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Abstract

Objective—To determine the relationship between relative body composition and body mass to
height, anterior knee pain, or patellofemoral pain (PFP) in adolescent female athletes.

Background—Patellofemoral pain is common in female athletes and has an undefined etiology.
The purpose of this study was to examine whether there was an association among higher body
mass index (BMI), BMI z-scores, and relative body fat percentage in the development of PFP in
an adolescent female athlete population. We hypothesized that female athletes who developed PFP
over the course of a competitive basketball season had higher relative body mass or body fat
percentage compared with those who did not develop PFP.

Methods—Fifteen middle school basketball teams that consisted of 248 basketball players (mean
age, 12.76 £+ 1.13 years; height, 158.43 £+ 7.78 cm; body mass, 52.35 + 12.31 kg; BMI, 20.73 =
3.88 kg/m?) agreed to participate in this study over the course of 2 basketball seasons, resulting in
262 athlete-seasons. Testing included the completion of the Anterior Knee Pain Scale (AKPS),
International Knee Documentation Committee (IKDC) form, standardized history, physician-
administered physical examination, maturational estimates, and anthropometrics.
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Results—Of the 262 athlete-seasons monitored, 39 athletes developed PFP over the course of the
study. The incidence rate of new PFP was 1.57 per 1000 athlete-exposures. The cumulative
incidence of PFP was 14.9%. There was no difference in BMI between those who developed PFP
(mean body mass, 20.2 kg/m?2; 95% CI, 18.9-21.4) and those who did not develop PFP (mean
body mass, 20.8 kg/m?; 95% Cl, 20.3-21.3; P> 0.05). Body mass index z-scores were not
different between those who developed PFP (mean, 0.3; 95% CI, 0.7-0.6) and those who did not
develop PFP (mean, 0.4; 95% CI, 0.3-0.6; £> 0.05). A similar trend was noted in relative body fat
percentage, with mean scores of similar ranges in those who developed PFP (mean body fat
percentage, 22.2%; 95% CI, 19.4-24.9) to the referent group who did not (mean body fat
percentage, 22.9%; 95% Cl, 21.8-24.1; £> 0.05).

Conclusions—Our results do not indicate a relationship between relative body composition or
relative body mass to height to the propensity to develop PFP in middle school-aged female
basketball players. Although previous data indicate a relationship between higher relative body
mass and overall knee injury, these data did not support this association with PFP specifically.
These data suggest the underlying etiology of PFP may be neuromuscular in nature. Further
research is needed to understand the predictors, etiology, and ultimate prevention of this condition.

Keywords

patellofemoral pain; anterior knee pain; biomechanics; body mass index; BMI z-score;
anthropometrics; body fat; patellofemoral pain

Introduction

An estimated 30 million school-aged youths (aged 5-18) participate in sports in the United
States annually.l Of these 30 million youths, 34% of middle school-aged participants
sustain an injury and seek medical treatment.12 The knee is the most commonly injured
joint in young adolescents, with 54% experiencing knee pain yearly.1:3-5 Patellofemoral
pain (PFP), also referred to as anterior knee pain, is the most common knee disorder in
adolescents. It may cause up to 74% of knee pain in this age group, thereby limiting their
ability to participate in sports.6-8

Patellofemoral pain syndrome is a multifaceted condition that includes idiopathic
retropatellar or peripatellar pain, which can be acute or chronic.>-1® The incidence of PFP is
increasing in adolescent adolescents; thus, it is important for both clinicians and researchers
to be aware of the predictors, etiology, and ultimate prevention of this condition.16:17 Risk
factors for all musculoskeletal lower-extremity conditions, including PFP syndrome, can be
classified into 2 categories: nonmodifiable or modifiable.18 Nonmodifiable risk factors
include biological predeterminations, such as intercondylar notch width, joint laxity, sex, or
family history.18 Modifiable risk factors include exercise, training, and diet.18 For some
lower-extremity conditions, such modifiable risk factors include strength or body mass
index (BMI).18

Body mass index has been correlated with incidence of developing PFP or lower-extremity
injury.19-31 There is contradictory evidence on whether BMI is related to PFP; however, the
general consensus according to the World Health Organization is that any BMI that is
greater than or less than the average BMI of the sample population is indicative of PFP
syndrome.32 This ambiguity in the relationship between body composition to height may be
the result of the measure. Subject-and population-specific measures, such as age-and sex-
specific measures of relative body mass (BMI z-score) or relative body composition (body
fat percentage) may help clarify the associations that lead to the development of PFP. The
purpose of this study was to examine the relationship among BMI, BMI z-score, and body
fat percentage and the development of PFP in an adolescent female athlete population. We
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hypothesized that female athletes who developed PFP have a higher BMI compared with
those who do not develop PFP.

Materials and Methods

Subjects

Procedures

Female basketball players were recruited from a single county public school district in
Kentucky that had 5 middle schools. A total of 15 middle school basketball teams were
identified from these schools, and 248 basketball players (mean age, 12.76 + 1.13 years;
height, 158.43 + 7.78 cm; weight, 52.35 + 12.31 kg) agreed to participate in this study over
the course of 2 basketball seasons, resulting in 262 athlete-seasons (Table 1). An “athlete-
season” was defined as 1 athlete participating for 1 season.33 Because entire teams
participated, there was decreased risk of selection bias, as those girls with knee injuries
choose whether to participate. The participation rate was > 95%. Given the longitudinal
nature of the study, subjects had the potential to be screened each of the 2 years if she was a
returning athlete. This study was derived as part of a larger study investigating the
underlying mechanisms for knee injuries. For the current study, we planned for a continuous
response in the dependent variables from independent control and experimental subjects,
with an expectation of 15 subjects with no injury per each subject with incident PFP per
year.1734 In a previous study, the response within each subject group was normally
distributed, with a standard deviation of 2.65.27 If the true difference in the mean for the
injured and uninjured subjects was 2.2, we needed to study a minimum of 12 new
participants with PFP and 180 uninjured participants to be able to reject the null hypothesis
that the population means of the experimental and control groups were equal, with a power
of 0.827 and type 1 error of 0.05.

The Institutional Review Board approved the data collection procedures and consent forms.
Parental consent and athlete assent were obtained before data collection. Subjects were
tested prior to the start of their competitive season. Testing consisted of completing of the
Anterior Knee Pain Scale (AKPS), International Knee Documentation Committee (IKDC)
form, standardized history and physician-administered physical examination, medical
history, maturational estimates, and anthropometrics.

Knee Examination—Of the 262 middle school-aged participants, all were initially
screened for knee pain using the AKPS questionnaire. 35-37 The AKPS is a 13-item self-
report questionnaire that is designed to evaluate subjective responses to specific activities
and symptoms that are thought to correlate with PFP. The AKPS has a minimum score of 0
and a maximum score of 100 points, with 100 representing no pain. The AKPS has
demonstrated high test-retest reliability and appears to be responsive to clinical changes in
patients with PFP.37 Subjects with an AKPS score of 100 (n = 185) did not undergo further
evaluation. However, all subjects with an AKPS score of < 100 (n = 77) underwent further
assessment (Figure 1). This further assessment included a standard history form that
documented current and prior knee symptoms and injury, completion of an IKDC score
form, and a comprehensive knee physical examination conducted by a licensed physician.
The IKDC is a reliable and valid instrument for use in a broad patient population concerning
subjects’ pain, symptoms, function, and sports activity.38:39 Diagnoses included in the PFP
category are displayed in Figure 2.

Anthropometrics—Height was measured with a stadiometer with the participant in bare

feet. Body mass was measured on a calibrated medical-grade scale. Body mass index z-score
was calculated using SAS® (SAS Institute, Inc.).40 This program generates the number of
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standard deviation units from the mean; this is termed the z-score for BMI. These z-scores
are based on data from the 2000 Centers for Disease Control and Prevention growth charts,
according to height, weight, age (months), and sex of each child or adolescent between birth
and age 20 years in the data set.*0

Data Analyses

Athlete Tracking, Follow-up, Exclusionary Criteria, and Control Group

Results

The athletes were monitored on a weekly basis by a certified athletic trainer for athletic
exposures, new PFP, or any other lower-extremity injury with resultant time loss. Athletic
exposures were defined as 1 game or practice session. The athletic exposures of subjects
with preseason PFP were not included in the compilation of total athletic exposures.
Postseason, the AKPS questionnaire was re-administered to all subjects. Athletes with pain
identified by the AKPS as well as all athletes who had been examined preseason underwent
further evaluation with a standardized personal interview and physical examination by the
same physician. These data were compiled to calculate preseason prevalence and in-season
incidence of PFP.33

Statistics—One-way univariate analysis of variance (ANOVA) group testing was
performed on the dependent variables of BMI, BMI z-scores, and body fat percentage.
Statistical analyses were conducted using SPSS® version 87.0. Statistical significance was
set a prioriat P< 0.05.

Over the course of 2 basketball seasons, there was a total of 24 904 athlete exposures (17
377 practices and 7527 games). Of the 262 athlete-seasons, 39 developed PFP in either the
first or second season. As a measure of PFP severity, the average score on the AKPS for this
incident population was 86.8. The incidence rate of PFP is 1.566 per 1000 athlete exposures,
with a cumulative incidence rate of 14.9%.

The mean data for both groups are presented in Table 2. Contrary to our hypothesis, there
was no difference in BMI between athletes who developed PFP (mean BMI, 20.2 kg/m?;
95% Cl, 18.9-21.4) and those who did not develop PFP (mean BMI, 20.8 kg/m?; 95% ClI,
20.3-1.3; P> 0.05). Body mass index z-score was not different between those who
developed PFP (mean, 0.3; 95% CI, —0.7 to 0.6) and those who did not develop PFP (mean,
0.4; 95% ClI, 0.3-0.6; P> 0.05). A similar trend was noted in relative body fat percentage,
with mean scores of similar ranges in those who developed PFP (mean, 22.2%; 95% ClI,
19.4-24.9) compared with the referent group (mean, 22.9%; 95% ClI, 21.8-24.1; P> 0.05).
To further evaluate the potential association of PFP with relative body compaosition, we
employed bivariate correlation analysis and multivariate logistic regression analysis. There
were no significant associations between relative body fat percentage (r = 0.03), BMI (r =
0.06), or BMI z-score (r = 0.06) to PFP incidence status. In addition, the logistic regression
model that included body fat percentage, BMI, and BMI z-score did not provide significant
discrimination between those who developed PFP and those who did not develop PFP.
Specifically, this regression model explained between 0.6% (Cox and Snell R2) and 1.1%
(Nagelkerke R2) of the variance in PFP incidence in this population. A final multivariate
linear regression analysis model that included fat percentage, BMI, and BMI z-score was
employed to determine the potential association between the body composition measures to
severity of symptoms, as evidenced in the AKPS. Similar to previous results, the linear
regression model that included these relative body composition measures did not
significantly predict severity of symptoms in the incident PFP group (adjusted R2, 0.04; P>
0.05).
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Discussion

The cumulative incidence and incidence rates for the development of new PFP in this
population were 14.9% and 1.57 per 1000 athlete exposures, respectively. All new cases of
PFP developed in middle school-aged female athletes. In similar populations, that also
included high school-aged female athletes’ incidence risk; the rates were lower in this
group, at 9.66 per 100 athletes and 1.09 per 1000 athlete exposures, respectively.1” These
data suggest that PFP develops most frequently in early adolescence.

Patellofemoral pain is one of the most common disorders among young adolescent
athletes.8:16.41.42 patellofemoral pain often limits participation in sport activities and may
lead to cessation of participation.84143 Restricting participation in physical activities can
result in a reduction in the physical and psychosocial health benefits that are gained from
physical activity.**4> We hypothesized that young adolescent female athletes who
developed PFP would have higher BMIs compared with those who did not. Our results
showed no difference in BMI or BMI z-scores or relative body fat percentage between
athletes who developed PFP and those who did not develop PFP. Thus, the association
previously found (ie, that athletes with increased BMI sustained a higher proportion of knee
injuries than normal-weight counterparts) was not observed in the present study, which
focused on PFP in a younger population than similar studies.3° Body mass index does
appear to be a predictor of injury in adults and older adolescents.30

Previous research has been conflicting regarding the association between BMI and PFP.
Some studies have found a correlation between higher BMI and clinically significant PFP,
but others have not. Two studies reported a correlation between those with a lower BMI
score and knee pain.%:11,22:26.29-31.46 Theories supporting a correlation between an increase
in BMI and PFP include BMI and its relation to decreased joint space in the knee, and BMI
and its relation to an increased g-angle in the lower extremity.2347 Leppéla et all3 showed
that BMI had no relation to decreased bone mineral density.

The risk of developing long-term degenerative changes, such as osteoarthritis (of which PFP
may be a precursor) is strongly associated with BMI.#8 In addition, higher BMI is associated
with common orthopedic conditions in adults.*® Older adolescents also demonstrated a
relationship between higher BMI and history of lower leg pain among cross-country
runners.®0 The present results, which indicated no difference in either relative body
composition between those with and without incident PFP lead us to suspect an alternative
underlying factor in the etiology of PFP in this age group, most notably lack of
neuromuscular control. Lopes et al®! found an inverse relationship between motor
coordination and BMI; subjects with higher BMIs had lower levels of motor coordination
across ages 6 to 14 years. The obese children (BMI = 30 kg/m?) showed markedly worse
motor control levels than those with a normal-range BMI score.?! Motor coordination
deficits do not appear to be transient and may even deteriorate further relative to age in
overweight and obese children.>?

In 2010, Myer et all” found that athletes who developed PFP demonstrated increased knee
abduction moment at initial contact when landing compared with uninjured controls.}” They
hypothesized that dynamic knee abduction loading during a landing task contributed to the
onset of PFP during the basketball season.l” Females with increased knee abduction
moment and load during dynamic tasks also showed increased incidence of knee injury,
such as PFP.53 This impaired neuromuscular control may be the modulator to the
pathomechanics of PFP in this population, as opposed to the anthropometric measures that
we assessed.

Phys Sportsmed. Author manuscript; available in PMC 2012 July 17.
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Based on our findings and previous research showing no association between PFP incidence
and BMI,%4 young adolescents with higher BMI should not be prohibited or restricted from
participating in athletic activities due to the risk of developing PFP. Rather, young females
should be encouraged to regularly participate in sports, because it can enhance their health
and well-being.5:56 Participation in organized sports should evolve out of regular
participation in a well-rounded preparatory conditioning program designed to reduce the
neuromuscular deficits that increase the risk of PFP.57-59

There are potential limitations to the current study. The first is that the screening
examinations were performed by different physicians each year. However, we standardized
both the questionnaires and physician training for identification of PFP to limit potential for
inter-rater diagnosis differences. Second, this study was limited to basketball players;
therefore, inferences to athletes in other sports should be limited. This analysis does not
differentiate between athletes who had unilateral or bilateral PFP. The final limitation
concerns information about the PFP condition itself, including treatment that was
undertaken, severity, and outcome measures, with all positive cases of PFP being treated
equally. Not all diagnoses included under PFP, as shown in Figure 2, may be individually
influenced by body composition measures. The authors acknowledge that PFP often occurs
on a continuum and treatment is related to severity. Some athletes may not complain of PFP
unless specifically asked, whereas others will openly acknowledge that it is disabling.
Although more research is needed to determine both who should be treated and what
interventions should be employed, the reported incidence should focus greater attention to
screening and study of the natural history of this condition in youth.

Conclusion

The current study results indicate that there was no difference in BMI, BMI z-score, or body
fat percentage between middle school-aged female basketball players who developed PFP
and those who did not develop PFP. Rather, a different etiology, such as impaired
neuromuscular control as the modulator to the pathomechanics of PFP, may be more
important than the anthropometric measures assessed in this study. Future research is needed
to understand the predictors, etiology, and ultimate prevention of PFP.
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Figure 1.
Flowchart of subject evaluation.

Abbreviations: AKPS, Anterior Knee Pain Scale; IKDC, International Knee
Documentation Committee.
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»Pes anserine bursa

Figure2.

Diagnoses included in the incidence of PFP.

Notes: Diagnoses contributory to PFP incidence calculation included PFD (n = 16), plica (n
=5), fat pad (n =5), OSD (n = 4), SLJ/PT (n = 8), IT band (n = 1), and pes anserine bursitis
(n =0). Excluded from the calculations included the diagnosis of trauma.

Abbreviations: PFP, patellofemoral pain; IT, IT band; OSD, Osgood-Schattler’s disease;
SLJ, Sinding-Larsen-Johansson; PT, patella tendon.

Image courtesy and copyright Primal Pictures Ltd.
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Table 1

Descriptive Statistics of Participants

Participants,n Mean

sD

Height, cm 262
Weight, kg 262
Age, years 262
BMI, kg/m?2 262
BMI z-score 262

158.43
52.35
12.76
20.73
0.4

7.78
12.31
113
3.88
0.97

Abbreviations: BMI, body mass index; SD, standard deviation.
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