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Abstract
Objectives

There is no information on how patella cartilage relates to the radiological grade of individual features 
of patellofemoral osteoarthritis (osteophytes or joint space narrowing) which have been used in most 

epidemiological and clinical studies. In this study we compared patella cartilage volume as measured by
magnetic resonance imaging (MRI) with radiological assessment of the patellofemoral joint.

Methods
157 subjects with specific features of patellofemoral osteoarthritis (osteophytes and joint space narrow-
ing) ranging from grade 0-3 were examined (age 62 ± 10 years, 62% female). Each subject had skyline

and lateral patellofemoral radiographs performed. Patella cartilage volume was determined by processing
images acquired in the sagittal plane using T1-weighted fat saturated MRI at an independent work station.

Results
Grade of joint space narrowing (JSN) as measured on skyline and lateral patellofemoral radiographs was
inversely associated with patella cartilage volume. After adjusting for age, gender and body mass index,
for every increase in grade of skyline JSN (0-3), the patella cartilage volume was reduced by 411 mm3.
For every increase in lateral patellofemoral JSN grade (0-3), the adjusted patella cartilage volume was

reduced by 125 mm3. The relationship was stronger for patella cartilage volume and skyline JSN 
(r = -0.54, p < 0.001) than for lateral patellofemoral JSN (r = -0.16, p = 0.015). There was no significant
association between patella cartilage volume and osteophytes measured on skyline or lateral radiographs.

Conclusions
There is a significant negative association between patella cartilage volume and JSN, but not osteophytes.
This association was strongest for the skyline rather than lateral radiographs. Longitudinal studies will be
needed to determine the role of patella cartilage measurement in assessing progression of patellofemoral

osteoarthritis.
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Introduction
Osteoarthritis (OA) is a common cause
of disability in people aged over 65
years (1). It has been shown that symp-
tomatic knee OA may often be related
to patellofemoral disease (2, 3). Indeed,
isolated patello-femoral OA may be so
debilitating that total joint replacement
surgery is performed (4). Recent stud-
ies have suggested that skyline radio-
graphs are the optimum ra d i o l ogi c a l
method for measuring pat e l l o fe m o ra l
OA (3, 6, 7).
Th e re has been increasing interest in the
use of magnetic resonance imagi n g
(MRI) in the measurement of knee car-
t i l age volume as a possible outcome
m e a s u re in art h ritis (8-11). Measure-
ment of patella cart i l age has been
s h own to be a valid measure of cart i l age
volume when MRI cart i l age volume is
c o m p a red to anatomical dissection and
to be rep ro d u c i ble with coefficient of
va ri ations of less than 5% (8-11). How-
eve r, little attention has been fo c u s s e d
on the role of MRI in measurement of
disease in pat e l l o fe m o ral OA .
There are a number of potential advan-
t ages of measuring patella cart i l age
volume. This measurement provides a
direct measure of joint cartilage, rather
than an indirect measure as with radio-
graphs. Since the whole three-dimen-
sional structure is examined, the poten-
tial pro blem of reselecting identical
l o c ations in fo l l ow-up knee ra d i o-
graphs is re d u c e d. Small positional
changes from one examination to the
next may affect the reproducibility of
joint space narrowing, particularly in
longitudinal studies and this should be
m i n i m i zed by measuring the wh o l e
three-dimensional structure.
The work carried out to date suggests
that MRI will provide a very sensitive
and reproducible method for measuring
cartilage. There is no information on
how patella cartilage volume relates to
ra d i o l ogical grade of individual fe a-
tures of patellofemoral OA which has
been used in most epidemiological and
clinical studies (12). This will be useful
in relating studies using patella carti-
lage to the available body of patello-
femoral OA literature. It is likely that
both radiological and MRI assessment
of joints become complementary tools

in investigating OA. In this study, we
compared patella cartilage volume as
measured by magnetic resonance imag-
ing (MRI) with radiological assessment
of the patellofemoral joint.

Patients and methods
157 subjects aged over 40 ye a rs under-
going studies on osteoart h ritis within
our dep a rtment we re included in this
s t u dy. Subjects we re ex cluded if any
other fo rm of art h ritis was pre s e n t , i f
t h e re we re contra - i n d i c ations to MRI
( e. g. pacemake r, c e reb ral aneury s m
cl i p , c o chlear implant, p resence of
s h rapnel in strat egic locat i o n s , metal in
the eye, and cl a u s t ro p h o b i a ) , i n ab i l i t y
to walk 50 feet without the use of assis-
t ive dev i c e s , h e m i p a resis of either lowe r
l i m b, planned total knee rep l a c e m e n t .
Weight was measured to the neare s t
0.1kg (shoes and bu l ky clothing re m ov -
ed) using a single pair of electro n i c
scales. Height was measured to the
n e a rest 0.1 cm (shoes re m oved) using a
s t a d i o m e t e r. Body mass index (BMI)
( we i g h t / h e i g h t2 k g / m2) was calculat e d.
E a ch subject had an MRI perfo rmed on
one knee. This was either their domi-
nant knee (defined as the lower limb
f rom wh i ch they step off when wa l k i n g )
or the knee causing them symptoms
with least seve re osteoart h ritis. Pat e l l a
c a rt i l age volume was determined by
means of image processing on an inde-
pendent wo rk s t ation as prev i o u s ly
d e s c ribed (13). All MRI in this study
we re measured by a single tra i n e d
o b s e rve r. Fifty subjects who cove re d
the ra n ge of pat e l l o fe m o ral OA we re
assessed for rep roducibility of the
m e t h o d. Each MRI cart i l age vo l u m e
was measured by the reader without
k n ow l e d ge of the seve rity of pat e l l o -
fe m o ral OA in the study subjects. Th e
MRI patella cart i l age volume was re -
m e a s u red one week lat e r. The coeffi-
cient of va ri ation (CV) was 2.1% fo r
p atella cart i l age volume (13). 
The fo l l owing ra d i ographic views of
the patellofemoral joint were obtained:
(i) a standing lat e ral (medio-lat e ra l )
view in 30º flexion and (ii) a skyline
( i n fe ro - s u p e rior) view in 45º fl ex i o n
using a perspex positioning wedge with
the subject supine. All ra d i ographs we re
independently assessed by two trained
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o b s e rve rs using an atlas (14). Th e
o b s e rve rs we re blind to the cl i n i c a l
findings. The radiological features of
OA in the patello-femoral joint (PFJ)
were graded on a four-point scale (0-3)
for both individual features of osteo-
phytes and joint space. The intraobsev-
er variability was: skyline osteophytes
( 0 . 8 4 ) , s kyline joint space narrow i n g
0.76, lateral osteophytes (0.82), lateral
joint space narrowing 0.75. The inter-
obsever variability was: skyline osteo-
phytes (0.83), skyline joint space nar-
rowing 0.75, lateral osteophytes (0.77),
lateral joint space narrowing 0.75.

Statistical analysis
Linear regression was used to examine
the relationship between patella carti-
lage volume and radiological features
of pat e l l o fe m o ral osteoart h ritis (joint
space narrowing and ostep hytes) in
u n iva ri ate analyses. Multiple linear
regression was then used to adjust for
the effect of age, gender and body mass
index (BMI) on patella cartilage vol-
ume. Results are presented as regres-
sion coefficients that represent differ-
ences in patella cartilage volume per
unit change in radiological grade, while
other fa c t o rs are held constant (con-
trolled for). A robust variance estimator
was used to provide valid standard
error estimates when non-constant vari-
ability was encountered (15). 
In order to present a two - d i m e n s i o n a l
graphical display of the re l at i o n s h i p
b e t ween cart i l age volume and ra d i o l og-
ical fe at u res after controlling for age,
gender and BMI, we employed the fo l-
l owing two - s t ep pro c e d u re. At the fi rs t
s t ep , residuals from the regression of
c a rt i l age volume on age, gender and

BMI we re computed wh i ch rep re s e n t
the component of cart i l age volume not
explained by age, gender and BMI. To
aid in graphical display s , the mean car-
t i l age volume of 2154 mm3 was add e d
to all re s i d u a l s , and we term these quan-
tities the “ a d j u s t e d ” c a rt i l age vo l u m e s .
Note that the addition of a fi xed nu m b e r
to all residuals does not ch a n ge their
p ro p e rties. In the second step we ex a m-
ined the re l ationship of the adjusted car-
t i l age volumes with skyline and lat e ra l
o s t e o p hytes and narrowing using box-
plots and corre l ation coefficients. 

Results
The characteristics of the study popula-
tion, including the prevalence of radio-
logical features of patellofemoral joint
disease, are presented in Table I. Uni-
va ri ate analyses showed that joint
space narrowing as measured on sky-
line and lat e ral pat e l l o fe m o ral ra d i o-
graphs was inve rs e ly associated with
patella cartilage volume. This inverse
relationship was strengthened follow-
ing adjustment for age, gender and
body mass index. After adjusting for

these confounders, for every increase in
s kyline joint space narrowing (JSN)
grade (0 to 3), the patella cartilage vol-
ume was significantly reduced by 411
mm3. After adjusting for the above con-
founders, for every increase in grade
(0-3) of lateral patellofemoral JSN, the
p atella cart i l age volume was signifi-
cantly reduced by 125 mm3. The rela-
tionship was stronger for patella carti-
lage volume and grade of skyline JSN
than for the grade of lateral patello-
femoral JSN. In contrast to the inverse
re l ationship between patella cart i l age
volume and grade of JSN, there was a
weak, but not significant, positive asso-
ciation between patella cartilage vol-
ume and osteophyte grade measured on
both the skyline and lateral radiographs
(Table II).
The correlations between patella carti-
lage volumes and radiographic patello-
fe m o ral OA we re : s kyline JSN (r =
–0.54, p<0.001), skyline osteophytes (r
= 0.04, p = 0.62), lateral JSN (r = -0.16,
p= 0.015), lateral patellofemoral osteo-
phytes (r = 0.10, p = 0.26). A stronger
re l ationship existed between adjusted

Table I. Characteristics of the participants.

(n = 157)

Age* (years) 62 (10)

% Females 62%

Body mass index* (kg/m2) 28.7 (5.5)

% Subjects with skyline osteophyte score ≥ 1 62%

% Subjects with skyline joint space narrowing score ≥ 1 45%

% Subjects with lateral patellofemoral osteophyte score ≥ 1 65%

% Subjects with lateral patellofemoral joint space narrowing score ≥ 1 34%

Patella cartilage volume* (ml) 2.15 (0.62)

*Mean (SD)

Table II. Relationship of patella cartilage volume and radiological features of osteoarthritis at the patellofemoral joint. 

Univariate analysis Multivariate analysis** Correlation 
Regression coefficient* Regression coefficient*** 95% CI p-value coefficent ****

Skyline joint space narrowing -419 -411 (-503, -319) < 0.001 -0.54

Skyline osteophytes 83 24 (-73, 121) 0.62 0.041

Lateral joint space narrowing -120 -145 (-262, -28) 0.015 -0.16

Lateral osteophytes 54 66 (-50,183) 0.26 0.10

*Change in patella cartilage volume per unit increase in radiological grade.
**Multivariate analysis with age, gender and BMI in the regression equation
***Change in patella cartilage volume per unit increase in radiological grade with age, BMI and gender held fixed.
****Correlation between radiological features and residuals from regression of patella cartilage on age, gender, BMI.
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patella cartilage and radiological grade
of joint space narrowing than with
osteophytes. There was also a stronger
a s s o c i ation between adjusted pat e l l a
cartilage and skyline joint space nar-
rowing than with lateral patellofemoral
joint space narrowing. Boxplots show-
ing the relationship between radiologi-
cal measure of pat e l l o fe m o ral osteo-
a rt h ritis and patella cart i l age vo l u m e
after controlling for age, gender and
BMI are presented in Figure 1.

Discussion
We have shown a significant negative
a s s o c i ation between patella cart i l age
volume and the grade of joint space
n a rrowing as measured on both the
skyline and lateral views of the patello-
fe m o ral joint. This association wa s
strongest for the skyline views com-
pared to the lateral views. There was no
a s s o c i ation between patella cart i l age
volume and osteophytes measured on
either the skyline or the lateral patella
radiographs. 
No previous studies have ex a m i n e d

patella cartilage volume in individual
subjects as they relate to the radiologi-
cal grade of features of patellofemoral
OA. We showed that there is a signifi-
cant moderate negat ive associat i o n
between patella cartilage volume and
grade of joint space narrowing mea-
sured either on the skyline or the lateral
p at e l l o fe m o ral view s , but not with
osteophytes. This is not surprising giv-
en that the measurement of joint space
narrowing is being used as a surrogate
measure of the structure of the joint
cartilage and MRI allows us to measure
this directly. 
Our study, wh i ch has measured pat e l l a
c a rt i l age dire c t ly, s u ggests that there is
a stro n ger re l ationship between sky l i n e
joint space narrowing and patella cart i-
l age volume than with lat e ral pat e l l o -
fe m o ral ra d i ographs. This is consistent
with the growing body of evidence sug-
gesting that skyline ra d i ographs are bet-
ter for assessing the pat e l l o fe m o ral joint
( 3 ,6 , 7). Although rep roducibility of
both views for detecting osteophy t e s
has been shown to be high, s ky l i n e

v i ews perfo rmed mu ch better than lat e r-
al views both within and betwe e n
o b s e rve rs for detecting joint space nar-
rowing (6). When the two ra d i ograp h i c
methods we re compared for their sensi-
t ivity for the detection of pat e l l o fe m o ra l
o s t e o a rt h ritis progre s s i o n , it was possi-
ble to observe significant joint space
loss over time on the skyline view that
was not ap p a rent on the lat e ral view (6).
This is consistent with another study
t h at showed no significant ch a n ge in
joint space narrowing in subjects with
OA over 3 ye a rs using lat e ral ra d i o-
graphs (16).
There are a number of potential limita-
tions in using MRI for cartilage volume
estimates. The accurate delineation of
articular cartilage depends on high con-
t rast re l at ive to adjacent tissues. We
therefore used a previously validated
fat-suppressed gradient echo sequence
(11, 13). Furthermore, as has previous-
ly been recommended (10), in order to
improve in-plane resolution we used a
matrix of 512 x 512 pixels, resulting in
an in-plane resolution of 0.31 x 0.31

Fig. 1. Boxplots of patella cartilage volume versus skyline and lateral patellofemoral radiological grade, after controlling for age, gender and BMI. The
width of each box is proportional to the number of observations on which it is based.
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mm. The reproducibility of our patella
measurements is high, with little partial
volume effects in the measurement of
patella cartilage with the 1.5 mm slice
width used (11, 13). Our populat i o n
consisted of subjects taking part in
studies of osteoarthritis and not a ran-
d o m ly selected population. Howeve r,
these individuals had severity levels of
patellofemoral joint osteoarthritis rang-
ing from no disease to severe disease.
This has allowed us to examine the
respective patella cartilage volume for
each grade of patellofemoral osteoarth-
ritis. Subgroup analyses of males and
females sep a rat e ly did not alter the
a s s o c i ations we found (data not show n ) .
Nevertheless, these results will need to
be confi rmed in a populat i o n - b a s e d
sample.
In this study we only measured the
patella cartilage as a surrogate measure
of what is happening to joint cartilage
in the patellofemoral joint. Joint space
narrowing measures both the femoral
and patella cart i l age. Howeve r, t h e re are
potential pro blems in using fe m o ral car-
t i l age since this cart i l age fo rms part of
t h ree joints, the medial and lat e ral tibio-
fe m o ral joints and the pat e l l o fe m o ra l
joint. Th e re are no simple, d i s c re t e
b o u n d a ries that allow anatomical defi n i-
tion of the component of the fe m o ra l
c a rt i l age that takes part in the pat e l l o -
fe m o ral joint as opposed to the other
joints. For this re a s o n , it is a ve ry at t ra c-
t ive option to use a simple, we l l - d e fi n e d
a n atomical stru c t u re such as the pat e l l a
c a rt i l age as a surrogate measure of wh at
is happening to joint cart i l age in the
p at e l l o fe m o ral joint. In an analogous sit-
u at i o n , we have shown that tibial and
fe m o ral cart i l age volumes corre l ate in
both the medial and lat e ral tibiofe m o ra l
j o i n t s , s u ggesting that measuring tibial
c a rt i l age alone may be a useful marke r
of cart i l age ch a n ge in the medial and lat-
e ral tibiofe m o ral joints (17). The signifi-
cant association we found betwe e n
p atella cart i l age volume and joint space
n a rrowing in this study further support s
t h i s .
Studies investigating joint cartilage in
h e a l t hy subjects or those with ve ry
early disease have been limited by the
lack of tools to assess joint cartilage
n o n - i nva s ive ly. The role of MRI in

assessment of the patellofemoral joint
is still in the early stages. Howeve r,
MRI cartilage volume provides a po-
tential method for investigating factors
that influence the amount of cartilage
in healthy indiv i d u a l s , wh e re ra d i o-
graphs show only very early OA or are
even normal (13,18). Our data suggest
that up to 20% of patella cartilage is
lost by the time an individual has joint
space narrowing of grade 1. There are
also a number of potential advantages
of MRI over radiographic assessment
of joints for studies of disease progres-
sion, especially in early disease. MRI
measures cartilage directly, rather than
i n d i re c t ly as with ra d i ographs. MRI
m e a s u rement may be less subject to
positional va ri ation since the thre e -
dimensional structure can be measured
with thin image separations (10). MRI
cartilage volume may be more sensitive
than radiographic assessment of joint
cartilage so that small changes can be
measured over time using much small-
er numbers of subjects (10). However
this will need to be investigated in lon-
gitudinal studies.
In summary, we have shown a signifi-
cant negat ive association betwe e n
patella cartilage volume and joint space
n a rrow i n g, but not osteophy t e s , a s
measured on both the skyline and later-
al views of the pat e l l o fe m o ral. Th i s
association was strongest for the sky-
line views compared to the lat e ra l
views, where up to 20% of patella carti-
lage is lost by the time a subject has
grade 1 joint space narrow i n g. Th i s
suggests that measurement of patella
cartilage volume alone may be a useful
m e a s u re of joint cart i l age at the
patellofemoral joint. Whether cartilage
measurement alone will be sufficient as
a measure of disease progression in OA
remains to be proven. Longi t u d i n a l
studies will be needed to determine the
role of patella cartilage in measuring
progression of patellofemoral OA.
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