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females, as compared with their male counterparts, are
significantly more likely to experience PFP.9,35 Typically, patients com- ing the ‘‘screw-home’’ mechanism
plain of generalized retropatellar symptoms that present insidiously and of the tibiofemoral joint, these autend to be exacerbated by prolonged sitting or repetitive weight-bearing thors report that the tibia must be
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internal rotation, it is thought that the femur must
internally rotate excessively, such that the tibia is in
relative external rotation.36 This compensation creates a larger quadriceps angle and may significantly
increase lateral retropatellar contact pressure.17,21,27
Proximal factors including hip muscle weakness
have also been proposed to contribute to patellofemoral malalignment and the development of
PFP.12,34 Recent kinetic analysis of running reveals
that, although the largest knee joint moments occur
in the sagittal plane, the knee is also subject to
significant frontal and transverse plane moments.24
Additional research has shown that women, as compared to their male counterparts, exhibit significantly
greater external knee valgus moments33 and associated movement into knee valgus23 and hip internal
rotation.22 The ability of women to control these
motions may depend on the strength of proximal
muscle groups that are antagonistic to these movement tendencies. In the absence of sufficient proximal strength, the femur may adduct or internally
rotate, further increasing lateral patellar contact pressure.17,21,27 Repetitive activities with this malalignment may eventually lead to the retropatellar
articular cartilage damage generally associated with
this syndrome.
Although some authors have postulated that hip
weakness may have a role in the etiology of patellofemoral pain,12,14,34 no studies have documented
this weakness in a symptomatic population. Therefore, the purpose of this investigation was to examine
hip strength in women with PFP. It is hypothesized
that women with PFP will demonstrate decreased hip
abduction and external rotation strength versus their
nonsymptomatic, age-matched counterparts.

METHODS
Subjects
Fifteen female subjects with PFP were recruited for
this study (mean ± SD age, 15.7 ± 2.7 years; age
range, 12-21 years; mean ± SD weight, 63.1 ± 16.5 kg;
weight range, 43.5-93.0 kg). Fifteen age-matched female control subjects who denied any history of
previous knee injury or pain were also recruited from
the community for the purpose of comparison (mean
± SD age, 15.7 ± 2.7 years; age range, 12-21 years;
mean ± SD weight, 56.6 ± 12.5 kg; weight range,
37.2-81.6 kg). All subjects reported routine participation in either recreational or organized sports such as
basketball, volleyball, track, equestrian, swimming, or
cheerleading. Prior to participation in the study,
informed consent was received from all participants
and by the parents of those participants less than 18
years of age. The study protocol was approved by
Essex Institutional Review Board, Inc.
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Inclusion criteria for the PFP group were satisfied
through a thorough evaluation at a local orthopaedic
practice. Each subject with PFP reported complaints
of patellofemoral joint pain for at least 3 months
duration associated with activities including sports,
climbing stairs, or prolonged sitting. Objective signs
were also consistent with PFP, including pain with
compression of the patella into the femoral condyles
or palpation of the posterior surface of the patella.
The subjects with PFP also underwent a physical
examination by the same orthopaedic surgeon to
exclude the possibility of concurrent ligament instability or meniscal pathology. Potential subjects from
either group who reported a history of patellar
dislocation, knee surgery, or other significant trauma
to either lower extremity were excluded from the
study.
One limb was used for comparison between groups
for each subject. In cases of unilateral pain, measurements were recorded for the injured limb and the
corresponding limb of the age-matched control subject. For subjects with bilateral symptoms, their dominant limb (identified by asking which leg the patient
would use to kick a ball as hard as possible) was used
for comparison with the corresponding limb of the
age-matched control subject. Bilateral symptoms were
present in 8 subjects. Five subjects presented with
right-sided symptoms and 2 subjects had symptoms
on their left side.

Procedure
Subjects underwent isometric muscle strength testing for hip abduction and external rotation using
hand-held dynamometers and stabilization straps.
Testing for each subject took approximately 10 minutes and was randomly performed according to
muscle action. The test positions were selected based
on their similarity to traditional manual muscle testing procedures20 and have been reported to be
highly reliable for testing isometric strength with
hand-held dynamometers.6,19
Hip abduction isometric strength testing was performed with subjects positioned in sidelying on a
treatment table (Figure 1). A pillow was placed
between the subjects’ legs, using additional toweling
as needed, such that the hip of the leg to be tested
was abducted approximately 10° as measured with
respect to a line connecting the anterior superior
iliac spines. A strap placed just proximal to the iliac
crest and secured firmly around the underside of the
table was used to stabilize the subjects’ trunk. The
center of the force pad of a Nicholas hand-held
dynamometer (Lafayette Instruments, Lafayette, IN)
was then placed directly over a mark located 5.08 cm
proximal to the lateral knee joint line. This dynamometer uses a load cell force-detecting system to
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TABLE. Isometric hip strength comparison between female subjects with patellofemoral joint pain (PFP) and a control group. All values
are expressed as a percentage (mean ± SD [95% confidence interval]) of body weight (kg).

Hip abduction†
Hip external rotation†

PFP Group*

Control Group*

23.3 ± 6.9 (19.8-26.7)
10.8 ± 4.0 (8.8-12.8)

31.4 ± 6.2 (28.4-34.5)
16.8 ± 5.5 (14.0-19.6)

*

n = 15.
Significant difference between groups (P⬍.001).

†

over a mark that was 5.08 cm proximal to the medial
malleolus. A strap around the leg and around the
base of a stationary object held the dynamometer in
place during contractions. After zeroing the dynamometer, the subject was instructed to push the leg
inward with maximal effort for 5 seconds. The force
value displayed on the dynamometer was recorded
and the device was rezeroed. One practice trial and 3
experimental trials were performed with 15 seconds
of rest between trials. The peak value from the 3
experimental trials was recorded.

Data Analysis

FIGURE 1. Isometric strength testing of hip abduction using straps and hand-held dynamometer.
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We used a clinically significant strength difference
of 15% between groups and estimates of sample
variability from previous literature3,5 to perform an a
priori power analysis. This analysis suggested that 25
to 30 subjects would provide adequate protection
from type I and II errors using ␣ = .05 and ␤ = .20.
However, during data collection, it became evident
that the true difference between groups was significantly larger than the difference used in the power
analysis. Therefore, data analysis was performed after
15 subjects had been tested per group. Independent t
tests were used to compare hip abduction and exter-
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measure static force ranging from 0 to 199.9 kg, with
accuracy to 0.1 kg ± 2%, and has been reported to
have excellent interrater reliability for testing hip
abduction isometric strength.11 The dynamometer
was secured between the leg and a second strap that
was wrapped around the leg and the underside of the
table. The strap eliminated the effect of tester
strength on this measure, which has been reported to
be a limitation of hand-held dynamometry.4 After
zeroing the dynamometer, the subject was instructed
to push the leg upward with maximal effort for 5
seconds. The force value displayed on the dynamometer was recorded and the device was rezeroed. One
practice trial and 3 experimental trials were performed, with 15 seconds of rest between trials. The
peak value from the 3 experimental trials was recorded.
Hip external rotation (ER) isometric strength testing was performed with subjects positioned on a
padded chair with the hips and knees flexed to 90°
(Figure 2). To prevent substitution by the hip adductors, a strap was used to stabilize the thigh of the
tested leg and a towel roll was placed between the
subjects’ knees. The dynamometer was then placed
such that the center of the force pad was directly

in hip abduction and 36% weaker in hip external
rotation than the members of the control group
(Figure 3).

DISCUSSION

FIGURE 2. Isometric strength testing of hip external rotation using
straps and hand-held dynamometer.

FIGURE 3. Isometric strength comparisons in percent body weight
(% BW) between a control group and subjects with patellofemoral
joint pain (PFP) for hip abduction and external rotation. Error bars
represent 1 standard deviation. (The PFP groups are significantly
different [P⬍.001]).

nal rotation strength between subjects with patellofemoral pain and their age-matched control subjects. Prior to data analysis, strength measurements,
recorded in kg, were normalized to body weight for
each subject.

RESULTS
Subjects with patellofemoral pain syndrome exhibited significantly lower isometric strength values than
their healthy, age-matched counterparts for both hip
abduction (P⬍.001) and external rotation (P⬍.001)
(Table). On average, these subjects were 26% weaker
674

The role of hip strength in the etiology of knee
pain has received increased attention in recent years.
However, in the absence of objective evidence, this
relationship has been reported based on observation
and professional conjecture. The purpose of this
investigation was to compare hip strength between
females with and without PFP. While the strength test
results for the healthy control subjects in this study
are in line with established isometric norms,5,6 females with PFP demonstrated significant weakness.
The apparent strength difference between groups
in this study supports the suggestions of other authors who have associated PFP with hip muscle
weakness.6,32,34 Sommer34 visually observed a stereotypical motion pattern into knee valgus and femoral
internal rotation during the acceleration phase before take-off during jumping in healthy, fatigued,
male and female subjects. Similarly, more recent,
sophisticated kinematic analysis of subjects during
athletic movements has confirmed this movement
pattern, particularly in women.22,23,33 Our results
indicate that females with PFP may have insufficient
strength to resist these external valgus and internal
rotation moments. Consequently, the femur may excessively adduct and internally rotate during athletic
movements, promoting lateral patellar tracking and
increasing lateral retropatellar contact pressure.17,21,27
Repetitive movements with this alignment may cause
injury to the retinaculum, retropatellar articular cartilage, or subchondral bone.12
These results in combination with previous empirical evidence suggest that proximal stabilization programs may be beneficial for the treatment of
PFP.8,11,34 Fredericson et al11 documented the tendency for distance runners who present with iliotibial
band syndrome to have weakness in hip abduction.
Following a 6-week rehabilitation protocol with a
focus on gluteus medius strengthening, over 90% of
the patients were pain free and had returned to their
prior level of function. The authors felt that strengthening of the gluteus medius fostered increased control of thigh adduction and internal rotation
tendencies during running, thereby minimizing the
valgus vector at the knee. Our results indicate that
hip abduction and external rotation strengthening
may also benefit individuals with PFP by improving
stability in the frontal and transverse planes of
motion during running and other sport-specific activities.
Unfortunately, studies that investigate the relationship between lower-extremity frontal- or transverseplane stability and the prevention of knee injuries are
scarce. Hewett et al14 demonstrated a 50% reduction
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addition to hip abduction and external rotation
strength, these studies could include strength measures of other proximal muscle groups including the
abdominals, quadratus lumborum, gluteals, and back
extensors which further contribute to proximal stability.14,15,16,25 Reliable dynamometry techniques for
these muscles must first be described.
Based on the results of this study, clinicians should
be encouraged to perform a thorough musculoskeletal evaluation of the hip musculature when
designing a treatment program for individuals with
PFP. Exercises to address weakness in hip abduction
or external rotation may foster a more effective and
lasting recovery with respect to each patient’s goals.

CONCLUSION
The results of our investigation indicate that females presenting with PFP demonstrate significant
hip abduction and external rotation weakness compared to age-matched, nonsymptomatic controls.
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