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Radiographic assessment of the knee joint in
osteoarthritis

C Cooper, J Cushnaghan, J R Kirwan, P A Dieppe, J Rogers, T McAlindon, F McCrae

Abstract
The development of radiographic systems for
the grading of osteoarthritis requires know-
ledge of the reproducibility of their individual
component features. This paper reports the
reproducibility, both within and between
observers, for five commonly used radio-
graphic features of osteoarthritis in the tibio-
femoral and pateliofemoral compartments of
the knee joint. The results suggest that
assessments of joint space narrowing, osteo-
phyte, and bony contour in the tibiofemoral
compartments are more reproducible than
those of sclerosis and cyst. Patellofemoral
assessments, with the exception ofosteophyte,
are considerably less reproducible between
observers than tibiofemoral assessments.

Osteoarthritis of the knee joint is a major cause
of pain and disability.1 There is, however, no
agreed definition of the condition which may be
applied in clinical and epidemiological studies.
The most widely adopted method for this
purpose is radiographic evaluation of the knee
joint. The radiographic diagnosis of osteo-
arthritis of the knee joint began with the
five point grading system of Kellgren and
Lawrence,2 which was subsequently accepted
by the World Health Organisation.' The widely
recognised deficiencies of this scale have led to a
search for more effective scoring systems for
osteoarthritis at various skeletal sites.4 5
Information on the reproducibility, both within
and between observers, of these systems is
fundamental to their development. We have,
therefore, investigated the reproducibility of
five radiographic features commonly used to
measure osteoarthritis of the knee joint.
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Patients and methods
Standing anteroposterior and lateral knee
radiographs were obtained from 50 patients (14
men, 36 women) selected from a case register of
patients with osteoarthritis of the knee main-
tained at the Bristol Royal Infirmary. They
were chosen to represent a range of severity of
the condition. The mean age of the patients was
69'4 years and the mean disease duration 15 9
years. Forty four patients had bilateral disease
and three had unilateral disease. The remaining
three patients were included on the register, but
were felt on review to have minimal radiographic
changes in either knee.

Five observers (one consultant, four trainees)
participated in the study. They agreed on the
criteria for radiographic evaluation during a half

hour training period, following which no further
discussion was undertaken to improve observer
agreement. The observers scored all 100 knee
radiographs on two separate occasions over a
three day period. The radiographs were pre-
sented to each observer by a study controller in
a random order, ensuring that the observer was
unaware on the second occasion of his or her
initial score.

Five radiographic features were assessed in
each of the three compartments (medial and
lateral tibiofemoral and patellofemoral) in each
knee. They comprised joint space narrowing,
osteophyte formation, subchondral sclerosis,
cyst formation, and abnormality of the bony
contour. Each feature was graded on a three
point scale (0=absent, 1=mild, 2=severe)
which had been agreed during the training
period. Joint space narrowing and sclerosis were
assessed by eye alone according to the pre-
determined scale.
Within and between observer reproducibility

were estimated for the five features in each joint
compartment. Within observer reproducibility
was assessed (a) using all 500 pairs ofobservations
(to examine overall reliability), and (b) for each
individual observer (to examine the range of
reliability within different observers). Between
observer reproducibility was likewise estimated
(a) for the grouped results of the five observers
as a whole and (b) for each of the ten possible
combinations of observers. The level of observer
agreement was quantified using the x (kappa)
statistic, around which 95% confidence limits
were calculated.6

Results
Figure 1 shows the overall within observer
reproducibility of the five radiographic features
in the tibiofemoral joint. The reproducibility of
assessments made on right and left knees did
not differ statistically significantly nor did those
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Figure I Within and between observer variation for
radiographic assessment ofthe tibiofemoral compartment
ofthe kneejoint (bars show 95% confidence intervals around
each x statstic).
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Radiographic assessment ofthe kneejoint in osteoarthritis

made on the medial and lateral
compartments. The results for eac
compartments have thus been a
Within observer reproducibility wa
joint space narrowing (x=0177, 95'
interval 0 72-0482). Abnormalitie:
and osteophyte formation were onll
reproducible than joint space
Sclerosis and cyst formation, in c(
significantly less reproducible thar
other three features.

Reproducibility was lower bc
within observers for all five radiogra
in the tibiofemoral joint. Osteop
the greatest between observer rep
and again, values for joint space n,
contour were significantly better td
sclerosis and cyst formation.

Figure 2 shows the within g
observer reproducibility of the five
features in the patellofemoral ji
observer reproducibility was slight
in the tibiofemoral joint. Betw4
reproducibility in the patellofe
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Figure 2 Within and between observer vai
radiographic assessment ofthe patellofemorc
ofthe kneejoint (bars show 95% confidence
each x statistic).

Distribution ofgrades for each radiographic.
tibiofemoral and patellofemoral compartmen
from the most consistent observer at each site

Radiographicfeature Grade

0 1

Tibiofemoral
Jont space narrowing 67 91
Osteophyte 97 70
Sclerosis 130 51
Cyst 188 9
Contour 175 25

Patellofemoral
Joint space narrowing 33 20
Osteophyte 47 32
Sclerosis 89 10
Cyst 73 19
Contour 79 21

'Remaining radiographs not classifiable by this
tN/A=not applicable.

tibiofemoral
h of the four
tmalgamated.
Is greatest for
Yo confidence
s of contour
y slightly less
narrowing.

Dntrast, were
i each of the

etween than
Lphic features
hyte showed

The results for the individual observers were
also examined separately. It was found that the
poor overall reproducibility of some features-
for example, tibiofemoral sclerosis and cyst, did
not result from inconsistency in the assessments
of all five observers, but arose from the poorer
performance of three of the five. For tibio-
femoral cyst, the two most consistent observers
were capable of attaining a concordance
characterised by a x statistic of greater than 0-6,
whereas the least consistent observer gave
values of less than 0-2.

)roducibility, Discussion
arrowing and We have assessed within and between observer
han those for reproducibility for five radiographic features of

osteoarthritis in the tibiofemoral and patello-
and between femoral compartments of the knee joint. Our
radiographic results suggest that assessments of joint space
oint. Within narrowing, osteophyte, and bony contour in the
ly lower than tibiofemoral compartment are significantly
een observer more reproducible, both within and between
moral joint, observers, than assessments of sclerosis and cyst
r for all the formation. In the patellofemoral compartment,
1 particular, the only feature to show a similar overall
nt space and reliability was osteophyte formation.
,e of sclerosis The x statistic provides a tool with which to

assess agreement between sets of observations
of grades for above that expected by chance alone.7 As only
tibiofemoral three levels of severity were adopted in our

s, using the radiographic grading of each variable, and
;erver at each discordance of greater than one category was
occurrence of relatively infrequent, we decided against
)hyte than of adopting the weighted x statistic, as this might
of contour. have led to an over optimistic perception of

observer agreement.
Potential bias resulting from patient selection

is an important consideration in our study. We
* withinobserver included both knees of a series of subjects who

were part of a longitudinal study exploring the
natural history of osteoarthritis. The 100 study
radiographs were chosen by a worker, who did
not subsequently perform any of the study
assessments, on the basis of global evidence of
mild, moderate, and severe disease in one or

i both knees. It was hoped that the prevalence of
LROSIS CYST radiographic abnormalities in the study sample

would thereby fall within the range where the x
riation for statistic is not prevalence dependent. The

elcompartment frequency ofcertain features such as tibiofemoral
cyst formation, however, remained less than
10% for all observers, and the value of the x

feature in the statistic might have been artificially depressed.
lts, using data Certain methodological aspects of this study

might also have influenced the results. We
Total specifically chose not to include a radiologist as

an observer, as one of our purposes was to assess
2 consistency among the rheumatological staff

who view these radiographs in day to day
33 200 clinical and research settings. Joint space
19 200 narrowing and sclerosis were not measured by
3 200 ruler, but were assigned to three categories ofN/At 200 severity to enable consistency between features.
16 69* Investigations of hip osteoarthritis have sug-
21 100 gested that measurement by ruler may increase1 100 the within observer reproducibility of joint5 1008
- 100 space narrowing.' Finally, 'standard abnormal'

observer. radiographs could not be used in our study, as
they do not currently exist. Indeed, one future

nEU.
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aim of this work is to construct such a set using
reproducibility as a criterion.

Although the association between these radio-
graphic features has been documented in patients
with osteoarthritis of the knee, clinical obser-
vations have often pointed to differences in their
order of appearance and variation in their
clustering.5 In spite of this, the earliest
grading system of osteoarthritis, one which
assumes a sequence of events in the progression
of the disorder and attributes major significance
to osteophyte, continues to be used in clinical
and epidemiological studies.""'2 Improvement
or revision of this system requires information
on the reproducibility of its component radio-
graphic features. Such data are only now begin-
ning to accumulate. As part of an investigation
aiming to improve the assessment of radio-
graphic progression in osteoarthritis, Altman et
al' evaluated the reproducibility of joint space
narrowing, spurs, alignment, attrition, and
sclerosis in 32 pairs of knee radiographs. Their
findings for narrowing and osteophyte (spur)
were similar to those reported here, although
assessment of contour was more reproducible in
our study. Kallman et aF reported the repro-
ducibility of a series of assessments on hand
radiographs from patients with osteoarthritis.
Although the reproducibility for all features
tended to be greater for the hand than the knee,
the higher ranking of narrowing and osteophyte
was again observed.

This is the first study attempting to evaluate
the radiographic features of osteoarthritis in the
patellofemoral joint. Isolated patellofemoral
joint osteoarthritis is a recognised disease,
although its clinical and epidemiological
characteristics remain obscure. 3 The frequently
observed discrepancy in epidemiological studies
between knee pain and radiographic evidence of
osteoarthritis'4 may result, in part, from a
failure to examine lateral knee radiographs. Our
findings suggest that the consistency of assess-

ment between observers for features at this site
other than osteophyte, needs to be improved.
Alterations in the radiographic technique,
perhaps with the inclusion of skyline views of
the joint,'5 and training of observers, represent
potential means to improve reproducibility at
this site.

This work was supported by the Arthritis and Rheumatism
Council. We are indebted to Dr I Watt for assistance in definition
of the radiographic features.
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