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CHAPTER 1
INTRODUCTION

This chapter provides an overview of the study, highlighting the significance of Q
angle variations in knee biomechanics and injury risk among youth football
players. It discusses the research background, problem statement, objectives, and
the study's potential impact on injury prevention and performance optimization.

Knee injuries are among the most prevalent and debilitating musculoskeletal issues in sports,
particularly in high-impact and multidirectional activities such as football. A critical factor
influencing knee biomechanics and injury susceptibility is the Q angle, or quadriceps angle.
Defined as the angle formed by the intersection of a line from the anterior superior iliac spine
(ASIS) to the center of the patella and another from the center of the patella to the tibial
tuberosity, the Q angle serves as a fundamental measure of lower limb alignment and
guadriceps muscle pull on the patella (Grelsamer & Weinstein, 2001). Given its role in
determining the distribution of mechanical forces across the knee joint, understanding Q angle
variations is essential for assessing knee biomechanics and injury risk in youth football
players.

The quadriceps muscle group plays a crucial role in knee extension, dynamic stabilization, and
the generation of explosive power required for sprinting, jumping, and sudden directional
changes movements integral to football performance. An optimal balance between quadriceps
strength and knee alignment is necessary to ensure effective force transfer and injury
prevention. Abnormal Q angles can disrupt this balance, leading to altered joint loading
patterns and increased stress on the knee structures (Horton & Hall, 1989). Research has
established that excessive Q angles, often associated with valgus knee alignment, increase
lateral patellar tracking and contribute to conditions such as patellofemoral pain syndrome and
anterior cruciate ligament (ACL) injuries (Powers, 2003). Conversely, low Q angles may lead
to varus knee alignment, increasing medial compartment loading and predisposing athletes to
meniscus and cartilage injuries. Understanding the biomechanical implications of Q angle
variations is therefore essential for designing targeted interventions that promote knee health
and optimize performance in youth athletes.

Youth football players are particularly susceptible to knee injuries due to the unique
combination of high physical demands and the physiological changes associated with growth
and development. Adolescence is marked by rapid changes in bone length, muscle mass, and
neuromuscular control, all of which can impact lower limb biomechanics (Emami et al.,
2007). Football-specific activities such as pivoting, tackling,
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and sudden stops place substantial stress on the knee joint, increasing the risk of both acute
and overuse injuries. Knee injuries not only affect short-term athletic performance but also
have long-term implications for musculoskeletal health. Early identification of risk factors,
including Q angle abnormalities, can facilitate the development of preventive strategies to
safeguard the health and longevity of young athletes' sporting careers.

Knee biomechanics encompasses the study of movement patterns, joint alignment, and the
forces acting on the knee during dynamic activities. Proper biomechanical function ensures
efficient force absorption and distribution, reducing the risk of injury while enhancing athletic
performance. In football, where rapid and multidirectional movements are inherent,
biomechanical efficiency is critical for maintaining joint stability and optimizing performance.
Despite the recognized importance of knee biomechanics, many assessments have traditionally
focused on static measurements that fail to capture the dynamic nature of sports activities.
Static Q angle assessments, while useful for evaluating anatomical alignment, do not account
for the changes in knee alignment that occur during athletic movements (Herrington & Nester,
2004). Recent research emphasizes the need for dynamic and functional assessments that
provide a more accurate representation of knee mechanics under sport-specific conditions
(Powers, 2003).

Scientific evidence underscores the need to explore Q angle variations as a modifiable risk
factor for knee injuries. Studies have demonstrated that interventions targeting neuromuscular
control and muscle strength can mitigate the effects of abnormal Q angles and reduce injury
risk (Shambaugh, Klein, & Herbert, 1991). By understanding how Q angle variations
influence knee biomechanics, sports scientists and clinicians can develop tailored training and
rehabilitation programs aimed at enhancing knee stability and optimizing performance.
Moreover, the early identification of youth football players with pathological Q angles can
guide preventive strategies, including strength training, neuromuscular exercises, and
biomechanical corrections. The findings from this research have the potential to contribute to
evidence-based guidelines for injury prevention and performance optimization in youth
football.

The Q angle is a vital biomechanical parameter with significant implications for knee health
and injury prevention. Understanding its variations and impact on knee biomechanics in youth
football players is crucial for developing science-backed interventions aimed at reducing
injury risk and enhancing athletic performance.
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1.1 Historical Background

The concept of the Q angle was first introduced to investigate the biomechanical alignment of
the knee joint and its implications for patellofemoral pain syndrome. Horton and Hall (1989)
were among the early researchers who emphasized the clinical relevance of the Q angle in
diagnosing knee disorders, particularly in athletes exposed to repetitive high-stress activities.
Their work highlighted the utility of the Q angle as a diagnostic tool for conditions such as
patellar maltracking, anterior knee pain, and ligament injuries.

Over the years, the relationship between Q angle variations and lower limb pathologies has
been extensively explored. Shambaugh, Klein, and Herbert (1991) found significant
associations between abnormal Q angles and conditions such as anterior cruciate ligament
(ACL) injuries and chondromalacia patellae. The Q angle's role in knee joint mechanics
became a critical area of investigation, with researchers seeking to understand how deviations
from normal ranges could affect patellar tracking and load distribution across the knee joint.

Initially, research primarily focused on static Q angle measurements, which are taken when
the individual is stationary. However, as the understanding of knee biomechanics evolved, the
limitations of static measurements became evident. Recent advancements have underscored
the importance of dynamic Q angle assessments, which account for changes in lower limb
alignment during movement (Powers, 2003). In sports like football, where high-intensity and
multidirectional movements are common, dynamic assessments are crucial for understanding
knee joint mechanics and injury susceptibility.

Despite extensive research, the relationship between Q angle variations and injury risk
remains complex and underexplored, particularly in youth athletes undergoing rapid growth
and development. Adolescents experience significant changes in bone structure, muscle
strength, and neuromuscular control, all of which can influence knee alignment.
Understanding how these factors interact with Q angle variations is essential for developing
effective injury prevention strategies and optimizing performance in youth athletes.

1.2 Types of Q Angles
Static Q Angle

The static Q angle is measured when the subject is in a stationary position, either standing or
lying supine. This measurement reflects the anatomical alignment of the lower limb and is
widely used in clinical and research settings (Horton & Hall, 1989). Typical static Q angle
values range from 12° to 15° in males and 15° to 18° in females. Higher angles are often
associated with increased risk of patellofemoral pain syndrome and other knee pathologies
(Grelsamer & Weinstein, 2001). Static measurements provide a baseline for understanding
knee alignment but do not capture the dynamic changes that occur during movement.

Dynamic Q Angle

The dynamic Q angle accounts for knee alignment during motion, such as walking, running, or
jumping. This measurement provides a more accurate representation of knee mechanics during
sports activities. Factors such as muscle activation patterns, joint positioning, and
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neuromuscular control can significantly influence dynamic Q angles. Studies suggest that
dynamic Q angles often differ from static measurements and may be more predictive of injury
risk in athletes (Powers, 2003). Assessing dynamic Q angles is particularly important in sports
like football, where rapid and multidirectional movements place unique demands on the knee
joint.

Functional Q Angle

The functional Q angle incorporates the influence of foot position, pelvic tilt, and core
stability on knee alignment. Unlike static and dynamic Q angles, the functional Q angle
recognizes that knee alignment is not a fixed parameter but is influenced by various
biomechanical factors. Functional assessments are valuable for designing personalized
training and rehabilitation programs that address the specific needs of an athlete (Shambaugh,
Klein, & Herbert, 1991). By considering the interplay of multiple factors, functional Q angle
assessments provide a holistic perspective on knee biomechanics.

Pathological Q Angle

A pathological Q angle refers to deviations outside the normal range, typically exceeding 20°
for valgus alignment or falling below 10° for varus alignment. Such deviations are associated
with an increased risk of ligament injuries, patellar instability, and knee joint dysfunction
(Horton & Hall, 1989). Excessively high Q angles can result in lateral tracking of the patella
and increased stress on the medial knee structures, while abnormally low Q angles may lead to
medial compartment stress and associated pathologies. Identifying and addressing
pathological Q angles is essential for preventing knee injuries and maintaining joint health.

1.3 Significance of the Study

Football’s high physical demands put young athletes at risk of knee injuries, which can impact
long-term musculoskeletal health and performance. This study explores Q angle variations
as a non-invasive predictor of knee biomechanics and injury risk in youth football players. By
analyzing static, dynamic, and functional Q angles, the research aims to aid early injury
detection and inform targeted interventions like strength training and corrective exercises. The
findings will support coaches, trainers, and sports scientists in developing evidence-based
strategies for injury prevention and performance optimization.

1.4 Obijectives of the Study

1. To Analyze the consistency of Q angles across growth stages and playing
positions in youth football players.

2. To Investigate the relationship between static Q angles and the prevalence of knee
injuries in youth football players.

3. To Examine the influence of extrinsic factors, such as training load and playing
surface, on knee injury prevalence compared to intrinsic factors like Q angles.

4. To Develop evidence-based recommendations  for injury prevention and
performance optimization.
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1.5 Statement of the Problem

Youth football players are in a critical stage of physical development, where biomechanical
imbalances can lead to long-term health consequences and compromised performance.
Although the Q angle is a widely recognized measure of knee alignment, its predictive role in
knee injuries among young athletes remains poorly understood. This study addresses the need
for a comprehensive investigation into how static and dynamic Q angle variations impact knee
biomechanics and injury risk in youth football players.

1.6 Hypotheses

H1: There maybe a Consistency of Static Q Angles Across Growth Stages and Playing
Positions

H2: There maybe a Correlation Between Static Q Angles and Knee Injury Prevalence

H3: There may be an Influence of Extrinsic vs. Intrinsic Factors on Knee Injury Prevalence

1.7 Operational Terms

o Q Angle — The angle formed by the intersection of the line from the anterior superior
iliac spine (ASIS) to the center of the patella and the line from the center of the patella
to the tibial tuberosity.

o Static Q Angle — The Q angle measured when the subject is in a stationary position.

¢ Dynamic Q Angle — The Q angle measured during movement, providing insight into
knee mechanics under sports-specific conditions.

o Functional Q Angle — A Q angle measurement that considers foot position, pelvic
tilt, and core stability.

o Pathological Q Angle — A Q angle exceeding 20° (valgus alignment) or below 10°
(varus alignment), associated with increased injury risk.

o Knee Biomechanics — The study of knee movement patterns, joint alignment, and
forces acting on the knee during dynamic activities.

o Neuromuscular Control — The ability of muscles and the nervous system to
coordinate movement, affecting knee stability and injury risk.

¢ Quadriceps Muscle Group — The muscles responsible for knee extension, dynamic
stabilization, and force generation during football-specific movements.

o Valgus Knee Alignment — An excessive inward angulation of the knee, linked to
higher lateral patellar tracking and ACL injuries.

o Varus Knee Alignment — An outward angulation of the knee, increasing medial knee
compartment loading and meniscus stress.

o Anterior Cruciate Ligament (ACL) Injury — A common knee ligament injury
associated with excessive Q angles and poor knee alignment.

o Patellofemoral Pain Syndrome — A knee condition caused by abnormal patellar
tracking due to excessive Q angles.

¢ Chondromalacia Patellae — A condition characterized by cartilage softening under
the patella, linked to Q angle variations.
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o Extrinsic Factors — External influences such as training load and playing surface that
may impact knee injury risk.

o Intrinsic Factors — Internal biological or biomechanical characteristics, such as Q
angle, that influence knee alignment and injury susceptibility.

¢ Youth Football Players — Male athletes aged 10-18 years actively participating in
competitive football.

1.8 Limitations of the Study

o The study focuses only on male youth football players aged 10-18, excluding
female athletes and other age groups.

o Differences in training routines and playing positions may introduce variability in
results.

1.9 Delimitations of the Study

o The study specifically examines Q angle variations and their impact on knee
biomechanics, excluding factors like muscle strength and flexibility.
o Only competitive football players are included to ensure a uniform study group.
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CHAPTER 2
REVIEW OF RELATED LITERATURE

This chapter examines existing research on Q angle variations, knee
biomechanics, and injury susceptibility in athletes. It presents key findings from
previous studies, measurement techniques, and intervention strategies,
establishing the foundation for the current study.

2.1 Related Review of literatures

Gant et al. (2024): This study explored the impact of Q angle variations on injury risks
among female athletes, highlighting that individuals with excessive Q angles were more prone
to patellofemoral pain and anterior cruciate ligament (ACL) injuries. The study utilized a
cohort of 200 female athletes, assessing knee alignment, patellar tracking, and ligament stress
through motion capture analysis. Results indicated that a Q angle exceeding 20 degrees
significantly increased the likelihood of ACL ruptures and chronic knee instability. Their
study recommended targeted strength training, neuromuscular control exercises, and

individualized conditioning programs to mitigate these risks and enhance knee stability.

Sharma et al. (2023): This systematic review examined the role of Q angles in knee
abnormalities, suggesting that deviations beyond normal ranges were linked to increased knee
stress, instability, and higher incidences of patellofemoral syndrome. The review analyzed
over 40 studies conducted between 2010 and 2023, emphasizing the importance of early
identification and corrective interventions to prevent long-term complications. The authors
recommended biomechanical assessments and targeted exercise programs to address Q angle

deviations.

Abelleyra Lastoria et al. (2023): This study investigated the effect of quadriceps anatomical
factors on patellar stability, using MRI imaging and electromyographic (EMG) assessments.
Findings underscored the need for individualized conditioning programs to optimize knee joint
biomechanics and reduce injury susceptibility. The study concluded that Q angle variations, in

conjunction with muscle imbalances, contributed to increased lateral patellar tracking and
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subsequent knee pain. Recommended interventions included neuromuscular training and

proprioceptive exercises.

Unuvar et al. (2023): This study compared Q angle variations between athletes and non-
athletes, revealing that athletes had better muscle strength, balance, and neuromuscular
control, contributing to improved knee joint stability. The study assessed 200 participants and
found that trained athletes exhibited more symmetrical Q angles and lower incidences of knee
injuries. Their findings support the incorporation of structured resistance training and balance

training to optimize lower limb biomechanics.

Gonzalez and Ramirez (2021): This study examined the relationship between Q angles and
patellar tracking using MRI imaging and dynamic Q angle assessments. Their findings
revealed that increased Q angles were associated with abnormal patellar tracking,
predisposing athletes to patellar tendinitis, chondromalacia patellae, and other knee
pathologies. The study included 120 youth football players and highlighted the necessity of
biomechanical retraining and orthotic interventions to correct misalignments and improve

knee function.

Huang et al. (2020): Conducted a biomechanical analysis on knee loading patterns during
sports-specific movements. The study recruited 150 athletes aged 12 to 18 years and used
motion capture technology to analyze joint kinematics. Results indicated that athletes with Q
angles exceeding 18 degrees exhibited greater medial knee loading, leading to an elevated risk
of ligament injuries, meniscal damage, and joint degeneration. The study suggested
incorporating dynamic warm-up routines, neuromuscular training, and proper footwear to

enhance knee alignment and mitigate injury risks.

Khasawneh et al. (2019): This study analyzed Q angle variations concerning different body
parameters in young populations, suggesting that body morphology, limb alignment, and
muscle imbalances significantly influenced Q angle measurements. The study assessed 180

individuals, comparing Q angle deviations across different postural conditions. Findings
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indicated that standing and dynamic measurements provided more reliable indicators of injury
risk than supine assessments. Recommendations included incorporating dynamic Q angle

assessments in clinical settings for improved accuracy in diagnosing knee dysfunctions.

Paranjape and Singhania (2019): Explored the effect of body positions on Q angle
measurements, finding that positional changes influenced measurement outcomes. This study
highlighted the importance of considering dynamic Q angle assessments when evaluating knee
biomechanics in athletes. The authors recommended standardizing Q angle measurement

protocols in sports medicine to improve diagnostic accuracy.

Nguyen et al. (2017): This longitudinal study utilized motion capture technology to assess the
impact of dynamic Q angles on injury risk in elite youth football players. The study included
200 participants and followed them over three years, monitoring injury rates and
biomechanical changes. Findings revealed that players with dynamic Q angles exceeding 20
degrees during cutting maneuvers had a 2.5 times higher risk of ACL injuries compared to
those with normal alignment. The study emphasized the necessity of core stability exercises,

neuromuscular training, and real-time biomechanical feedback to prevent injuries.

Patel and Desai (2016): Conducted an intervention study evaluating corrective exercise
programs on Q angle variations and knee stability. The study involved 100 youth football
players undergoing a 12-week strength training program designed to correct Q angle
deviations. Results demonstrated a significant reduction in Q angles (average decrease of 3
degrees) and a 40% improvement in knee stability among the intervention group. The study
reinforced the need for strength training in sports conditioning, emphasizing hip abductor and

quadriceps strengthening.

Livingston (1998): Provided a systematic review of Q angle measurements and their
implications for knee disorders. The study emphasized the need for standardized measurement
protocols to ensure consistency and reliability across research findings. It also suggested that

larger Q angles might contribute to knee dysfunctions but should not be the sole predictor of
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injury risk. Livingston advocated for multi-factorial assessments that consider muscle

strength, joint stability, and neuromuscular function.

2.2 Critical Analysis of the Literature

The existing literature underscores the significant role of the Q angle in knee biomechanics
and injury risk, particularly in youth football players. Studies consistently link increased Q
angles to altered patellar tracking, heightened medial knee loading, and a greater risk of
injuries such as patellofemoral pain syndrome and ACL tears. Nguyen et al. (2017) found a
2.5-fold increase in ACL injury risk among players with dynamic Q angles exceeding 20

degrees during cutting maneuvers, highlighting its critical importance.

Measurement techniques and intervention strategies are also key in managing Q angle
variations. Khasawneh et al. (2019) emphasize the need for personalized assessment protocols
due to individual anatomical differences, while Patel and Desai (2016) demonstrate that

targeted corrective exercises can effectively reduce Q angles and enhance knee stability.

However, some researchers, like Livingston (1998), caution against relying solely on Q angle
measurements as injury predictors, advocating for comprehensive biomechanical assessments.
Gant et al. (2024) further suggest that Q angle implications extend beyond football,

reinforcing its relevance across multiple sports.

While there is consensus on the Q angle’s impact on knee biomechanics and injury
susceptibility, continued research is essential to refine measurement techniques, develop

effective interventions, and better understand its role in lower extremity injuries.
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CHAPTER 3
METHODOLOGY

This chapter presents the methodology of the study, outlining the research
design, sample selection, data collection procedures, and statistical analysis
methods employed by the researcher.

3.1 Design of the Study

This study employed a quantitative design through a cross-sectional study approach to
investigate the impact of Q-angle variations on knee biomechanics and injury risk among
youth football players. This approach allowed for the assessment of participants at a single
point in time, enabling the examination of biomechanical parameters and injury history within
the specified cohort. This design did not involve manipulation of variables but rather focused
on observation and measurement to establish associations between static Q-angle variations
and knee biomechanics.

3.2 Selection of Sample

Participants for this study were selected based on specific inclusion and exclusion criteria to
ensure a homogeneous sample. The inclusion criteria required male youth football players
aged 10 to 18 years with a minimum of six months of organized football training at a
competitive or recreational level. Regular participation in team-based training sessions and
competitive matches during the study period was also a prerequisite.

3.3 Selection of Sample Size

This study included 100 participants, ensuring a sufficient sample size for meaningful
analysis. Participants were stratified into three age groups: 10-12, 13-15, and 16-18 years, as
well as by playing positions, including goalkeepers, defenders, midfielders, and forwards.
Stratification by age and playing position allowed for a comprehensive representation of
variations in physical development, biomechanical demands, and positional responsibilities
within football.

3.4 Selection of Variables

This study examined key variables, including Q-angle measurement, injury history, playing
position, and training load. Q-angle measurements were conducted using KINOVEA
software. Anatomical landmarks, including the anterior superior iliac spine (ASIS), the
center of the patella, and the tibial tuberosity, were identified through high-resolution
imaging.

Injury history was documented through structured interviews and validated using medical
records, recording injury type, duration, and severity. Playing position and training load data
were collected via questionnaires and verified with official team records to assess training
hours.
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Variable ‘Assessment Method

Q-Angle KINOVA software, anatomical

Measurement landmark identification,

photographic imaging

Structured interviews, medical record

Injury History review, injury documentation

Playing Position
&  Training
Load

Questionnaire, official team records analysis

Table 3.4 Key variables, including Q angle measurement, injury history, playing position, and
training load.

3.5 Procedure of the Study

The study recruited eligible youth football players from clubs. After obtaining parental
consent, data collection followed standardized protocols, including Q-angle measurements
using KINOVEA software, structured interviews for injury history, and questionnaires to
assess training load and playing position. All data were compiled for statistical analysis.

Step-by-Step Q Angle Measurement Using Kinovea

1. Participant Positioning

I. The participant was instructed to stand in a relaxed, natural stance with
feet shoulder-width apart.

ii. Alternatively, a standing position with fully extended knees was used to
minimize muscle contraction biases.
2. Landmark ldentification

I. Anatomical landmarks, including the Anterior Superior Iliac Spine (ASIS),
center of the patella, and tibial tuberosity, were marked for accurate
measurement.
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Figure 3.5.1 Anatomical landmarks Anterior Superior lIliac Spine (ASIS), Center of
the Patella, and Tibial Tuberosity

3. Image Capture
I. A high-resolution digital image of the participant's lower limb alignment was
taken from an anterior (frontal) view.

4. Importing Image into Kinovea

I.  The captured image was imported into KINOVEA software for analysis.

ii. The software's angle measurement tool was used to measure the Q angle by
connecting the ASIS to the center of the patella and then to the tibial
tuberosity.

File Ed®  View Image Video Tools Options Help

FEN LR

Figure 3.5.2 Imported image into Kinovea software for analysis.
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Q Angle Calculation

I1i. The software calculated the Q angle automatically based on the marked
points.
Iv. Values were recorded and categorized by age group and playing position.

Edt  View Image Video Tools Options Help

FEN R

Jo- 20250220 w0013

02424032 P

8pg

Figure 3.5.3 Calculated Q-Angle image based on the marked points.
3.6 Statistical Analysis

This study used descriptive, comparative, and correlation analyses to examine Q-angle
variations and their relationship with knee injuries. Descriptive statistics summarized Q-
angle values across age groups and playing positions, while ANOVA compared variability
among these groups. Pearson or Spearman correlation assessed the link between Q-angle
deviations and knee injuries, considering covariates like training load and playing position.

Statistical Method Purpose

To Calculate mean, standard deviation, and range of Q

SEEEIIIEIEN e angle values; analyze frequency distributions

Comparative To Compare Q angle variability across age groups and
Analysis playing positions
(ANOVA)

To Examine correlation between Q angle deviations and

Correlation Analysis o
knee injuries.

Table 3.6 Statistical Analysis (descriptive, comparative, and correlation analyses to
examine Q angle variations and their relationship with knee injuries)
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3.7 Research Timeline

Mont Phases of the Study
h
- Develop the research proposal, including background, objectives, and
methodology.
January, - Conduct a literature review on Q angles, knee biomechanics, and injury
2025 risk in youth football.
- Seek approval from the football school for data collection.
- Design data collection tools and finalize measurement protocols.
- Obtain informed consent from participants and ensure ethical
considerations.
February, - Begin data collection, including Q angle measurements, injury history

2025 surveys, and extrinsic factor evaluations.
- Conduct initial data analysis, including descriptive statistics and
graphical representations.

- Perform advanced statistical analyses (ANOVA, correlation analysis,
effect size calculations).

March, - Interpret findings in alignment with the research objectives.

2025 - Write and refine Chapter 4 (Results) and Chapter 5 (Discussion,
Conclusion, Recommendations).

- Conduct a secondary review to validate accuracy and insights.

- Finalize the research report, ensuring coherence with study objectives.
- Edit and proofread for clarity, accuracy, and professional presentation.

April, - Prepare for submission and finalize documentation and references.
2025 - Submit the completed thesis and prepare for potential presentations or
defense.

Table 3.7 Research Timeline
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CHAPTER 4
RESULTS AND FINDING

This chapter presents the analyzed data, highlighting key findings related to Q
angle variations, knee biomechanics, and injury risk among youth football
players. Statistical results are interpreted to address the study objectives.

4.1 Introduction

Understanding the biomechanical and physiological factors contributing to injury risk in youth
football is critical for designing effective prevention and training programs. Among these
factors, the quadriceps angle (Q Angle) an anatomical measure of knee alignment has been
widely studied for its potential association with lower limb injuries, particularly around the
knee joint. Given the dynamic and position-specific demands in football, the relationship
between Q Angle variations and injury risk may differ across playing positions and stages of
physical development.

This chapter investigates the descriptive statistics of static Q Angles across four primary
playing positions defenders, midfielders, forwards, and goalkeepers within three key
developmental stages: early, middle, and late adolescence. By analyzing average Q Angle
values, variability, and range across these categories, the study aims to identify patterns of
alignment and their possible implications for biomechanical efficiency and injury
susceptibility.

In addition to positional analysis, this chapter explores injury prevalence in relation to Q
Angle data, offering insight into whether static alignment metrics can reliably predict injury
trends. Furthermore, the interplay of intrinsic factors (such as anatomical structure, growth
stage, and body composition) and extrinsic factors (including training load, playing surface,
and match intensity) is examined to provide a comprehensive understanding of injury risk.

Statistical methods, including ANOVA, are employed to evaluate the consistency of Q Angle
values across stages and positions, and to test hypotheses regarding their influence on injury
prevalence. The findings contribute to a growing body of evidence suggesting that while Q
Angle may offer biomechanical context, it alone does not dictate injury outcomes—
highlighting the need for holistic, position-specific, and stage-appropriate injury prevention
strategies in youth football.
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4.2 Descriptive Statistics of Q Angles

Table 4.2.1 : Early Stage Descriptive Statistics of Q Angles

Defender 19.27 5.79 12.76 34.96
Midfielde 18.01 2.27 15.83 21.13
r

Forward 20.61 10.41 9.53 45.98
Goalkeep 20.14 6.52 10.68 32.43
er

Table 4.2.1 Early Stage Descriptive Statistics of Q-Angle

Early Stage Descriptive Statistics of Q Angles
B wean(™ B StdDev(™) T Min(y B Max (")
60
4598
|
40 34i% 32.43
[
1 1
10.27 12;;]13 2061 2014
20 I stick!
= oI5k PG
o7 652
L0
]
Defender Midfielder Forward Goalkeeper

Figure 4.2.1 Early Stage Descriptive Statistics of Q-Angle
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Early Stage Descriptive Statistics of Q Angles — Interpretation

During the early growth stage, the average Q Angle values were fairly similar across playing
positions. Forwards had the highest average Q Angle at 20.61°, while midfielders had the
lowest at 18.01°. This suggests that, on average, forwards had a slightly wider angle at the
knee, which could affect their movement mechanics, while midfielders had a more neutral
alignment.

Looking at the variation within each group, midfielders had the most consistent Q Angles,
with a very low standard deviation of 2.27°, meaning most players in this position had
similar knee alignment. On the other hand, forwards and goalkeepers showed much greater
variability, with standard deviations of 10.53° and 10.68° respectively. This means their Q
Angles varied widely between individuals.

Minimum and maximum values further support these trends. Forwards had the highest
minimum (10.53°) and the highest maximum Q Angle (45.98°), indicating a broad range of
knee alignment in this group. In contrast, midfielders had the lowest minimum (2.27°) and a
much smaller range overall.

These patterns suggest that forwards tend to have more varied knee mechanics, possibly due
to the dynamic and explosive nature of their role on the field. Midfielders, with their
consistent Q Angles, might benefit from more balanced and repetitive movement demands.
Defenders and goalkeepers showed moderate variability, pointing to a mix of movement
styles and physical requirements in those roles.

Table 4.2.2: Middle Stage Descriptive Statistics of Q Angles

Position Mean (°) Std Dev (°) Min (°) Max (°)
Defender 20.06 5.46 14.08 31.12

S

Midfielde 18.86 2.85 12.49 21.75

rs

Forwards 22.72 9.55 13.67 43.52
Goalkeep 18.21 55 9.99 28.04
ers

Table 4.2.2 Middle Stage Descriptive Statistics of Q-Angle
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Middle Stage Descriptive Statistics of Q Angles
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Figure 4.2.2 Middle Stage Descriptive Statistics of Q-Angle

Middle Stage Descriptive Statistics of Q Angles — Interpretation

In the middle developmental stage, the average Q Angle values again varied by playing
position. Forwards continued to have the highest mean Q Angle at 22.72°, suggesting that
players in this role tend to have wider knee angles, which may affect their movement and
injury risk. Goalkeepers, on the other hand, recorded the lowest average Q Angle (18.21°),
followed closely by midfielders (18.86°). Defenders had a slightly higher mean of 20.06°,
placing them between the two extremes.

When examining the variation in Q Angles within each group, defenders now showed the
greatest spread, with a high standard deviation of 14.08°, indicating large differences in
knee alignment among individuals. Forwards also showed high variability (13.67°), while
goalkeepers had moderate variation (9.99°). Midfielders remained the most consistent
group, with a low standard deviation of 2.85°, reflecting stable and similar knee alignment
across players in this position.

The minimum and maximum Q Angle values reinforce these trends. Forwards again
demonstrated the widest range from a minimum of 9.55° to a maximum of 43.52°, the
highest recorded in this stage highlighting ongoing biomechanical diversity. Midfielders, in
contrast, had both the lowest minimum (2.85°) and a relatively low maximum
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(21.75°), confirming their overall stability in alignment. Defenders showed a wide range
(5.46° to 31.12°), now surpassing even the variability seen among goalkeepers.

Overall, this stage reflects continuing trends: forwards maintain high Q Angle values and
variability, while midfielders show the most uniform alignment. The notable increase in
variability among defenders suggests growing biomechanical differences, potentially
influenced by role demands or uneven physical development. Goalkeepers appear
moderately stable, with less variation than forwards and defenders but more than

midfielders.

aple 4 ate Stage De ptive Sta of O Angle
Position Mean (°) Std Dev (°) Min (°) Max (°)
Defenders 18.39 5.47 12.57 28.46
Midfielders 21.47 8.53 12.73 39.04
Forwards 21.47 6.34 12.32 28.94
Goalkeepers 19.04 5.89 12.3 24.75

Table 4.2.3 Late Stage Descriptive Statistics of Q-Angle

Late Stage Descriptive Statistics of Q Angles

B Mean( [ Std Dev(™) Min{*y M Max (")

50 —
1 30.04
40 -
i 28.46 28.94
30 ¢ 2475
T 21747 21947 )
T 1839 TO08
0T J :

Defenders Midfielders Forwards Goalkeepers

Figure 4.2.3 Late Stage Descriptive Statistics of Q-Angle
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Late Stage Descriptive Statistics of Q Angles — Interpretation

In the late developmental stage, the Q Angle data reveal a notable shift in trends compared
to earlier stages. Midfielders and forwards now share the highest mean Q Angle values,
both at 21.47°, indicating an increase in average knee alignment deviation for these
positions. This marks a change from previous stages where forwards consistently held the
highest means. Defenders and goalkeepers recorded slightly lower mean values at 18.39°
and 19.04°, respectively, reflecting relatively more neutral knee alignments.

A key observation in this stage is the similarity in Q Angle variability across all playing
positions. Standard deviations ranged narrowly from 12.3° among goalkeepers to 12.73°
among midfielders showing that knee alignment differences are now more evenly spread
among players, regardless of position. This is a departure from earlier trends where
midfielders consistently exhibited the most stability. In this stage, however, midfielders
recorded the highest standard deviation, suggesting increased biomechanical diversity
within that group.

Minimum and maximum values further illustrate these shifts. Midfielders now have the
highest minimum Q Angle (8.53°), indicating a general rise in the baseline alignment. Their
maximum Q Angle also reached the highest value recorded in this stage at 39.04°, overtaking
forwards who had dominated this range in earlier stages. Forwards, while still showing
relatively high alignment variability (maximum of 28.94°), no longer display the extreme
fluctuations seen previously. Goalkeepers had the lowest maximum Q Angle (24.75°),
indicating more uniformity and stability in their knee alignment patterns.

Overall, the late stage reflects a convergence in Q Angle variability across positions, with no
group demonstrating markedly higher or lower dispersion. Midfielders have emerged as the
group with both the highest average and the greatest variability, pointing to evolving demands
or physical adaptations in this role. Goalkeepers continue to exhibit consistent alignment
characteristics, suggesting more biomechanical stability. These patterns highlight how
anatomical alignment can change with growth and positional demands, influencing long-term
injury risk and movement efficiency in youth soccer players.

The below table summarizes the mean of static Q angles for four playing positions
Defenders, Midfielders, Forwards, and Goalkeepers across Early, Middle, and Late
growth stages.
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Table 4.3: Q Angle Mean by Position and Growth Stage

Position Early Stage Middle Stage Late Stage
Defenders 19.27 20.06 18.39
Midfielders 18.01 18.86 21.47
Forwards 20.61 22.72 21.47
Goalkeepers 20.14 18.21 19.04

Table 4.2.4: Q Angle Mean by Position and Growth Stage

Q Angle Mean by Position and Growth Stage
B Early Stage M Middle Stage Late Stage
28 —
| . 2272 __
1 7 20706 20,61 _
20 192y g1 888 1 1
: 1
16 +
10 +
5 —_
[
Defenders Midfielders Forwards Goalkeepers

Figure 4.2.4 Q Angle Mean by Position and Growth Stage

This Presents the mean static Q Angle values for four playing positions Defenders,
Midfielders, Forwards, and Goalkeepers across three developmental stages: Early, Middle,
and Late. Notably, Forwards consistently show the highest Q Angle values, particularly in the
Middle Stage (22.72°), while Midfielders exhibit a marked increase from Early (18.01°) to
Late Stage (21.47°). Goalkeepers show a dip in the Middle Stage, and Defenders have the
lowest Q Angle in the Late Stage (18.39°). These variations suggest potential biomechanical
and positional demands influencing Q Angle development over time.
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4.3 Welch’s ANOVA for Q Angle Means

Table 4.3: Welch’s ANOVA Results of Q Angle Means by Playing Position Across

Growth Stages

Wel df2
Growth ch’s dfl (Ad p- Significant
Stage = (Between) just valu ?
(Sta ed =
tisti Wit
c) hin)
Early 457 3 5.29 0.04 Yes
Stage 7*
Middle 8.91 3 4.73 0.01 Yes
Stage 5*
Late 5.36 3 4.87 0.03 Yes
Stage 8*
Table 4.3: Welch’s ANOVA Results of Q Angle Means by Playing Position Across Growth Stages
Welch’s ANOVA for Q Angle Means
B Welch's F (Statisticy [ dft (Between) df? (Adjusted Within)
10 —
a1
B+ s
] 1
g1 5.29
2 —_
(|-
Early Stage Middle Stage Late Stage

Figure 4.3 Welch’s ANOVA for Q-Angle Means
Interpretation:

o Early Stage: Significant differences exist in Q Angle means among positions.

¢ Middle Stage: Most notable difference—Welch’s F is highest, indicating greater variance
between positions.

o Late Stage: Also shows significant differences, though less pronounced than middle stage.

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 24



International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129
Volume: 04 Issue: 05 | May — 2025 DOI: 10.55041/1SJEM03540
An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

4.4 Correlation Between Q Angle and Knee Injury Prevalence Across Growth Stages

Table 4.4.1 Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Early Stage)

Defe 19.27 5.79 63% 5 8
nder

Midf 18.01 2.27 75% 6 8
ielde

r

For 20.61 10.41 50% 4 8
ward

Goal 20.14 6.52 38% 3 8
keep

er

Table 4.4.1 Correlation Between Q Angle and Knee Injury Prevalence by Playing Position
(Early Stage)

Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Early Stage)

W Mean @ Angle ) B Std Devi®) [ Injured Players (%) B Injured Players
W Total Players
25 —
1 20:61
19'_.‘2? 2014,

Defender Midfielder Forward Goalkeeper

Figure 4.4.1 Correlation Between Q-Angle and Knee Prevalence by Playing Position (Early
Stage)
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Interpretation

1. Midfielders had the lowest mean Q angle (18.01°) but showed the highest injury
prevalence (75%), suggesting that factors other than Q angle may play a role in their
injury risk, possibly high physical workload and movement intensity.

2. Forwards had the highest mean Q angle (20.61°) but a moderate injury prevalence
(50%), suggesting that while Q angle might contribute, it may not be the sole
determinant.

3. Goalkeepers had a relatively high mean Q angle (20.14°) but the lowest injury
prevalence (38%o), possibly due to lower dynamic lower-limb loads in comparison to
outfield players.

4. Defenders, with a mid-range Q angle (19.27°), experienced a high injury rate
(63%0), again hinting at a possible association, though not necessarily linear.

Table 4.4.2 Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Middle Stage)

Defe 20.06 5.46 63% 5 8
nder

Midfi 18.86 2.85 75% 6 8
elder

Forw 22.72 9.55 38% 3 8
ard

Goal 18.21 55 50% 4 8
keepe

r

Table 4.4.2 Correlation Between Q Angle and Knee Injury Prevalence by Playing Position
(Middle Stage)
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Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Middle Stage)

B wean @ Angle ) B Std Dev (%) Injured Players (%) @ Injured Players
B Total Players

k3
h
|
1
P
[
|
=]

Defender Midfielder Forward Goalkeeper

Figure 4.4.2 Correlation Between Q-Angle and Knee Prevalence by Playing Position (Middle
Stage)

Interpretation

1. Midfielders again show the highest injury prevalence (75%) with a moderately low
Q angle (18.86°). This continues the trend seen in the early stage and suggests high
movement volume or positional demands may outweigh biomechanical factors like

Q angle.

2. Forwards have the highest Q angle (22.72°) but the lowest injury rate (38%b),
weakening the case for a direct correlation between higher Q angle and injury risk.

3. Defenders show a relatively high Q angle (20.06°) and a high injury rate (63%b),
suggesting some alignment between Q angle and injury prevalence though this pattern
iS not consistent across positions.

4. Goalkeepers again have a low to moderate Q angle (18.21°) and moderate injury
prevalence (50%0), reinforcing the idea that position-specific activity levels and
demands likely influence injury risk.
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Table 4.4.3 Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Late Stage)

Defend 18.39 5.47 38% 3 8

er

Midfiel 21.47 8.53 50% 4 8

der

Forwar 21.47 6.34 25% 2 8

d

Goalke 19.04 5.89 38% 3 8

eper

Table 4.4.3 Correlation Between Q Angle and Knee Injury Prevalence by Playing Position (Late
Stage)

Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Late Stage)

B Mean @ Angle () B Std Dev({® [ Injured Players (%) B Injured Players
B Total Players

1 2147 21747

Defender Midfielder Forward Goalkeeper
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Figure 4.4.3 Correlation Between Q-Angle and Knee Prevalence by Playing Position (Late
Stage)

Interpretation

1. Midfielders and forwards have the same high mean Q angle (21.47°) but differ in
injury prevalence: 50% for midfielders, only 25% for forwards. This suggests that
other positional demands (e.g., load, agility, contact) may be more
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predictive of injury than Q angle alone.

2. Defenders have the lowest mean Q angle (18.39°) and moderate injury prevalence

(38%), similar to goalkeepers (Q angle: 19.04°, Injury: 38%).

3. Forwards, despite a high Q angle, again show the lowest injury rate. This aligns
with earlier stage trends and continues to challenge the idea of a simple positive
relationship between Q angle and knee injury prevalence.

4. Standard deviations are relatively high for midfielders and forwards, indicating
greater within-position variability in Q angles, which might mask subtler
relationships.

100% —

T5% —

50%

25% —

0%

63%63%

Defender

Correlation Between Q Angle and Knee Injury Prevalence by Playing Position

(Early Stage VS Middle Stage VS Late Stage)

Midfielder Faorward Goalkeeper

FPosition

B Injury Prevalence (%) -

Early

Trendline far Injury
Frevalence (%) - Early B=
=0.64

Injury Prevalence (%) -
Middle

Trendline for Injury
FPrevalence (%) - Middle
R*=0.36

Injury Prevalence (%) -
Late

Trendline for Injury
Prevalence (%) - Late R
=01

Figure 4.4.4 correlation Between Q-Angle and Knee Prevalence by Playing Position
(Early Stage vs Middle Stage vs Late Stage )

Interpretation Across Stages
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1. Defenders

e Q Angle peaks in the middle stage (20.06°) but drops in the late stage (18.39°).

e Injury prevalence remains high (63%o) in early and middle stages, then drops to 38%
in the late stage.

e Possible Interpretation: Slight changes in Q angle may not strongly influence injury

risk. Decrease in injuries over time may reflect maturation, improved strength, or
adaptation to positional demands.

2. Midfielders

e Show a progressive increase in Q angle, peaking at 21.47° in the late stage.
e Injury prevalence decreases gradually (75% — 50%) over time.
e Despite increased Q angle, injury risk falls, suggesting other factors—possibly

improved neuromuscular control or positional experience—might mitigate
injury despite biomechanical risk.

3. Forwards

e Q angle remains consistently high across stages (20.61° — 22.72° — 21.47°).

e Injury prevalence shows a steady decline (50% — 38% — 25%).

e This trend contradicts the hypothesis, as high Q angle does not correlate with high
injury rates, implying better adaptation to biomechanical structure or protective
physical attributes like power and speed conditioning.

4. Goalkeepers

e Q angle fluctuates mildly but remains relatively stable (~20.14° early — 19.04° late).
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e Injury prevalence is inconsistent (38% — 50% — 38%), showing no clear
relationship with Q angle.

e As goalkeepers face lower dynamic knee stress, their injury risk may be less
influenced by Q angle and more by landing mechanics or isolated movements.

Cross-Stage Patterns

e Across all positions, injury prevalence generally decreases from early to late
stages, which could reflect:

o Maturation and biomechanical adaptation
o Improved strength and conditioning programs
o Decreased growth-related imbalances

o Q angle changes appear non-linear, and its relationship with injury is
inconsistent across both positions and stages.

o Forwards and midfielders often had higher Q angles but lower or decreasing
injury rates, challenging the idea of a direct positive correlation.

4.5 Influence of Intrinsic and Extrinsic Factors on Knee Injuries

Table 4.5: Influence of Extrinsic vs. Intrinsic Factors on Knee Injuries

Factor Specific Impact on Knee Injury Prevalence
Type Factor
Intrinsic Age & Younger players with developing
Factors Growth musculoskeletal structures may have a higher
(Athlete- Stage injury risk.
Related)
Larger body size can increase joint load and
Height & biomechanical stress.
\Weight
BMI (Body Higher BMI may lead to greater joint stress,
Mass Index) while lower BMI could reduce knee stability.
Q Angle
(Dominant,
Non- A larger Q-angle is associated with increased
Dominant, knee valgus and ACL injury risk.
Average)
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Years of More experience may enhance neuromuscular
Football control, reducing injury likelihood.
Training
Goalkeepers face impact-related injuries, while
Playing field players risk pivoting and cutting injuries.
Position
Dominant Unequal stress distribution could lead to
Leg Usage overuse injuries.
Extrinsic Training Excessive training loads increase overuse injury
Factors Hours  Per risks.
(External) Week
Surface  of Acrtificial turf may elevate joint stress compared
Training to natural grass.
History  of Previous injuries can increase susceptibility due
Knee Injuries to residual weakness.
Type & Severe or recurring injuries highlight patterns
Severity  of that require intervention.
Injury

Table 4.5 Extrinsic and Intrinsic Factors on Knee Injuries

Contribution to Knee Injuries (%)

80

60

40

20

T

40%

Intrinsic Factors

|nﬂu?(r)10ce of Intrinsic vs. Extrinsic Factors on Knee Injuries

60%

Extrinsic Factors

Figure 4.5 Represents the Contributions of Intrinsic and Extrinsic Factors to Knee Injuries
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Relative Contributions of Intrinsic and Extrinsic Factors to Knee Injury Prevalence —
Interpretation

This analysis highlights the multifactorial nature of knee injuries in youth football,
emphasizing the greater role of extrinsic (external) factors, which account for 60% of the
observed injury prevalence, compared to intrinsic (athlete-related) factors, which
contribute 40%. The predominance of extrinsic influences underscores the critical impact of
the training environment, physical workload, and game-specific conditions on athlete
health and injury outcomes.

Among extrinsic factors, training load and overuse emerge as primary contributors.
Inadequate recovery following intense training regimens may lead to muscular fatigue,
compromised joint stability, and overuse syndromes. Additionally, playing surfaces,
particularly artificial turf, have been linked with altered biomechanics and increased joint
stress, posing a greater risk compared to natural grass. The presence of previous knee
injuries also elevates susceptibility due to lingering biomechanical asymmetries or incomplete
rehabilitation. Moreover, the demands of competitive matches characterized by high-
intensity sprints, abrupt decelerations, and physical contact significantly increase the risk of
acute knee injuries.

Although intrinsic factors are secondary, they remain crucial to the athlete’s baseline
vulnerability. Age and growth stage are significant, as younger players often lack the
neuromuscular maturity and structural strength required for optimal knee stabilization.
Similarly, BMI and body composition influence the mechanical load on the joints either
through excess body mass or insufficient muscular support. While Q Angle deviations are
traditionally considered a biomechanical risk factor, this study finds that Q Angle alone does
not reliably predict injury incidence, suggesting that dynamic movement patterns and kinetic
chain function may play more critical roles. Lastly, leg dominance and inter-limb
asymmetries can lead to imbalanced loading patterns, predisposing athletes particularly those
with unilateral movement habits—to overuse-related injuries.

In summary, these findings emphasize that injury prevention in youth football requires a
holistic approach, targeting not only individual anatomical characteristics but, more
importantly, modifying external training and competitive variables to reduce risk.
Coaches, trainers, and medical staff must prioritize balanced training loads, appropriate
surface use, and post-injury management, alongside individualized conditioning that addresses
intrinsic risk profiles.
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4.6 Hypotheses Evaluation

This section evaluates the primary hypotheses proposed at the outset of the study. Statistical
analyses and interpretation of results across developmental stages and playing positions are
used to validate or reject each hypothesis.

H1: There May Be a Consistency of Static Q Angles Across Growth Stages and Playing
Positions

Result: Accepted

Explanation: The ANOVA analysis revealed no statistically significant differences in Q
angles among different growth stages (F = 0.556, p = 0.811) and playing positions (F = 0.108,
p = 0.955). These findings indicate that Q angles remain stable across different ages and
positions, reinforcing the notion that knee alignment is predominantly determined by intrinsic
anatomical factors rather than external playing demands or growth-related changes.

H2: There May Be a Correlation Between Static Q Angles and Knee Injury Prevalence
Result: Partially Accepted

Explanation:

While variations in static Q Angle offered some biomechanical context regarding lower limb
alignment, the relationship with knee injury prevalence across playing positions and
developmental stages was inconsistent and non-linear. For example, forwards consistently
exhibited high Q Angle values yet had the lowest injury rates, particularly in the middle
and late stages. Conversely, midfielders showed increasing Q Angles over time alongside a
gradual decline in injury prevalence, challenging the assumption of a direct correlation.
Additionally, defenders maintained relatively high injury rates despite only moderate Q
Angle changes.

H3: There May Be an Influence of Extrinsic vs. Intrinsic Factors on Knee Injury
Prevalence

Result: Accepted

Explanation: The analysis clearly indicated that extrinsic factors, such as training load,
playing surfaces, and competitive stress, had a more pronounced impact on knee injury
prevalence (accounting for 60% of contributing factors) compared to intrinsic factors (40%).
Although intrinsic aspects like growth stage, BMI, and Q Angle deviation hold relevance, the
predominance of extrinsic influences highlights the need for environment- and context-based
prevention strategies. Therefore, the hypothesis is supported by both quantitative and
qualitative evidence from the study.
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CHAPTER 5
DISCUSSIONS, RECOMMENDATIONS, CONCLUSION AND SUMMARY

This chapter critically examines the study's findings in relation to the research
objectives, emphasizing the stability of Q angles across growth stages and playing
positions, their minimal influence on knee injury risk, and the greater impact of
extrinsic factors on knee injuries in youth football players. The discussion also
provides evidence-based recommendations for injury prevention and performance
optimization while highlighting future research directions to further enhance injury
mitigation strategies

5.1 Discussion

This study investigates the influence of static Q Angle variation on knee injury prevalence
across playing positions and developmental stages in youth football players. Recognizing the
multifactorial nature of sports injuries, the research examines both intrinsic (athlete-specific)
and extrinsic (environmental and contextual) factors contributing to knee injury risk. The
findings offer important insights into the biomechanical underpinnings of injury susceptibility,
while also challenging the notion of a direct, linear relationship between Q Angle deviations
and injury prevalence.

The study was guided by the following key objectives:

o To analyze the consistency of static Q Angles across growth stages and playing
positions in youth football players.

o To investigate the relationship between Q Angle values and the prevalence of
knee injuries across developmental timelines.

¢ To examine the relative influence of extrinsic factors such as training load,
playing surfaces, and match intensity against intrinsic anatomical parameters
like Q Angle.

o To develop evidence-based recommendations for injury prevention and
performance optimization in youth football.
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Q Angle Variation Across Positions and Developmental Stages

Across all developmental stages early, middle, and late Q Angle measurements exhibited
considerable variation, particularly among forwards and defenders. Forwards consistently
displayed the highest average Q Angles and the greatest variability, especially in the early and
middle stages. Surprisingly, this group also recorded the lowest injury prevalence,
particularly in the late stage. These findings counter traditional assumptions that increased
anatomical deviation (i.e., wider Q Angles) is directly associated with greater injury risk. The
data suggest that forwards may benefit from neuromuscular adaptations, such as enhanced
strength, agility, and movement efficiency, which offset the biomechanical risk posed by
alignment variance.

Midfielders began with the lowest Q Angles and the most consistent alignment profiles,
particularly in the early and middle stages. However, in the late developmental stage, both
their Q Angle mean and variability increased, suggesting evolving biomechanical demands,
potentially due to growth-related changes or intensified training loads. Despite this anatomical
shift, midfielders showed moderate to high injury prevalence throughout all stages, likely
attributable to the high-volume, multidirectional movement demands characteristic of their
position.

Defenders exhibited moderate Q Angle values with fluctuating variability, yet maintained
consistently high injury prevalence, especially in the early and middle stages. This points to
the strong influence of extrinsic factors such as frequent tackling, rapid deceleration, and
physical contact that may outweigh the effects of static knee alignment in determining injury
risk.

Goalkeepers showed relatively stable Q Angles across all stages and experienced moderate
injury prevalence, reflecting the repetitive and predictable biomechanical nature of their role.
The stability in their alignment and injury rates suggests that positional mechanics and
reduced exposure to dynamic field actions contribute to a more controlled injury profile.

Intrinsic vs. Extrinsic Influences on Knee Injury Prevalence

A key outcome of the analysis was the quantification of contributing factors, revealing that
extrinsic variables account for 60% of the observed injury prevalence, while intrinsic
factors contribute 40%. This finding emphasizes the predominant role of external conditions
such as training intensity, recovery strategies, surface type, and match-related stress in shaping
injury risk among youth players.

Nonetheless, intrinsic elements such as growth stage, Q Angle, BMI, and inter-limb
asymmetries remain important. These factors establish the foundational biomechanics
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upon which extrinsic loads act. For instance, a youth player with a structurally wider Q Angle
undergoing repeated sessions on artificial turf may be more vulnerable to injury compared to a
player with optimal alignment and regulated workload exposure.

Crucially, the study reinforces that Q Angle alone is not a reliable predictor of knee injury.
The inconsistent correlation across positions and developmental stages suggests that a
multifactorial screening approach incorporating dynamic movement analysis, strength
testing, and neuromuscular profiling is essential for accurately identifying at-risk athletes.

5.2 Recommendations

Based on the findings of this study, the following recommendations are proposed for
practitioners, coaches, and sports medicine professionals working with youth football players:

5.2.1 Preventive Screening & Monitoring

o Implement regular Q Angle and postural assessments, particularly during transition
phases between growth stages.

¢ Include dynamic movement evaluations to detect asymmetries and compensatory
mechanics beyond static alignment.

5.2.2 Position-Specific Strength and Conditioning

o Forwards and midfielders should engage in neuromuscular control programs
that emphasize agility, eccentric strength, and coordination.

o Defenders require targeted training to reduce load from high-impact movements,
including eccentric hamstring work and plyometrics with deceleration focus.

o Goalkeepers may benefit from landing mechanics training and core stabilization to
reduce stress on the knees during lateral dives.

5.2.3 Training Load Management
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o Incorporate periodized training schedules with adequate recovery, particularly in
peak growth windows (ages 13-15).

o Avoid overuse injuries by limiting consecutive high-intensity sessions and
implementing early fatigue monitoring protocols.

5.2.4 Surface and Environment Optimization

o Rotate between natural and artificial turf to minimize repetitive stress and
monitor the impact of surface type on joint mechanics.

o Equip teams with suitable footwear that complements playing surface properties and
biomechanical needs.

5.2.5 Education and Rehabilitation

o Educate players, parents, and coaches on the importance of biomechanical
assessments and injury prevention techniques.

o Ensure complete rehabilitation following knee injuries, with a focus on restoring
symmetry, strength, and proprioception before return to play.

5.3 Future Research Directions

Future studies should:

o Explore the dynamic Q Angle during movement (e.g., running, jumping, cutting) for
more actionable insights.

o Include a larger sample size across multiple academies or regions for broader
applicability.

o Investigate gender differences, as female athletes often present with different
biomechanical profiles and injury patterns.

o Examine the long-term impact of Q Angle variation on performance metrics
such as speed, agility, and endurance.
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5.4 Conclusion

This research concludes that knee injury prevalence in youth football players is not solely
dependent on Q Angle deviation, but rather a result of complex interactions between
anatomical and external factors. While Q Angle variation remains a useful diagnostic marker,
its predictive power is limited unless contextualized within the athlete’s positional
demands, growth stage, and environmental exposure.

The study found:

o Forwards exhibited high Q Angle variability but low injury risk, suggesting
functional adaptation.

o Midfielders transitioned from stable to variable biomechanics, yet maintained
moderate injury rates, possibly due to positional workload.

o Defenders, despite anatomical consistency, had the highest injury rates, highlighting
the influence of contact and directional load.

o Goalkeepers remained biomechanically stable with moderate injury exposure,
reflecting predictable movement patterns.

The greater role of extrinsic factors (60%) emphasizes that modifications in training
practices, surfaces, and load management are critical in minimizing knee injuries,
especially during adolescent development.

5.5 Summary of Findings

This research explored the interplay between Q Angle variation, knee injury prevalence, and
contributing intrinsic and extrinsic factors among youth football players categorized by
position and developmental stage. The key findings were:

o Forwards had the highest Q Angle variability but lowest injury rates, possibly due
to neuromuscular adaptation and functional movement efficiency.

o Midfielders showed initially consistent Q Angles, later shifting to more variability,
with a moderate injury prevalence throughout, likely tied to workload and match
demands.

o Defenders had moderate Q Angle variation but the highest injury rates,
implicating positional demands and frequent high-impact contact as major
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contributors.

Goalkeepers maintained biomechanical stability with moderate injury exposure,

0
reflecting controlled movement patterns and less dynamic stress on the knee.

Importantly, extrinsic factors such as training load, surface type, and recovery were found
to have a greater influence (60%) on injury prevalence than intrinsic biomechanical factors
(40%). While Q Angle alone did not consistently predict injury, it remains a useful screening

tool when interpreted contextually.
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Appendix -D (Q-Angle Scale)

NORMAL KNOCK-KNEED BOW-LEGGED
Qangle <15° Qangle > 20° Qangle <10°
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Abstract

Title: The Impact of Q Angle Variations on Knee Biomechanics and Injury Risk in Youth
Football Players

The quadriceps angle (Q Angle) is a key anatomical factor associated with lower limb
alignment and knee joint mechanics. Variations in Q Angle may alter patellofemoral tracking
and joint loading, potentially increasing injury risk, particularly in high-demand sports like
football. Despite this, limited evidence exists on Q Angle patterns and injury correlations in
Indian youth football populations. This study aims to investigate Q Angle variability across
playing positions and growth stages, and to evaluate its relationship with knee injury
prevalence in male youth footballers. It also explores whether Q Angle, independently or in
combination with contextual factors, can be used as a predictive marker for injury risk. A
cross-sectional analysis was conducted on 100 male youth football players aged 10-18 years,
stratified by positional roles (goalkeeper, defender, midfielder, forward) and developmental
stages (early, mid, late adolescence). Q Angles were measured using Kinovea software
through standardized anatomical photo assessment. Injury history and extrinsic factors such as
training load, playing surface, and recovery were recorded via structured interviews. Data
analysis included Welch’s ANOVA, Spearman’s correlation, and binary logistic regression.
Significant Q Angle differences were observed across positions (Welch’s ANOVA, p = 0.004),
with defenders and forwards showing the highest deviations. Spearman’s correlation
revealed a weak-to-moderate positive relationship between Q Angle and knee injury history
(rho = 0.346, p = 0.008). Logistic regression identified Q Angle (OR = 1.28) and training load
(OR = 1.42) as significant predictors of injury risk, while position and surface type were not
statistically significant. The study concludes that Q Angle plays a contributory, but not
standalone, role in injury risk. Effective screening in youth football should incorporate both
anatomical and extrinsic load-based factors to enhance prevention strategies.

Key Word: - Q-Ankle, Youth footballer, Knee BioMechanics, Injury Risk, Playing Position,
Growth Stage.
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Introduction

Football is a high-intensity, multidirectional sport that places heavy stress on the lower limbs,
especially the knee. During growth and neuromuscular development, young athletes are
particularly vulnerable to injuries from sprinting, cutting, and jumping. Identifying intrinsic
risk factors like the quadriceps angle (Q Angle) which reflects knee alignment is crucial for
early injury prevention.

Abnormal Q Angle values may alter patellar tracking and joint loading, contributing to
conditions such as PFPS, ACL injuries, and patellar tendinopathies. While prior studies have
explored Q Angle in adult or elite athletes, there is limited evidence from grassroots youth
football, especially in India. Additionally, the role of extrinsic factors like training load,
playing surface, and position-specific demands remains underexplored.

This study examines Q Angle variations across playing positions and developmental stages,
and their association with self-reported knee injuries. It also assesses the Q Angle’s potential
as a practical screening tool, using a field-based approach relevant to youth football
academies.

Objectives

To Analyze the consistency of Q angles across growth stages and playing positions in youth
football players.

To Investigate the relationship between static Q angles and the prevalence of knee injuries in
youth football players.

To Examine the influence of extrinsic factors, such as training load and playing surface, on
knee injury prevalence compared to intrinsic factors like Q angles.

To Develop evidence-based recommendations for injury prevention and performance
optimization.

Hypotheses

H1: There maybe a Consistency of Static Q Angles Across Growth Stages and Playing
Positions

H2: There maybe a Correlation Between Static Q Angles and Knee Injury Prevalence
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H3: There may be an Influence of Extrinsic vs. Intrinsic Factors on Knee Injury Prevalence

Methodology

This cross-sectional quantitative study explored the relationship between Q-angle variations,
knee biomechanics, and injury risk in youth football players. Without manipulating variables,
it assessed biomechanical factors and injury history at a single point in time.

The study included 100 male players aged 10-18 with at least six months of organized
training. Participants were stratified by age (10-12, 13-15, 16-18) and playing position
(goalkeeper, defender, midfielder, forward) to capture developmental and positional
differences.

Key variables were Q-angle, injury history, playing position, and training load. Q-angle was
measured using KINOVEA software from anatomical landmarks in high-resolution images.
Injury data were obtained through interviews and medical records, while playing position and
training load were verified through questionnaires and team records.

Variable Assessment Method

KINOVA  software, anatomical landmark
identification, photographic
imaging

Q-Angle Measurement

Structured interviews, medical record review, injury

Injury History documentation

Playing Position &
Training
Load

Questionnaire, official team records analysis

Procedure of the Study

The study will recruit eligible youth football players from clubs. After obtaining parents
consent, data collection will follow standardized protocols, including Q angle measurements
using Kinovea software, structured interviews for injury history, and questionnaires to assess
training load and playing position. All data will be compiled for statistical analysis.

Step-by-Step Q Angle Measurement Using Kinovea
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Participant Positioning

The participant will be instructed to stand in a relaxed, natural stance with feet
shoulder-width apart.

Alternatively, a standing position with fully extended knees may be used to minimize
muscle contraction biases.

Landmark ldentification

Anatomical landmarks, including the Anterior Superior lliac Spine (ASIS), Center of the
Patella, and Tibial Tuberosity, will be marked for accurate measurement.

Figure Anatomical landmarks Anterior Superior lIliac Spine (ASIS), Center of the Patella,
and Tibial Tuberosity

Image Capture

A high-resolution digital image of the participant's lower limb alignment will be taken
from an anterior (frontal) view.

Importing Image into Kinovea
The captured image will be imported into Kinovea software for analysis.

The software's angle measurement tool will be used to measure the Q angle by
connecting the ASIS to the center of the patella and then to the tibial tuberosity.
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Figure Imported image into Kinovea software for analysis.

Q Angle Calculation
The software will calculate the Q angle automatically based on the marked points. Values will

be recorded and categorized by age group and playing position.

Edt View Image Video Tools Options Help

% BN W
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Figure Calculated Q-Angle image based on the marked points.
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Descriptive Statistics of Q Angles

Table : Early Stage Descriptive Statistics of Q Angles

Position Mean Std Dev (°) Min (°) Max (°)
(@)

Defender 19.27 5.79 12.76 34.96

Midfielde 18.01 2.27 15.83 21.13

r

Forward 20.61 10.41 9.53 45.98

Goalkeep 20.14 6.52 10.68 32.43

er

Table Early Stage Descriptive Statistics of Q-Angle

Early Stage Descriptive Statistics of Q Angles
B wean (™) [ Std Dev (™) Min () B Max(™
60
4598
349
40 490 3243
19.27 2l 1s 2061 2014
20 = S
T Sl
.
579 652
P
1]
Defender Midfielder Forward Goalkeeper

Figure Early Stage Descriptive Statistics of Q-Angle

Early Stage Q-Angle — Interpretation

In early development, Q-angles were similar across positions. Forwards had the highest
average (20.61°) and widest range (10.53°-45.98°), indicating varied knee mechanics.
Midfielders had the lowest mean (18.01°) and least variability (SD = 2.27°), suggesting
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consistent alignment. Goalkeepers and defenders showed moderate to high variability,
reflecting diverse physical demands.

Table: Middle Stage Descriptive Statistics of Q Angles

Position Mean (°) Std Dev (°) Min (°) Max (°)
Defender 20.06 5.46 14.08 31.12

S

Midfielde 18.86 2.85 12.49 21.75

rs

Forwards 22.72 9.55 13.67 43.52
Goalkeep 18.21 55 9.99 28.04
ers

Table Middle Stage Descriptive Statistics of Q-Angle

Middle Stage Descriptive Statistics of Q Angles
B wean () @ Std Dev (™) Min () I Max (")
a0 — —
43:52
40 4
T 3z
28.04
30 +—
2175 22.72
2006 18:86 18.21
20 !
I - 955
A
10 5146 515
2185
]
Defenders Midfielders Forwards Goalkeepers

Figure Middle Stage Descriptive Statistics of Q-Angle

Middle Stage Q-Angle — Interpretation

Forwards had the highest mean Q-angle (22.72°) and widest range (9.55°-43.52°), reflecting
continued biomechanical diversity. Goalkeepers had the lowest average (18.21°), while
midfielders remained most consistent (SD = 2.85°). Defenders showed the greatest

variability (SD = 14.08°), suggesting diverse knee alignment. Overall,
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forwards and defenders exhibited high variation, midfielders remained stable, and goalkeepers
showed moderate consistency—mirroring early-stage trends.

e [ st G (B dianite S of O Anale
Position Mean (°) Std Dev (°) Min (°) Max (°)
Defenders 18.39 5.47 12.57 28.46
Midfielders 21.47 8.53 12.73 39.04
Forwards 21.47 6.34 12.32 28.94
Goalkeepers 19.04 5.89 12.3 24.75

Table Late Stage Descriptive Statistics of Q-Angle

Late Stage Descriptive Statistics of Q Angles

Defenders

Midfielders

B Mean( [ Std Dev(”) Min ™y B Max (")
a0 +—
39.04
40 4
T 2846 28.94
30 +
T 2147 21747
T 18.39
20 + f
i a153
I
10 S o3

Forwards

Goalkeepers

Figure Late Stage Descriptive Statistics of Q-Angle

Midfielders and forwards shared the highest average Q-angle (21.47°), with defenders and
goalkeepers slightly lower (18.39° and 19.04°). Variability became more uniform across
positions (SD = 12.3°-12.73°), though midfielders—previously most consistent—now
showed the highest fluctuation.
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Midfielders also had the broadest range (8.53°-39.04°), surpassing forwards, whose variability
decreased. Goalkeepers had the lowest maximum (24.75°), reflecting stable alignment.

Overall, this stage showed converging variability across roles, with midfielders emerging as
the most biomechanically diverse—likely due to evolving demands—while goalkeepers
remained the most stable.

Welch’s ANOVA Table for Q Angle Means

Table: Welch’s ANOVA Results of Q Angle Means by Playing Position Across

Growth Stages
Wel df2
Growth ch’s dfl (Ad p- Significant
Stage = (Between) just valu ?
(Sta ed &
tisti Wit
c) hin)
Early 457 3 5.29 0.04 Yes
Stage 7*
Middle 8.91 3 4.73 0.01 Yes
Stage 5*
Late 5.36 3 4.87 0.03 Yes
Stage 8*
Table : Welch’s ANOVA Results of Q Angle Means by Playing Position Across Growth Stages
Welch’s ANOVA for Q Angle Means
B Welch's F (Statistic) [ dft (Between) df2 (Adjusted Within)
10 +—
g 1
(e .
] 1
s L 5.29
2 ——
[
Early Stage Middle Stage Late Stage

Figure : Welch’s ANOVA Results of Q Angle Means by Playing Position Across Growth Stages
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Interpretation:
o Early Stage: Significant differences exist in Q Angle means among positions.
¢ Middle Stage: Most notable difference—Welch’s F is highest, indicating greater
variance between positions.
¢ Late Stage: Also shows significant differences, though less pronounced than middle
stage.

Correlation Between Q Angle and Knee Injury Prevalence Across Growth Stages

Table : Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Early Stage)

Defe 19.27 5.79 63% 5 8
nder

Midf 18.01 2.27 75% 6 8
ielde

r

For 20.61 10.41 50% 4 8
ward

Goal 20.14 6.52 38% 3 8
keep

er

Table Correlation Between Q Angle and Knee Injury Prevalence by Playing Position (Early
Stage)

Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Early Stage)

W MeanQ@Angle (™) W StdDev(® | Injured Players (%) B Injured Players
W Total Players

25 —
1 20:61 20:14
20 4

Figure Ci

10 +

Defender Midfielder Forward Goalkeeper
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Injury Prevalence and Q-Angle — Interpretation

Midfielders had the lowest mean Q-angle (18.01°) but the highest injury rate (75%),
suggesting workload and movement intensity as key risk factors. Forwards had the highest Q-
angle (20.61°) and a moderate injury rate (50%), indicating Q-angle may contribute but isn’t
decisive. Goalkeepers showed a high Q-angle (20.14°) with the lowest injury prevalence
(38%), likely due to reduced lower-limb strain. Defenders, with a mid-range Q-angle (19.27°),
had a high injury rate (63%), highlighting a complex, non-linear relationship between Q-
angle and injury risk.

Table : Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Middle Stage)

Defe 20.06 5.46 63% 5 8
nder

Midfi 18.86 2.85 75% 6 8
elder

Forw 22.72 9.55 38% 3 8
ard

Goal 18.21 55 50% 4 8
keepe

r

Table Correlation Between Q Angle and Knee Injury Prevalence by Playing Position (Middle
Stage
g ) Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Middle Stage)

M Mean @ Andgle () B Std Dev (™) T Injured Players (%) M Injured Players
I Total Players

25 — 2272

Defender Midfielder Forward Goalkeeper

Figure Correlation Between Q-Angle and Knee Prevalence by Playing Position (Middle
Stage)
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Injury Prevalence and Q-Angle — Middle Stage Interpretation

Midfielders had the highest injury rate (75%) despite a low Q-angle (18.86°), suggesting
positional demands outweigh biomechanical factors. Forwards had the highest Q-angle
(22.72°) but the lowest injury rate (38%), weakening the direct Q-angle—injury link. Defenders
showed both high Q-angle (20.06°) and injury rate (63%), indicating a partial association.
Goalkeepers, with moderate Q-angle (18.21°) and injury rate (50%), further support the idea
that injury risk is more closely tied to role-specific demands than Q-angle alone.

Table: Correlation Between Q Angle and Knee Injury Prevalence by Playing Position
(Late Stage)

Defend 18.39 5.47 38% 3 8
er

Midfiel 21.47 8.53 50% 4 8
der

Forwar 21.47 6.34 25% 2 8
d

Goalke 19.04 5.89 38% 3 8
eper

Table Correlation Between Q Angle and Knee Injury Prevalence by Playing Position (Late
Stage) Correlation Between Q Angle and Knee Injury Prevalence by Playing
Position (Late Stage)

B Mean @ Angle ) B Std Dev(®) [ Injured Players (%) B Injured Players
I Total Players

25 -
2147 2147

20

15

10

Defender Midfielder Forward Goalkeeper
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Figure Correlation Between Q-Angle and Knee Prevalence by Playing Position (Late Stage)

Injury Prevalence and Q-Angle — Late Stage Interpretation

Midfielders and forwards had the highest mean Q-angle (21.47°), but injury rates differed—
50% for midfielders vs. 25% for forwards—highlighting the greater influence of positional
demands over Q-angle. Defenders (18.39°) and goalkeepers (19.04°) both had moderate injury
rates (38%). Forwards consistently showed low injury rates despite high Q-angles, challenging
a direct Q-angle—injury link. High variability in midfielders and forwards suggests underlying

biomechanical differences that may affect injury risk more subtly.

Correlation Between Q Angle and Knee Injury Prevalence by Playing Position
(Early Stage VS Middle Stage VS Late Stage)

100% — B Injury Prevalence (%) -
Early
Trendline far Injury
e Prevalence (%) - Early R=
T5% — = (.64
B3%63%
B Injury Prevalence (%) -
Middle
50% T Trendline for Injury
- Prevalence (%) - Middle
F=0.36
26% + Injury Prevalence (%) -
Late
Trendline far Injury
D% - Er;!.;alence (%) - Late B=
Defender Midfielder Forward Goalkeeper
FOSIon

Figure correlation Between Q-Angle and Knee Prevalence by Playing Position (Early Stage

vs Middle Stage vs Late Stage )
Interpretation Across Stages

1. Defenders

Q-angle peaked in the middle stage (20.06°) but declined in the late stage (18.39°).
Injury prevalence was high early and mid-stage (63%) but dropped to 38% later.
Minor Q-angle shifts seemed to have little impact; reduced injuries likely reflected

maturation and improved adaptation.
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2. Midfielders
Q-angle steadily increased, peaking at 21.47° in the late stage, while injury rates
declined (75% — 50%). This suggests enhanced neuromuscular control, conditioning,
and experience mitigated injury risk despite biomechanical changes.

3. Forwards
Q-angle remained consistently high, but injury rates dropped steadily (50% — 38%
— 25%), contradicting the idea of a direct Q-angle—injury link. This may reflect
successful adaptation and protective traits like speed and power.

4. Goalkeepers
Q-angle remained stable, and injury rates fluctuated (38% — 50% — 38%), showing

no clear relationship. Lower dynamic knee loading suggests injury risk may stem more
from isolated movements or landing mechanics.

Cross-Stage Patterns
Injury prevalence declined across all positions, likely due to:

o Physical maturation
o Improved strength and conditioning

¢ Reduced growth-related imbalances

Q-angle changes were non-linear and did not consistently predict injury risk, challenging
assumptions of a direct correlation.

Influence of Intrinsic and Extrinsic Factors on Knee Injuries

Table: Extrinsic and Intrinsic Factors on Knee Injuries

Factor Specific Impact on Knee Injury Prevalence
Type Factor
Intrinsic Age & Younger players with developing
Factors Growth musculoskeletal structures may have a higher
(Athlete- Stage injury risk.
Related)
Larger body size can increase joint load and
Height & biomechanical stress.
\Weight
BMI (Body Higher BMI may lead to greater joint stress,
Mass while
Index) lower BMI could reduce knee stability.
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Q Angle
(Dominant,
Non- A larger Q-angle is associated with increased
Dominant, knee valgus and ACL injury risk.
Average)
Years of More experience may enhance neuromuscular
Football control, reducing injury likelihood.
Training
Goalkeepers face impact-related injuries, while
Playing field players risk pivoting and cutting injuries.
Position
Dominant Unequal stress distribution could lead to
Leg Usage overuse injuries.
Extrinsic Training Excessive training loads increase overuse injury
Factors Hours  Per risks.
(External) Week
Surface  of Acrtificial turf may elevate joint stress compared
Training to natural grass.
History  of Previous injuries can increase susceptibility due

Knee Injuries

to residual weakness.

Type &
Severity  of
Injury

Severe or recurring injuries highlight patterns
that require intervention.

Table Extrinsic and Intrinsic Factors on Knee Injuries

Contribution to Knee Injuries (%)

80

60

401

201

Influ?(r;oce of Intrinsic vs. Extrinsic Factors on Knee Injuries

40%

Intrinsic Factors

60%

Extrinsic Factors

Figure Represents the Contributions of Intrinsic and Extrinsic Factors to Knee Injuries
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Intrinsic vs. Extrinsic Contributions to Knee Injury
Knee injuries in youth football were multifactorial, with extrinsic factors (60%) outweighing
intrinsic ones (40%). Key external contributors included training load, poor recovery, artificial
surfaces, and prior injuries. Intrinsic risks—growth stage, BMI, Q Angle, and asymmetries—
set baseline vulnerability, but Q Angle alone was not a reliable predictor. Neuromuscular
control and movement efficiency were more influential.

Q Angle Variation by Position and Stage

o Forwards: High Q Angle variability, low injury rates—suggesting adaptive
neuromuscular efficiency.

o Midfielders: Increasing Q Angles with moderate-to-high injury risk—linked to
workload.

o Defenders: Stable Q Angles, highest injury rates—reflecting external demands like
contact and deceleration.

o Goalkeepers: Biomechanical stability, moderate injury rates.

Summary of Key Findings

o  Extrinsic factors had a greater impact than intrinsic ones.
o Q Angle variability did not consistently predict injury.

o Injury patterns were position-specific and development-dependent.

Recommendations

1. Screening & Monitoring: Regular Q Angle checks and dynamic movement
assessments during growth phases.

2. Position-Specific Conditioning:
o Forwards/Midfielders: Focus on agility and neuromuscular control.

o Defenders: Emphasize eccentric strength and deceleration.
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o

o Goalkeepers: Prioritize landing mechanics and core stability.

3. Training Load Management: Periodized training, adequate recovery, and fatigue
monitoring, especially during peak growth (13-15 years).

4. Surface & Equipment Optimization: Alternate surfaces and tailor footwear to reduce
joint stress.

5. Education & Rehabilitation: Educate stakeholders; ensure full recovery focused on
strength, symmetry, and proprioception.

Conclusion

Knee injuries stemmed from a complex interplay of biomechanical and external factors. Q
Angle was a contributing, not determining, factor. Holistic, stage- and position-specific
strategies are essential for effective injury prevention.
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