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Treatment of pigmented villonodular synovitis of the
knee with yttrium-90 silicate: prospective evaluations
by arthroscopy, histology, and 99mTc pertechnetate
uptake measurements
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SUMMARY The diffuse form of pigmented villonodular synovitis of eight knee joints of eight
patients was treated by intra-articular injection of 185 MBq yttrium-90 silicate (9'Y). Six patients
had a recurrence of disease after one or two surgical synovectomies. After treatment with 9'Y
once or twice four knees showed clinical improvement with an accompanying decrease of the
inflammatory activity as measured by the technetium-99m pertechnetate ( mTcOi) uptake
ratio and the severity of the diseased synovial tissue. Arthroscopy was performed before and six
months after each 9'Y treatment. The ratio of 99mTcO4 uptake in the inflamed compared with the
normal knee joint correlated well with the macroscopical grading of pigmented villonodular syno-
vitis. In all cases areas of persistent synovitis were found after the "x Y injection and this was con-
firmed both by histological examination and 9mTcO4 uptake measurements. Biopsy specimens
taken from the diseased synovial areas showed histologically mostly less prominent and less num-
erous villi. The cartilage damage was slightly increased in only two cases. No radiological
deterioration was found during follow up (mean 24 months, range 12-41). No complications of
the radiosynoviortheses were noted.

Pigmented villonodular synovitis is an uncommon
proliferative synovial disease usually presenting as
chronic monarthritis of the knee joint.1-3 It occurs in
either a diffuse or a localised form.4 The aetiology
and pathogenesis are unknown. Localised or diffuse
pigmented villonodular synovitis may be treated by
surgical excision of the disease tissue. Recurrence
after operation is common, however, especially in
the diffuse form.5 In view of this high recurrence
rate after surgical synovectomy, synovial irradiation
by yttrium-90 silicate (90Y) intra-articularly has been
attempted and encouraging results reported.69 The
effect of treatment with 9'}Y has never been evalu-
ated by arthroscopy with histological examination of
biopsy specimens and objective measurement of the
inflammation with technetium-99m pertechnetate
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(99'TcO4) uptake before injection and during follow
up.
We report clinical and laboratory data, including

99'TcO4 uptake measurements of the knee joint,
radiology, arthroscopy with synovial biopsy, and fol-
low up data, in a prospective study on radiosyno-
viorthesis with 90Y intra-articularly in eight patients
with pigmented villonodular synovitis of the knee
joint.
Patients and methods
PATIENTS
Eight patients seen at the University Hospital,
Nijmegen within a five year period (1983-1987)
were included. All patients had monarticular arthri-
tis of the knee with histologically proved pigmented
villonodular synovitis. A medial meniscectomy had
been performed in three of the eight patients. In six
patients one or two surgical synovectomies had pre-
viously been done (Table 1). All patients gave their
informed consent.
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Table 1 Clinical characteristics ofthe patients

Patient Age at onset Sex Interval between Clinical Meniscectomy Surgical
No (years) onset ofsymptoms presentation (n) synovectomy

and diagnosis (P/S)* (n)
(years)

1 21 F 4 +/+t 1 2
2 15 M 2 -/+ 0 1
3 34 M 1 +/+ 1 1
4 18 M 4 +/+ 0 0
5 18 M 10 +/+ 0 2
6 18 M 4 +/+ 0 2
7 53 M 0-5 +/+ 1 0
8 18 M 0-2 -/+ 0 1

*P=pain; S=swelling.
t+ =present; - =absent.

METHODS
All patients were questioned and examined before
the Y injection by one of two authors (MF, AB).
Variables used were tenderness, swelling, warmth,
and effusion, which were graded in arbitrary cate-
gories of 0-2 (0=absent; 1=moderate; 2=severe).
Results of treatment on the clinical variables were
arbitrary classifed in four grades: 0=no improve-
ment; 1=only one of the four variables improved;
2=two of the four variables improved; 3=three of
the four variables improved; 4=all four variables
improved. Each radiosynoviorthesis was preceded
by a 99TcO- uptake measurement of the joint and
arthroscopy with synovial biopsy. An x ray examina-
tion of the knee joint was made and scored accord-
ing to Larsen. '0 Haemoglobin and erythrocyte sedi-
mentation rates were assessed before treatment and
at follow up. Six months after the 90Y injection clini-

cal, laboratory, 99"TcO- uptake measurement,
radiological and arthroscopic evaluation were re-
peated. The patient's assessment of the response to
treatment was recorded according to an arbitrary
three point scale of effect ((=absent; 1=moderate;
2=good to excellent). If no remission had been
obtained a second injection of 185 MBq 9"Y was
given and evaluated in the same way. Thereafter,
clinical and radiological evaluations were performed
every six and 12 months respectively. After arthro-
scopy the 90-Y injection was delayed for six weeks to
prevent possible leakage of 9Y from the synovial
lesions caused by arthroscopy and biopsy.
The arthroscopic findings of pigmented villonodu-

lar synovitis were classified in arbitrary categories
of increasing disease areas from 0 to 4 (0=none;
1=only a few; 2=moderate number; 3=many;
4=diffuse). The cartilage was graded from 0 to 4

Table 2 Results ofclinical evaluation and radiological assessment before (B) and after thefirst (Y) and second (Y,) °'Y
injections

Patient Follow up Patient evaluation* Responset Radiological scoret
No after the last ofresponse

*Yinjection
(months) Y, Y2 Y, Y B Y, Y2

1 12 0 0 1 0 2 2 2
2 30 0 1 0 4 1 1 1
3 41 0 0 3 3
4 12 2 4 0 0
5 41 0 0 1 1
6 32 1 2 0 0
7 12 1 2 3 4 2 2 2
8 12 0 0 0 1 1 1 1

*Patients evaluation of response: 0=absent. 1 =moderate: 2=good to excellent.
tImprovement of clinical variables (swelling, tenderness, warmth. and effusion): 0=none; 1 =slight; 2=moderate; 3=good; 4=cxcellent.
tLarsen score. "'
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(0=normal; 1=fibrillations; 2=some erosions;
3=moderate number of erosions; 4=many
erosions).

99mTc PERTECHNETATE UPTAKE
MEASUREMENTS
Joint inflammation was measured by 4mTcO4
uptake.1' Briefly, patients were injected with 7.4
MBq 99mTcO-. After 23/4 minutes the amount of
radioactivity in the knee joints was assessed by
measuring the y radiation with the knee in a fixed
position using a collimated NaI scintillation crystal."
The monarthritic nature of the disease was shown by
the 99'TcO uptake ratio of the diseased compared
with the non-diseased knee joint.'2

RADIOSYNOVIORTHESIS
The radiosynoviorthesis was performed with 185
MBq 90Y intra-articularly.'3

LEAKAGE OF RADIOACTIVITY
To establish leakage of radioactivity from the knee
joint 48 hours after 90Y injection the count rates due
to bremsstrahlung were measured above the knee
joint, the inguinal nodes, the liver, and the heart
and' expressed as a percentage of the amount of
radioactivity in the injected knee joint. This was
done with a collimated, thallium activated sodium
iodide crystal (2x2 inch) in the energy range from
100 to 200 keV.

Results

Table 1 summarises the main clinical characteristics
of the eight patients. The mean interval between
onset of complaints and diagnosis was 3-2 years
(range 0-2-10). The time between the last surgical
synovectomy and the intra-articular 90Y injection
in the knee joints of the six patients was 27 months
(range 7-78). All these patients had subjectively a

short term effect (at most three months) of the surgi-
cal synovectomy. Of the eight patients treated with
185 MBq 90Yf intra-articularly, four received a

second injection after at least six months' follow up.
Table 2 shows the patients' evaluations of the
response and the clinical effect.

After the first injection three patients improved
subjectively or clinically, or both (Nos 4, 6, and 7).
One of them (No 4) had an excellent response.
After the second 9Y injection, two patients (Nos 2
and 7) improved and clinically both showed an

excellent response (Table 2). Two of the three
patients with a good to excellent response subjec-
tively and clinically (Nos 4 and 7) had refused a

surgical synovectomy (Table 1). Of the four patients

who did not received a second 90Y injection, two
(Nos 4 and 6) had an excellent or moderate clinical
response and the other two (Nos 3 and 5) refused a
second injection. In all patients erythrocyte sedi-
mentation rate and haemoglobin were normal
before and after injection of 9Y. Table 3 shows the
macroscopic evaluations of the synovium and cartil-
age condition. Initial arthroscopy showed a moder-
ate number or many areas of pigmented villonodular
synovitis. Amazingly only minimal scar tissues and
adhesions or none at all were present in the cases
with previous surgical synovectomy. After the first
90Y treatment the arthroscopy fibrotic scar tissue
and adhesions were found in a few or a moderate
number of areas. Some of these were covered with
villonodular synovium as evidence of relapse of the
synovitis. The medial and lateral gutter and inter-
condylar notch were always involved. In contrast,
the suprapatellar bursa was more fibrotic with local
signs of some pigmented villonodular synovitis. The
synovitis was decreased in patients Nos 2, 4, and 6
after the first 90Y injection.
The cartilage was, except for some fibrillation in

patient No 4 and some erosions in No 8, essentially
unchanged during the follow up period, and the
menisci were also unchanged. In patients Nos 1, 2,
and 8 a second 90Y injection was performed. The
arthroscopic findings after this injection did not dif-
fer from those mentioned above. Unfortunately,
arthroscopic findings in patient No 7 are missing as
the procedure was not allowed because of a recent
heart attack. Before 90Y injection the synovium
showed histologically prominent villi covered with
several layers of proliferating synovial lining cells.
In the hypervascular stroma an extensive mono-
nuclear cell infiltrate was seen with intracellular and
extracellular haemosiderin pigment and multi-
nucleated giant cells and foam cells, and cells with
pale nuclei. After 9*Y injection the most important
changes in the diseased synovium were that the villi
were mostly less prominent and covered with only
one or two layers of synovial lining cells. In the
stroma of macroscopically inactive areas extensive
fibrosis was found with occasionally a giant and
foam cell and haemosiderin pigment (Fig. 1).
Table 3 shows also the 99'TcO uptake ratios

before and after the first and second 9{Y injection in
the knee joint. These ratios correlated well with the
macroscopical grading of the synovium (p<0.01). In
four patients (Nos 2, 4, 6, and 7) the 9h1TcO4
uptake ratio declined after the first 9Y injection. In
the four patients who received a second 90Y injec-
tion (Nos 1, 2, 7, and 8) a 99"TcO- uptake measure-
ment was made six months after this injection. In
two of them (Nos 2 and 8) the 99mTcO4 uptake ratio
six months after the second 90Y injection decreased
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Fig. 1 Histological picture before
(A) and after (B) yttrium-90
silicate (9°Y) injection showing a
changefrom a hypervascular and
hypercellular stroma to a stroma
with extensivefibrosis with an
occasional giant andfoam cell and
haemosiderin pigment.
(Haematoxylin and eosin.)

in comparison with the ratio taken at six months
after the first 90Y injection. One patient (No 6) had
nearly normal 99ITcO- uptake ratio before injection
and a minimal decline after the injection. None of
the other patients in whom 99'TcO4 uptake ratios
declined reached the normal value. The fluctuations
in quantitative assessments by 99'TcO- uptake cor-
responded well with clinical evaluations and the
macroscopic evaluation of the synovium (Tables 2
and 3).

Six patients showed radiological changes accord-

ing to Larsen'° before the 90Y injection (Table 2).
One patient showed erosions, cysts, and joint space
narrowing (grade 3), two patients scored grade 2
according to Larsen, and three patients had slight
abnormalities (grade 1). No further radiological
deterioration was found during follow up (mean 24
months, range 12-41).
The count rate of activity measured above the ing-

uinal lymph nodes, liver, and heart varied from 0-2
to 1-2% of the count rate measured above the knee
joint.
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Table 3 Technetium-99m pertechnetate (99mTc04) uptake measurements (inflamedlnormal knee joint ratios) and the
macroscopical grading ofthe synovium and ofthe cartilage in the knee joints with pigmented villonodular synovitis before
(B) and after the first (Y,) and second (Y2) 90Y injection

Patient 99mTcO4 uptake of the Synovium macroscopicallyt Cartilaget
No inflamed/non-inflamed knee joint* (0-4) (0-4)

B Y, Y, B Y, Y, B Y, Y

1 3-1 3.1 3-9 3 3 4 2 2 2
2 2-2 1-9 1-6 2 1 1 1 1 1
3 39 4-6 3 4 4 4
4 2-7 1-7 3 1 0 1
5 3-2 3-7 3 3 1 1
6 1-2 1-0 2 1 1 1
7 2-6 1-9 2-0 3 NDt ND§ 2 ND§ ND§
8 2-1 2-5 2-2 3 3 3 1 1 2

*Coffelation between 9"'cO4 uptake and the synovium macroscopical grading in the knee joints with pigmented villonodular synovitis;
p<0-01 (Spearman rank correlation, corrected for ties).
tSynovium grading of disease areas: O=none, 1=only a few, 2=moderate number, 3=many, 4=diffuse; cartilage grading: 0=normal,
1=fibrillations, 2=some erosions, 3=moderate number of erosions, 4=many erosions.
tHeart attack.
§Refused.

Discussion

Several authors have suggested in case reports the
possibility of radiation synovectomy with 9' in the
treatment of pigmented villonodular synovitis69 as
an alternative treatment for surgical synovectomy.
The main reason for use of 90Y in our study was

the common recurrence of pigmented villonodular
synovitis after surgical synovectomy.

Thirty two months (mean) after treatment with
90Y 50% of treated knees showed a clinical improve-
ment of the synovitis. Suppression of the synovitis
was also seen from the 99"'TcO uptake ratio and by
arthroscopy. In the cases with a good clinical
response the 99'TcO4 uptake ratios did not reach
normal values and arthroscopy showed that some
areas of persistent synovitis were always present.
Biopsy specimens from these areas showed histo-
logical evidence of pigmented villonodular synovitis;
the aspect varied, but mostly there were less pro-
minent villi covered with less layers of the synovial
lining cells than before 90Y injection. Otherwise the
histology of these villi was not clearly changed.
Reports of 11 patients with pigmented villonodu-

lar synovitis treated intra-articularly with 90Y have
been published (Table 4). Nine had a good to excel-
lent clinical response and two a moderate clinical
result. The follow up was 3-72 months (mean 31).
Arthroscopic evaluation with synovial biopsy was
performed in only one case.6 Two of the 11 cases
had undergone a previous surgical synovectomy.
This contrasts with our study in which six of the
eight patients had undergone one or two previous
surgical synovectomies. These surgical synovecto-
mies had only a short term favourable effect or none

at all. Only two of these six patients (Nos 2 and 6)
showed improvement after 90tY injection. These two
patients, before the 9'Y treatment, had a low
99ITcO uptake ratio and macroscopically their
synovitis (category 2) was less severe than in the
other cases (Table 3). The remaining two patients
(no surgical synovectomy) had an excellent
response, but the follow up period was quite short
(Table 2). These knee joints had a relatively high
99"TcO uptake ratio and macroscopically their
synovitis was category 3 before the 9Y injection.
Previous failed surgical synovectomy may be seen as
a more serious condition, resulting in a lower
success rate. Patients in whom 90Y intra-articular
(knee) injection had a good effect showed, apart
from one patient, only minimal cartilage destruction
or none at all. Previous studies reported that in
rheumatoid knee joint synovitis 90Y and 198Au
radiocolloids had the best results in knees with
minimal radiographic evidence of bone and cartilage
destruction.13 14
The 991TcO uptake ratios correspond well with

clinical and patients' evaluations in assessing the
activity and response to treatment and the macro-
scopic synovium findings. The knee joints with most
radiological damage had all undergone a meniscec-
tomy. To what extent the meniscectomy had caused
joint damage is not known. During the follow up no
further radiological damage was found. As pig-
mented villonodular synovitis is primarily a benign
disease of young people one should be aware of the
potential risks of radiation exposure. To reduce
leakage of radioactive material from the joint we
immobilised the joint after the injection, thereby
reducing the risks of potential damage.15 16 The
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Table 4 Review of19patients with pigmented villonodularsynovitis treated intra-articularly with 9'Y

Paient Agelsex $°Y injection Follow up Effect* Synovectomy References
No (n) (months)

1 21/F 2 12 0 + This study
2 15/M 2 30 1 +
3 341M 1 48 0 +
4 18/M 1 6 2 -
5 18/M 1 42 0 +
6 18/M 1 25 1 +
7 53/M 2 6 2 -
8 18/M 2 6 0 +

9 29/F 1 12 2 - 8
10 48F 2 36 2 -
11 62/F 1 21 2 -
12 55/M 1 3 2 -
13 69/F 1 15 1 -

14 26/M 1 72 2 7

15 45/F 1 42 2 + 6

16 19/F 2 48 2 - 9
17 21/F 1 48 2 -
18 36/F 2 48 2 -
19 45/F 1 48 1 +

*0=no response; 1 =moderate; 2=good/excellent.

leakage of radioactive material from the joint we
immobilised the joint after the injection, thereby
reducing the risks of potential damage.'5 16 The
leakage of radioactivity in our patients did not
appear to be different from that in published
reports.'3 17 18 The total body radiation load due to
leakage of 9"Y was calculated to be 0-8 cGy (the
inguinal lymph nodes and knee joint excluded).
This can be compared with the effective dose
equivalent due to urography (1 *8 cGy).'9 Moreover,
no malignancies have so far been reported after
radiosynoviorthesis with 9"Y. The follow up of
patients With pigmented villonodular synovitis
treated intra-articularly with ')Y, including those in
other published reports, is quite short, with a mean
of 31 months (ranging from three to 72 months;
Table 4); therefore no conclusions can be made
about the long term recurrence rate after 9"Y
injections.

Conckusions

Our data suggest 1. Yttrium-90 silicate injections in
the knee joints may be an alternative treatment for
pigmented villonodular synovitis, especially in
patients without previous surgical synovectomy. 2.
It seems that intra-articular 9A)y, in cases in which a
previous surgical synovectomy has failed, has the
best results in knee joints with pigmented villo-

nodular synovitis disease activity. 3. There is a
good correlation between the clinical improvement,
9MTcO4 uptake ratios, and the severity of the
diseased synovium tissue of pigmented villonodular
synovitis in the knee joint. 4. Even when a clinically
good result was obtained in the knee joint six
months after 90Y treatment areas of pigmented
villonodular synovitis still remained.

We wish to thank Dr Kubat of the department of pathology for
carrying out the microscopic examination and Marianne
Verhoeven for typing the manuscript.
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