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Femur Rotation and Patellofemoral  
Joint Kinematics: A Weight-Bearing 

Magnetic Resonance Imaging Analysis

d
isorders of the patellofemoral joint are among the most 
perplexing and clinically challenging conditions encountered 
in orthopaedic practice. Despite the high incidence of 
patellofemoral pain (PFP) in the general population (10%-

20% of all lower-extremity injuries),7,12 the cause(s) of this condition 
are not clearly understood. Although many possible mechanisms

tracking or malalignment may lead to the 
development of PFP.9,17,18

It is commonly assumed that patella 
maltracking is the result of abnormal pa-
tella kinematics on a relatively stable fe-
mur. This assumption is based on decades 
of kinematic studies performed under 
non–weight-bearing conditions or those 
under which the femur motion was con-
strained.5,12,16,20,35,36 However, one study 
suggests that patellofemoral joint kine-
matics may be different during weight-
bearing movements.25 Using dynamic 
magnetic resonance imaging (MRI) to 
evaluate patellofemoral joint kinematics 
during a single-limb squat, Powers and 
colleagues25 reported that the primary 
contributor to lateral patella tilt and lat-
eral patella displacement in females with 
patella instability was medial rotation of 
the femur,  as opposed to lateral patella 
rotation. Although this finding calls into 
question the long-held assumption that 
patella subluxation is the result of the 
patella moving on the femur, it should 
be noted that this study was performed 
using a small sample of subjects (n = 6). 
Furthermore, it could not be determined 
whether or not the amount of medial fem-
oral rotation observed in these patients 
was excessive, as no control group was 
included in the study for comparisons.

t stUDY DesiGn: Controlled laboratory study 
using a cross-sectional design.

t oBJeCtiVes: To compare patellofemoral joint 
kinematics, femoral rotation, and patella rotation 
between females with patellofemoral pain (PFP) 
and pain-free controls using weight-bearing kine-
matic magnetic resonance imaging.

t BaCKGroUnD: Recently, it has been recognized 
that patellofemoral malalignment may be the result 
of femoral motion as opposed to patella motion.

t MethoDs: Fifteen females with PFP and 15 
pain-free females between the ages of 18 and 45 
years participated in this study. Kinematic imaging 
of the patellofemoral joint was performed using 
a vertically open magnetic resonance imaging 
system. Axial-oblique images were obtained using 
a fast gradient-echo pulse sequence. Images were 
acquired at a rate of 1 image per second while 
subjects performed a single-limb squat. Measures 
of femur and patella rotation (relative to the image 
field of view), lateral patella tilt, and lateral patella 
displacement were made from images obtained 

at 45°, 30°, 15°, and 0° of knee flexion. Group 
differences were assessed using a mixed-model 
analysis of variance with repeated measures.

t resUlts: When compared to the control 
group, females with PFP demonstrated significant-
ly greater lateral patella displacement at all angles 
evaluated and significantly greater lateral patella 
tilt at 30°, 15°, and 0° of knee flexion. Similarly, 
greater medial femoral rotation was observed in 
the PFP group at 45°, 15°, and 0° of knee flexion 
when compared to the control group. No group 
differences in patella rotation were found.

t ConClUsion: Altered patellofemoral joint 
kinematics in females with PFP appears to be 
related to excessive medial femoral rotation, as 
opposed to lateral patella rotation. Our results 
suggest that the control of femur rotation may 
be important in restoring normal patellofemoral 
joint kinematics. J Orthop Sports Phys Ther 
2010;40(5):277-285. doi:10.2519/jospt.2010.3215

t KeY worDs: biomechanics (lower extremity), 
hip, knee, medical imaging, MRI

have been discussed in the literature, one 
commonly cited theory is that PFP may 
be related to excessive patellofemoral 

joint stress.3,34 Accordingly, it is believed 
that increased shear and compressive 
loads associated with abnormal patella 
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terms of age, height, body mass, and ac-
tivity level (taBle). Individuals over the 
age of 45 were excluded from the study 
to control for the possible effects of de-
generative joint disease. Subjects with 
PFP were recruited from flyers posted in 
orthopaedic clinics near Stanford Univer-
sity and the surrounding community.

Assignment to the PFP group was 
established based on patient symptoms 
and physical examination results. Sub-
jects were screened (through physical 
examination) to rule out ligamentous 
or meniscal injury, patella tendinitis, 
and large knee effusion.22,23 Only those 
subjects meeting the following criteria 
were admitted to the PFP group: (1) pain 
originating specifically from the patel-
lofemoral articulation (retropatellar or 
peripatellar pain, as determined through 
location of symptoms and palpation), (2) 
readily reproducible pain (3 out of 10, 
based on a visual analog scale), with at 
least 2 of the following functional activi-
ties commonly associated with PFP: stair 
ascent or descent, squatting, kneeling, 
prolonged sitting, or isometric quadri-
ceps contraction.24

Individuals with PFP were excluded 
from participation if they reported having 
any of the following: (1) previous history 
of knee surgery, (2) history of traumatic 
patella dislocation, (3) neurological in-
volvement that would influence gait, 
and (4) implanted biological devices that 
could interact with the magnetic field (ie, 
pacemakers, cochlear implants, or ferro-
magnetic cerebral aneurysm clips).

The control group was selected based 
on the same criteria as the experimental 
group, except that subjects had no (1) 
history or diagnosis of knee pathology 
or trauma, (2) current knee pain or ef-
fusion, (3) knee pain with any of the ac-
tivities described for the PFP group, (4) 
limitations that would influence gait, and 
(5) implanted biological devices, such as 
pacemakers, cochlear implants, or clips 
that are contraindicated for MRI.

procedures
All testing took place at Stanford Univer-
sity Hospital. Prior to participation, pro-
cedures were explained to each subject. 
Subjects then signed a human subject’s 
consent form, as approved by the Insti-
tutional Review Boards of the Univer-
sity of Southern California and Stanford 
University.

Weight-bearing kinematic imaging of 
the patellofemoral joint was performed 
using a vertically opened MR system 
(0.5 T) developed for interventional pro-
cedures (General Electric Medical Sys-
tems, Milwaukee, WI). The system was 
equipped with pulse sequence program-
ming and real-time interactive imaging 
capabilities. The vertically open design 
of this system allowed subjects to be 
imaged weight-bearing (ie, standing). 
Axial-oblique images of the patellofemo-
ral joint were obtained using a flexible 
transmit-receive surface coil and a fast 
gradient-echo pulse sequence. Images 
were acquired at a rate of 1 image per 
second, using the following parameters: 

Using various forms of imaging (ie, 
computerized tomography and dual fluo-
roscopy), more recent investigations have 
provided evidence that patellofemoral 
joint kinematics may be influenced by 
femoral rotation.14,15 Furthermore, it has 
been shown that femur and tibia mo-
tions can influence patellofemoral joint 
contact areas and pressures.13,26 Although 
the above-noted studies highlight the in-
terdependence of the femur, tibia, and pa-
tella with respect to patellofemoral joint 
mechanics, additional work is needed to 
better define these relationships. A clear 
understanding of the cause of patellofemo-
ral joint maltracking (ie, excessive femoral 
rotation versus patella motion) is impor-
tant to better guide surgical and nonsurgi-
cal interventions. For example, if femoral 
rotation is found to contribute to abnor-
mal patella tracking, treatment strategies 
may need to address stabilization of the 
femur (as opposed to the patella).

The current investigation expands 
upon the previous work of Powers et al25 
by increasing the sample size and compar-
ing kinematic MRI data from females with 
PFP to a gender- and age-matched control 
group. The purpose of the current study 
was to use weight-bearing kinematic MRI 
to determine if females with PFP demon-
strate greater amounts of medial femo-
ral rotation when compared to a control 
group, and to determine whether femur 
motion (as opposed to patella motion) 
contributes to altered patellofemoral joint 
kinematics. We hypothesized that females 
with PFP would demonstrate greater 
amounts of medial femoral rotation, later-
al patella displacement, and lateral patella 
tilt, and no difference in patella rotation, 
when compared to a control group.

MethoDs

subjects

t
wo groups of subjects were recruited 
for this study. Fifteen females with 
PFP between the ages of 18 and 45 

years comprised the experimental group, 
while 15 pain-free females served as a 
control group. Subjects were similar in 

 

taBle Subject Characteristics

Abbreviation: VAS, visual analog scale. 
* The VAS is a 10-cm scale, with 0 indicating no pain and 10 indicating the worst pain imaginable.
† Physical activity score is recorded from the vigorous activity component of the International Physical 
Activity Questionaire (IPAQ) short form and is reported in minutes per week.

 patellofemoral pain (n = 15) Controls (n = 15) P Value

Age (y) 30.8  8.9 29.1  4.2 .52

Height (m) 1.67  0.09 1.64  0.09 .38

Body mass (kg) 61.2  7.3 60.7  10.1 .87

Pain score (VAS)* 3.26  1.85 0 N/A

Physical activity (min)† 198  188 175  141 .70
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repetition time (TR), 10.3 milliseconds; 
echo time (TE), 2.7 milliseconds; flip an-
gle, 30°; field of view, 20  20 cm; ma-
trix, 256  256; slice thickness, 5 mm; 
number of excitations, 1.

Prior to imaging, subjects were 

screened for the MRI environment using 
a questionnaire and were asked to remove 
all metallic objects. For subjects with bi-
lateral symptoms, the most painful side at 
the time of imaging was evaluated. Imag-
ing was performed with subjects barefoot 
in a single-limb stance (FiGUre 1). The foot 
position (toe-out) was self-selected by each 
subject. Once a foot position was chosen, 
subjects were required to maintain that 
foot position for the duration of testing. 
Subjects were asked to squat to approxi-
mately 50° of knee flexion and then return 
slowly to the fully extended position. Sub-
jects were instructed to extend their knee 
in a slow consistent manner throughout 
the arc of motion. A plastic goniometer 
was placed on the lateral aspect of the 
knee to allow for monitoring of the range 
of motion. When the knee flexion angle 
coincided with 1 of the 4 target knee flex-
ion angles (45°, 30°, 15°, and 0°), subjects 
were asked to pause, at which time the im-
aging plane was aligned and 2 static im-
ages were acquired. Previous MRI studies 
evaluating patellofemoral joint kinematics 
in persons with PFP have demonstrated 
that lateralization of the patella primarily 
occurs as the knee extends from 45° to 0° 
of knee flexion.20,25 As such, we elected to 
evaluate this range and direction of mo-
tion in the current study.

Several steps were taken to assure that 
the alignment of the image plane was 

consistent among subjects. This was nec-
essary, as subjects demonstrated variable 
amounts of toe-out and varied lower-limb 
alignment within the scanner. First, axial 
image “scouts” were acquired to locate the 
knee joint center within the MRI system. 
Once the location of the knee joint was 
determined, the image plane was posi-
tioned such that axial-oblique images 
aligned through the widest part of the 
patella, as well as the anterior and poste-
rior femoral condyles, could be obtained 
(FiGUre 2). This procedure was repeated 
at each knee flexion angle. Throughout 
testing, subjects were allowed toe-touch 
support with the contralateral foot for 
balance only. They were instructed not to 
bear weight with their arms (against the 
side of the scanner) or the opposite foot.

Two sets of images were acquired for 
each subject. After obtaining the first set 
of images, subjects were removed from 
the scanner and permitted to rest. After 
5 minutes, subjects were repositioned 
within the MRI system, and the proce-
dures were repeated. The orientation 
of the foot remained the same for both 
scans. This was accomplished by outlin-
ing the foot progression angle during the 
first scan with tape.

Data analysis
Data from the 2 sets of images were 
quantified and averaged for statistical 

FiGUre 1. Subjects were positioned in standing 
within the MRI system.

FiGUre 2. Axial-oblique images were acquired 
through the patellofemoral joint during a single-limb 
squat. Lateral side is to the left of the figure.

FiGUre 3. Medial rotation of the femur (A) and lateral rotation of the patella (B) were measured with respect to a 
horizontal line in the image field of view. Lateral side is to the left in each figure.
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was defined as negative. Femoral rotation 
measurements were reported in degrees.

Medial/lateral patella rotation (trans-
verse plane) relative to the external field 
of view was assessed by measuring the 
angle between a line defining the maxi-
mum patella width and a line parallel to 
the horizontal orientation of the field of 
view (FiGUre 3B). As with femoral rota-
tion, medial patella rotation was defined 
as positive and lateral patella rotation as 

analysis. Primary variables of interest in-
cluded femoral rotation, patella rotation, 
lateral patella displacement, and lateral 
patella tilt. Medial/lateral femoral rota-
tion (transverse plane) relative to the ex-
ternal field of view was quantified as the 
angle formed by the line joining the pos-
terior femoral condyles and a line parallel 
to the horizontal orientation of the field 
of view (FiGUre 3a). Medial rotation was 
defined as positive, and lateral rotation 

negative. Patella rotation measurements 
were reported in degrees.

Medial/lateral patella displacement 
was assessed using the bisect offset in-
dex, as initially described by Stanford et 
al31 and modified by Brossman et al.6 The 
bisect offset was measured by drawing 
a line connecting the posterior femoral 
condyles and then projecting a perpen-
dicular line anteriorly through the deep-
est point (apex) of the trochlear groove. 
This line intersected the patella width 
line, which connects the 2 widest points 
of the patella (FiGUre 4). To obtain data 
when the trochlear groove is flattened, 
the perpendicular line was projected an-
teriorly from the bisection of the poste-
rior condylar line (FiGUre 4). The bisect 
offset is representative of the extent of 
the patella lateral to the midline and was 
expressed as a percentage of the total pa-
tella width.6

Medial/lateral patella tilt was mea-
sured as the angle formed by the line 
joining the maximum width of the patella 
and the line joining the posterior femoral 
condyles, as previously described (FiGUre 

5).19,27 Tilt measurements were reported 
in degrees.

All measurements were made using 
a custom-written macro for Scion image 
software (Scion Corp, Frederick, MD). 
Values for patella displacement, patella 
tilt, femoral rotation, and patella rotation 
consisted of the average of 4 measure-
ments (2 images were analyzed from each 
of the 2 trials). All measurements were 
made by a single unblinded investigator. 
Intraobserver repeatability was found to 
be excellent for all variables with intra-
class correlation coefficients (ICC2,4) of 
0.91, 0.95, 0.96, and 0.99 for patella dis-
placement, patella tilt, femoral rotation, 
and patella rotation, respectively. The 
standard error of the measurement for 
patella displacement, patella tilt, femoral 
rotation, and patella rotation were 3.6%, 
1.3°, 1.0°, and 0.7°, respectively.

statistical analysis
To determine whether patella displace-
ment, patella tilt, femoral rotation, and 

FiGUre 4. (A) Patella displacement using the bisect offset measurement was determined by drawing a line 
connecting the posterior femoral condyles (line AB), then projecting a perpendicular line anteriorly through the 
deepest portion of the trochlear groove (line CD) to a point where it bisected the patella-width line (line EF). (B) 
To obtain data when the trochlear groove was flattened, the perpendicular line was projected anteriorly from the 
bisection of the posterior condylar line. The bisect offset was reported as the percentage of patella width lateral to 
the midline. Lateral side of the knee is to the left of each figure.

FiGUre 5. Patella tilt was defined as the angle formed by lines joining the maximum width of the patella (line AB) 
and the posterior femoral condyles (line BC). Lateral side of the knee is to the left of the figure.
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DisCUssion

c
onsistent with the hypoth-
eses proposed, females with PFP 
demonstrated greater amounts of 

lateral patella displacement and lateral 
patella tilt when compared to the control 
group. In addition, the PFP group also 
demonstrated greater medial femoral 

patella rotation differed between groups 
across knee flexion angles, a 2-by-4 
(group by knee flexion angle) mixed-
model analysis of variance (ANOVA) 
with a repeated factor of knee flexion 
angle was performed. This analysis was 
repeated for each dependent variable of 
interest (ie, patella displacement, patella 
tilt angle, femoral rotation, and patella 
rotation). Significant statistical interac-
tions were explored using independent 
samples t tests. SPSS statistical software 
(SPSS, Inc, Chicago, IL) was used for all 
analyses. Significance levels were set at 
P.05.

resUlts

a 
significant group-by-angle in-
teraction was found for lateral pa-
tella displacement (P = .011). Post 

hoc pairwise comparisons revealed that 
the individuals in the PFP group demon-
strated greater lateral patella displace-
ment compared to the control group at 
each of the knee flexion angles evaluated 
(FiGUre 6). The largest difference between 
groups was observed at 0° of knee flexion 
(mean  SD, 75%  8% versus 58%  
7% of patella lateral to midline).

A significant group-by-angle interac-
tion was found for lateral patella tilt (P 
= .03). Post hoc pairwise comparisons 
revealed that the individuals in the PFP 
group had greater lateral patella tilt com-
pared to the control group at 30°, 15°, 
and 0° of knee flexion (FiGUre 7). As with 
lateral patella displacement, the largest 
difference between groups was observed 
at 0° of knee flexion (mean  SD, 13.1°  
5.8° versus 8.1°  4.1°).

A significant group-by-angle interac-
tion also was found for femoral rotation 
(P = .037). Post hoc pairwise compari-
sons revealed that the individuals in the 
PFP group demonstrated greater medial 
femoral rotation compared to the control 
group at 45°, 15°, and 0° of knee flexion 
(FiGUre 8). The largest group difference 
was observed at 0° of knee flexion, where 
the subjects with PFP had nearly twice 
the amount of medial femoral rotation 

when compared to the control group 
(mean  SD, 12.2°  5.0° versus 6.2°  
5.2°).

No significant group effect or interac-
tion was observed for patella rotation. On 
average, the patella was laterally rotated 
in both groups, with values being nearly 
identical (mean  SD, –3.8°  6.8° ver-
sus –3.3°  6.5°) (FiGUre 9).
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FiGUre 7. A significant group-by-angle interaction was found for lateral patella tilt (P = .03). *Indicates significant 
group differences based on post hoc pairwise comparisons (P.05). Data presented are mean  SD.
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rotation compared to the control group. 
However, no group differences in patella 
rotation were observed. In all instances, 
the observed group differences exceeded 
the measurement error of variables exam-
ined. These findings support previous as-
sertions that femoral rotation, as opposed 

to patella rotation, is more pronounced in 
females with PFP during weight-bearing 
movements.25

Our results are in agreement with 
those of previous investigators who have 
reported that subjects with PFP demon-
strate greater lateral patella displacement 

when compared to pain-free controls dur-
ing weight-bearing knee extension.35,36 In 
the current study, both groups exhibited 
a similar pattern of lateral patella motion 
that consisted of increasing lateral pa-
tella displacement as the knee extended. 
Although the females in the PFP group 
demonstrated greater lateral patella dis-
placement across all knee flexion angles, 
group differences were most pronounced 
at 0° of knee extension. The maximum 
lateral patella displacement observed in 
our PFP group (75% of patella lateral to 
midline) is similar to that reported by 
previous investigators who have quanti-
fied patellofemoral joint kinematics un-
der weight-bearing conditions.5,25,28

With respect to patella tilt, group av-
erages were similar at 45° of knee flexion 
but steadily diverged as the knee ex-
tended. As with lateral patella displace-
ment, the PFP group exhibited increasing 
amounts of lateral tilt compared to the 
control group, with maximum differences 
occurring at 0°. On average, patella tilt 
in the PFP group increased from 5.8° at 
45° of knee flexion to 13.1° at 0° of knee 
flexion. In contrast, patella tilt in the con-
trol group increased from 5.4° at 45° of 
knee flexion to 8.1° at 0° of knee flexion. 
The maximum lateral patella tilt angle 
observed in our PFP group is within the 
range of previously reported values ob-
tained under weight-bearing conditions 
(6°-16°).5,16,25,28

As hypothesized, the PFP group ex-
hibited significantly greater amounts of 
medial femoral rotation compared to the 
control group. This finding was consistent 
across all knee flexion angles. Although 
the overall pattern of femur rotation was 
similar for both groups (ie, increasing 
medial rotation with knee extension), 
the individuals in the PFP group exhib-
ited twice the amount of rotation at 0° of 
knee flexion. The maximum medial rota-
tion exhibited in our PFP group (12.2°) 
is similar to that previously reported by 
Powers et al25 (13°), who used a similar 
weight-bearing protocol to that employed 
by the current study.

In contrast to femur rotation, patella 
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FiGUre 8. A significant group-by-angle interaction was found for femoral rotation (P = .037). *Indicates significant 
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rotation did not differ between groups. 
When averaged across all knee flexion 
angles, the amount of patella rotation 
in the PFP group was within 1.5° of that 
of the control group. Although the pa-
tella in both groups was in a position 
of slight lateral rotation across all knee 
flexion angles, there was a tendency for 
the patella to rotate medially (ie, less lat-
eral rotation) as the knee extended. This 
pattern of motion is in contrast to what 
has been reported during non–weight-
bearing conditions (ie, the progressive 
lateral rotation of the patella with knee 
extension).16,20,25

When evaluating the potential contri-
butions of femur and patella rotation to 
lateral tilt and displacement, it appears 
that femur rotation contributed to the 
altered patellofemoral joint kinematics 
in the PFP group to a greater extent than 
patella rotation. This was illustrated by 
the fact that the pattern of medial femur 
rotation closely paralleled the pattern 
of lateral patella displacement and tilt 
(FiGUres 6-8). As shown in FiGUre 10, me-
dial femoral rotation would contribute to 
relative lateral tilt by moving the lateral 
anterior femoral condyle towards the lat-
eral facet of the patella. Similarly, medial 
femur rotation would move the femoral 
sulcus away from the central ridge of the 

patella, resulting in relative lateral patella 
displacement. Our finding of medial fem-
oral rotation being more aligned with the 
pattern of lateral patella tilt and displace-
ment is consistent with the work of Li 
and colleagues,14 who reported that rota-
tion of the femur was strongly correlated 
with patella tilt (R2 = 0.73), as quantified 
in weight bearing using dual-orthogonal 
fluoroscopy.

When comparing the amount of femur 
rotation to patella rotation, it is evident 
that the femur exhibited greater amounts 
of motion as the knee extended. The fact 
that the patella is attached to the tibia via 
the patella tendon, combined with the 
fact that the tibia rotates very little during 
weight-bearing activities,21 may explain 
why patella rotation was minimal. The 
combination of quadriceps contraction 
and a fixed tibia during weight bearing 
would result in a relatively stable patella. 
On the other hand, the ball-and-socket 
configuration of the hip joint would af-
ford the femur a high degree of mobility.

In addition to influencing patellofem-
oral joint kinematics, excessive medial 
rotation of the femur also may affect pa-
tellofemoral joint stress (ie, force per unit 
area). For example, medial rotation of the 
femur relative to the tibia (ie, knee exter-
nal rotation) has been shown to be associ-
ated with decreased patellofemoral joint 
contact area in persons with PFP.26 In 
turn, is has been shown that reduced con-
tact area is the primary factor underlying 
elevated patellofemoral joint stress dur-
ing walking in females with PFP.4 More 
specifically, Heino-Brechter and Powers4 
reported that peak patellofemoral joint 
stress in their PFP group occurred dur-
ing early stance, a time at which the knee 
was flexing from 0° to 15°. Interestingly, 
this corresponds to the same range of 
knee flexion where the largest group dif-
ferences in medial femoral rotation were 
observed in the current study (0° to 15°). 
Thus, it is possible that medial femoral 
rotation with the knee in a relatively 
extended position could contribute to 
elevated patellofemoral joint stress. Al-
though the group differences in medial 

femoral rotation were less pronounced 
with the knee flexed to 30° and 45°, only 
a slight decrease in contact area would be 
needed to increase patellofemoral stress, 
as the joint reaction forces are known to 
be greater with increasing knee flexion 
during weight bearing.33

The cause of the excessive medial rota-
tion of the femur in the PFP group was not 
assessed in the current study, so it is un-
clear if the observed kinematics were the 
cause of PFP, the result of PFP, or merely 
an association. However, proposed mech-
anisms include skeletal abnormalities 
(femoral anteversion, trochlear dysplasia, 
and patella dysplasia),1,2,25 and diminished 
hip muscle performance.7,8,29,30 In addi-
tion, it has been proposed that excessive 
femoral rotation may be the result of an 
exaggeration of the “screw-home mecha-
nism” at the knee.32 Given that the tibia 
is relatively fixed during weight bearing, 
the femur would have to medially rotate 
relative to the tibia to achieve full knee 
extension.

Regardless of the cause of the higher 
amounts of medial femoral rotation ob-
served in our PFP group, our findings 
contribute to the growing body of litera-
ture suggesting that the cause of altered 
patellofemoral joint kinematics during 
weight-bearing may differ from non–
weight-bearing movements. However, 
care must be taken in generalizing our 
results to all patients with patellofemo-
ral symptoms, as our sample size was 
relatively small. Furthermore, no attempt 
was made to ascertain the cause of PFP in 
our cohort. It is possible that our patient 
group could have been biased by the fact 
that a majority of our subjects had poor 
hip and trunk stability (not quantified). 
Future studies should attempt to evalu-
ate a more homogenous patient sample 
with more stringent inclusion/exclusion 
criteria.

There are several limitations of our 
study that need to be acknowledged. 
First, the investigator who took the mea-
surements from the MR images was not 
blinded to group assignment. Although 
the measurements obtained were based 

FiGUre 10. Excessive medial femoral rotation results 
in relative lateral patella displacement and lateral 
patella tilt. Lateral side of the knee is to the left of 
the figure.
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on the identification of specific boney 
landmarks, the potential for measure-
ment bias needs to be considered when 
interpreting the data presented. Second, 
pain was not assessed during testing, so 
it is unclear if the group differences in 
patellofemoral joint kinematics are re-
lated to symptoms. Finally, no attempt 
was made to control for the squat me-
chanics utilized by each subject within 
the MR scanner. Although our method-
ology provided a realistic evaluation of 
how subjects would normally perform a 
squat, future studies should consider the 
mechanics of the task and how that may 
be related to altered patellofemoral joint 
kinematics.

ConClUsion

F
emales with PFP demonstrated 
greater amounts of lateral patella 
displacement and lateral patella 

tilt during a weight-bearing task. Fur-
thermore, females with PFP also dem-
onstrated a greater amount of medial 
femoral rotation and no differences in 
patella rotation when compared to the 
control group. Our findings contribute to 
the growing body of literature suggesting 
that the cause of altered patellofemoral 
joint kinematics during weight bearing 
may be more related to abnormal femur 
motion than patella motion. Our data 
suggest that the control of femur rotation 
during weight-bearing tasks, particularly 
at small degrees of knee flexion, may be 
important in restoring normal patello-
femoral joint kinematics. t

 KeY points
FinDinGs: Females with PFP demonstrat-
ed greater amounts of lateral patella 
displacement, lateral patella tilt, and 
medial femoral rotation when compared 
to the control group.
iMpliCation: Our results suggest that the 
control of femur rotation may be impor-
tant for more optimal patellofemoral 
joint kinematics.
CaUtion: The cause of medial rotation 
of the femur in the PFP group was not 

assessed in the current study, so it is 
unclear if the observed kinematics were 
the cause of PFP, the result of PFP, or 
merely an association.

reFerenCes

 1.   Arnold AS, Komattu AV, Delp SL. Internal rotation 
gait: a compensatory mechanism to restore ab-
duction capacity decreased by bone deformity. 
Dev Med Child Neurol. 1997;39:40-44.

 2.   Biedert RM. [Osteotomies]. Orthopade. 
2008;37:872, 874-876, 878-880 passim. http://
dx.doi.org/10.1007/s00132-008-1294-5

 3.   Brechter JH, Powers CM. Patellofemoral joint 
stress during stair ascent and descent in per-
sons with and without patellofemoral pain. Gait 
Posture. 2002;16:115-123.

 4.   Brechter JH, Powers CM. Patellofemoral stress 
during walking in persons with and without pa-
tellofemoral pain. Med Sci Sports Exerc. 2002; 
34:1582-1593.

 5.   Brossmann J, Muhle C, Bull CC, et al. Evaluation 
of patellar tracking in patients with suspected 
patellar malalignment: cine MR imaging vs ar-
throscopy. Am J Roentgenol. 1994;162:361-367.

 6.   Brossmann J, Muhle C, Schroder C, et al. Patel-
lar tracking patterns during active and passive 
knee extension: evaluation with motion-triggered 
cine MR imaging. Radiology. 1993;187:205-212.

 7.   DeHaven KE, Lintner DM. Athletic injuries: com-
parison by age, sport, and gender. Am J Sports 
Med. 1986;14:218-224.

 8.   Dierks TA, Manal KT, Hamill J, Davis IS. Proximal 
and distal influences on hip and knee kinemat-
ics in runners with patellofemoral pain during 
a prolonged run. J Orthop Sports Phys Ther. 
2008;38:448-456. http://dx.doi.org/10.2519/
jospt.2008.2490

 9.   Goodfellow J, Hungerford DS, Woods C. Patello-
femoral joint mechanics and pathology. 2. 
Chondromalacia patellae. J Bone Joint Surg Br. 
1976;58:291-299.

 10.   Ireland ML, Willson JD, Ballantyne BT, Davis 
IM. Hip strength in females with and without 
patellofemoral pain. J Orthop Sports Phys Ther. 
2003;33:671-676.

 11.   Kaufman KR, Brodine S, Shaffer R. Military 
training-related injuries: surveillance, research, 
and prevention. Am J Prev Med. 2000;18:54-63.

 12.   Laprade J, Culham E. Radiographic measures 
in subjects who are asymptomatic and sub-
jects with patellofemoral pain syndrome. Clin 
Orthop Relat Res. 2003;172-182. http://dx.doi.
org/10.1097/01.blo.0000079269.91782.f5

 13.   Lee TQ, Morris G, Csintalan RP. The influence 
of tibial and femoral rotation on patellofemoral 
contact area and pressure. J Orthop Sports 
Phys Ther. 2003;33:686-693.

 14.   Li G, Papannagari R, Nha KW, Defrate LE, Gill TJ, 
Rubash HE. The coupled motion of the femur 
and patella during in vivo weightbearing knee 

flexion. J Biomech Eng. 2007;129:937-943. 
http://dx.doi.org/10.1115/1.2803267

 15.   Lin YF, Jan MH, Lin DH, Cheng CK. Different 
effects of femoral and tibial rotation on the dif-
ferent measurements of patella tilting: An axial 
computed tomography study. J Orthop Surg 
Res. 2008;3:5. http://dx.doi.org/10.1186/1749-
799X-3-5

 16.   MacIntyre NJ, Hill NA, Fellows RA, Ellis RE, 
Wilson DR. Patellofemoral joint kinematics 
in individuals with and without patellofemo-
ral pain syndrome. J Bone Joint Surg Am. 
2006;88:2596-2605.

 17.   Moller BN, Moller-Larsen F, Frich LH. Chon-
dromalacia induced by patellar subluxation in 
the rabbit. Acta Orthop Scand. 1989;60:188-191.

 18.   Newberry WN, Mackenzie CD, Haut RC. Blunt 
impact causes changes in bone and carti-
lage in a regularly exercised animal model. J 
Orthop Res. 1998;16:348-354. http://dx.doi.
org/10.1002/jor.1100160311

 19.   Nove-Josserand L, Dejour D. [Quadriceps 
dysplasia and patellar tilt in objective patellar 
instability]. Rev Chir Orthop Reparatrice Appar 
Mot. 1995;81:497-504.

 20.   Powers CM. Patellar kinematics, part II: the 
influence of the depth of the trochlear groove in 
subjects with and without patellofemoral pain. 
Phys Ther. 2000;80:965-978.

 21.   Powers CM, Chen PY, Reischl SF, Perry J. Com-
parison of foot pronation and lower extremity 
rotation in persons with and without patell-
ofemoral pain. Foot Ankle Int. 2002;23:634-640.

 22.   Powers CM, Landel R, Perry J. Timing and inten-
sity of vastus muscle activity during functional 
activities in subjects with and without patel-
lofemoral pain. Phys Ther. 1996;76:946-955; 
discussion 956-967.

 23.   Powers CM, Perry J, Hsu A, Hislop HJ. Are patel-
lofemoral pain and quadriceps femoris muscle 
torque associated with locomotor function? 
Phys Ther. 1997;77:1063-1075; discussion 1075-
1068.

 24.   Powers CM, Ward SR, Chan LD, Chen YJ, Terk 
MR. The effect of bracing on patella alignment 
and patellofemoral joint contact area. Med Sci 
Sports Exerc. 2004;36:1226-1232.

 25.   Powers CM, Ward SR, Fredericson M, Guillet M, 
Shellock FG. Patellofemoral kinematics during 
weight-bearing and non-weight-bearing knee 
extension in persons with lateral subluxation of 
the patella: a preliminary study. J Orthop Sports 
Phys Ther. 2003;33:677-685.

 26.   Salsich GB, Perman WH. Patellofemoral joint 
contact area is influenced by tibiofemoral 
rotation alignment in individuals who have 
patellofemoral pain. J Orthop Sports Phys Ther. 
2007;37:521-528. http://dx.doi.org/10.2519/
jospt.2007.2589

 27.   Sasaki T, Yagi T. Subluxation of the patella. 
Investigation by computerized tomography. Int 
Orthop. 1986;10:115-120.

 28.   Sathe VM, Ireland ML, Ballantyne BT, Quick NE, 
McClay IS. Acute effects of the Protonics system 
on patellofemoral alignment: an MRI study. Knee 

04 Souza.indd   284 4/21/10   11:57:59 AM



journal of orthopaedic & sports physical therapy  |  volume 40  |  number 5  |  may 2010  |  285

computed tomography. Skeletal Radiol. 
1988;17:487-492.

 32.   Tiberio D. The effect of excessive subtalar joint 
pronation on patellofemoral mechanics: a 
theoretical model. J Orthop Sports Phys Ther. 
1987;9:160-165.

 33.   Wallace DA, Salem GJ, Salinas R, Powers CM. 
Patellofemoral joint kinetics while squatting with 
and without an external load. J Orthop Sports 
Phys Ther. 2002;32:141-148.

 34.   Ward SR, Powers CM. The influence of patella 
alta on patellofemoral joint stress during normal 
and fast walking. Clin Biomech (Bristol, Avon). 
2004;19:1040-1047. http://dx.doi.org/10.1016/j.
clinbiomech.2004.07.009

 35.   Witonski D, Goraj B. Patellar motion analyzed 
by kinematic and dynamic axial magnetic 
resonance imaging in patients with anterior 
knee pain syndrome. Arch Orthop Trauma Surg. 
1999;119:46-49.

 36.   Wittstein JR, Bartlett EC, Easterbrook J, Byrd 
JC. Magnetic resonance imaging evaluation 
of patellofemoral malalignment. Arthroscopy. 
2006;22:643-649. http://dx.doi.org/10.1016/j.
arthro.2006.03.005

@ More inForMation
www.jospt.org

Surg Sports Traumatol Arthrosc. 2002;10:44-48. 
http://dx.doi.org/10.1007/s001670100249

 29.   Souza RB, Powers CM. Differences in hip kine-
matics, muscle strength, and muscle activation 
between subjects with and without patellofemo-
ral pain. J Orthop Sports Phys Ther. 2009;39:12-
19. http://dx.doi.org/10.2519/jospt.2009.2885

 30.   Souza RB, Powers CM. Predictors of hip inter-
nal rotation during running: an evaluation of 
hip strength and femoral structure in women 
with and without patellofemoral pain. Am J 
Sports Med. 2009;37:579-587. http://dx.doi.
org/10.1177/0363546508326711

 31.   Stanford W, Phelan J, Kathol MH, et al. Patel-
lofemoral joint motion: evaluation by ultrafast 

EARN CEUs With JOSPT’s Read for Credit Program

JOSPT’s Read for Credit (RFC) program invites Journal readers to study and 
analyze selected JOSPT articles and successfully complete online quizzes 
about them for continuing education credit. To participate in the 
program:

     1. Go to www.jospt.org and click on “Read for Credit” in the left-hand 
         navigation column that runs throughout the site or on the link in the 
          “Read for Credit” box in the right-hand column of the home page.
     2. Choose an article to study and when ready, click “Take Exam” for 
         that article.
     3. Login and pay for the quiz by credit card.
     4. Take the quiz.
     5. Evaluate the RFC experience and receive a personalized certificate of 
         continuing education credits.

The RFC program o�ers you 2 opportunities to pass the quiz. You may 
review all of your answers—including the questions you missed. You 
receive 0.2 CEUs, or 2 contact hours, for each quiz passed. The Journal 
website maintains a history of the quizzes you have taken and the credits 
and certificates you have been awarded in the “My CEUs” section of your 
“My JOSPT” account.

04 Souza.indd   285 4/21/10   11:58:01 AM


	277JOSPTmay10.p1.pdf
	278JOSPTmay10.p1
	279JOSPTmay10.p1
	280JOSPTmay10.p1
	281JOSPTmay10.p1
	282JOSPTmay10.p1
	283JOSPTmay10.p1
	284JOSPTmay10.p1
	285JOSPTmay10.p1

