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Abstract
Objectives
Thereis no information on how patella cartilage relates to the radiological grade of individual features
of patellofemoral osteoarthritis (osteophytes or joint space harrowing) 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.

M ethods
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 mmé.
For every increase in lateral patellofemoral JSN grade (0-3), the adjusted patella cartilage volume was

reduced by 125 mne. 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
Thereis 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 studieswill be
needed to determine the role of patella cartilage measurement in assessing progression of patellofemoral
osteoarthritis.
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Introduction

Osteoarthritis (OA) is acommon 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 radiological
method for measuring patellofemoral
OA (3,6, 7).

There hasbeen increasing interest in the
use of magnetic resonance imaging
(MRI) in the measurement of knee car-
tilage volume as a possible outcome
measure in arthritis (8-11). Measure-
ment of patella cartilage has been
shown to be avalid measure of cartilage
volume when MRI cartilage volume is
compared to anatomical dissection and
to be reproducible with coefficient of
variations of lessthan 5% (8-11). How-
ever, little attention has been focussed
on the role of MRI in measurement of
disease in patellofemoral OA.

There are a number of potential advan-
tages of measuring patella cartilage
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 problem of reselecting identical
locations in follow-up knee radio-
graphs is reduced. 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
minimized by measuring the whole
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
radiological grade of individua fea
tures of patellofemoral OA which has
been used in most epidemiological and
clinical studies (12). Thiswill 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
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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 years under-
going studies on osteoarthritis within
our department were included in this
study. Subjects were excluded if any
other form of arthritis was present, if
there were contra-indications to MRI
(e.g. pacemaker, cerebral aneurysm
clip, cochlear implant, presence of
shrapnel in strategic locations, meta in
the eye, and claustrophobia), inability
to walk 50 feet without the use of assis-
tive devices, hemiparesis of either lower
limb, planned total knee replacement.
Weight was measured to the nearest
0.1kg (shoes and bulky clothing remov-
ed) using a single pair of electronic
scales. Height was measured to the
nearest 0.1 cm (shoes removed) using a
stadiometer. Body mass index (BMI)
(weight/height? kg/m?) was calculated.
Each subject had an MRI performed on
one knee. This was either their domi-
nant knee (defined as the lower limb
from which they step off when walking)
or the knee causing them symptoms
with least severe osteoarthritis. Patella
cartilage volume was determined by
means of image processing on an inde-
pendent workstation as previously
described (13). All MRI in this study
were measured by a single trained
observer. Fifty subjects who covered
the range of patellofemoral OA were
assessed for reproducibility of the
method. Each MRI cartilage volume
was measured by the reader without
knowledge of the severity of patello-
femoral OA in the study subjects. The
MRI patela cartilage volume was re-
measured one week later. The coeffi-
cient of variation (CV) was 2.1% for
patella cartilage volume (13).

The following radiographic views of
the patellofemoral joint were obtained:
(i) a standing lateral (medio-lateral)
view in 30° flexion and (ii) a skyline
(infero-superior) view in 45° flexion
using a perspex positioning wedge with
the subject supine. All radiographs were
independently assessed by two trained



observers using an atlas (14). The
observers were blind to the clinical
findings. The radiological features of
OA in the patello-femoral joint (PFJ)
were graded on afour-point scale (0-3)
for both individua features of osteo-
phytes and joint space. The intraobsev-
er variability was. skyline osteophytes
(0.84), skyline joint space narrowing
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.

Satigtical analysis

Linear regression was used to examine
the relationship between patella carti-
lage volume and radiological features
of patellofemora osteoarthritis (joint
space narrowing and ostephytes) in
univariate 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 changein radiological grade, while
other factors are held constant (con-
trolled for). A robust variance estimator
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BMI were computed which represent
the component of cartilage volume not
explained by age, gender and BMI. To
aid in graphical displays, the mean car-
tilage volume of 2154 mm?® was added
to al residuas, and we term these quan-
tities the “adjusted” cartilage volumes.
Note that the addition of afixed number
to dl resduas does not change their
properties. In the second step we exam-
ined the relationship of the adjusted car-
tilage volumes with skyline and lateral
osteophytes and narrowing using box-
plots and correlation 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-
variate analyses showed that joint
space narrowing as measured on sky-
line and lateral patellofemora radio-
graphs was inversely 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
skyline joint space narrowing (JSN)
grade (0 to 3), the patella cartilage vol-
ume was significantly reduced by 411
mme. After adjusting for the above con-
founders, for every increase in grade
(0-3) of lateral patellofemoral JSN, the
patella cartilage volume was signifi-
cantly reduced by 125 mm?. Therela-
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
relationship between patella cartilage
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
(Tablell).

The correlations between patella carti-
lage volumes and radiographic patello-
femoral OA were; skyline 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
relationship existed between adjusted

Tablel. Characteristics of the participants.

! . (n=157)
was used to provide valid standard
error estimateswhen non-constant vari- -~ Age* (years) 62 (10)
ability was encountered (15). % Females 62%
In order to present a two-dimensiona  Body massindex* (kg/m?) 287 (5.5)
graphical display of the relationship o, subjectswith skyline osteophyte score 3 1 62%
between cartilage volume and radiolog- o, sybjectswith skyline joint space narrowing scores 1 45%
ical features after contralling for age, o, Subjects with lateral patellofemoral osteophyte score3 1 65%
ge“qer and BMI, we empl Oyed the f.0|' % Subjects with lateral patellofemoral joint space narrowing score3 1 34%
lowing t\_/vo—step procedure. At the firt  poielacartil age volume* (ml) 215 (0.62)
step, residuals from the regression of
cartilage volume on age, gender and  *Mean (SD)
Tablell. 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-vaue coefficent ****
Skyline joint space narrowing -419 -411 (-503, -319) <0.001 -0.54
Skyline osteophytes 83 24 (-73,121) 0.62 0.041
Latera 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
association between adjusted patella
cartilage and skyline joint space nar-
rowing than with lateral patellofemoral
joint space narrowing. Boxplots show-
ing the relationship between radiologi-
ca measure of patellofemoral osteo-
arthritis and patella cartilage volume
after controlling for age, gender and
BMI are presented in Figure 1.

Discussion

We have shown a significant negative
association between patella cartilage
volume and the grade of joint space
narrowing as measured on both the
skyline and lateral views of the patello-
femoral joint. This association was
strongest for the skyline views com-
pared to the lateral views. There was no
association between patella cartilage
volume and osteophytes measured on
either the skyline or the lateral patella
radiographs.

No previous studies have examined

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 negative association
between patella cartilage volume and
grade of joint space narrowing mea-
sured either on the skyline or the lateral
patellofemoral views, 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 alows usto measure
this directly.

Our study, which has measured patella
cartilage directly, suggests that there is
a stronger relationship between skyline
joint space narrowing and patella carti-
lage volume than with lateral patello-
femora radiographs. This is consistent
with the growing body of evidence sug-
gesting that skyline radiographs are bet-
ter for assessing the patellofemoral joint
(3,6, 7). Although reproducibility of
both views for detecting osteophytes
has been shown to be high, skyline

views performed much better than | ater-
a views both within and between
observers for detecting joint space nar-
rowing (6). When the two radiographic
methods were compared for their sensi-
tivity for the detection of patellofemoral
osteoarthritis progression, it was possi-
ble to observe sgnificant joint space
loss over time on the skyline view that
was not apparent on the lateral view (6).
This is consistent with another study
that showed no significant change in
joint space narrowing in subjects with
OA over 3 years using latera radio-
graphs (16).

There are a number of potentia limita-
tionsin using MRI for cartilage volume
estimates. The accurate delineation of
articular cartilage depends on high con-
trast relative 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

:

sl peniiesrliags i

il = -
: 4 + ] 1 3
pPE——— b " Bl asecehyle nooe

B —

" . L 1T
F T i - T
F b ] e 4

l *
pa— - - - _.'_ T -
P ——— o T S—— "

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 dlice
width used (11, 13). Our population
consisted of subjects taking part in
studies of osteoarthritis and not a ran-
domly selected population. However,
these individuals had severity levels of
patellofemoral joint osteoarthritis rang-
ing from no disease to severe disease.
This has alowed us to examine the
respective patella cartilage volume for
each grade of patellofemoral osteoarth-
ritis. Subgroup analyses of males and
females separately did not alter the
associations we found (data not shown).
Nevertheless, these results will need to
be confirmed in a population-based
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 cartilage. However, there are
potential problemsin using femora car-
tilage since this cartilage forms part of
three joints, the medial and lateral tibio-
femora joints and the patellofemoral
joint. There are no simple, discrete
boundaries that alow anatomical defini-
tion of the component of the femoral
cartilage that takes part in the patello-
femora joint as opposed to the other
joints. For thisreason, it isavery attrac-
tive option to use a simple, well-defined
anatomicd structure such as the patella
cartilage as a surrogate measure of what
is happening to joint cartilage in the
patellofemora joint. In an analogous sit-
uation, we have shown that tibia and
femora cartilage volumes correlae in
both the media and latera tibiofemoral
joints, suggesting that measuring tibial
cartilage done may be a useful marker
of cartilage changein the medial and lat-
eral tibiofemoral joints (17). The signifi-
cant association we found between
patella cartilage volume and joint space
narrowing in this study further supports
this.

Studies investigating joint cartilage in
healthy subjects or those with very
early disease have been limited by the
lack of tools to assess joint cartilage
non-invasively. The role of MRI in
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assessment of the patellofemoral joint
is still in the early stages. However,
MRI cartilage volume provides a po-
tential method for investigating factors
that influence the amount of cartilage
in healthy individuals, where radio-
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. Thereare
also a number of potential advantages
of MRI over radiographic assessment
of joints for studies of disease progres-
sion, especialy in early disease. MRI
measures cartilage directly, rather than
indirectly as with radiographs. MRI
measurement may be less subject to
positional variation since the three-
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-
gitudina studies.

In summary, we have shown a signifi-
cant negative association between
patella cartilage volume and joint space
narrowing, but not osteophytes, as
measured on both the skyline and later-
al views of the patellofemoral. This
association was strongest for the sky-
line views compared to the lateral
views, where up to 20% of patella carti-
lage is lost by the time a subject has
grade 1 joint space narrowing. This
suggests that measurement of patella
cartilage volume alone may be a useful
measure of joint cartilage at the
patellofemoral joint. Whether cartilage
measurement alone will be sufficient as
ameasure of disease progression in OA
remains to be proven. Longitudinal
studies will be needed to determine the
role of patella cartilage in measuring
progression of patellofemoral OA.
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