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Abstract
Background: Whilst patellofemoral pain is one of the most common musculoskeletal disorders presenting to 
orthopaedic clinics, sports clinics, and general practices, factors contributing to its development in the absence of a 
defined arthropathy, such as osteoarthritis (OA), are unclear.

The aim of this cross-sectional study was to describe the relationships between parameters of patellofemoral
geometry (patella inclination, sulcus angle and patella height) and knee pain and patella cartilage volume.

Methods: 240 community-based adults aged 25-60 years were recruited to take part in a study of obesity and 
musculoskeletal health. Magnetic resonance imaging (MRI) of the dominant knee was used to determine the lateral 
condyle-patella angle, sulcus angle, and Insall-Salvati ratio, as well as patella cartilage and bone volumes. Pain was 
assessed by the Western Ontario and McMaster University Osteoarthritis Index (WOMAC) VA pain subscale.

Results: Increased lateral condyle-patella angle (increased medial patella inclination) was associated with a reduction 
in WOMAC pain score (Regression coefficient -1.57, 95% CI -3.05, -0.09) and increased medial patella cartilage volume 
(Regression coefficient 51.38 mm3, 95% CI 1.68, 101.08 mm3). Higher riding patella as indicated by increased Insall-
Salvati ratio was associated with decreased medial patella cartilage volume (Regression coefficient -3187 mm3, 95% CI -
5510, -864 mm3). There was a trend for increased lateral patella cartilage volume associated with increased (shallower) 
sulcus angle (Regression coefficient 43.27 mm3, 95% CI -2.43, 88.98 mm3).

Conclusion: These results suggest both symptomatic and structural benefits associated with a more medially inclined 
patella while a high-riding patella may be detrimental to patella cartilage. This provides additional theoretical support 
for the current use of corrective strategies for patella malalignment that are aimed at medial patella translation, 
although longitudinal studies will be needed to further substantiate this.

Background
Patellofemoral pain is one of the most common musculo-
skeletal disorders presenting to orthopaedic and sports
clinics, as well as general practices [1-5]. Factors contrib-
uting to the development of patellofemoral pain in the
absence of a defined arthropathy, such as osteoarthritis
(OA), are unclear and have predominantly been classified
as idiopathic [6].

It has been widely hypothesised that patellofemoral
pain syndrome is the result of patellofemoral maltracking
and abnormal patella alignment and congruity [7,8]. One
study hypothesised that the decrease in contact area is a
potential source of pain due to the increased cartilage
stress [9]. Previous research has predominantly been
descriptive, comparing parameters of patellofemoral
geometry in those with and without patellofemoral pain
[9-11]. In contrast, studies that have examined the rela-
tionship between patellofemoral geometry on pain and
cartilage are scarce. The small number of studies that
have been performed have shown that greater lateral
patella inclination, a shallower femoral sulcus and patella
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alta (a high-riding patella) are characteristic of subjects
with patellofemoral pain [8,9,11-13]. Similarly, a shallow
femoral sulcus is thought to reduce the congruency of the
patellofemoral joint, and contribute toward instability,
being associated with subluxation/dislocation syndromes
[14,15]. Nonetheless, the relationship between these indi-
ces of patella alignment and congruity and anterior knee
pain has not been widely examined. Moreover, it is
unclear how these indices may influence patellofemoral
joint structures, such as cartilage. Understanding how
patellofemoral geometry may be related to joint structure
and symptomatology is important, since conservative
treatment options such as patellofemoral taping and
bracing may help to reduce symptoms and radiological
signs of disease, and may ultimately contribute to a
reduced incidence of clinical pathology.

The aim of this study was to determine the relationship
between indices of patellofemoral geometry and both
knee pain and patella cartilage volume.

Methods
Study population
Men and women aged 25-60 years were recruited to take
part in a study of the relationship between obesity and
musculoskeletal diseases by advertising in the local press,
at the hospitals in the waiting rooms of private weight
loss/obesity clinics, and through community weight loss
organisations in order to recruit subjects across the spec-
trum from normal weight to obese. Subjects were
excluded if there was a history of any arthropathy diag-
nosed by a medical practitioner, prior surgical interven-
tion to the knee including arthroscopy, previous
significant knee injury requiring non-weight bearing
therapy or requiring prescribed analgesia, malignancy or
contraindication to MRI. 250 subjects were recruited and
had MRI. Ten subjects were excluded from the study as
the quality of their MRI was not interpretable. The study
was approved by Alfred Hospital Human Research and
Ethics committee (HREC) and the Monash standing
research ethics committee. All participants gave
informed consent.

Data collection
Study participants completed a questionnaire that
included information on their demographics. Weight was
measured to the nearest 0.1 kg (shoes, socks, and bulky
clothing removed) using a single pair of electronic scales.
Height was measured to the nearest 0.1 cm (shoes and
socks removed) using a stadiometer. From these data,
BMI was calculated. Pain was assessed by the Western
Ontario and McMaster University Osteoarthritis Index
(WOMAC) pain subscale, analysed using 100 mm visual
analogue scales (VAS) [16]. WOMAC pain subscale con-
sists of 5 items (walking on flat surface, going up/down

stairs, lying in bed at night, sitting/lying, and standing
upright). Patients were required to answer each question
using a 100 mm VAS where 0 = no pain and 100 =
extreme pain, producing a range of possible scores of 0-
500. A decrease in 1 unit WOMAC pain score indicates a
decrease of 1 out of 500 units in amount of pain experi-
enced while performing any of the 5 items.

Magnetic Resonance Imaging (MRI)
An MRI of the dominant (defined by the lower-extremity
a subject used to step off from when initiating gait) knee
of each subject was performed [17]. We did not want to
bias our results by using both legs as this would have
increased the cost of the study without improving the
ability to answer the study question, given that there is a
clustering effect where 2 knees are used [18]. Knees were
imaged in full extension, with muscles relaxed, in the sag-
ittal plane on a 1.5-T whole body magnetic resonance
unit (Philips, Medical Systems, Eindhoven, the Nether-
lands) using a commercial transmit-receive extremity
coil. The following sequence and parameters were used:
1) T1-weighted fat saturation 3D gradient recall acquisi-
tion in the steady state (58 ms/12 ms/55°, repetition time/
echo time/flip angle) with a 16 cm field of view, 60 parti-
tions, 512 × 512 matrix and acquisition time 11 min 56
sec (one acquisition). Axial images were converted from
sagittal images, with a matrix of 0.312 mm*0.312 mm.

Patella cartilage volume was determined by image pro-
cessing on an independent workstation using the Osiris
software (University of Geneva, Switzerland). Patella car-
tilage volume was isolated from the total volume by man-
ually drawing disarticulation contours around the
cartilage boundaries on each section (Figure 1). Medial
and lateral patella facet cartilage volumes were further
measured separately on each MRI by manually drawing
disarticulation contours around the cartilage boundaries
on each section as previously described [19]. The coeffi-
cient of variation (CV) for the measure was 2.6% [20].
Patella bone volume was determined by drawing con-
tours around the patella boundaries in images 1.5 mm
apart on sagittal views in a similar fashion to that
described for cartilage volume. The CV for patella bone
volume measures was 2.2% [20].

The lateral condyle-patella angle was measured as the
angle between the posterior femoral condyles and the lat-
eral inferior bony margin of the patella (Figure 2). An
increase in this angle demonstrated more medial patella
inclination, whereas a decrease in this angle demon-
strated more lateral patella inclination. The femoral sul-
cus angle was defined by lines joining the highest points
of the medial and lateral femoral condyles and the lowest
point of the intercondylar sulcus (Figure 3). An increase
in the femoral sulcus angle corresponded to a shallower
articular surface whereas a decrease in this angle corre-
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sponded to a deeper articular surface. Both the lateral
condyle-patella angle and femoral sulcus angle were mea-
sured at mid-patella level [21], determined by counting all
the slices that go through the patella and using the middle
slice. In the case when there is an even number of slices,
the two middle slices are measured and averaged. The

Intraclass Correlation Coefficient (ICC) was 0.98 for both
angles. All angles were measured in degrees.

Patella height was measured using a method previously
described by Insall-Salvati [22] which relates to the length
of the patella and the patella tendon (Figure 4). A ratio >
1.2 corresponded to a high-riding patella (patella alta)
whereas a ratio < 0.8 was low-riding (patella baja). Ratios
between these values were defined as normal. Measures
were determined from the sagittal plane at the mid-point
of the patella [23], determined by counting the number of
slices that go through the patella and using the middle
slice, as described above. The ICC was 0.86.

Statistical Analysis
All outcome variables were initially assessed for normal-
ity. Linear regression was used to explore the relationship
between parameters of patellofemoral geometry (patella
inclination, sulcus angle and patella height) and
WOMAC pain score and patella cartilage volume. The
multivariate analyses were adjusted for age, gender, BMI,
patella cartilage volume and bone size. Adjusting for
patella cartilage volume and bone size allowed us to
adjust for the structural state of the patellofemoral joint,
since this correlates with the radiological grade of patell-
ofemoral OA [24]. The independent samples z-test was
used to compare the relationship between parameters of
patellofemoral geometry and WOMAC pain and patella
cartilage volume in obese and non-obese subjects. A p-
value of less than 0.05 (two-tailed) was regarded as statis-
tically significant. All analyses were performed using the

Figure 1 Medial and lateral patella cartilage volumes were deter-
mined by the software Osiris (University of Geneva, Switzerland). 
The patella ridge was used to divide the medial and lateral facets, 
which were then measured separately on each MRI by manually draw-
ing disarticulation contours around each cartilage boundaries.

Figure 2 Lateral condyle-patella angle, measured as the angle 
between the bony posterior femoral condyles (BC) and the bony 
lateral patella facet (AB).

Figure 3 Sulcus angle defined as the angle formed between lines 
joining the highest points of the bony medial and lateral con-
dyles and the lowest bony point of the intercondylar sulcus.
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SPSS statistical package (standard version 15.0, SPSS,
Chicago, IL, USA).

Results
The demographics of the study cohort are described in
Table 1. The mean age of our predominantly female
cohort (73.8%) was 45.7 (Standard Deviation (SD) ± 9.4)
years, while the mean BMI was of 33.9 kg m-2 (SD ± 9.6)
(Table 1). Of the 240 subjects in this study, lateral con-
dyle-patella angle, sulcus angle and Insall-Salvati ratio
were only able to be measured in 233, 226, and 222 sub-
jects respectively. This was due to poor quality of the
MRI images, which did not allow visualisation and accu-
rate assessment of the required measures. When compar-
ing those who did and did not have interpretable MRI,
the only significant difference found was a higher BMI in
the uninterpretable group (39.1 ± 6.9 versus 33.9 ± 9.6 kg
m-2). The study subjects had a mean lateral condyle-
patella angle of 19.0 (SD ± 7.0), a mean sulcus angle of
150.8 (SD ± 9.7), and a mean Insall-Salvati Ratio of 1.0
(SD ± 0.1) (Table 1).

Increased lateral condyle-patella angle was negatively
associated with WOMAC pain score. In the multivariate
analyses, adjusted for age, gender, BMI, patella cartilage
volume and bone size as a marker of the state of the joint,

for every one degree increase in lateral condyle-patella
angle, WOMAC pain score was decreased by 1.57 units
(95% CI -3.05, -0.09) (Table 2). We further examined
whether this association differed between the obese (BMI
≥ 30) and non-obese (BMI < 30) subjects. There was a
dose modification due to obesity in the relationship
between lateral condyle-patella angle and WOMAC pain
(p = 0.01 for difference between subgroups). For every
one degree increase in lateral condyle-patella angle,
WOMAC pain was reduced by 3.13 units (95% CI -5.60, -
0.67) in the obese, and increased by 0.56 units (95% CI -
0.63, 1.75) in the non-obese, although this was not statis-
tically significant (Table 4). There was no significant asso-
ciation between sulcus angle or Insall-Salvati ratio and
WOMAC pain score, and no dose modification due to
obesity.

In the univariate analysis, there was no significant asso-
ciation between any of the parameters of patellofemoral
geometry measured and medial or lateral patella cartilage
volume. After adjusting for age, gender, BMI, patella car-
tilage volume and bone size, there was a positive associa-
tion between lateral condyle-patella angle and medial
cartilage volume, and a negative association between
Insall-Salvati ratio and cartilage volume in the medial
compartment (Table 3). For every one degree increase in
lateral condyle-patella angle, there was an associated
51.38 mm3 (95% CI 1.68, 101.08 mm3) increase in medial
patella cartilage volume, while for every one unit increase

Figure 4 Insall-Salvati ratio calculated as a ratio of tendon length 
(BC): patella length (AB) [22].

Table 1: Demographic characteristics of the studied 
population

N = 240

Age (years) 45.7 (9.4)

Gender: n (% female) 177 (73.8)

Weight (kg) 94.3 (27.1)

Height (m) 1.7 (0.1)

BMI (kg m-2) 33.9 (9.6)

WOMAC pain score 53.9 (82.7)

Patella bone volume (mm3) 10966 (2580)

Patella cartilage volume 
(mm3)

2213 (544)

LCPA (degrees) * 19.0 (7.0)

SA (degrees) † 150.8 (9.7)

I-S Ratio‡ 1.0 (0.1)

Presented as mean (SD) unless otherwise stated; BMI = Body Mass 
Index, WOMAC = Western Ontario and McMaster University 
Osteoarthritis Index, LCPA = lateral condyle-patella angle, SA = 
sulcus angle, I-S Ratio = Insall-Salvati Ratio
* measured in 233 subjects
† measured in 226 subjects
‡ measured in 222 subjects
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in Insall-Salvati ratio, there was a 3187 mm3 (95% CI -
5510, -864 mm3) reduction in medial patella cartilage vol-
ume. No similar results were found in the lateral com-
partment, although there was a trend for a positive
association between sulcus angle and lateral patella carti-
lage volume. When we examined the obese and non-
obese subjects separately, there was no dose modification
due to obesity in the relationship between lateral con-
dyle-patella angle and Insall-Salvati ratio and patella car-
tilage volume. However, when we examined the
relationship between sulcus angle and medial patella car-
tilage, there was a stronger effect in the non-obese
(regression coefficient -55.61, 95% CI -104.79, -6.43)
compared to the obese population (regression coefficient
12.01, 95% CI -35.76, 59.77) (p = 0.05 for difference
between subgroups). There was no significant association
between sulcus angle and lateral patella cartilage in either
the non-obese (regression coefficient 31.12, 95% CI -

44.23, 106.48) or the obese subgroup (regression coeffi-
cient 53.63, 95% CI -6.93, 114.19) and no dose modifica-
tion due to obesity (Table 4).

Discussion
In a community-based population of adults, an increased
lateral condyle-patella angle (a more medially inclined
patella) was associated with reduced WOMAC pain score
and increased medial patella cartilage volume. In con-
trast, an increased Insall-Salvati ratio (towards patella
alta) was associated with reduced medial patella cartilage
volume. These results suggest that whereas both symp-
tomatic and structural benefits occur with medial patella
inclination, patella alta is associated with aberrations in
patella cartilage morphology.

Although the aetiology of patella pain remains unclear,
patellofemoral maltracking is thought to play a central
role in the genesis of anterior knee pain [7,25]. Previously,

Table 2: Relationship between patella inclination, sulcus angle and patella height and Western Ontario and McMaster 
University Osteoarthritis Index (WOMAC) pain score

Univariate Analysis Multivariate 
Analysis*

Regression 
coefficient

(95% CI)

P value Regression 
coefficient

(95% CI)

P value

LCPA -1.74 (-3.27, -0.21) 0.03 -1.57 (-3.05, -0.09) 0.04

SA 0.25 (-0.85, 1.34) 0.66 0.04 (-1.02, 1.09) 0.95

I-S ratio 57.26 (-13.23, 127.74) 0.11 33.01 (-36.83, 102.85) 0.35

LCPA = lateral condyle-patella angle, SA = sulcus angle, I-S Ratio = Insall-Salvati Ratio, CI = Confidence Interval
*adjusted for age, gender, BMI, patella cartilage volume and bone size

Table 3: Relationship between patella inclination, sulcus angle and patella height and patella cartilage volume

Univariate Analysis Multivariate 
Analysis*

Regression 
coefficient

(95% CI)

P value Regression 
coefficient

(95% CI)

P value

Medial facet

LCPA 40.34 (-18.30, 98.98) 0.18 67.23 (22.10, 112.36) 0.004

SA -23.83 (-66.34, 18.68) 0.27 -23.63 (-56.89, 9.63) 0.16

I-S ratio -3213.15 (-6140.70, 
285.60)

0.03 -3186.89 (-5510.01, -
863.77)

0.01

Lateral facet

LCPA 16.90 (-66.20, 100.01) 0.69 48.88 (-12.34, 110.11) 0.12

SA 41.08 (-20.33, 102.49) 0.19 43.27 (-2.43, 88.98) 0.06

I-S ratio -3390.01 (-7598.65, 
818.63)

0.11 -2826.33 (-5985.73, 
333.07)

0.08

LCPA = lateral condyle-patella angle, SA = sulcus angle, I-S Ratio = Insall-Salvati Ratio, CI = Confidence Interval
*adjusted for age, gender, BMI, patella cartilage volume and bone size
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it was shown that women with patellofemoral pain had
significantly greater lateral patella inclination compared
to healthy controls [11]. Similarly, in the current study, we
demonstrated that the lateral condyle-patella angle,
which assesses the inclination of the patella relative to the
orientation of the femur, was associated with knee pain.
In particular, a more medially inclined patella (an
increased lateral condyle-patella angle) (see figure 2) was
associated with reduced WOMAC knee pain scores, and
this was more pronounced in the obese subjects. We also
demonstrated that a more medially inclined patella was
associated with increased medial patella cartilage vol-
ume. Consistent with our findings, a recent MRI study
examining people with knee OA demonstrated that a
medially oriented patella (largest lateral condyle-patella
angle) was associated with the least reduction in lateral
patella cartilage [26]. In contrast, a recent radiographic
study found that a more laterally inclined patella (an
increase in the lateral patella tilt angle) was associated

with an increase in the medial patellofemoral joint space
[12]. This was regarded by the authors as protective of
medial joint space narrowing progression, thereby pre-
suming it to be advantageous to the patellofemoral joint.
However, when the patella is laterally inclined, the radio-
graphic patellofemoral joint space will intuitively be wid-
ened medially, without necessarily being associated with
increased cartilage volume.

In patellofemoral subluxation, dislocation, and pain
syndromes, the precipitating event is generally consid-
ered to be generated by excessive lateral translation of the
patella [27,28]. Conservative treatment for these patholo-
gies has therefore been aimed at medial patella transla-
tion via strategies including braces, taping and vastus
medialis strengthening [27,29-31]. Likewise, surgical
approaches such as medial patellofemoral ligament
reconstruction [32-34] can be used to optimise patellar
tracking, particularly in patellofemoral instability.
Although our findings support an advantage imparted by

Table 4: Relationship between parameters of patellofemoral geometry and WOMAC pain and patella cartilage volume: 
the difference between obese and non-obese subjects

Obese subgroup Non-obese 
subgroup

Regression 
coefficient
(95% CI)*

P value Regression 
coefficient
(95% CI)*

P value P value for 
difference†

WOMAC pain score

LCPA -3.13
(-5.60, -0.67)

0.01 0.56
(-0.63, 1.75)

0.36 0.01

SA 0.42
(-1.46, 2.29)

0.66 -0.1
(-0.79, 0.77)

0.98 0.68

I-S ratio 87.80
(-30.86, 206.46)

0.15 -37.58
(-101.45, 26.29)

0.25 0.06

Medial patella cartilage volume

LCPA 86.36
(26.15, 146.58)

0.01 47.81
(-22.37, 117.99)

0.18 0.41

SA 12.01
(-35.76, 59.77)

0.62 -55.61
(-104.79, -6.43)

0.03 0.05

I-S ratio -3093.84
(-6260.66, 72.98)

0.06 -2943.85
(-6497.61, 603.91)

0.10 0.95

Lateral patella cartilage volume

LCPA 49.36
(-29.20, 127.93)

0.22 48.77
(-52.06, 149.60)

0.34 0.99

SA 53.63
(-6.93, 114.19)

0.08 31.12
(-44.23, 106.48)

0.41 0.64

I-S ratio -3594.17
(-75463.31, 357.98)

0.07 -2433.12
(-7752.83, 
2886.59)

0.37 0.73

LCPA = lateral condyle-patella angle, SA = sulcus angle, I-S Ratio = Insall-Salvati Ratio, CI = Confidence Interval
*adjusted for age, gender, BMI, patella cartilage volume and bone size
†p value calculated using independent samples z-test for difference between subgroups
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medial patella inclination, the biomechanical mechanism
by which the symptomatic and structural benefits are
linked remains unclear. One plausible explanation is that
medial inclination of the patella offsets the natural ten-
dency of the patella to track laterally which causes exces-
sive shearing across cartilage. However, since cartilage is
not innervated, how pain may arise is even less clear.

We also measured other indices of patellofemoral artic-
ulation and alignment. The femoral sulcus angle (see fig-
ure 3) measures the depth of the femoral articular surface
at the patellofemoral joint, and unlike the lateral condyle-
patella angle, is viewed as a measure of joint congruity
rather than patella tracking [14,35]. An increased sulcus
angle is commonly associated with patella subluxation
and dislocation [36,37], and in its most severe form, rep-
resents trochlear dysplasia [38]. Nonetheless, our study
demonstrated a trend towards a positive association
between the femoral sulcus angle and lateral patella carti-
lage volume. Although it is generally accepted that a shal-
lower sulcus angle is associated with decreased
patellofemoral congruency and stability [14,15], and
adverse cartilage outcomes [12,26,39], a study in an
osteoarthritic population demonstrated a positive associ-
ation between sulcus angle and patella cartilage volume
[19]. Mechanistically, it may be that a shallower sulcus
enables a greater articular surface area, which subse-
quently reduces patellofemoral contact pressures, thus
benefiting articular cartilage [19]. However, when analy-
sed separately, there was a negative association between
sulcus angle and medial patella cartilage volume in the
non-obese population, which was significantly different
to the obese population. One hypothesis is that those in
the non-obese population are more physically active than
those who are obese, therefore it may be that the negative
association between sulcus angle and medial patella carti-
lage in the non-obese subgroup is mediated by physical
activity. Those with a shallower sulcus are likely to have
greater instability, and may therefore be more prone to
cartilage loss during vigorous physical activity. In con-
trast, we have demonstrated that a high-riding patella is
associated with adverse cartilage changes. Previously,
patella alta has been shown to lead to higher cartilage loss
[26]. The Insall-Salvati ratio is a measure of patella height,
calculated as a ratio between the patella tendon and
patella length (see figure 4). This ratio helps to identify
excessive proximal (patella alta - defined as an Insall-Sal-
vati ratio > 1.2) or distal (patella baja/patella inferra -
defined as an Insall-Salvati ratio < 0.8) alignment of the
patella relative to the trochlear groove [40]. Both patella
alta and baja can alter the biomechanics of the knee joint
and have been shown to lead to deleterious structural
changes [13,41]. Mechanistically, a higher vertical posi-
tioning of the patella (patella alta) corresponds with the
largest patellofemoral contact pressures when averaged

over the whole range of movement [42], which may struc-
turally manifest as reduced cartilage volume over time.

Our study has several limitations. WOMAC knee pain
scores do not differentiate between tibiofemoral or patell-
ofemoral pain. Whilst the Kujala score may be used to
assess patellofemoral disorders [43], this data was not
available in our study, thus we used the WOMAC knee
pain score, which has been widely utilised in previous
studies of patellofemoral diseases [44]. Although we did
not have radiographic assessment in this study, we
adjusted for patella cartilage volume (adjusted for bone
size) as we have previously shown that this is strongly
related to radiographic grade of OA [24] and is a very sen-
sitive method for detecting early changes of knee OA
[45]. Our study was based on MRI which has the benefit
of in vivo assessment of cartilage and bone. Additionally,
our cohort predominantly comprised females, which may
have affected our results as patellofemoral joint biome-
chanics has been shown to differ between males and
females [46]. We excluded subjects if there was a history
of any arthropathy diagnosed by a medical practitioner,
prior surgical intervention, and previous significant knee
injury, thus it is possible that some subjects with clinically
severe patellofemoral pain syndrome were excluded from
our study. Finally, our subjects, who ranged from normal
weight to obese, were recruited to take part in a study of
the relationship between obesity and musculoskeletal dis-
ease. As the BMI of the population was normally distrib-
uted, we analysed the population as a whole, however we
did perform the independent samples z-test to examine
for any difference between the obese and non-obese sub-
jects. Whilst it is possible that those with a high BMI
were more likely to have knee pain [47,48], our multivari-
ate analyses were adjusted for BMI. A small number of
images were excluded from this study because of their
poor quality which tended to occur in those with higher
BMI, thus limiting the generalisability of our results to
those of vey high BMI. The inability of current imaging
equipments to produce the desired image quality in obese
subjects is a limitation to today's imaging techniques [49].

Conclusions
In this study, we have demonstrated that an increased lat-
eral condyle-patella angle (a more medially inclined
patella) is associated with decreased WOMAC pain score
in a community-based population. Moreover, increased
lateral condyle-patella angle and increased sulcus angle
are associated with increased medial and lateral patella
cartilage respectively, whilst patella alta was associated
with reduced medial patella cartilage volume. These
results support symptomatic and structural benefits
being associated with a medially inclined patella and a
shallower sulcus angle, and further support a high-riding
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patella as a disadvantageous feature of patellofemoral
joint biomechanics.
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