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Magnetic resonance imaging in osteoarthritis of the
knee: correlation with radiographic and
scintigraphic findings

T E M McAlindon, I Watt, F McCrae, P Goddard, P A Dieppe

Abstract
Twelve knees with a range of severity of knee
osteoarthritis were assessed by magnetic
resonance imaging (MRI) and technetium-99m
labelled hydroxymethylene diphosphonate
scintigraphy. Five magnetic resonance pulse
sequences were evaluated. Proton density
(TR= 1000, TE=26 ms) and STIR (TR= 1500,
TI= 100, TE=30 ms) were chosen for further
use.

Abnormalities shown by MRI included joint
effusions, meniscal disruption, hyaline car-
tilage thinning, subchondral signal changes,
pseudocysts, and heterogeneity of signal from
osteophytes.

Certain MRI and scintigraphic appearances
correlated: (a) 'hyperintense osteophytosis'
and ipsilateral 'tramline' scintigraphic uptake,
suggesting increased fat content in 'active'
osteophytes; (b) subchondral signal change
and 'extended' pattern, possibly reflecting
inflammation, synovial leak, or fibrovascular
repair; (c) patellofemoral joint signal changes
and patellar isotope uptake.

Knee joint osteoarthritis is a major cause of
disability in the elderly. Clinical evaluation of
the disease is difficult and radiographs do not
image the tissues primarily affected. Under-
standing of the disease would be enhanced by
images showing soft tissues and by ways of
assessing activity of the disease process.

Magnetic resonance imaging (MRI) is a safe
non-invasive technique, which provides images
of high soft tissue contrast, and also has the
potential to give some indication of tissue
chemical composition. ' Preliminary reports
have suggested that the technique may offer
insights into the pathophysiology of osteo-
arthritis.2 To determine the optimal pulse
sequences and to evaluate the potential of MRI
in investigating osteoarthritic changes three
normal and 13 osteoarthritic knees were scan-
ned. Findings were correlated with clinical,
radiographic, and scintigraphic assessments.
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Patients and methods
CONTROLS
Three healthy volunteers aged 42, 54, and 75
years had a magnetic resonance scan ofone knee
joint each.

PATIENTS
Thirteen consenting subjects (nine female, four
male) aged 58 to 75 years with a range of

severity of idiopathic knee joint osteoarthritis
were selected from 200 patients taking part in a
current study of the scintigraphic assessment
of osteoarthritis at the Bristol Royal Infirmary.
The knee with exertional pain at the time of

the study was examined for tenderness, swelling,
crepitus, and deformity. Plasma viscosity and
rheumatoid factor were also measured.

RADIOGRAPHY
Recent anteroposterior weightbearing, and
lateral knee radiographs were available in all
cases. The presence of joint space narrowing,
sclerosis, remodelling, cysts, and effusion was
recorded in each compartment of the knee joint
and graded on a 0-3 severity scale. These scores
were then summated to provide an overall
severity score relating to each compartment.

SCINTIGRAPHY
Technetium-99m labelled hydroxymethylene
diphosphonate skeletal scintigraphy had been
performed during the six months before MRI in
12 cases. Abnormal isotope uptake in each of
the three compartments of the knee joint was
recorded as present or absent, and the distribu-
tion classified into one or more of the four main
patterns previously described3: (a) 'generalised'
uptake within 15 minutes of isotope injection,
indicative of synovial uptake or joint effusion;
(b) 'tramline'-a linear appearance suggestive of
uptake in the osteophytic rim; (c) 'extended'-a
more diffuse uptake in the subchondral region;
and (d) uptake in the region of the patellofemoral
joint, whether focal or diffuse.

MAGNETIC RESONANCE IMAGING
The magnetic resonance images were obtained
with a Picker Vista 2055 HP 0 5 tesla magnetic
resonance scanner and a knee surface coil.
Proton density (TR=1000, TE=26 ms), STIR
(TR= 1500, TI= 100, TE=30 ms),4 T2 weighted
(TR=1800, TE=90 ms), FE SUM (TR=500,
TE=12 ms), and FE DIFF (TR=500, TE=20
ms) sequences were evaluated in the three
controls.
The osteoarthritic knees were imaged with

both proton density and STIR sequences of
7 mm slice thickness in coronal and sagittal
planes, concentrating on the region of the tibial
plateaux.

INTERPRETATION
The imaging material used in this study was
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read by a musculoskeletal radiologist (IW) in
conjunction with a rheumatologist, with whom
a consensus interpretation was made.

Results
SEQUENCES
From the various sequences investigated on the
normal controls, two were chosen for further
use. Images of high tissue contrast and dis-
crimination were achieved with the proton
density sequence, and of the two sequences
investigated which generate images reflecting
tissue hydration, STIR was selected in prefer-
ence to conventional T2 weighted images
because of the suppression of signal from fat
and because of its shorter acquisition time.4

PATIENTS
Knee pain at rest was present in eight of the 13
cases, and crepitus and bony swelling were
present in all except one patient who had
isolated patellofemoral joint osteoarthritis.
Clinical signs of joint effusion were present in
six patients. Plasma viscosities were normal in
all except one patient, and none was rheumatoid
factor positive.

RADIOGRAPHY
Nine patients had predominant medial com-
partment osteoarthritis, and in five this was
associated with patellofemoral joint disease:
Three patients had predominantly patello-
femoral joint changes, and one had severe
destructive tricompartmental disease. Table 1
suimmarises these findings.

SCINTIGRAPHY
A 'generalised' pattern of uptake on early phase
scintigraphy was found in seven cases and
included the three with radiographic evidence
of joint effusion. Uptake was also found in the
medial compartments of 10 of the 12 cases
scanned and in each corresponded to radio-
graphic medial compartment osteoarthritis.
Patellofemoral joint uptake occurred in 10 cases
and included two who did not have radiographic
osteoarthritis at that site (table 2).

MAGNETIC RESONANCE IMAGING
The soft tissue anatomy of the

Table 2 Scintigraphic paterns of uptake in each joint
compartent

Patent Generalised Medial Latal PFJ*
No

2 + Tramline
Extended

3 + Tramline Tramline
4 + Tramime Tramline +

Extended
5 + Tramline Tramline +
6 +
7 Tramline +

Extended
8 Tramline +
9 +
10 Tramline +
11 + Tramline +

Extended
12 + Tramline Tramline +
13 + Tramline Tramline +

Extended

*PFJ=patellofemoral joint.

Figure I Proton density sequence magnetic resonance scan,
sagital section through the medialfemoral condyle.
Illustrated are bone marro (B), cortical bone (C), hyaline
catilae (H), menisc (M), infrapatellarfat (IF).

knee joint was

Table I Radiography
Patien Medial Lateral PFJ* Effusin Subchors&al
No conparne compartm Cyst

1 Moderate - Mild +
2 Severe - - - -
3 Severe Moderate - +
4 Severe Severe Severe + +
5 Moderate - Moderate +
6 - - Moderate
7 Moderate - Moderate
8 Mild - - - -
9 - - Moderate - -

10 Moderate - Moderate - -

11 Mild - Mild - -
12 Mild - Severe - -

13 Moderate - - - +

*PFJ=pateliofemoral joint; -=absent; +=present.

Figure 2 A STIR sequence; sagital section. Signalfrom
fat is suppressed andffrom water enhanced, hence bone
marrow (B)fat appears dark and hyaline cartlage (H) and

jointfluid (E) bright. A tearin the posterr menscal horn is
also highlighted (T).
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clearly shown by MRI in this case series (fig 1),
and a variety of soft tissue and bony abnor-
malities were also seen (figs 2-8).
The STIR sequence proved extremely sen-

sitive to the presence of increased joint fluid
(fig 2), which was apparent in 10 knees, having
been suspected clinically in only six.

Abnormalities of loadbearing cartilage were
also common, though, interestingly, meniscal
damage was more commonly seen than hyaline

Figure 3 Proton density sequence, coronal section taken at
the level ofthe anteror cruciate insertmon (AC). Hyaline
cartilage thinni (H) is apparent in the medial
compartm , where there is also little remaining ofmeniscus.
A meniscal tear (T) can be seen in the lateral meniscus.

Figure 4 Proton density sequence, sagittal section. Gross
meniscalfragntation is present with extrso ofmeniscal
remnants (M). There is also subchondral signal atenuation
(A) and a lage bright posterior condylar osteophyte (0).

cartilage thinning (fig 3), which was clearly
apparent in only five knees. Meniscal abnor-
malities were common, being present in 12/13
of the subjects' knees. Tears were identifiable in
four scans, and in six meniscal fragmentation,
with attrition and extrusion of meniscal rem-
nants, was of a major degree (fig 4).
Some degree of osteophytosis was identifiable

in all the patients' scans. Seven of these,
however, showed areas of osteophytosis, which
appeared hyperintense with respect to under-
lying bone marrow on the proton density
sequence (fig 5). The signal from both hyper-
intense and hypointense osteophytes became
suppressed on the STIR sequence.
Nine osteoarthritic knees displayed areas of

diffuse loss of subchondral marrow signal on the
proton density image (fig 6), mirrored by areas
of hyperintensity on the STIR sequence. In six
knees this phenomenon occurred in the medial
compartment, being apparent on the femoral
condyle, the tibial plateau, or both. In one
subject with this appearance affecting the medial
tibial plateau the loss of signal evolved as the
slices progressed posteriorly into a well defined
pseudocyst (fig 7). In five subjects similar signal
changes were evident in the region of the
patellofemoral articulation, either on a femoral
condyle or on the posterior aspect of the patella.

Subchondral pseudocysts were apparent on
4/13 magnetic resonance scans. In one patient
with advanced destructive disease pseudocysts
were seen both in the femoral condyle and in the
tibial plateau. The pseudocysts in the femur
appeared hyperintense on the STIR, and
hypointense on the proton density sequence,
suggesting high water content, and the tibial
pseudocysts showed the opposite pattern, sug-
gesting a high lipid content (fig 8).

FigureS Proton denst sequence, coronal section.
Osteophrytosis: 'bright' (B) and 'non-bright' (NB).
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Figure 6 Proton density (A) andSTIR (B) sequences, identical coronal section. The section is taken relatively posteriorly in
thejoint, hence the appearance ofthe fibular head (F). Dtifuse signal attenuation is seen on the proton density sequence in the
region ofthe medial tibial plateau. This appearance is mirrored by increased signal in the same region on the STIR.

CORRELATION
The technique was sensitive, showing the
presence of a joint effusion on the STIR
sequence in 10 subjects compared with four by
radiography and six by clinical examination. Of
the four subchondral pseudocysts detected by
MRI, only two were apparent on plain radio-
graphs.

Radiographic subchondral sclerosis, however,

Figare 7 Proton density sequence, coronal secton. The
subchondral signal atenuation seen infig 6A evolves into a
pseudocyst (P).

was predictive of local subchondral signal
change on MRI in only 4/14 areas, and con-

versely, four areas of magnetic resonance signal
change were not associated with radiographic
sclerosis.

In particular, as shown in table 3, a corre-
lation was found between the following pairs of
observations: (a) a 'tramline' scintigraphic pat-
tern and hyperintense medial or lateral joint line

Table 3 Correlation of certain magnetic resonance imaging
and scintigraphic appearances

(a) Medial and lateral compartment 'hyperintense' osteophytosis
v 'tramline' pattern of isotope uptake

Tramline

0* I*

Hyperintense osteophyte
0 8 3
1 1 12

x2= 10-75.

(b) Diffuse medial or lateral compartment subchondral magnetic
resonance signal change v 'extended' scintigraphic pattern

Exned paern
0 1

Mapetic resonance signal change
0 7 1
1 0 4

X2=8-4; Yates's correction=5-4.

(c) Magnetic resonance evidence of patellofemoral joint disease
v scintigraphic uptake

Scigraphy
0 1

Magnetic resonance
0 2 2
1 0 8

x2=4.8.*0=absent; 1=present.
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Figure 8 Proton densit (A) andSTIR (B) sequences ofthe identical sagittal section through the medialfemoral condyle.
Thefemoral cysts appear hypontne on proton density and hyperintense on STIR, suggesting high water content; the ttbtal
cysts have the opposite appearance, suggesting highfat content.

osteophytosis; (b) an 'extended' pattern and
diffuse medial or lateral compartment sub-
chondral magnetic resonance signal change
(comprising attenuation on the proton density
sequence in combination with increased signal
on the STIR sequences); and (c) patellofemoral
joint isotope uptake and patellofemoral disease
on MRI.

Discussion
Through its ability to reflect the varying chemi-
cal composition of tissues, MRI offers the
opportunity not only to provide high quality,
soft tissue images, but also to give an indication
of any pathophysiological processes taking
place.5 Studies of this imaging modality in
osteoarthritis have concentrated until now on
anatomical features rather than on processes.6 7
Two pulse sequences-the proton density,

which summates the signal from water and fat,
and the STIR, which reflects tissue water
content-were used to obtain images of good
anatomical resolution as well as the ability to
discriminate between the signal from water
and fat.

In this preliminary study we scanned 13 knee
joints at the severe end of the spectrum of
osteoarthritis, and compared these findings
with the subjects' radiographic and scinti-
graphic appearances.

Soft tissue lesions are remarkably well shown
on MRI and seem to be common; joint effusion
and meniscal disruption, often severe, are almost
universal in this group of patients. The high
prevalence of meniscal lesions in osteoarthritis
of the knee has not been previously emphasised,
and its universality in this series raises a

question of cause or effect. Trauma may have a
major role in the development of knee joint
osteoarthritis, even if it is classified as 'idio-
pathic' as in this case series.8

In contrast, the relatively low prevalence of
hyaline cartilage thinning is an unexpected
finding in a group of patients such as this. It
may reflect the limits of resolution of the
technique, particularly in the light of the work
of Gylys-Morin et al, who found that contrast
medium was required to image small cartil-
aginous defects.9 Equally, the possibility that
meniscal deterioration contributes to the major
part of joint space loss is compelling in the face
of these results.
A previously undescribed appearance ofMRI

'hypertense' osteophytosis has also been found.
The suppression of this signal on the STIR
sequence suggests it to be a result of a high lipid
content relative to bone marrow, and corre-
lation with 'tramline' scintigraphic uptake sug-
gests a degree of metabolic activity. Possible
explanations may be that osteophytes in differ-
ent stages of evolution have varying fat content,
or that osteophytes are heterogeneous, reflect-
ing different pathophysiological processes.

Further indication of the changes in osteo-
arthritis of the knee is provided by focal areas of
signal loss on proton density sequences in the
region of the subchondral marrow, mirrored by
increased signal on the STIR images, and also
corresponding to local scintigraphic uptake.
These appearances are compatible with a local
increase in tissue water content. Possibly, this
represents a synovial leak, underlying inflam-
mation, or the presence of fibrovascular tissue.

In one case this subchondral signal change
was clearly associated with the presence of a
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pseudocyst, and, possibly, the changes occur-
ring may result in bony resorption and pseudo-
cyst formation. Using the two pulse sequences
to discriminate between tissues it has also been
possible to show that pseudocysts may vary with
respect to their content, some being filled
predominantly with water and others with fat.

In conclusion, this study ofMRI has shown a
diversity of changes in osteoarthritis of the knee
joint. In addition to describing previously un-
reported appearances of osteophytosis and
subchondral marrow, it has also shown a corre-
lation between certain features and patterns of
scintigraphic uptake. The potential of MRI in
the evaluation of soft tissue changes has been
confirmed, and an intriguing question relating
to the role of meniscal damage in the develop-
ment of osteoarthritis of the knee has been
raised.
We wish to acknowedge the Arthritis and Rheumatism Council
for their financial support, the staff and trustees of the Bristol
Magnetic Resonance Centre for their help, and Dr Peter Jackson
for medical physics advice.
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