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Abstract

Background—The purpose of this study was to determine if there is a sex difference in the 

prevalence of specific patellofemoral disorders that cause anterior knee pain in adolescent 

basketball players undergoing pre-participation screening.

Setting: Biomechanical Laboratory.

Participants: A total of 810 (688 female and 122 male) basketball players from a single county 

public school district.

Main outcome measures: Prior to the start of three consecutive basketball seasons, participants 

were evaluated for anterior knee pain. Testing consisted of completion of the Anterior Knee Pain 
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Scale. Those with positive findings completed an IKDC form, a standardized history and a 

physician-administered physical examination.

Results: Anterior knee pain was noted in 410 of 1620 knees (25.3%). 26.6% of female knees and 

18.0% of male knees were affected (p<0.05). Patellofemoral dysfunction (PFD) was the most 

common diagnosis with an overall prevalence of 6.4% (7.3% females; 1.2% males). Less common 

were Sinding-Larsen-Johanssen disease (SLJ), 4.8% (5.0% females; 3.7% males), Osgood-

Schlatter Disease (OSD) 2.5% (2.3% females; 4.1% males); and plica syndrome 2.3% (2.1% 

females; 3.3% males). The remaining diagnoses (trauma, fat pad syndrome, IT band and pes 

anserine bursitis) had a combined prevalence of 1.7% (1.9% females; 1.6% males).

Conclusions: PFD was significantly more common in females (p<0.05). Anterior knee pain was 

more common in adolescent female basketball players than in adolescent male basketball players.

Level of Evidence—Descriptive Laboratory Study. Level 1
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Introduction

Over the past decade there has been a 21% increase in the number of school aged children 

participating in sports in the United States, now estimated at over 30 million [1-3]. Over 

30% of these participants will become injured and require medical treatment at a cost of 

nearly $2 billion annually [1,4]. The knee is the most commonly injured joint in adolescent 

athletes with up to 54% experiencing some form of knee pain annually [1,5-7]. One third of 

all primary care office visits for musculoskeletal concerns are related to knee pain [7,8]. 

Anterior knee pain has been shown to cause up to 74% of athletes to limit their sport 

participation and in some cases to cease sport participation altogether [9-11]. Anterior knee 

pain significantly impacts not only sports participation and physical activity levels, but also 

quality of life and performance of activities of daily living [11-13].

Appropriate treatments that target the underlying causative factors of knee pain can 

significantly decrease the negative cascade of inactivity that can lead to unhealthy body 

composition effects and ultimately help adolescents maintain healthy activity levels [14]. 

However, effective treatment and secondary prevention strategies are likely dependent on 

timely and accurate diagnosis of the source of the athlete's pain. Determination of the 

etiology of anterior knee pain can be difficult and would be improved by knowledge of the 

relative prevalence of various diagnoses based on patient characteristics such as sex [15].

There is a paucity of literature that describes the relative prevalence of specific 

patellofemoral disorders associated with anterior knee pain in adolescent male and female 

athletes. The purpose of this study was to identify sex-based differences in the prevalence of 

specific patellofemoral disorders noted during a pre-participation screening. We 

hypothesized that the prevalence of anterior knee pain would be different between male and 

female basketball players. Further, we hypothesized that significantly different patient-
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reported outcome scores on the Anterior Knee Pain scale (AKPS) would be noted in male 

and female basketball players with anterior knee pain attributed to the same diagnosis.

Materials and Methods

Subjects

Male and female basketball players were recruited from a single county public school 

district in Kentucky with five middle schools and three high schools. A total of 505 unique 

athletes (418 female and 87 male) encompassing 810 unique visits agreed to participate in 

this study over the course of three basketball seasons. Subjects ranged in age from 11-19 

years. Athletes in grades 6-12 participated, encompassing all levels of athletic participation 

at the middle school, freshman, junior varsity and varsity players. Given the longitudinal 

nature of the study, subjects had the potential to be screened each of the three years if he/she 

was a returning athlete (272 had one visit; 161 had 2 visits; and 72 had 3 visits). This study 

was derived as part of a large scale ongoing research project [16].

Procedures

The Institutional Review Board approved the data collection procedures and consent forms. 

Parental consent and athlete assent were obtained before data collection. Prior to the start of 

three consecutive basketball seasons, participants were evaluated for anterior knee pain. All 

810 subjects were initially screened for knee injury using the Anterior Knee Pain Scale 

(AKPS) questionnaire [11,17,18]. The AKPS is a 13 item self-report questionnaire is 

designed to evaluate subjective responses to specific activities and symptoms thought to 

correlate with anterior knee pain. The AKPS is scored from a minimum score of 0 to a 

maximum score of 100 points. Subjects with an AKPS score of 100 did not undergo further 

evaluation as this would indicate the absence of anterior knee pain. Subjects with acute knee 

trauma were excluded from participation.

All subjects with an AKPS score of less than 100 underwent further assessment, including 

completion of the International Knee Documentation Committee (IKDC) score form, a 

standardized history form documenting current and prior knee symptoms and injury, and a 

comprehensive knee physical examination. An IKDC score was calculated for both knees 

based on responses to a questionnaire assessment of symptoms and function in daily living/

sports activities. The subjective IKDC is a reliable and valid instrument for use in a broad 

patient population concerning subject's pain, symptoms, function, and sports activity 

[19,20]. The history form included questions regarding the subject's knee pain severity, time 

missed from sports participation due to knee pain, timing of knee pain with activity, post 

play knee pain, duration of knee pain, symptoms of knee instability and whether they had 

been previously evaluated for knee pain by their primary care physician or a specialist.

The physical examination was performed by a sports medicine-trained physician and 

included inspection and palpation of the knee, testing for tenderness of key structures 

including the quadriceps tendon, medial patellofemoral ligament (MPFL), medial and lateral 

patellofemoral joint, medial and lateral tibiofemoral joint lines, medial and lateral femoral 

condyles, Gerdy's tubercle, pes anserine bursa, distal pole of the patella, patellar tendon, 
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tibial tubercle, and Hoffa's fat pad. The physical exam also included special tests for cruciate 

ligament laxity, collateral ligament laxity and meniscal injuries. Patellar apprehension and 

mobility were also assessed. Upon completion of this evaluation, the physician assigned one 

or multiple diagnoses including: patellofemoral dysfunction (PFD), Osgood-Schlatter 

Disease (OSD), Sinding-Larsen-Johanssen disease (SLJ), plica syndrome, Hoffa's fat pad 

inflammation, IT band (ITB) or pes anserine bursitis, trauma, or a negative exam. Imaging 

was not part of this project but would also provide definitive diagnosis.

Data analyses

Data were analyzed for descriptive statistics and frequency counts for the overall prevalence 

of anterior knee pain and each specific diagnosis. Fisher's exact tests were conducted to 

determine differences in overall anterior knee pain prevalence between sexes as well as 

differences in the prevalence of specific diagnoses. For the continuous measures of AKPS 

and IKDC score, one way analysis of variance was employed to evaluate sex-based 

differences among those diagnosed with Patellofemoral pain (PFP). Statistical analyses were 

performed in SPSS (SPSS, Version 17.0, Chicago, IL). A p-value of <0.05 was considered 

statistically significant.

Results

Anterior knee pain was noted in 410 of 1620 knees (25.3%). The overall prevalence of 

anterior knee pain was significantly higher in female knees (26.6%) than in male knees 

(18.0%) (p<0.05) (Table 1). PFD was the most common diagnosis with an overall 

prevalence of 6.4% (7.3% in females; 1.2% in males). Less common were SLJ 4.8% (5.0% 

in females; 3.7% in males), OSD 2.5%, (2.3% in females; 4.1% in males); and plica 

syndrome 2.3% (2.1% in females; 3.3% in males). The remaining diagnoses (trauma, fat pad 

syndrome, ITB or pes anserine bursitis) had a combined prevalence of 1.7% (1.9% in 

females; 1.6% in males). Sex-specific differences in the prevalence of each diagnosis are 

reported in Table 2. The only diagnosis with a significant difference in prevalence based on 

sex was PFD, which was significantly more common in females.

PFP was the only diagnosis that was sufficiently common to allow for meaningful 

comparison of AKPS and IKDC scores for males and females with the same diagnosis. 

Females diagnosed with PFD demonstrated a mean IKDC score of 74.8 ± 14.2 points and 

were not different from the boys diagnosed with PFD (71.0 ± 7.0; p>0.05). Similarly, AKPS 

score was not different between sexes. The young females diagnosed with PFP demonstrated 

a mean AKPS score of 81.7 ± 9.9 while the boys with PFP indicated an AKPS of 90.3 ± 3.2 

points (P>0.05).

Discussion

The most significant finding of the current study is that the presentation of anterior knee 

pain in adolescent female athletes is significantly different from males in the same age 

group. We have confirmed previous findings that anterior knee pain is generally more 

common in females than in males [6,8,21] and have shown that this difference can primarily 

be attributed to the increased prevalence of patellofemoral dysfunction (PFD) in female 
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athletes. Future efforts to address the increased prevalence of anterior knee pain in 

adolescent female athletes relative to males should focus on this condition as it accounts for 

over 70% of the risk difference for anterior knee pain between males and females.

During the screening, Osgood-Schlatter Disease (OSD) was identified in 2.5% (2.3% in 

females; 4.1% in males) of athletes. Classified as a traction apophysitis of the tibial tubercle, 

OSD is more commonly found in adolescent boys, but it also develops in girls between 

11-13 years of age, coinciding with the adolescent growth spurt [22,23]. The overall 

prevalence of OSD was higher in the males in this study; however, the results were not 

statistically significant. OSD is often bilateral [23,24]. Pain with OSD is often intermittent in 

nature, and often exacerbated with activities such as squatting and kneeling, but generally 

does not impair activities of daily function [22,23]. As the condition progresses additional 

ossification develops around the tibial tubercle. About 90% of all OSD patients have 

complete resolution of symptoms without additional intervention [23]. Inflammation of the 

synovial plica often results in catching, locking, pain, and clicking of the knee [22,24]. 

Medial plica is more commonly symptomatic than the lateral and generally results from 

trauma to the anteromedial aspect of the knee either from a fall or blow [22,23]. This results 

in thickening of the plica, and while pain is the chief complaint, a loud clicking or snapping 

may also be present, often confused with a subluxing patella [25]. Pain is described as dull 

and achy and located medial to the patella [26]. Our results showed a prevalence of 

symptomatic plica syndrome 2.3% (2.1% in females; 3.3% in males). The remaining 

diagnoses (trauma, fat pad syndrome, IT band and pes anserine bursitis) had a combined 

prevalence of 1.7% (1.9% in females; 1.6% in males).

Anterior knee pain in young females may not be the benign condition that was once 

believed. In two previous longitudinal studies, females with anterior knee pain initially 

diagnosed as adolescents, continued to have symptoms on follow-up fifteen years later; 25% 

reported continued symptoms, 45% felt that pain affected daily life, and 36% reported that 

anterior knee pain actually restricted daily activities [27,28]. In addition, a recent report 

indicates that increased BMI and relative body fat are not associated with underlying 

etiology of anterior knee pain [29]. Unfortunately, following a year of knee pain or knee 

injury young female athletes demonstrate detrimental changes in body composition relative 

to their peers who do not report knee pain [14]. These grim statistics likely reflect the high 

proportion of anterior knee pain in this population that is attributable to PFD and may be 

associated with common biomechanical and neuromuscular deficits that young females are 

prone to as they mature [30]. While many of the conditions that contribute to the prevalence 

of anterior knee pain relatively equally in males and females are generally self-limited 

(OSD, SLJ, trauma), PFD may persist beyond adolescence and continue to limit activity and 

contribute to poor health outcomes later in life [14,31].

The current findings reaffirm that it is imperative to not only differentially diagnose anterior 

knee pain, but ultimately to ascertain the underlying mechanism and morphology to 

ultimately prevent the development of these conditions. Future research should focus on 

determination of the underlying pathomechanics of PFD that increase its prevalence in 

females and the development of sex-specific, targeted interventions to decrease its 

prevalence.
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This study has a few potential limitations. The first possible limitation is that different sports 

medicine-trained physicians performed the screening examinations each year. We 

minimized variability in the findings by standardization of the physical examination 

performed by the physician and requiring each physician to undergo training on the 

examination technique and diagnostic criteria for each condition. The use of three qualified 

physicians over the three years may actually increase the generalizability of the current 

results across multiple sports medicine settings. Second, screening was limited to basketball 

players, potentially limiting the application of these findings to other populations, 

compounded with the smaller sample size of male subjects. Further, this analysis does not 

differentiate between those athletes that have unilateral or bilateral anterior knee pain. All 

positive cases of anterior knee pain were treated equally in the determination of overall 

anterior knee pain prevalence and the classification based on etiology. No additional 

information about the anterior knee pain condition itself, including treatment that was 

undertaken, severity, duration, or outcomes was obtained. The authors acknowledge that the 

severity of anterior knee pain and thus likely the impact of the condition on each patient, is 

quite variable. Finally, the specific etiologies of anterior knee pain reported in this study are 

based solely on physical examination findings. While certain closely related conditions may 

be difficult to differentiate based on physical examination alone (such as SLJ and patellar 

tendinopathy), physical examination alone has been used in numerous studies to 

differentiate PFD from other conditions involving the anterior knee [32-35].

Conclusion

Anterior knee pain was more common in adolescent female basketball players than in their 

male counterparts, with the increased prevalence due primarily to a larger number of cases 

of patellofemoral dysfunction. Efforts to decrease the prevalence of anterior knee pain in the 

young, active female population should focus on the understanding, identification and 

treatment of sex-specific risk factors for PFP. Effort focused to reduced abnormal 

biomechanics that develop as young female athlete mature may help to alleviate the 

underlying pathomechanics to PFP and ultimately a contributing factor to anterior knee pain 

incidence in young female basketball players.
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Table 1

Prevalence of Anterior Knee Pain by Sex.

Anterior Knee Pain

No Yes

Female

    Count 1010 366

    % 73.40% 26.60%

Male

    Count 200 44

    % 82.00% 18.00%

Total

    Count 1210 410

    % 74.70% 25.30%
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Table 2

Prevalence of Sources of Anterior Knee Pain by Sex.

Females (n=1376 knees) Males (n=244 knees) p value

Patellofemoral Dysfunction (PFD) (7.3%) (1.2%) p<0.05

Sinding-Larsen-Johanssen Disease (SLJ) (5.0%) (3.7%) p>0.05

Osgood-Schlatter Disease (OSD) (2.3%) (4.1%) p>0.05

Plica Syndrome (2.1%) (3.3%) p>0.05

Trauma (1.1%) (0%) p>0.05

Pes Anserine Bursitis (0.1%) (0.4%) p>0.05

ITB Bursitis (0.3%) (0.4%) p>0.05

Hoffa's Fat Pad Syndrome (0.4%) (0.8%) p>0.05
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