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Abstract

Purpose: This study aimed to (a) investigate the proportion of overweight/obesity in a cohort of young adults with patellofemoral pain (PFP) and
(b) explore the association of body mass index (BMI), body fat, and lean mass with functional capacity and hip and knee strength in people with PFP.
Methods: We included a mixed-sex sample of young adults (18—35 years old) with PFP (» =100). Measurements for BMI, percentage of body
fat, and lean mass (assessed by bioelectrical impedance) were obtained. Functional capacity was assessed by the Anterior Knee Pain Scale, plank
test, and single-leg hop test. Strength of the knee extensors, knee flexors, and hip abductors was evaluated isometrically using an isokinetic
dynamometer. The proportion of overweight/obesity was calculated based on BMI. The association between BMI, body fat, and lean mass and
functional capacity and strength was investigated using partial correlations, followed by hierarchical regression analysis, adjusted for covariates
(sex, bilateral pain, and current pain level).

Results: A total of 38% of our cohort had their BMI categorized as overweight/obese. Higher BMI was associated with poor functional capacity
(AR*>=0.06—0.12, p < 0.001) and with knee flexion strength only (AR*=0.04, p =0.030). Higher body fat was associated with poor functional
capacity (AR*=0.05—0.15, p < 0.015) and reduced strength (AR*=0.15—0.23, p < 0.001). Lower lean mass was associated with poor func-
tional capacity (AR*=0.04—0.13, p < 0.032) and reduced strength (AR*=0.29— 0.31, p < 0.001).

Conclusion: BMI, body fat, and lean mass should be considered in the assessment and management of young people with PFP because it may be
detrimental to function and strength.
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1. Introduction Numerous biomechanical, anatomical, and psychological
factors have been linked to PFP."'" Specifically, impaired
knee strength is a risk factor for people with PFP,'” and
impaired functional capacity predicts poor outcomes for peo-
ple with PFP after rehabilitation.'*'* Other potential factors
associated with PFP that have received less attention are body
composition measures. Findings from a systematic review
indicates that young adults with PFP have greater body mass
index (BMI)'® than pain-free controls. Greater BMI has also
been reported as a clinical predictor of poor long-term out-
comes in people with PFP.'® Despite compelling evidence
indicating that high BMI is detrimental to people with PFP, its
impact on functional capacity and strength in this population
has never been explored. Moreover, other measures of body
composition (e.g., body fat and lean mass), which seem to

Patellofemoral pain (PFP) is characterized by insidious
onset of diffuse anterior knee pain, exacerbated by activities
that load the patellofemoral joint (e.g., running, climbing
stairs, squatting).' PFP has an estimated annual prevalence of
23% in the general population and up to 35% prevalence in
sporting populations.” PFP is associated with poor quality of
life, poor physical health, and poor psychological health.” >
Furthermore, there has been speculation that PFP is a precursor
to patellofemoral osteoarthritis (OA).®®
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provide additional and more accurate implications of over-
weight and obesity on an individual’s health status compared
to BMI alone,'”'* have also never been explored in this popu-
lation.

Overweight and obesity are associated with impaired
functional capacity and knee strength in people with knee
OA,'® ?? with body fat and lean mass presenting a higher
association (AR*=0.162 and AR>=0.093, respectively) with
impaired functional capacity than BMI (AR*=0.005)."®
Although these findings are mostly related to the tibiofemoral
joint (i.e., tibiofemoral OA), previous studies™ have reported
that overweight and obesity also have deleterious effects on
patellofemoral OA, likely via metabolic factors (i.e., increased
leptin due to obesity has been associated with reduced patellar
cartilage volume)”* and/or mechanical factors (i.e., increased
loading by obesity may also affect patellar cartilage and its
biomechanical properties).””*® Additionally, studies have
reported that a weight loss of 10% or higher led to clinically
important improvements in pain, functional capacity, and
knee strength in people with knee OA (both tibiofemoral and
tibiofemoral plus patellofemoral OA).”” * However, as
highlighted in a recent editorial, interventions targeting weight
loss do not exist in the PFP literature.”’ The detrimental effects
of overweight and obesity have been extensively explored in
several other musculoskeletal conditions.'®**** However, it
remains underexplored in PFP. More research is needed to
understand the impact of overweight and obesity on clinically
important PFP outcomes, such as functional capacity and
strength. Considering that overweight and obesity are modifi-
able factors, our findings could provide novel insights toward
changing traditional rehabilitation of PFP.*> Therefore, the
aims of our study were twofold: (a) to investigate the propor-
tion of overweight and obesity in a cohort of young adults with
PFP and (b) to explore the association of BMI, body fat, and
lean mass with functional capacity and knee strength in young
adults with PFP.

2. Methods

This cross-sectional study was reported according to the
Strengthening the Reporting of Observational Studies in
Epidemiology guideline recommendations.”® The study was
approved by the University Ethics Committee (No.
1.484.129), and each participant provided informed written
consent prior to data collection.

2.1. Recruitment

Participants were recruited from the community between
October 2018 and November 2019 via advertisements at uni-
versities and fitness centers and via posts on social media. Par-
ticipants were between 18 and 35 years of age. Eligibility
criteria were assessed by a physiotherapist (with >7 years of
experience in assessing people with PFP). Eligibility criteria
included (a) anterior knee pain in at least one limb provoked
by at least two of the following activities: running, walking,
hopping, landing, squatting, negotiating stairs, kneeling, or
prolonged sitting,' (b) insidious onset of symptoms with a
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duration of at least 3 months, and (c) anterior knee pain in the
previous month of at least 30 mm on a 100-mm visual ana-
logue scale.”” Exclusion criteria included the following: a his-
tory of patellar subluxation, a history of surgery on any lower
limb joint, the presence of meniscal injury”® or ligament insta-
bility,” and self-reported back, hip, ankle, or foot pain. To
control for potential carry-over effects from previous treat-
ments that might influence the outcomes assessed, those who
had received acupuncture, physiotherapy, or any other treat-
ment for PFP during the preceding 6 months were also
excluded from our study. Participants were asked to refrain
from taking, in the 7 days prior to data collection, any medica-
tions and to avoid participating in any type of physical activity
they were unaccustomed to.

2.2. Sample size calculation

An a priori sample size calculation was performed using
G*Power Statistical Power Analysis Software V3.1 (Uni-
versitat Diisseldorf, Diisseldorf, Germany). In our pilot study,
with data drawn from 30 participants with PFP, BMI uniquely
explained 4.8% of the variance in the single-leg hop test while
the covariates explained 39.0%. We chose the single-leg hop
test to power our study because it presented the smallest AR
among all variables. We estimated that we would need at least
94 participants to detect a AR* of 0.048 with 80% of power
and an « level of 0.05, using 4 predictor variables.

2.3. Overview of the experimental approach

A total of 100 young adults with PFP were invited to attend
a one-day assessment at the Sao Paulo State University. BMI,
percentages of body fat and lean mass, functional capacity
(measured by the Anterior Knee Pain Scale (AKPS), plank
test, and single-leg hop test), and strength measures (peak iso-
metric knee extension, knee flexion, and hip abduction torque)
were obtained. After data collection completion, the propor-
tion of overweight and obesity in our sample (based on BMI)
was calculated and described as a percentage of the entire
cohort (Aim 1). Then, we used partial correlation and hierar-
chical regression analysis to investigate the relationship of
BMI, body fat, and lean mass with functional capacity and
strength in young adults with PFP (Aim 2). All analyses were
adjusted for covariates (sex, bilateral pain, and current pain
level) on the basis of previously reported associations*’ ** or
plausible hypotheses. Fig. 1 shows in detail the experimental
design of our study.

2.4. Participant characteristics

Demographics (age, sex, height, and body mass) were
obtained, along with duration of symptoms (months) and pres-
ence of bilateral pain. Height and body mass were assessed
with participants wearing light clothing and no shoes. Body
mass was measured to the nearest 0.1 kg, and height was
measured to the nearest 0.1 cm using a calibrated scale with a
stadiometer (Welmy 110 CH; Welmy®, Sao Paulo, Brazil).
Body mass and height were used to calculate BMI (kg/m?).
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Fig. 1. Flowchart describing the experimental approach. AKPS = Anterior Knee Pain Scale; BMI =body mass index; PFP = patellofemoral pain; WHO = World

Health Organization.

Before data collection, all participants rated their current
knee pain intensity on a 0—100 visual analogue scale, with 0
indicating no pain and 100 indicating the worst pain
possible.”’’

2.5. Bioelectrical impedance analysis

Body fat and lean mass were measured using a bioelectrical
impedance analyzer (Omron HBF 514C; Omron Healthcare
Co., Kyoto, Japan). The device uses 8 electrodes in a tetrapolar
arrangement and requires participants to stand on metal foot-
pads in bare feet and hold a pair of electrodes fixed on the dis-
play unit, with arms extended in front of their chest. The
manufacturers’ valid and reliable equations™ were used to pre-
dict body fat and lean mass (expressed as a percentage of total
body mass). Due to the inclusion of a mixed-sex sample with
wide ranges of body mass, body fat, and lean mass were
reported as a percentage to facilitate the interpretation of
results. Participants were instructed to avoid alcohol and caf-
feine consumption for 24 h prior to measurement, to avoid vig-
orous exercise for 12 h prior to measurement, and to avoid
food and beverages for 2 h prior to measurement.

2.6. Functional capacity

Self-reported functional capacity was assessed by the
AKPS. Objective functional capacity was assessed by the
plank test and single-leg hop test in a randomized order. Data
collection for all lower limb assessments was performed in the

symptomatic leg or most symptomatic leg (in case of bilateral
symptoms).”

The AKPS is a valid and reliable 13-item questionnaire
used to assess functional capacity of people with PFP; the
overall score ranges from 0 (maximum functional limitation)
to 100 (no functional limitation).”’

To perform the plank test, participants assumed a prone
position supported by their forearms and feet, with the should-
ers and elbows flexed at 90°. They were instructed to raise their
pelvis from the floor, maintaining a straight line from head to
ankles, and to hold this static position as long as possible. If
necessary, verbal instructions were given to correct partic-
ipants’ positioning. The evaluator ended the test when partici-
pants were no longer able to maintain the proper position after
2 warnings or when the participant ended it due to fatigue. Par-
ticipants performed a single trial, and the test duration was
recorded with a stopwatch.**

To perform the single-leg hop test, the participant stood on
the tested leg with the heel positioned on a marked line and
with the other leg lifted from the floor by flexing the contralat-
eral knee. The participants were told to hop as far as possible,
keeping their arms behind their back, taking off and landing
on the same foot, and maintaining their balance for about 2 s
after landing. The hop distance (cm) was measured, with a
measuring tape that was affixed to the floor, from the heel in
the starting position to the heel in the landing position. A hop
was considered successful when the participant was able to
maintain balance for at least 2 s after landing. A hop was con-
sidered unsuccessful when the participant touched the floor
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with the contralateral lower extremity, lost balance, pushed
with the contralateral foot, or did not keep the hands behind
the back. Each participant was given 3 practice trials before
the test. Three successive trials were then recorded. One minute
of rest was provided between each trial. The average value of
the 3 trials was used for statistical analysis.”

Before the strength tests were administered, participants
were given a minimum of a 10-min rest after performing the
functional tests (plank test and single-leg hop test) in order to
avoid pain summation and limit neuromuscular fatigue. Addi-
tionally, participants were asked to perform the next test only
when they felt completely recovered from the previous one.

2.7. Knee and hip strength

After functional capacity assessments, maximal voluntary
isometric contractions (MVICs) of the knee extensors, knee
flexors, and hip abductors were measured using an isokinetic
dynamometer (Biodex System 4 Pro; Biodex Medical Systems
Inc., New York, NY, USA). Knee extensor and knee flexor
strength was assessed (Biodex System 4 Pro; Biodex Medical
Systems Inc.) in the same seating position, with the hips and
non-tested knee flexed at 90°. Four straps were used to stabi-
lize the trunk, pelvis, and the tested limb. The dynamometer’s
rotational axis was aligned with the lateral epicondyle of the
femur, and the resistance pad was placed 5 cm above the lat-
eral malleolus. The MVICs of the knee extensors and flexors
were assessed with the tested limb at 60° of knee flexion.”’

Hip abductor strength was assessed (Biodex System 4 Pro;
Biodex Medical Systems Inc.) in a side-lying position, with the
tested limb on top of the non-tested limb, in neutral hip flexion/
extension and medial/lateral rotation alignment and with an
extended knee. Four straps were used to stabilize the trunk and
non-tested limb. The dynamometer’s rotational axis was aligned
with the hip joint center in the frontal plane of the tested limb,
and the resistance pad was placed on the lateral aspect of the dis-
tal thigh, 5 cm above the patella. MVICs for the hip abductors
were assessed with the tested limb at 30° of hip abduction.*

The testing order for the muscle groups was randomized.
The assessor provided standardized verbal encouragement dur-
ing contractions to elicit maximal effort. Participants per-
formed 2 submaximal contractions of 6 s, with an interval of
30 s between trials for familiarization with each test position.
Then, 3 maximal isometric contractions of 6 s, with an interval
of 1 min between each trial, were performed in order to deter-
mine the MVIC for each muscle group. The highest peak tor-
que (N-m) achieved in one of the 3 trials was used in the
statistical analysis.***

2.8. Statistical analysis

Normality and variance homogeneity of data were tested
using the Shapiro-Wilk and Levene tests, respectively. Dura-
tion of symptoms and results of the plank test were non-nor-
mally distributed; therefore, results of the plank test were log
transformed before being included in the partial correlation
and hierarchical regression analyses. Descriptive statistics
were used to describe participant characteristics, body
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composition, functional capacity, and strength measures for
the total sample. Descriptive statistics were also described
according to BMI categories suggested by the World Health
Organization (WHO). Normally distributed variables were
reported as mean £ SD, and non-normally distributed varia-
bles were reported as median (interquartile range).

The first aim of our study was to determine the proportion
of overweight and obesity in our sample of young adults with
PFP. Overweight and obesity were defined based on the fol-
lowing BMI categories recommended by the WHO:"” partici-
pants with a BMI of <18.5 kg/m®> were categorized as
underweight, 18.5 kg/m* < BMI < 25 kg/m? were categorized
as normal weight, 25 kg/m*> < BMI < 30 kg/m” were categorized
as overweight, and a BMI of >30 kg/m® were categorized as
obese. The proportion for each category was presented as a per-
centage of the entire cohort. No participants were underweight.

We also compared demographics and participant character-
istics, body composition, functional capacity, and knee and hip
strength measurements across all 3 BMI categories by running
a one-way analysis of variance or a Kruskal—Wallis test.
Bonferroni’s post hoc test for multiple pairwise comparisons
was performed when overall differences were statistically sig-
nificant (p < 0.05). Comparisons between BMI categories
for bilateral pain and sex were made using x* tests, with pair-
wise multiple comparisons using Bonferroni correction of
p values when overall differences were statistically signifi-
cant (p < 0.05). These analyses are reported in Supplementary
Table 1.

Our second aim was to explore the association of BMI,
body fat, and lean mass with functional capacity and strength
in young adults with PFP. We used partial correlation coeffi-
cients** to determine the relationship between independent
variables (BMI, body fat, and lean mass) and dependent varia-
bles (AKPS, plank test, single-leg hop test, and peak isometric
strength of the knee extensors, knee flexors, and hip abduc-
tors). All partial correlation analyses were adjusted for the
following covariates: (a) sex (previous studies have found sex
differences in the clinical presentation of people with
PFP**"), (b) bilateral pain (our sample included participants
with unilateral and bilateral symptoms; since it may influence
the outcomes, we included bilateral pain as a covariate), and
(¢) current pain level (PFP is characterized by intermittent
pain that may highly influence the outcomes for each partici-
pant individually). The classification of correlation was
defined as small: »=0.10—0.30, moderate: r=0.31—0.50, and
strong: #=0.51—1.00."" The variables that presented signifi-
cant correlations (p < 0.05) were included in hierarchical
regression models.

Separate hierarchical regression models were used to deter-
mine the unique association of each measure of BMI, body fat,
and lean mass with each measure of functional capacity and
strength that presented significant correlations. All regression
models were also adjusted for covariates by first entering the
covariates (sex, bilateral symptoms, and current pain level)
into the hierarchical regression model (Model 1). Then,
either BMI, body fat, or lean mass was added into the model
(Model 2), which means that all changes in the results of the
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regression models, from the first step to the second step, were
due to the insertion of the independent variable (either BMI,
body fat, or lean mass).

An « level of 0.05 was set for all statistical tests. All analy-
ses were performed using the PASW Statistics software
(Version 18.0; SPSS Inc., Chicago, IL, USA).

3. Results

From October 2018 to November 2019, 100 young adults
with PFP (60 females and 40 males) were enrolled in our
study. Descriptive statistics for all variables are presented in
Table 1.

3.1. Proportion of overweight and obesity in young adults
with PFP

Of the 100 participants included in our study, 62% were
categorized as normal weight, 24% as overweight, and 14% as
obese.

3.2. Correlation coefficient findings

The partial correlation coefficients between variables of
interest are reported in Table 2. Significant negative correla-
tions were found for BMI with AKPS, plank, and single-leg
hop test (= —0.28 to —0.41, small to moderate). And a signifi-
cant positive correlation was found for BMI with knee flexion
strength (r=0.22, small). No significant correlations were
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found between BMI and knee extension and hip abductor
strength. Significant negative correlations were found for body
fat with AKPS, plank, single-leg hop test, and strength meas-
ures (= —0.25 to —0.49, small to moderate). Significant posi-
tive correlations were found for lean mass with AKPS, plank,
single-leg hop test, and strength measures (»=0.22 to 0.57,
small to strong).

3.3. Regression models

The results of the hierarchical regression analyses are
reported in Tables 3, 4, and 5. After adjusting for covariates,
BMI significantly explained 6% of the variance in AKPS
(» < 0.001), 9% of the variance in plank (p < 0.001), 12% of
the variance in single-leg hop test (p < 0.001), and 4% of the
variance in knee flexion strength (p =0.030) (Table 3).

After adjusting for covariates, body fat significantly
explained 5% of the variance in AKPS (p =0.015), 10% of the
variance in plank (p < 0.001), 15% of the variance in single-
leg hop test (p < 0.001), 18% of the variance knee extension
strength (p < 0.001), 15% of the variance in knee flexion
strength (p < 0.001), and 23% of the variance in hip abductor
strength (p < 0.001) (Table 4).

After adjusting for covariates, lean mass significantly
explained 4% of the variance in AKPS (p =0.032), 11% of the
variance in plank (p < 0.001), 13% of the variance in single-
leg hop test (p < 0.001), 31% of the variance in knee extension
strength (p < 0.001), 29% of the variance in knee flexion

Table 1
Characteristics of study participants.
Variable All sample BMI groups

Normal weight Overweight Obese

(BMI = 18.5 to 25 kg/m?) (BMI =25 to 30 kg/m?) (BMI > 30 kg/m?)
Demographics
n 100 62 24 14
Age (year) 2411+ 4.83 23.30 £+ 4.60 24.16 +£3.77 27.57+6.13
Body mass (kg) 72.10 £ 15.48 64.25 £ 8.14 76.15 +9.93 99.90 £ 13.53
Height (cm) 168.88 £ 8.42 168.95 £ 8.03 169.14 £9.97 168.10 £ 7.82
BMI (kg/m?) 2536 £4.78 22.55 £ 1.65 26.94 £ 1.31 35.10 £3.77
Bilateral pain (%) 57.0 54.8 70.8 42.8
Sex (female, %) 60.0 59.7 50.0 78.6
Worst pain level in the previous month (VAS) 50.70 + 20.79 48.62 £21.59 50.83 +17.29 59.64 + 21.61
Current pain level (VAS) 17.06 £ 21.45 12.19 £ 19.08 17.50 £ 17.87 37.89 £25.54
Duration of symptoms (month)” 36 (12—-96) 36 (11-94) 36 (12—-96) 54 (5—123)
Body composition measures
Body fat—bioimpedance (%) 31.13 £ 10.74 27.05 + 891 32.54 £ 8.60 46.75 + 5.44
Lean mass—bioimpedance (%) 3136 +£7.31 32.96 + 7.45 31.51 £ 6.06 2397 £3.30
Functional capacity measures
Functional capacity (AKPS) 78.44 £10.23 80.37 £9.47 78.91 £9.57 69.07 £ 10.07
Plank (s)* 55(34—-90) 60 (39—100) 58 (46—89) 22 (15-32)
Single-leg hop test (cm) 90.11 £25.25 94.80 £ 23.61 93.89 £ 24.82 62.88 +14.78
Strength measures
Peak isometric knee extension (N-m) 181.98 + 62.87 178.70 £ 64.63 196.64 + 63.65 171.42 £ 52.54
Peak isometric knee flexion (N-m) 99.80 + 33.02 96.06 £ 34.03 112.50 £+ 32.36 94.59 £ 25.02
Peak isometric hip abduction (N-m) 68.59 +£23.74 69.38 +£24.75 74.45 £22.74 55.08 £ 15.48

Note: Data are presented as mean & SD unless otherwise stated.

? Data are presented as median (interquartile ranges).
Abbreviations: AKPS = Anterior Knee Pain Scale; BMI = body mass index; VAS = visual analogue scale.
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Table 2
Pearson correlation coefficients () among BMI, body fat percentage, lean mass percentage, functional capacity, and strength measures.
Variables BMI (kg/m?) Body fat percentage Lean mass percentage
AKPS —0.28 (0.005)* —0.25 (0.015)* 0.22 (0.032)*
Plank® —0.34 (0.001)* —0.37 (<0.001)* 0.38 (<0.001)*
Single-leg hop test (cm) —0.41 (<0.001)* —0.46 (<0.001)* 0.44 (<0.001)*
Peak isometric knee extension 0.17 (0.087) —0.43 (<0.001)* 0.57 (<0.001)*
Peak isometric knee flexion 0.22 (0.031)* —0.40 (<0.001)* 0.56 (<0.001)*
Peak isometric hip abduction —0.07 (0.510) —0.49 (<0.001)* 0.57 (<0.001)*
Note: Data were adjusted for sex, presence of bilateral pain, and current pain level (VAS), and presented as 7 (p).
? Log transformed.
* p<0.05.
Abbreviations: AKPS = Anterior Knee Pain Scale; BMI = body mass index; VAS = visual analogue scale.
Table 3
Hierarchical linear regression between BMI and functional capacity, and knee flexion strength.
Dependent variable Model Independent variable R? AR? AF B (95%CTI)
AKPS 1 Covariates® 0.20
2 BMI 0.26 0.06 8.29%* —0.57 (—0.96 to —0.17)
Plank” 1 Covariates® 0.26
2 BMI 0.35 0.09 12.64%* —0.02 (—0.03 to —0.01)
Single-leg hop test 1 Covariates® 0.30
2 BMI 0.42 0.12 18.94%* —1.90 (—2.76 to —1.03)
Peak isometric knee flexion strength 1 Covariates® 0.07
2 Body fat 0.11 0.04 4.81%* 1.53 (0.14 t0 2.92)
? Adjusted for sex, presence of bilateral pain, and current pain level.
° Log transformed.
* p<0.05** p<0.0l.
Abbreviations: 95%CI =95% confidence interval; AKPS = Anterior Knee Pain Scale; BMI = body mass index.
Table 4
Hierarchical linear regression between body fat and functional capacity, and strength measures.
Dependent variable Model Independent variable R* AR? AF B (95%CTI)
AKPS 1 Covariates® 0.20
2 Body fat 0.25 0.05 6.19% —0.33 (—0.59 to —0.06)
Plank” 1 Covariates® 0.26
2 Body fat 0.36 0.10 15.10%* —0.01 (—0.02 to —0.01)
Single leg hop test 1 Covariates® 0.30
2 Body fat 0.45 0.15 25.03%* —1.41 (—=1.97 to —0.85)
Peak isometric knee extension strength 1 Covariates® 0.05
2 Body fat 0.23 0.18 21.81%* —2.60 (—=3.71 to —1.49)
Peak isometric knee flexion strength 1 Covariates® 0.07
2 Body fat 0.22 0.15 18.50%* —1.26 (—1.85 to —0.68)
Peak isometric hip abductor strength 1 Covariates® 0.04
2 Body fat 0.27 0.23 30.43%* —1.12 (=1.53 to —0.72)

? Adjusted for sex, presence of bilateral pain, and current pain level.
® Log transformed.
* p<0.05* p<0.0l.

Abbreviations: 95%CI=95% confidence interval; AKPS = Anterior Knee Pain Scale.

strength (p < 0.001), and 31% of the variance in hip abductor
strength (p < 0.001) (Table 5).

4. Discussion

A total of 38% of our cohort had their BMI categorized
as overweight or obese. Higher BMI and body fat, and lower

lean mass, were associated with poor functional capacity,
even after adjusting for confounders such as sex, presence
of bilateral pain, and current pain level. Additionally, higher
body fat and lower lean mass, but not BMI, were associated
with reduced knee and hip strength, even after adjusting for
confounders. Our study provides novel data related to body
fat and lean mass measures in young adults with PFP that
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Table 5
Hierarchical linear regression between lean mass and functional capacity, and strength measures.
Dependent variable Model Independent variable R? AR? AF B (95%CI)
AKPS 1 Covariates® 0.20

2 Lean mass 0.24 0.04 4.73% 0.58 (0.05to 1.11)
Plank” 1 Covariates® 0.26

2 Lean mass 0.37 0.11 16.24%* 0.03 (0.01 to 0.04)
Single-leg hop test (cm) 1 Covariates® 0.30

2 Lean mass 0.43 0.13 22.14%* 2.69 (1.55 to 3.82)
Peak isometric knee extension strength 1 Covariates® 0.05

2 Lean mass 0.36 0.31 46.43%* 5.02 (3.55t0 6.48)
Peak isometric knee flexion strength 1 Covariates® 0.07

2 Lean mass 0.36 0.29 43.53%* 2.55(1.78 t0 3.32)
Peak isometric hip abductor strength 1 Covariates® 0.04

2 Lean mass 0.35 0.31 45.02%* 1.88 (1.32 t0 2.44)

? Adjusted for sex, presence of bilateral pain, and current pain level.
® Log transformed.
* p<0.05** p<0.01.

Abbreviations: 95%CI = 95% confidence interval; AKPS = Anterior Knee Pain Scale.

can be used to further advance assessment and treatment
strategies.

As noted, a BMI of >25 kg/m2 was observed in 38% of our
cohort, indicating that overweight and obesity are health prob-
lems coexisting with physical impairments™*° in a large pro-
portion of young adults with PFP. This finding is consistent
with a previous systematic review of 33 cross-sectional stud-
ies, which reported that young adults with PFP have greater
BMI compared with pain-free controls.'” Interestingly, evi-
dence from 2 systematic reviews of prospective studies sug-
gests that BMI might not be a risk factor for PFP.'*'" This
indicates that overweight may be a consequence of living with
PFP (rather than overweight or obesity predisposing PFP),
with PFP known to lead to reduced physical activity levels and
psychological impairments.*'*> However, many of the stud-
ies included in these systematic reviews'>'” (six of 12 studies)
investigated BMI as a risk factor for PFP in military popula-
tions. Future prospective studies are needed to confirm if
higher BMI values are a risk factor for (or consequence of)
PFP in other populations such as young adults, adolescents,
and recreational sports population.

Our findings suggest that higher BMI, higher body fat, and
lower lean mass are associated with poor subjective and objec-
tive functional capacity. Previous research in other musculo-
skeletal conditions assessing the relationship of BMI, body fat,
and lean mass with functional capacity has yielded conflicting
findings.'®'*" Davis et al.'® reported an association between
body fat and lean mass and objective functional capacity in
older adults with knee OA. However, BMI was not associated
with either subjective or objective functional capacity. None-
theless, when people with different levels of overweight are
compared, those with higher BMI reported poor subjective
functional capacity in knee OA'’ and chronic low back pain.”’
These findings provide important clinical implications, given
that patients with PFP reporting poor functional capacity are
most likely to have poor long-term outcomes.'*"'" Exercise
therapy targeting the hip and knee is a key recommendation of

international consensus and clinical practice guidelines to
improving pain and function in people with PFP.>>~*% How-
ever, a prognostic study indicated that more than half of people
with PFP report unfavorable outcomes 5—8 years after being
enrolled in exercise-based rehabilitation.'* This suggests a
need for alternative approaches that are more tailored to
patient needs.”’ Our findings suggest that greater BMI, higher
body fat, and lower lean mass are predictive of poor functional
capacity and reduced knee and hip strength. Therefore, consid-
ering management approaches beyond exercise therapy that
incorporate weight management may be a potential alternative
to enhance long-term outcomes for patients with PFP. This
approach has been reported to be successful in people with
knee OA, with weight management interventions leading
to improvements in pain, functional capacity, and knee
strength.”’

According to our findings, BMI was associated with knee
flexion strength but not with knee extension and hip strength.
A potential explanation for this finding is that BMI does not
take into account specific components of body composition
(i.e., body fat and lean mass); consequently, the relative contri-
bution of these components to muscle strength cannot be deter-
mined. Additionally, although we included sex as a covariate
during statistical analysis and did not find a significant differ-
ence between BMI groups for proportion of males and females
(Supplementary Table 1), the inclusion of a non-balanced
mixed-sex sample across BMI categories is a limitation of our
study. A previous systematic review has indicated larger hip
strength deficits for female populations compared to male and
mixed-sex populations, which supports the notion that males
and females present different deficits and may represent dis-
tinct subgroups within PFP.*’

Our novel findings indicate that higher body fat and
lower lean mass are associated with reduced knee and hip
strength. Overweight has been associated with alterations in
skeletal muscle, such as increased lipid accumulation
between (intermuscular fat) and within skeletal muscle
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fibers,”*>> which in turn seems to affect muscular quality
(muscle strength relative to unit of muscle mass) in people
with knee OA.’*°°7 These physiological changes in the
skeletal muscle as a consequence of overweight may nega-
tively influence knee extensor strength and physical function
in people with knee OA.’°”" Fat infiltration in muscle fibers
could not be detected by bioelectrical impedance and there-
fore is a limitation of our study. Further research is war-
ranted to explore this hypothesis.

4.1. Clinical implications

Our findings suggest that BMI, body fat, and lean mass
should be considered in the assessment and management of
PFP because, depending on their levels, they may be detrimen-
tal to functional capacity and particularly strength. Weight
management interventions (diet only or a combination of diet
plus exercise) have been reported to be effective to improving
pain, functional capacity, and knee strength in people with
knee OA.”" 3%’ Considering that 38% of our cohort were
overweight or obese, weight management and advice on a
healthier lifestyle®” should be considered for young adults
with PFP. Additionally, we found that lean mass was the best
predictor of strength, explaining 31%, 29%, and 31% of the
variance in knee extensor, knee flexor, and hip abductor
strength, respectively, while body fat explained 18%, 15%,
and 23%, respectively. These findings may suggest that devel-
opers of interventions targeting weight loss as a treatment
modality for PFP need to consider the impact of the weight
loss intervention on lean mass specifically. Therefore, inter-
ventions focusing on combined diet and strength training
rather than diet only may be the best option for people with
PFP, particularly for those categorized as obese,”'**” because
they seem to have the lowest knee and hip strength (Supple-
mentary Table 1). This hypothesis should be a research priority
because there has been no randomized controlled trial in PFP
targeting weight loss.”'

4.2. Limitations

Due to the first aim of the study (to determine the propor-
tion of overweight/obesity in our sample of young adults with
PFP), we did not create equal samples within BMI categories,
which could have influenced our results regarding the second
aim (to examine associations between body composition and
functional capacity and strength). Due to our sample size, we
chose to account for sex as a covariate within the regression
model rather than stratify the cohort into subgroups. Future
studies stratifying the sample based on sex are needed in order
to better understand its contribution in the relationship of
BMI, body fat, and lean mass with functional capacity and
strength in PFP. Although we have attempted to control for
some important covariates in our analyses (sex, bilateral pain,
and current pain level), caution should be taken when inter-
preting our findings because the participants’ physical activity
level was not assessed in our cohort; further inquiry into the
influence of physical activity level is warranted to determine
whether it may serve as a potential covariate for the observed
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relationships. Our findings are also limited to individuals
18—35 years old. Adolescents and older populations with PFP
may present different distributions of BMI, body fat, and lean
mass, " and this requires consideration in future research.
Last, we only investigated the impact of BMI, body fat, and
lean mass on functional capacity and strength measures; future
research should explore the impact of overweight and obesity
in psychological, biomechanical, and other clinical outcomes
in people with PFP.

5. Conclusion

Higher BMI, higher body fat, and lower lean mass are asso-
ciated with poor functional capacity in young adults with PFP.
Higher body fat and lean mass, but not BMI, were also associ-
ated with reduced knee and hip strength. These findings indi-
cate that when managing people with PFP, assessment of
BMI, body fat, and lean mass is warranted because it has an
impact on clinical outcomes.
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