
Patellar Maltracking Is Prevalent Among Patellofemoral Pain Subjects
with Patella Alta: An Upright, Weightbearing MRI Study

Saikat Pal,1 Thor F. Besier,2 Gary S. Beaupre,3,4 Michael Fredericson,5 Scott L. Delp,1,4,5 Garry E. Gold1,5,6

1Department of Bioengineering, Stanford University James H. Clark Center, Room S-331, 318 Campus Drive, Stanford, California, 2Auckland
Bioengineering Institute, University of Auckland, Auckland, New Zealand, 3Bone & Joint Rehabilitation R&D Center, VA Palo Alto Health Care
System, Palo Alto, California, 4Mechanical Engineering Department, Stanford University, Stanford, California, 5Department of Orthopaedic
Surgery, Stanford University, Stanford, California, 6Department of Radiology, Stanford University, Stanford, California

Received 19 March 2012; accepted 5 October 2012

Published online in Wiley Online Library (wileyonlinelibrary.com). DOI 10.1002/jor.22256

ABSTRACT: The purpose of this study is to determine if patellar maltracking is more prevalent among patellofemoral (PF) pain sub-
jects with patella alta compared to subjects with normal patella height. We imaged 37 PF pain and 15 pain free subjects in an open-
configuration magnetic resonance imaging scanner while they stood in a weightbearing posture. We measured patella height using the
Caton–Deschamps, Blackburne–Peel, Insall–Salvati, Modified Insall–Salvati, and Patellotrochlear indices, and classified the subjects
into patella alta and normal patella height groups. We measured patella tilt and bisect offset from oblique-axial plane images, and
classified the subjects into maltracking and normal tracking groups. Patellar maltracking was more prevalent among PF pain subjects
with patella alta compared to PF pain subjects with normal patella height (two-tailed Fisher’s exact test, p < 0.050). Using the Caton–
Deschamps index, 67% (8/12) of PF pain subjects with patella alta were maltrackers, whereas only 16% (4/25) of PF pain subjects with
normal patella height were maltrackers. Patellofemoral pain subjects classified as maltrackers displayed a greater patella height com-
pared to the pain free and PF pain subjects classified as normal trackers (two-tailed unpaired t-tests with Bonferroni correction,
p < 0.017). This study adds to our understanding of PF pain in two ways—(1) we demonstrate that patellar maltracking is more
prevalent in PF pain subjects with patella alta compared to subjects with normal patella height; and (2) we show greater patella height
in PF pain subjects compared to pain free subjects using four indices commonly used in clinics. � 2012 Orthopaedic Research Society.
Published by Wiley Periodicals, Inc. J Orthop Res
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Patellofemoral (PF) pain is common, accounting for ap-
proximately one in four knee conditions diagnosed in
sports medicine clinics.1 Although there are several
causes of PF pain, patella alta, or high-riding patella,
is thought to predispose individuals to PF pain.2,3 A
high-riding patella is theorized to engage the femoral
trochlear groove at a greater knee flexion angle,4

resulting in less medial–lateral constraint of the patel-
la and lateral patellar maltracking at low knee flexion
angles. Lateral patellar maltracking is theorized to de-
crease PF contact area and increase joint stress,
resulting in pain.5–10 However, a recent review of the
literature concluded that the definition of patella alta
and its causal relationship to the conditions associated
with PF pain remain controversial.11

Evidence in support of a relationship between patel-
la alta and maltracking in PF pain subjects is limited.
Davies et al.12 and Moller et al.13 found that patella
height (superior–inferior location of the patella with
respect to the tibia or femur) was correlated with
PF incongruence in subjects with PF pain or instabili-
ty. Insall et al.14 found that average patella height
was 25% greater in subjects with recurrent patella

dislocations compared to non-dislocating controls.
Ward et al.10 reported a greater lateral patellar dis-
placement and tilt in subjects with patella alta
compared to subjects with normal patella height. How-
ever, Ward et al.10 did not include or exclude subjects
on the basis of pain. As a result, the relationship be-
tween patella height and patella tracking in PF pain
subjects remains unclear.

A barrier to simultaneous measurement of patella
height and tracking under weightbearing conditions is
that patellar maltracking is primarily observed in low
degrees of knee flexion (<308), and it is difficult to ac-
quire axial scans in low degrees of knee flexion under
weightbearing conditions using radiographic techni-
ques.15,16 To overcome this limitation with radiograph-
ic techniques, we developed a method for imaging the
knee joint in low degrees of flexion using an open-
configuration magnetic resonance imaging (MRI) scan-
ner.17 Using the open-configuration MRI scanner we
evaluated the PF joint in an upright position with
�45% body weight supported by the measured limb;
this is in contrast to the Ward et al.10 and McWalter
et al.18 studies that evaluated the PF joint in a supine
position with �15% body weight supported by the
measured limb. We previously demonstrated the im-
portance of measuring PF kinematics under weight-
bearing conditions19 and classified PF pain subjects
into maltracking and normal tracking groups.20,21 The
purpose of this study was to investigate the relation-
ship between patella height and patella tracking in PF
pain subjects. We hypothesized that patellar maltrack-
ing was more prevalent among PF pain subjects with
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patella alta compared to PF pain subjects with normal
patella height.

METHODS
Subject Recruitment
Fifty-two subjects were recruited for this study: 37 subjects
with chronic PF pain and 15 pain free subjects (Table 1).
The PF pain group included 17 males (31.9 � 7.2 years,
1.80 � 0.08 m, 74.4 � 10.5 kg) and 20 females (30.1 �
4.7 years, 1.68 � 0.06 m, 63.1 � 9.6 kg). The pain free group
included 7 males (28.0 � 2.9 years, 1.80 � 0.07 m, 73.2 �
4.2 kg) and 8 females (28.8 � 4.7 years, 1.66 � 0.05 m,
58.3 � 4.6 kg). There were no statistically significant differ-
ences in age, height or weight between the male PF pain and
pain free subjects, or between the female PF pain and pain
free subjects (two-tailed, unpaired t-tests, p < 0.050). The PF
pain subjects were recruited from the university’s orthopae-
dic clinics and sports medicine centers, and were diagnosed
by a sports medicine physician with over 20 years of clinical
experience. The pain free subjects were recruited from the
local community and screened for previous injuries or knee
disorders. A subject was included in the PF pain group if he/
she reported consistent anterior knee pain for longer than
3 months (ranging from 3 months to 11 years), and if he/she
experienced reproducible pain during at least two of the fol-
lowing activities: stair ascent/descent, kneeling, squatting,
prolonged sitting, or isometric quadriceps contraction.22 For
subjects with bilateral pain, the more painful knee at the
time of examination was included in this study. A PF pain
subject was excluded if he/she had demonstrated knee liga-
ment instability, pain in the patellar tendon during clinical
exam, or signs of degeneration of the patellar tendon ob-
served from MRI, joint line tenderness or knee effusion, pre-
vious knee trauma or surgery, patellar dislocation, or if signs
of osteoarthritis were detected from MRI of the knee. We
used the Anterior Knee Pain Score23 to evaluate subjective
symptoms and functional limitations in the PF pain subjects.
The Anterior Knee Pain Score consists of 13 multiple-choice
questions. A score of 100 indicated no pain or disability. The
subjects were instructed to complete the questionnaire inde-
pendently to exclude investigator bias.23 The score for the PF
pain subjects averaged 73 (range 42–97). Subjects were in-
formed on all aspects of the study and provided consent
according to the policies of our Institutional Review Board.

Weightbearing MRI
We imaged the PF joint of all subjects in an upright, weight-
bearing posture using an open-configuration MRI scanner
(0.5T SP/i MR, GE Healthcare, Milwaukee, WI).20 The sub-
jects maintained an upright pose at approximately 58 knee
flexion with the quadriceps engaged and without locking
their knees. We used a goniometer to locate the greater tro-
chanter, lateral femoral epicondyle, and lateral malleolus as

a standardized metric for knee flexion. Subjects were assisted
by a custom-built low-friction backrest that required a sub-
ject to support about 90% of his/her bodyweight. The subjects
were requested to load both legs evenly during scanning. The
scan parameters for the sagittal plane images were: repeti-
tion time, 33 ms; echo time, 9 ms; flip angle, 458; matrix,
256 � 160 interpolated to 256 � 256; field of view,
20 cm � 20 cm; slice thickness, 2 mm; scan time, �2 min. All
subjects were able to maintain the upright position for the
duration of the scan.

Measurement of Patella Height
We measured patella height from sagittal plane images
acquired during the upright, weightbearing MRI at �58 knee
flexion (Fig. 1). Studies have reported measuring patella
height with the knee flexed more than 308 to eliminate kinks
in the unloaded patellar tendon.11 Our patella height meas-
urements near full knee extension are justified because we
imaged all subjects under weightbearing conditions with the
quadriceps muscles engaged, ensuring a kink-free patellar
tendon, similar to the method used by Ward et al.10 We se-
lected a sagittal scan plane corresponding to the apex of the
patella to acquire the largest diagonal length of the patella.
We used four established indices11 used in clinics for measur-
ing patella height: (1) the Caton–Deschamps index,24,25 the
ratio of the distance from the distal point of the patellar ar-
ticular cartilage to the anterior–superior border of the tibia
and patellar cartilage length; (2) the Blackburne–Peel in-
dex,26 the ratio of the perpendicular distance from a line
drawn along the tibial plateau to the distal point of the patel-
lar articular cartilage and patellar cartilage length; (3) the
Insall–Salvati index,27 the ratio of the patellar tendon length
and the patella bone diagonal length; and (4) the Modified
Insall–Salvati index,28 the ratio of the distance from the tibi-
al tubercle to the distal point of the patellar articular carti-
lage and patellar cartilage length (Fig. 1). These four indices
provide a measure of the height of the patella relative to the
proximal tibia, but provide little insight into the position
of the patella relative to the femoral trochlea. To acquire a
direct measure of patella height relative to the femoral troch-
lea, we used the Patellotrochlear index,29,30 which is
the ratio of the length of the femoral trochlear articular
cartilage overlapping the patellar cartilage and patellar
cartilage length. Direct comparison of patella height meas-
urements from these five indices provide insight into meth-
od-dependency in categorization of patella alta.31 All patella
height measurements were blinded; the subjects were ran-
domized, and the investigator was unaware if an image set
under analysis was from a PF pain or pain free subject,
or from a maltracker or a normal tracker. The measurements
were performed twice, on separate days, by the same
investigator. Intra-rater reliability was measured using the
Concordance Correlation Coefficient,32 and ranged from

Table 1. Population Characteristics of the Patellofemoral Pain and Pain Free Subjects

Patellofemoral Pain (n ¼ 37) Pain Free (n ¼ 15)

Mean SD Range Mean SD Range

Age (years) 30.9 6.0 19.0–50.0 28.4 3.8 22.0–35.0
Height (meters) 1.73 0.09 1.57–1.93 1.72 0.09 1.58–1.91
Weight (kilograms) 68.3 11.4 46.5–90.7 65.3 8.8 52.1–77.3
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‘‘fairly good’’ to ‘‘excellent’’ in all cases.33 The Concordance
Correlation Coefficients (95% confidence interval) were
0.90 (0.82–0.94), 0.87 (0.79–0.92), 0.96 (0.93–0.98), 0.94
(0.90–0.96), and 0.89 (0.82–0.93) for the Caton–Deschamps,
Blackburne–Peel, Insall–Salvati, Modified Insall–Salvati,
and Patellotrochlear indices, respectively. Average patella
heights from the two measurements were reported.

Categorization of Subjects Into Patella Alta and Normal Patella
Height Groups
We categorized all subjects into patella alta and normal pa-
tella height groups based on thresholds calculated from our

patella height measurements (Fig. 2). A Gaussian distribu-
tion model best fit our empirical data, with the coefficients of
determination (R2) being 0.98 (Caton–Deschamps; Fig. 2),
0.97 (Blackburne–Peel), 0.98 (Insall–Salvati), 0.99 (Modified
Insall–Salvati), and 0.94 (Patellotrochlear). Fitting empirical
data with distribution models, such as the Gaussian, is a
standard statistical technique for representing population
variability. The R2 is an indicator of how well a distribution
model fits the empirical data; the closer R2 is to 1.00, the
better a model fits the empirical data. In the case of our pa-
tella height measurements, R2 � 0.94 demonstrates that the
Gaussian distribution provided excellent fits to the measured

Figure 1. Measurement of patella height using common indices. Patella height was represented as the ratio of the length of a solid
line to the length of a dotted line.

Figure 2. Categorization of patella alta using the Caton–Deschamps index in pain free and patellofemoral pain (PFP) subjects (total
n ¼ 52). The histogram distribution of Caton–Deschamps index (A) was fit with a Gaussian model (A,B: solid lines). A subject was
categorized with patella alta if his/her patella height was greater than the 75th percentile threshold value (A: shaded region, B: vertical
dashed line).

PATELLA ALTA AND PATELLAR MALTRACKING 3

JOURNAL OF ORTHOPAEDIC RESEARCH MONTH 2012



patella height data. We defined patella height values corre-
sponding to the 75th percentile of the distribution models as
the thresholds for patella alta (Table 2). A subject was cate-
gorized with patella alta if his/her patella height index was
in the highest quartile of the measured population data. The
Patellotrochlear index is complement to the four established
methods; a subject was categorized with patella alta if his/
her Patellotrochlear index was in the lowest quartile of mea-
sured population data. Twelve (4 males, 8 females) out of 37
PF pain subjects and 1 (male) out of 15 pain free subjects
were categorized with patella alta using the Caton–
Deschamps index; similar percentages of populations were
categorized with patella alta using the Blackburne–Peel,
Insall–Salvati, and Modified Insall–Salvati indices (Supple-
mentary Table 3).

Measurement of Patellar Tilt and Bisect Offset
We measured patellar tilt and bisect offset, patellar tracking
measures, from an oblique-axial plane identified from the
weightbearing 3D MRI volume (Fig. 3).20,21 The oblique-axial
plane was created to intersect the center of the patella and
the most posterior points of the femoral condyles. Anatomical
landmarks were identified on the oblique-axial plane image,
including the most lateral and most medial points on the pa-
tella, the most posterior points on the femoral condyles, and
the deepest point on the trochlea. Two patellar tracking
measures, patellar tilt, and bisect offset, were used to quanti-
fy the position of the patella with respect to the femur.

Patellar tilt, a measure of patella internal–external rotation,
was defined by the angle between the patella and the posteri-
or femoral condyles.20 Bisect offset, a measure of patella
medial–lateral translation, was defined as the percentage of
the patella lateral to the midline of the femur.20 All patellar
tilt and bisect offset measurements were performed by the
same investigator; the average intraobserver variance be-
tween measurements was 28 for patellar tilt and 4% for
bisect offset.20

Classification of Subjects Into Maltracking and Normal Tracking
Groups
Gender-specific maltracking thresholds based on the patellar
tilt and bisect offset measurements were used to classify the
PF pain and pain free subjects into maltracking and normal
tracking groups (Fig. 4). Gender-specific maltracking thresh-
olds were required because of statistically significant differ-
ences in patellar tracking measures between males and
females.20 A non-Gaussian two-parameter Weibull distribu-
tion model best fit the measured patellar tilt and bisect offset
data, with R2 � 0.86 in all cases. We defined gender-specific
patellar tilt and bisect offset values corresponding to the
75th percentile of the Weibull model as thresholds for mal-
tracking. The gender-specific maltracking thresholds were
11.98 (males) and 14.98 (females) for patellar tilt, and 68.9%
(males) and 72.0% (females) for bisect offset. A subject was
classified as a maltracker if either patellar tilt or bisect offset
was greater than the corresponding gender-specific thresh-
olds. Twelve (5 males, 7 females) out of 37 PF pain subjects
and 4 (2 males, 2 females) out of 15 pain free subjects were
classified as maltrackers. Out of the 12 PF pain subjects clas-
sified as maltrackers, seven had both abnormal patellar tilt
and abnormal bisect offset, three had only abnormal patellar
tilt, and two had only abnormal bisect offset. Out of the 12
PF pain subjects categorized with patella alta using the
Caton–Deschamps index, six subjects were maltrackers with
both abnormal patellar tilt and abnormal bisect offset, two
subjects were maltrackers with only abnormal patellar tilt,
and four subjects were normal trackers.

Data Analysis and Statistical Methods
We evaluated the difference in percentage of maltracking PF
pain subjects between the patella alta and normal patella
height groups using the two-tailed Fisher’s exact test
(p < 0.050). We compared average patella height between

Table 2. Patella Alta Thresholds Based on the 75th
Percentile Of the Gaussian Distribution Fit to the Empir-
ical Data From This Study Compared to the Range of
Previously Published Data

Index
Patella Alta
Threshold

Published
Thresholds

Caton–Deschamps >1.19 1.2,25 1.324

Blackburne–Peel >1.06 1.026

Insall–Salvati >1.38 1.0,31 1.2,27 1.25,28

1.3,45 1.43,30 1.539

Modified Insall–Salvati >1.53 2.0,28 2.430

Patellotrochlear <0.28 0.13,29 0.1830

Figure 3. An oblique-axial plane (solid white line) intersecting the center of the patella and the most posterior points of the femoral
condyles was created from 3D MRI volume (A). Anatomical landmarks (black dots) on the oblique-axial plane were used to determine
bisect offset (B) and patellar tilt (C).
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the pain free and PF pain subjects classified into maltracking
and normal tracking groups, and between all PF pain and all
pain free groups using two-tailed, unpaired t-tests (post Bon-
ferroni correction, p < 0.017 for the pain free and PF pain
subjects classified into maltracking and normal tracking
groups; p < 0.050 for all PF pain and all pain free groups).
We compared average patellar tilt and bisect offset measures
between PF pain subjects with patella alta and PF pain sub-
jects with normal patella height using two-tailed, unpaired t-
tests (p < 0.050). We compared average Anterior Knee Pain
Score between PF pain subjects with patella alta and normal
patella height, and between PF pain subjects classified into
maltracking and normal tracking groups using two-tailed,
unpaired t-tests (p < 0.050). We performed the above com-
parisons for all five patella height indices evaluated in this
study. Our comparisons between the 37 PF pain and 15 pain
free subjects were valid because we used two-tailed, unpaired
t-tests to test the difference between the means of two
groups. A two-tailed, unpaired t-test accounts for unequal
sample size between groups (Glantz 2002, p. 79).34 Our study
required a greater number of PF pain subjects than pain free
subjects because our hypothesis tested sub-groups of PF pain
subjects. We calculated the sample size of PF pain sub-

groups using power calculations based on estimated preva-
lence of patella alta and patellar maltracking.

RESULTS
Lateral patellar maltracking was more prevalent
among PF pain subjects with patella alta compared to
PF pain subjects with normal patella height (Fig. 5).
Eight out of 12 (67%) PF pain subjects categorized
with patella alta using the Caton–Deschamps index
were classified as maltrackers; in comparison, only 4
out of 25 (16%) PF pain subjects categorized with nor-
mal patella height were classified as maltrackers. The
percentage of maltracking PF pain subjects was great-
er in the patella alta group compared to the normal
patella height group (p ¼ 0.006). We obtained similar
results using the Blackburne–Peel index (p ¼ 0.010),
while there was a trend towards significance using the
Insall–Salvati (p ¼ 0.067) and Modified Insall–Salvati
(p ¼ 0.067) indices.

Patellofemoral pain subjects classified as maltrackers
displayed a greater patella height compared to the pain

Figure 4. Classification of pain free and patellofemoral pain subjects into maltracking and normal tracking groups. The histogram
distributions were best fit with a two-parameter Weibull model (solid lines). A subject was classified as a maltracker if his/her tilt or
bisect offset was greater than the gender-specific 75th percentile maltracking thresholds (shaded regions).
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free and PF pain subjects classified as normal trackers
(Fig. 6). Average Caton–Deschamps index for the PF
pain subjects classified as maltrackers was 32% greater
than the normal tracking pain free subjects (p < 0.001),
and 16% greater than the normal tracking PF pain sub-
jects (p < 0.001, Fig. 6A). Similar differences in average
patella height were observed using the Blackburne–
Peel, Insall–Salvati, and Modified Insall–Salvati indices
(Fig. 6B–D). There were no differences in average Patel-
lotrochlear index between the maltracking PF pain and
normal tracking pain free subjects (p ¼ 0.558), or be-
tween the maltracking PF pain and normal tracking PF
pain subjects (p ¼ 0.282, Fig. 6E).

Average patella height was greater in all PF pain
subjects grouped together compared to all pain free
subjects (Fig. 7). Average patella height for all PF pain
subjects was 20%, 29%, 30%, and 27% greater than
the pain free subjects using the Caton–Deschamps,
Blackburne–Peel, Insall–Salvati, and Modified Insall–

Salvati indices, respectively (p < 0.001 for all four
indices, Fig. 7A–D). Average Patellotrochlear index
was similar for the PF pain and pain free groups
(p ¼ 0.319, Fig. 7E).

Average patellar tilt was greater in PF pain sub-
jects with patella alta compared to PF pain subjects
with normal patella height categorized using the
Caton–Deschamps (p ¼ 0.002) and the Insall–Salvati
(p ¼ 0.048) indices. Average � SD patellar tilt values
for PF pain subjects with patella alta and normal pa-
tella height categorized using the Caton–Deschamps
index were 15.7 � 9.28 and 8.3 � 4.28, respectively.
Average � SD patellar tilt values for PF pain subjects
with patella alta and normal patella height catego-
rized using the Insall–Salvati index were 13.8 � 8.98
and 9.0 � 5.38, respectively. We found no differences
in patellar tilt between PF pain subjects with patella
alta and PF pain subjects with normal patella height
categorized using the Blackburne–Peel (p ¼ 0.061),

Figure 6. Average (þ1 SD) patella height for pain free and patellofemoral pain (PFP) subjects classified into normal tracking and
maltracking groups. Patella height was measured using the (A) Caton–Deschamps, (B) Blackburne–Peel, (C) Insall–Salvati, (D) Modi-
fied Insall–Salvati, and (E) Patellotrochlear indices.

Figure 5. Percentage of patellofemoral pain (PFP) subjects with patella alta (Alta) and normal patella height (Normal) classified as
maltrackers and normal trackers using the five indices. The bars are labeled with number of subjects in each group.
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the Modified Insall–Salvati (p ¼ 0.069), or the Patel-
lotrochlear (p ¼ 0.108) indices. Furthermore, avera-
ge � SD bisect offset values for PF pain subjects with
patella alta and normal patella height categorized
using the Caton–Deschamps index were 68.5 � 12.8%
and 60.8 � 10.4%, respectively, with a trend towards
significance (p ¼ 0.058). We found no differences
in bisect offset values between PF pain subjects
with patella alta and PF pain subjects with normal
patella height categorized using the Blackburne–Peel
(p ¼ 0.559), Insall–Salvati (p ¼ 0.619), Modified
Insall–Salvati (p ¼ 0.483), or the Patellotrochlear
(p ¼ 0.876) indices.

We found no difference in Anterior Knee Pain Score
between PF pain subjects with patella alta and normal
patella height categorized using the Caton–Deschamps
(p ¼ 0.782), Blackburne–Peel (p ¼ 0.389), Insall–Sal-
vati (p ¼ 0.935), Modified Insall–Salvati (p ¼ 0.724),
or the Patellotrochlear (p ¼ 0.841) indices. Avera-
ge � SD Anterior Knee Pain Scores for PF pain sub-
jects with patella alta and normal patella height
categorized using the Caton–Deschamps index were
72 � 12 and 74 � 15, respectively. We found similar
average � SD Anterior Knee Pain Scores for PF pain
subjects with patella alta and normal patella height
categorized using the Blackburne–Peel, Insall–Salvati,
Modified Insall–Salvati, and Patellotrochlear indices.
Furthermore, we found no differences in Anterior
Knee Pain Score between PF pain subjects classified
into maltracking and normal tracking groups
(p ¼ 0.406). Average � SD Anterior Knee Pain Scores
for PF pain subjects classified into maltracking and
normal tracking groups were 70 � 11 and 75 � 15,
respectively.

DISCUSSION
The aim of this study was to investigate the relation-
ship between patella height and patella tracking in PF
pain subjects. We hypothesized that patellar maltrack-
ing was more prevalent among PF pain subjects with
patella alta compared to those with normal patella

height. Our results support this hypothesis and dem-
onstrate a greater percentage of patellar maltracking
among the PF pain subjects with patella alta com-
pared to PF pain subjects with normal patella height
(Fig. 5). We observed greater patella height in PF pain
subjects classified as maltrackers compared to the nor-
mal tracking groups (Fig. 6). These findings were con-
sistent for patella height measurements using the
Caton–Deschamps, Blackburne–Peel, Insall–Salvati,
and Modified Insall–Salvati indices. Our hypothesis
was not supported by results obtained using the Patel-
lotrochlear index. It is difficult to deduce from our
data why we found no relationships between patella
height and patella tracking using the Patellotrochlear
index. We speculate that patellar maltracking may be
more sensitive to the height of the patella relative to
the proximal tibia than the height of the patella rela-
tive to the distal femur articular surface. Furthermore,
we found no differences in Anterior Knee Pain Scores
between PF pain subjects with patella alta and normal
patella height, and between PF pain subjects classified
into maltracking and normal tracking groups. It is un-
clear why Anterior Knee Pain Score is not related to
patella height or patella tracking measures. The Ante-
rior Knee Pain Score consists of only 1 (out of 13) ques-
tion pertaining to patella position;23 this questionnaire
may not have the adequate sensitivity to capture the
range of patella height and patellar tracking measured
from MRI. Also, there are other sources of PF pain
besides patellar maltracking, including fat pad and
bone edema.

This study provides new evidence relating patellar
maltracking to patella alta in PF pain subjects. Previ-
ous studies have reported relationships between patel-
la height and PF joint congruence,12,13 and joint
dislocation.14 Ward et al.10 reported a positive correla-
tion between patella height and patella maltracking in
a cohort of subjects with patella alta and normal patel-
la height; however, it is unclear how many, if any, of
their subjects were symptomatic with PF pain. Our
study builds on the findings of the Ward et al.10 study

Figure 7. Average (þ1 SD) patella height for pain free and patellofemoral pain (PFP) subjects using the (A) Caton–Deschamps,
(B) Blackburne–Peel, (C) Insall–Salvati, (D) Modified Insall–Salvati, and (E) Patellotrochlear indices.
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to provide new insight into the prevalence of patellar
maltracking in PF pain subjects with patella alta. Con-
sistent with Ward et al.10 we observed positive correla-
tions between the Insall–Salvati index and patellar tilt
(R2 ¼ 0.11, p ¼ 0.019), and Insall–Salvati index and
bisect offset (R2 ¼ 0.09, p ¼ 0.035), when all PF pain
and pain free subjects were grouped together. Within
the PF pain subjects, we observed a positive correla-
tion between the Insall–Salvati index and patellar tilt
(R2 ¼ 0.12, p ¼ 0.034), but no correlation between the
Insall–Salvati index and bisect offset (R2 ¼ 0.04,
p ¼ 0.220).

This study addresses the controversial question of
the presence of patella alta among PF pain subjects. It
is unclear based on past studies if PF pain subjects
have greater patella height compared to pain
free subjects, and it is difficult to compare directly the
findings of the previous studies, in part, because the
studies used different indices to measure patella height.
For example, Aglietti et al.35 reported greater patella
height in chondromalacia patella subjects compared to
pain free subjects using the Insall–Salvati index. Using
the same index, Kannus2 reported greater patella
height in the affected knee of subjects diagnosed with
unilateral PF pain compared to their asymptomatic
knee. In contrast, Laprade and Culham36 reported that
there were no differences in patella height between
the PF pain and pain free groups using the Caton–
Deschamps index; their conclusion was consistent with
the findings of Marks and Bentley37 and Haim et al.38

Our study demonstrates greater patella height in PF
pain subjects compared to pain free subjects using
the four most established indices (Fig. 7). A possible ex-
planation for this consistency between the four indices
in our study is that we measured patella height
under upright, weightbearing conditions. It is plausible
that differences in patella height between the PF
pain and pain free groups are accentuated under
upright, weightbearing conditions. Laprade and Cul-
ham36 evaluated patella height under supine, non-
weightbearing conditions, and this may explain the
minimal differences in patella height between the PF
pain and pain free groups in their study. It is unclear if
Marks and Bentley37 and Haim et al.38 evaluated patel-
la height under weightbearing or non-weightbearing
conditions.

Results from this study suggest that patella alta
affects both patellar tilt and bisect offset. Six out of
12 PF pain subjects categorized with patella alta
using the Caton–Deschamps index had both abnormal
patellar tilt and abnormal bisect offset, while two
subjects had only abnormal patellar tilt. Average pa-
tellar tilt was greater in PF pain subjects with patella
alta compared to PF pain subjects with normal patel-
la height categorized using the Caton–Deschamps
(p ¼ 0.002) and the Insall–Salvati (p ¼ 0.048) indices.
Difference in average bisect offset between PF pain
subjects with patella alta and PF pain subjects with
normal patella height categorized using the Caton–

Deschamps index trended towards significance
(p ¼ 0.058).

A limitation of this study is that our patella alta and
patellar maltracking thresholds are based on data from
PF pain and pain free subjects combined. One could ar-
gue that these thresholds should be based on pain free
subjects, or based on a large, randomly selected popula-
tion. Access to pain free subjects or a random popula-
tion, however, is difficult in clinical settings where only
symptomatic patients are evaluated; this difficulty is
highlighted by the recruitment of predominantly symp-
tomatic patients to determine patella alta thresh-
olds.27–29,39 In the absence of a large data set on pain
free subjects or a random population, there remains a
gap in understanding the normal range of patella
height and patella tracking. A second potential limita-
tion is our definition of the 75th percentile of a distri-
bution model as the patella alta threshold. Previous
studies have defined patella alta thresholds based on
95th to 99th percentiles of population distribution.27–30

In our study, using the 95th to 99th percentile thresh-
olds resulted in only 3–5% (1–2 out of 37) of PF pain
subjects categorized with patella alta. The reported
prevalence of patella alta, however, ranges from 24% to
39%40–42 in the symptomatic PF joint. The 75th percen-
tile threshold yielded 27–35% (10–13 out of 37) of PF
pain subjects with patella alta (Supplementary Table
3). Small changes in our 75th percentile thresholds
(e.g., �5 percentile) did not change the conclusions
reported in this study. Furthermore, our results are
based on 52 subjects (37 PF pain, 15 pain free), with
10–13 PF pain subjects categorized with patella alta
(Supplementary Table 3), and 12 PF pain subjects clas-
sified as maltrackers. A study with a larger number of
PF pain and pain free subjects may help test the gener-
ality of our findings. Addition of more subjects will like-
ly strengthen the results presented in this study.

This study adds to our understanding of PF pain in
two ways—(1) it is currently unknown if PF pain sub-
jects with patella alta are predisposed to patellar mal-
tracking. Our study shows that patellar maltracking is
more prevalent in PF pain subjects with patella alta
compared to subjects with normal patella height; and
(2) it is unclear based on previous studies if PF pain
subjects have greater patella height compared to pain
free subjects, and it is difficult to compare directly the
findings of the previous studies, in part, because the
studies used different indices to measure patella
height. Our study demonstrates greater patella height
in PF pain subjects compared to pain free subjects
using four indices commonly used in clinics.

Clinical evaluation of PF pain subjects should include
measurement of patellar tracking and patella height un-
der weightbearing conditions prior to selection of a
treatment pathway. A subject accurately diagnosed as a
maltracker will more likely benefit from a treatment
targeting patellar maltracking, such as vastus medialis
retraining43 or EMG biofeedback,44 compared to a sub-
ject accurately diagnosed as a normal tracker.
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