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Abstract
Objectives—To investigate the potential of
quantitative magnetic resonance imaging
(MRI) to diVerentiate between therapeuti-
cally induced changes in inflammation
and synovial proliferation in rheumatoid
arthritis (RA) of the knee.
Methods—MRI of the knee was performed
on patients with RA before and one week
after injection with corticosteroid (triam-
cinolone acetonide, TA group, n=9) and
before, four, and 12 weeks after injection
with yttrium-90 plus TA (TA+Y group,
n=7). MRI scans were analysed by subjec-
tive visual grading by a trained observer
and by computer aided quantitation for
three features: synovial fluid volume,
synovial pannus volume, and synovial
enhancement after intravenous contrast
agent.
Results—All TA subjects improved clini-
cally at one week but the eVects of TA+Y
were more variable. TA significantly
reduced synovial enhancement and
eVusion volume, whereas TA+Y at 12
weeks tended to increase synovial
enhancement and decrease pannus vol-
ume. Quantitative MRI values agreed well
with subjective assessment of scans. Com-
parison of calculated change on MRI scan
before and immediately after aspiration
with actual volume aspirated showed high
correlation (r=0.96).
Conclusions—Quantitative MRI corre-
lates with subjective visual assessment
and, at least for synovial fluid, is accurate.
MRI can diVerentiate actions of two
therapeutic modalities on various patho-
logical processes and is sensitive enough
to detect change after one week. With the
additional advantage of lack of observer
bias, it will probably become a useful tool
in the development and assessment of
existing and novel treatments.

(Ann Rheum Dis 1997;56:378–381)

The pathology of knee joint arthritis reflects a
number of diVerent but interrelated processes
including inflammation, synovial proliferation,
vascular changes, and destruction of cartilage
and bone. Therapeutic interventions are likely
to act at specific points. Current methodolo-
gies such as clinical measures, measurement of
the acute phase response, and plain

radiography fail to diVerentiate between
inflammation and synovial proliferation.
Magnetic resonance imaging (MRI) is

unique in its ability to visualise bone, cartilage,
synovium, and fluid, particularly when intrave-
nous contrast (gadopentetate dimeglumine,
GdDTPA) is used.1 2 There is now good
evidence that GdDTPA enhancement reflects
areas of synovial inflammation as confirmed by
biopsy and histology.2–4 Newer sequences have
also improved the discriminatory ability of
MRI.2 5

The mode of action of intra-articular
corticosteroid in RA is uncertain. A reduction
in blood flow can be demonstrated by
scintigraphy,6 suggesting a rapid anti-
inflammatory eVect. The radioisotope
yttrium-90 (90Y), used to treat persistently
inflamed joints since 1963, seems to produce
eVects at three months, lasting for up to a year.7

The duration of such an eVect suggests an
action on proliferating cells and pannus forma-
tion.
The aims of this study were to compare sub-

jective assesment of MRI features with quanti-
tative assessment and to investigate the poten-
tial of quantitative MRI to diVerentiate
between therapeutically induced changes in
inflammation (using corticosteroid injection as
a model) and synovial proliferation (using 90Y)
in the knee joint of patients with rheumatoid
arthritis (RA).

Methods
PATIENTS

Subjects (n=16) were consecutive patients with
RA in whom either corticosteroid or 90Y injec-
tion to a single knee had been recommended
by their physician. Nine were assessed before
and one week after aspiration and injection
with 40 mg triamcinolone acetonide (TA
group). The remaining patients (n=7) were
assessed before, four, and 12 weeks after injec-
tion with 90Y (200 MBq per joint) plus triamci-
nolone acetonide 40mg (TA+Y group). In all
cases the maximum amount of fluid that could
be aspirated was removed from the joint. The
timing of assessments was chosen to represent
the anticipated peak action of the treatments.
The mean age of subjects in the TA group

was 59 years (range 27–74) with a disease
duration of 9.8 years (range 2–28). The TA+Y
group were older at 66 years (range 38–81)
with disease duration of 25.6 years (range
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7–47). Informed written consent and ethics
committee approval was obtained.
Clinical scoring, before each scan,

comprised patient’s assessment of rest, use and
night pain, early morning stiVness, and inactiv-
ity stiVness in the index knee. Each symptom
was graded 0–3 resulting in a total maximum
pain/stiVness score of 15. Soft tissue swelling
was recorded (0, 1 or 2), as was patient’s over-
all assessment of change (much better, better,
same, worse, much worse, scored 1–5
respectively).

MAGNETIC RESONANCE IMAGING

A Siemens Impact 1.0T scanner was used.
Sequences, chosen for their ability to visualise
synovium and eVusions, comprised T1
weighted (TR=400, TE=15, FOV (field of
view) 250) and T2 weighted (TR=1800,
TE=90, FOV 250). PSIF 3D gradient echo
(TR=17, TE=7, flip angle 30, FOV 250) scans
were performed before and immediately after
aspiration of eVusions. Post contrast (Gd-
DTPA, 0.1 mmol/kg) dynamic acquisition
sequences (FLASH 3D: TR=30, TE=6, flip
angle 30, FOV 250) were performed to allow
rate of enhancement to be calculated: 20 meas-
urements, each taking 14 seconds to acquire,
were made with 0.3 seconds between each set.
The T1 weighted sequence was also repeated
after enhancement. Four mm sagittal slices
were taken throughout with the exception of
PSIF 3D and FLASH 3D for which 2 mm
slices were taken.
Two methods of measuring synovial pannus

volume, fluid volume, and enhancement were
compared: visual assessment by a radiologist
and computer aided quantitation. The
following features were graded subjectively:
eVusion (0–3), pannus (0–3) and degree of
enhancement (0–2). Quantitation of fluid and
pannus volumes used methods similar to those
published elsewhere.2 8 9 Briefly, fluid volume
was obtained from T2 weighted (PSIF) scans
by manual segmentation using Siemens image
analysis software. The area calculated for each
slice was multiplied by the slice separation to
give the total volume. Pannus volume was cal-
culated after completion of the dynamic acqui-
sition sequences (about five minutes after Gd
DTPA injection) from T1 weighted sequences,
using an image processing station (‘Mipron’,
Kontron). In each slice, thresholds were
applied to exclude noise and fat and a circular
region of interest (ROI) to include the joint
space was imposed. For pixels within this ROI

and between these thresholds, a parametric
image was calculated via: ((after −
before)/before)) × 100%. Pixels enhancing by
more than 50% and less than 300% were
counted. Again, the area of pannus was
outlined and calculated for each slice and
finally multiplied by the slice thickness. Quan-
titation of enhancement used signal intensity
plots from a ROI in the suprapatellar pouch
(the most homogeneous region in terms of
enhancement). Two measurements were
made: the percentage increase in signal
intensity (SI) and the maximum gradient of
increase in signal intensity, measured in
units/second. All quantitative analysis was per-
formed blind to timing and nature of
treatment.

REPRODUCIBILITY

Intraobserver reliability for subjective analysis
was assessed before the study by grading 10
scans for the three features on two occasions: of
30 replicates, a diVerent grade were assigned
on four occasions, in all cases by a diVerence of
just one grade. Replicate studies of pannus vol-
ume calculation (four subjects repeated five
times) gave a coeYcient of variation of 0.89%;
for synovial fluid volume (single subject, eight
replicates) CV was 4.5%.

STATISTICAL ANALYSIS

To compare aspirated and calculated fluid vol-
umes the approach of Altman and Bland 10 was
used after first talking the log of volume plus 1.
The relation between subjective grades and
quantitative values was examined by the
Kruskal-Wallis test. This test assumes
independence of observations. Although up to
three observations are included from the same

Table 1 Comparison of subjective grading of MRI features and quantitated values

MRI parameter Subjective grade
Number of
observations Median Range p Value (Kruskal–Wallis)

EVusion volume 0 10 2.25 ml 0.6–8.0
1 13 9.2 ml 0.2–22.7
2 9 28.9 ml 11.4–42.7
3 6 56.6 ml 37.9–159.4 p<0.001

Pannus volume 0 6 75.5 ml 57–104
1 10 149.0 ml 81–189
2 11 135.0 ml 30–212
3 11 186.0 ml 112–276 p=0.0016

Enhancement 0 7 57.0 % 8–86
1 7 104.0 % 40–180
2 18 120.5 % 28–415 p=0.0148

Figure 1 Comparison of aspirated volume of synovial
fluid with calculated change in volume on MRI. Log
transformations used. r = 0.9604.
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individual these are separated by up to three
months. Limiting analysis to one observation
per subject gave similar results. The clinical
scores and quantitative MRI data were
analysed using the Wilcoxon signed rank rest
on the change from baseline.

Results
Table 1 shows the relation between subjective
scores and calculated values. In addition, there
was a strong relation between the degree of soft
tissue swelling and calculated eVusion volume
(p=0.0004) and pannus volume (p=0.021),
but not enhancement (p=0.23).
External validation was sought for fluid vol-

ume by comparing the volume of fluid
aspirated with the calculated change in volume
determined by MRI taken before and after
aspiration (fig 1). Log regression plot gave a
correlation of 0.96. There was no statistical
evidence of diVerential or overall bias.
In the TA study, all patients improved by

pain and stiVness score and most felt ‘much
better’ one week after corticosteroid injection
(table 2). Soft tissue swelling decreased or did
not change in all subjects. MRI showed a
significant reduction in synovial fluid volume
both by score and quantitation (median fall
20.9 ml). Synovial enhancement also fell in all
subjects as measured by both percentage
enhancement (median fall 50.0%) and by
maximum gradient (median 3.5 units/s). Syno-
vial pannus was not aVected significantly by
corticosteroid treatment. The measured
volume actually rose in two subjects.
In the TA + Y study, pain and stiVness, soft

tissue swelling, and patient’s opinion also
improved at four weeks. However, there were
no significant changes in MRI either by score
or quantitative values. At 12 weeks, the
improvement in patients’ pain and stiVness had
been lost. Only two of the six patients felt bet-
ter. Again, at 12 weeks MRI values were not
significantly diVerent from baseline. Enhance-
ment actually increased while pannus volume
decreased (both non-significant). The two
patients who reported feeling better had the
largest calculated fall in pannus at 12 weeks.

Discussion
Our results suggest that the volume of synovial
fluid and proliferative synovial tissue and the
degree of enhancement after GdDTPA
injection can be reliably quantitated using
MRI. We have shown good correlation
between calculated and actual volume of fluid
removed, providing some external validity.
There is also a good relation between
subjective assessment of features and
calculated values. Finally, biological plausibil-
ity is suggested by the finding that soft tissue
swelling relates closely to calculated volumes
for synovial fluid and, to a lesser extent, pannus
but not to enhancement.
There have been several previous studies in

which MRI has been used to evaluate drug
therapy.11 12 Corticosteroids have been shown
to reduce GdDTPA enhancement13 and
pannus volume in the knee.14 Osmic acidTa
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synovectomy was shown to reduce pannus vol-
ume without aVecting enhancement.15

Quantitative MRI is technically diYcult and
makes certain assumptions. For example,
Gd-DTPA may diVuse into fluid resulting in
peripheral enhancement of eVusion and part of
the synovial fluid being measured as pannus.
DiVusion is increased with mobilisation of the
knee and in the presence of synovitis. In our
study, scans were obtained shortly after
injection and patients remained resting. Other
potential diYculties include reproducibility of
image slices taken at diVerent times and defini-
tion of tissue to be analysed. In this study, pan-
nus and eVusion measurements were made for
a volume including the entire knee, thus elimi-
nating errors arising from slice irreproducibil-
ity.
Improvement was expected in patients

treated with corticosteroids and, indeed, was
seen in all clinical parameters. These were
reflected in MRI changes, which also allowed
diVerential eVects to be studied. The corticos-
teroid clearly reduced fluid volume and
gadolinium enhancement. This observed
reduction may have resulted from corticoster-
oid, aspiration of fluid or a combination of
both. However, as synovial fluid has a rapid
turnover, re-accumulation would result unless
the drug was exerting a therapeutic eVect. Both
the gradient of enhancement, (which reflects
perfusion) and the maximum enhancement
(reflecting both perfusion and diVusion) were
reduced supporting a role for corticosteroids in
reducing inflammation. The eVect of TA on
pannus was not significant. The response in the
TA+Y group at four weeks may reflect persist-
ent eVects of corticosteroid given simultane-
ously with 90Y, or even a placebo response. This
improvement was not maintained at 12 weeks
nor was it, in general, matched by MRI
changes. The two subjects who reported
feeling better at 12 weeks had the greatest
reduction in pannus, as previously reported in
osmic acid synovectomy.15 It is possible that the
timing of our assessments missed the peak
action of the drug. Our study, however, had
very small numbers and may simply have
lacked the power to detect an eVect of 90Y.
Quantitative MRI has advantages of

objectivity and lack of observer bias. It is capa-
ble of demonstrating changes in synovial
pathology over a short time period and can dif-
ferentiate between eVects of intra-articular
treatment on inflammation and pannus forma-

tion. MRI features seem to correlate with clini-
cal improvement. While the end result of pain
felt by the patient remains an important
outcome measure, the ability to detect changes
at the site of pathology allows a more discrimi-
nating approach to development and
assessment of treatments.
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