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Abstract 

Background: Patellofemoral pain syndrome (PFPS) is one of the most prevalent overuse knee disorders among female soccer 
players and is associated with pain, functional limitations, impaired athletic performance, and reduced participation in sport. Both 
intrinsic biomechanical deficits and extrinsic factors such as footwear characteristics have been implicated in the development 
and persistence of PFPS. 
Objective: This review critically examines current evidence regarding exercise-based rehabilitation and football shoe modification 
in the management of PFPS among female soccer players, with particular emphasis on pain reduction, balance performance, and 
sport-specific functional outcomes. 
Methods: A narrative review was developed from the literature synthesized within the thesis framework. Relevant themes 
included PFPS epidemiology, biomechanical risk factors, rehabilitation interventions, football footwear characteristics, 
musculoskeletal ultrasound assessment, and performance monitoring. Evidence was critically analyzed to identify major findings, 
limitations, and future research needs. 
Results: Current evidence indicates that increased Q-angle, hip muscle weakness, dynamic knee valgus, quadriceps dysfunction, 
and impaired neuromuscular control contribute substantially to PFPS development. Exercise programs incorporating hip and knee 
strengthening, balance training, and movement retraining demonstrate positive effects on pain and function. footwear 
characteristics may influence lower-limb biomechanics and injury risk. However, studies evaluating combined exercise 
rehabilitation and footwear modification remain limited. Furthermore, relatively few investigations have assessed balance 
performance, and sport-specific outcomes simultaneously. 
Conclusion: Exercise rehabilitation remains the cornerstone of PFPS management. The integration of footwear modification with 
structured rehabilitation may provide additional benefits by addressing both intrinsic and extrinsic contributors to PFPS. Further 
research is required to establish the effectiveness of combined interventions in female soccer players. 
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1. Introduction 
Women's football has experienced substantial growth worldwide over the past two decades, resulting in increased 
participation, professionalism, and competitive demands. Alongside this expansion, the incidence of musculoskeletal 
injuries has become an important concern for athletes, coaches, and healthcare professionals. Among these injuries, 
Patellofemoral Pain Syndrome (PFPS) represents one of the most frequently reported causes of anterior knee pain in 
female athletes (1).  
PFPS is characterized by diffuse retropatellar or peripatellar pain that is aggravated by activities involving repetitive 
knee loading, including running, jumping, squatting, stair negotiation, and prolonged sitting. The condition is 
particularly relevant in soccer because the sport requires repeated accelerations, decelerations, cutting maneuvers, 
kicking actions, and landing tasks that increase patellofemoral joint stress (2). 
The etiology of PFPS is multifactorial. Existing evidence suggests that biomechanical factors such as excessive 
dynamic knee valgus, increased Q-angle, hip abductor weakness, quadriceps dysfunction, and impaired 
neuromuscular control contribute to altered patellofemoral joint loading. In female athletes, anatomical and 
hormonal characteristics may further influence injury susceptibility (3). 
While exercise-based rehabilitation is widely accepted as the primary treatment approach, increasing attention has 
been directed toward external biomechanical factors, particularly footwear and lower-limb alignment, thereby 
affecting both injury risk and athletic performance (4). 
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Consequently, combining exercise rehabilitation with footwear modification may represent a comprehensive strategy 
for addressing both intrinsic and extrinsic contributors to PFPS. This review aims to critically evaluate current 
knowledge regarding PFPS mechanisms, rehabilitation approaches, football footwear influences, and relevant 
outcome measures in female soccer players (5). 
 

2. Methodology for Literature Selection 

This review synthesizes literature presented within the thesis framework and associated background materials. The 
reviewed evidence encompasses studies related to female football participation, PFPS epidemiology, lower-extremity 
biomechanics, exercise rehabilitation, musculoskeletal ultrasound assessment, balance evaluation, and performance 
monitoring. 
The literature was analyzed thematically to identify recurring concepts, areas of agreement, conflicting findings, 
methodological limitations, and potential directions for future research. Given the narrative nature of the review, no 
formal systematic-review protocol was applied. 
 

3. Patellofemoral Pain Syndrome in Female Soccer Players 
PFPS is considered one of the most common overuse conditions affecting physically active populations. The 
syndrome is often associated with pain during sport participation and activities of daily living, resulting in reduced 
athletic performance and diminished quality of life (6). 
Female athletes appear to experience PFPS at higher rates than males. Several factors have been proposed to explain 
this observation, including increased Q-angle, altered lower-limb alignment, reduced hip strength, and differences in 
movement patterns during dynamic activities. In soccer, repetitive high-load movements further increase 
patellofemoral joint stress and may accelerate symptom development (7). 
Beyond pain, PFPS has been associated with deficits in balance, neuromuscular control, muscle activation, and 
functional performance. These impairments can compromise athletic performance and increase the likelihood of 
recurrent symptoms (8). 
 

4. Exercise Rehabilitation for PFPS 
Exercise therapy remains the cornerstone of conservative PFPS management. The primary objective of rehabilitation 
is to reduce pain while restoring normal movement patterns, muscular strength, neuromuscular control, and 
functional performance (9). 
4.1 Hip and Knee Strengthening 
Weakness of the hip abductors and external rotators has been linked to excessive femoral internal rotation and 
dynamic knee valgus. Consequently, strengthening programs targeting both proximal and distal musculature are 
commonly recommended (10). 
Quadriceps strengthening, particularly involving the vastus medialis muscle, remains an important component of 
rehabilitation. Improved quadriceps function may enhance patellar tracking and reduce abnormal joint stress (11). 
4.2 Balance and Neuromuscular Training 
Balance deficits have been consistently reported among individuals with PFPS. Neuromuscular training interventions 
seek to improve proprioception, postural control, and movement efficiency. Such adaptations may contribute to pain 
reduction and improved functional performance (12). 
4.3 Functional and Field-Based Rehabilitation 
Successful return to sport requires progression beyond clinical exercises toward football-specific activities. Functional 
rehabilitation typically incorporates running drills, agility exercises, directional changes, and sport-specific movement 
retraining. These interventions aim to bridge the gap between symptom improvement and performance restoration 
(13). 
 

5. Football Shoe Modification and PFPS 
Football footwear represents an important extrinsic factor influencing lower-limb biomechanics. Modern football 
shoes have evolved considerably in response to demands for enhanced performance, comfort, and injury prevention 
(4). 
5.1 Clinical Implications 
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Although evidence directly examining footwear modification in PFPS remains limited, biomechanical principles 
support its potential role as an adjunct to exercise-based rehabilitation. Future investigations should determine 
whether individualized footwear strategies improve clinical and functional outcomes. 
 

6. Outcome Measures for Evaluating Intervention Effectiveness 
6.1 Pain Assessment 
The Visual Analog Scale (VAS) remains one of the most commonly used instruments for quantifying pain intensity 
and monitoring treatment response (14). 
6.2 Balance Assessment 
Balance testing provides insight into neuromuscular function, postural stability, and movement control. 
Improvements in balance may reflect successful rehabilitation outcomes (15). 
 

7. Discussion 
The literature strongly supports exercise rehabilitation as an effective intervention for PFPS management. 
Strengthening, balance training, and functional retraining consistently demonstrate improvements in pain and 
physical function (16). 
In contrast, evidence regarding footwear modification remains comparatively limited. Most available studies focus 
on general biomechanical effects rather than PFPS-specific outcomes. Furthermore, few investigations have 
evaluated female soccer players exclusively (5, 17). 
The proposed integration of exercise rehabilitation and football shoe modification addresses both intrinsic and 
extrinsic contributors to PFPS. Such an approach may provide synergistic benefits by simultaneously improving 
neuromuscular function and optimizing external loading conditions (18). 
Nevertheless, substantial methodological limitations remain. Existing studies frequently employ heterogeneous 
populations, variable intervention protocols, and inconsistent outcome measures, making direct comparisons 
difficult. 
 

8. Future Directions 
Several important gaps remain within the literature: 
1. Limited studies focusing exclusively on female soccer players. 
2. Lack of research combining exercise rehabilitation and footwear modification. 
3. Scarcity of studies incorporating balance assessment and pain quality outcomes simultaneously. 
4. Absence of long-term follow-up investigations. 
Future randomized controlled trials should evaluate integrated rehabilitation and footwear interventions using 
multidimensional outcome measures, including pain, patellar tendon morphology and balance performance.  
 

9. Conclusion 
Patellofemoral Pain Syndrome remains a prevalent and clinically significant condition among female soccer players. 
Current evidence supports exercise rehabilitation as the primary management strategy, particularly interventions 
targeting strength, neuromuscular control, and functional movement quality. Football footwear may also influence 
lower-limb biomechanics and injury risk, although direct evidence regarding PFPS remains limited. Integrating 
exercise rehabilitation with footwear modification offers a promising approach for addressing both intrinsic and 
extrinsic risk factors. Future research should focus on high-quality clinical trials examining the effectiveness of 
combined interventions and their impact on pain, tendon morphology and balance. 
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