted
to predict maximal oxygen uptake (VO2 max), expressed
in ml of oxygen consumed/kg body weight/minute.
Maximal aerobic speed (MAS) corresponds to lowest
speed enabling attainment of VO2 max, representing level
of maximum aerobic capacity for subject. Throughout test,
participants received verbal encouragement to run for as
long as possible. This comprehensive approach allowed a
thorough assessment of the aerobic capacity and provided
valuable data for predicting VO2 max based on
performance in the shuttle run test'4!3,

Counter-movement jump (CMJ) test: This is an effective
method for assessing an athlete’s explosive lower-body
power and neuromuscular function. To conduct the test,

participants begin by performing proper warm-up
consisting of light aerobic exercises and dynamic
stretches. Once prepared, athlete stands on a force plate or
a jump mat with feet shoulder-width apart, and then
executes a quick downward squat before immediately
jumping upwards as high as possible without pausing at
the bottom of the movement. Jump height can be measured
using the force plate, which captures flight time, or
through the jump mat that automatically records the
vertical jump height. It is recommended that the athlete
completes 3-5 trials, allowing 1-2 minutes of rest between
jumps to prevent fatigue, with the highest jump recorded
for analysis. Safety measures should be taken to ensure
that a non-slippery surface is used and that the athlete is
adequately warmed up to minimize risk of injury!¢.

Injury recording: Categorization of the injuries was
conducted systematically using data obtained from injury
reports provided by AMD physiotherapists. These reports
included detailed descriptions of the nature, severity, and
location of each injury. Authors developed standardized
framework to classify injuries, ensuring consistency and
comparability across all the recorded cases. This
categorization process was informed by current best
practices in sports medicine and aligned with established
injury classification guidelines. Any ambiguities in injury
descriptions were resolved through consultations with the
reporting physiotherapists to maintain accuracy and
reliability in the dataset.

Ethical issues: Study approval was obtained from [TUM
Research ~ Ethics  Committee, = Malaysia  (No.
1IUM/504/14/11/2/ IREC 2023-162) on 04.10.2023.
Written informed consent was obtained from
parents/guardian of participants and assent from
participants.

Statistical analysis: The k-means clustering algorithm
was used to separate classes of related performance
variables assessed using SPSS version 29. It is reported
that the k-means clustering method is more reliable than
hierarchical agglomerative because it operates on actual
observations rather than dissimilarity measures employed
in hierarchical clustering. Number of clusters, k is selected
to be 2 as the data consist of best and moderate
performance based on 4 physical performances namely,
endurance, speed, agility and explosive power. Chi-square
test is primarily designed to aid study of categorical data.
On the other hand, Chi-square test considers counted and
classified dataset and will not operate with numeric data
that are parametric or continuous. Chi-square analysis is
used in the current study to examine the status of soccer-
related injuries as reported by the medical team.

Results
Five categories of body region were introduced to split
injury cases (Table 1).

Table 1: Injury area

No. Body region Body part (Case) Cases
1 Mid body Pelvis, lip and groin 26
2 Upper leg Upper leg 24
3 Knee Knee 35
4 Lower leg Lower leg 18
5 Foot and ankle Ankle (37), heel and Achilles tendon (1), foot and toes (17) 55
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The five fitness performances were recorded and k-means
clustering technique was used to group players according

Table 2: Grouping based on best

hysical fitness components

to fitness performance. The two best groups were speed-
endurance and best power-agility (Table 2).

Group VO2max Speed Agility CMJ
1. (Power-agility) 48.81 (1.85) 6.11 (0.21) 16.06 (0.30) 47.25 (3.64)
Moderate Moderate Best Best
2. (Speed-endurance) 54.27 (1.75) 5.54 (0.13) 17.06 (0.36) 35.73 (3.34)
Best Best Moderate Moderate

VO: max table categorizes participants into various
groups, with the corresponding average VO2max values.
VO:2max, a key indicator of cardiovascular fitness, ranges
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from approximately 48.72 for the "moderate" group to a
higher average of 54.31 for the "best" group, signifying
superior aerobic capacity (Figure 1).
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Chi square test examined relationship between the injury
risk and the endurance performance and found it
statistically significant, 52 (4, N=121)=10.33, p =0.035.
Thus, one can reject the null hypothesis and consider that

Table 3: Chi-Square test of injury risk and endurance performance

there is a significant relationship between the injury risk
and the endurance performance (Table 3).

Value df Asymptotic Significance (2-sided)
Pearson Chi-square 10.3252 4 0.035
Likelihood ratio 10.637 4 0.031
Linear-by-Linear association 2.033 1 0.154
No. of valid cases 121

a: 0 cells (0%) have expected count less than 5. The minimum expected count is 5.16.

Speed table highlights average speed performance acros

S

similar categories. The "best" group recorded the fastest
average speed at approximately 5.54 seconds while the
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"moderate" group exhibited slower speeds, averaging
around 6.13 seconds. This reflects variations in speed
performance across categories (Figure 2).
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Chi square test examined the relationship between the
injury risk and the speed performance and found it
statistically significant, x> (4, n = 93) = 9.67, p = 0.046
(Table 4). Thus, one can reject the null hypothesis and

consider that there is a significant relationship between

injury risk and speed performance.

Table 4: Chi-Square test of injury risk and speed performance

Value df Asymptotic Significance (2-sided)
Pearson Chi-square 9.668* 4 0.046
Likelihood ratio 9.595 4 0.048
Linear-by-Linear association .083 1 0.774
No. of valid cases 93

a: I cell (10%) has expected count less than 5. The minimum expected count is 3.76.

In the Agility table, average agility values are presented
for each group. Agility scores range from 16.02 seconds
for the "best" group, indicating high agility, to

approximately 16.96 seconds for the "moderate" group,
suggesting a relatively lower agility performance (Figure

3).
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Figure 3: Agility table

Chi square test examined the relationship between the
injury risk and the agility performance and found it
statistically not significant, > (4, N = 104) = 7.37, p =
0.118 (Table 5). Thus, one can accept the null hypothesis
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between the injury risk and agility performance.

Table 5: Chi-Square test of injury risk and agility performance

Value df Asymptotic Significance (2-sided)
Pearson Chi-square 7.3692 4 0.118
Likelihood ratio 7.462 4 0.113
Linear-by-Linear association 1.795 1 0.180
No. of valid cases 104

a: 1 cell (10%) has expected count less than 5. The minimum expected count is 4.76.

The CMJ table focuses on the countermovement jump
performance. The "best" group achieved the highest
average jump height of 48.01cm, whereas the "moderate"
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group had a significantly lower average of 35.39cm. This
suggests a stark difference in explosive power and jump

performance among categories (Figure 4).
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Figure 4: Conntermovement Sunp (CMT) table

Chi square test examined the relationship between the is no significant relationship between the injury risk and
injury risk and explosive power. Relationship between the explosive power.

injury risk and explosive power was statistically not

significant, 2 (4, N=64)=7.34, p = 0.12 (Table 6). Thus, Table 7 shows the correlations of Spearman’s Rho
one can accept the null hypothesis and consider that there between physical fitness and the injury area.

Table 6: Chi-Square test of injury risk and explosive power

Value df Asymptotic significance (2-sided)
Pearson Chi-square 5.609* 4 0.230
Likelihood ratio 7.337 4 0.119
Linear-by-Linear association .248 1 0.618
No. of valid cases 64 4 0.12
a: 4 cells (40%) have expected count less than 5. The minimum expected count is 1.97.
Table 7: Correlations of Spearman’s Rho between physical fitness and injury area
Correlations: Spearman’s Rho Injury area
Correlation Coefficient 0.129
VO2max Sig. (2-tailed) 0.159
N 121
Correlation Coefficient 0.070
5 Metre Sig. (2-tailed) 0.503
N 94
10 Metre Correlation Coefficient 0.013
Sig. (2-tailed) 0.904
N 94
20 Metre Correlation Coefficient 0.025
Sig. (2-tailed) 0.816
N 93
AgiR Correlation Coefficient -0.112
Sig. (2-tailed) 0.260
N 104
AgiL Correlation Coefficient -0.135
Sig. (2-tailed) 0.171
N 104
CMJ Correlation Coefficient -0.058
Sig. (2-tailed) 0.648
N 64
Spearman coefficient ranges from —1 to +1. It can be correlation also apply to interpretation of confidence
interpreted as describing anything between no association intervals and p values for Spearman coefficient.

(p = 0) to perfect monotonic relationship (p = —1 or +1).
Analogous considerations described for the Pearson
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In the current study, there is negligible strength shown
between the physical performance and the injury area.
Result indicates that injury has poor relationship with
physical performance.

Discussion

This study explored how different physical fitness
components correlate with risk of lower limb injuries
among young footballers aged 13 to 17 years in Malaysia.
Our results showed a higher risk of lower limb injuries in
footballers with better physical fitness components.
Although differences were not statistically significant,
they offer valuable insights into the potential factors
influencing injury risk in young athletes.

Firstly, we found that players with better cardiorespiratory
fitness (CRF) had fewer injuries in upper parts of lower
limb—pelvis, hip, groin, and thigh. This suggests that
good aerobic capacity might protect against injuries in
these areas by increasing muscle endurance and delaying
muscle fatigue, known to impair muscle function and
coordination. Prolonged matches or intense training
sessions without adequate rest may lead to fatigue-related
impairments including poor muscle coordination leading
to improper joint loading!’. Better CRF leads to better
oxygen delivery to muscles, improves recovery and
reduces risk of muscle strain in areas such as hamstring
and groin, the dominant muscles in football. Interestingly,
these same players showed higher risk of knee injuries
compared to those with lower CRF. One possible
explanation is that fitter footballers tend to play longer and
at higher intensities, placing more repetitive stress on the
knee joint. Unfortunately, as our study did not explore
playing time, no conclusion could be made.

Secondly, footballers with better speed, measured through
S-metre, 10-metre, and 20-metre sprints, had higher risk
of injuries across all parts of lower limbs. This concurs
with a study in 2022 where faster junior Australian
football players experienced higher injury incidence,
which may be explained by faster players experiencing
greater acceleration and deceleration forces during match
play, thus increasing the load on the musculoskeletal
system'8. Wide midfielders and strikers typically exhibit
superior sprinting performance, including higher sprint
distances and peak velocities!>. They engage in
significantly more high-intensity running and sprinting
compared to other positions due to their offensive roles
and their frequent involvement in transitions and
counterattacks®®. They frequently engage in explosive
actions like sudden stops and quick changes in direction,
heightening the risk of strains and sprains. Thus, they are
exposed to greater risk for injuries. Faster players also
generate higher forces upon sprinting, leading to higher
stress on muscles, tendons, and joints. This is particularly
concerning during deceleration, as braking forces during
rapid stops can exceed three times body weight and are
concentrated in areas like knee and ankle?'. Moreover,
adolescents may not have fully developed their
neuromuscular control to handle high-speed movements
safely, making them more susceptible to injuries®?.

Thirdly, the group with higher power and agility had a
higher risk of injuries to knee, foot, and ankle compared
to the speed-endurance group. Power and agility involve
explosive strength and rapid directional changes,
demanding significant effort from the musculoskeletal
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system. Dynamic movements like jumping, cutting, and
pivoting impose substantial loads on joints and soft tissue,
which, if not managed with proper technique and
conditioning, may increase the risk of injuries especially
at the distal part of the lower limbs. Our finding of higher
injury risk in better agility groups concurs with a study on
Australian rugby players which found that rugby players
with poorer agility had lower risk of injury. The results
were surprising, as they originally hypothesized that
agility would be protective against lower limb injuries.
Their explanation was that players with poorer agility and
reaction times move slower during pivoting and changing
directions, reducing the risk of pivoting injuries over knee
and ankle joints®.

Furthermore, players with better explosive power,
assessed by better CMJ, exhibited a higher risk of injuries
in all areas of lower limbs, which concurs with a study on
elite youth volleyball players which reported better CMJ
in players with jumper’s knee compared to the non-injured
group. An explanation could be that the players who jump
higher subject their tendons to a higher load and therefore
have a higher risk of overuse injuries’*. Another
explanation is that explosive movements generate high
mechanical loads that may exceed the capacity of
developing musculoskeletal structures in adolescents,
making them more prone to overuse injuries.

Similar observations, where better physical performance
leads to a higher injury risk, have been reported in other
sports. In baseball, pitchers with the fastest throws seem
to have a higher risk of overuse injuries to shoulder and
elbow. As they performed better, they played more months
per year, games per year and pitches per game?®. Similar
to Australian cricket, faster throwers played more games
resulting in significantly higher risk of injury?®. Ideally, we
wanted to include physical fitness components, match
exposure and training exposure in one multivariate model
but this was not possible, as we have no data on training
and match exposure.

These findings highlight the need for training programmes
to focus on the specific needs of adolescent athletes. A
well-balanced programme combining flexibility, balance,
neuromuscular control, and proprioceptive training is
more effective at reducing the injury risk than focusing on
individual physical fitness components alone. Fitter and
faster players are important for better team performance,
but coaches must carefully monitor training loads and
make sure the players get enough recovery time.
Educating players on safe techniques and encouraging
them to report any discomfort can help prevent injuries.

Studies with larger samples are needed to verify these
findings and explore them in greater depth. Longitudinal
studies tracking players over several seasons could
provide valuable insights into how growth and training
interact to influence injury risk. Other physical attributes
such as neuromuscular control may provide better
correlation with injury risk in adolescent football.
Additionally, match and training exposure should be
included and analysed to give better insight on injury risk.

Conclusions
Our study suggests that in adolescent footballers, greater
speed, power, and agility might increase the risk of lower
limb injuries.
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