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Use of yttrium 90 in persistent synovitis
of the knee
1. Retention in the knee and spread in the body after injection

J. M. GUMPEL
Northwick Park Hospital and Clinical Research Centre, Harrow, Middlesex,
E. D. WILLIAMS AND H. I. GLASS
Department of Medical Physics, Hammersmith Hospital, London

Radioisotopes have an established role in the
management of chronic synovitis and to varying
degrees are used in the place of surgical synovectomy
(Delbarre, Roucayrol, Cayla, Menkes, Ingrand, and
Aignan, 1969). Yttrium-90 is now increasingly used in
place ofgold-198 in the treatment of chronic synovitis
in the knee. Among the reasons for this are the greater
penetration of its beta radiation, the absence of
undesirable gamma radiation, and the apparently
small loss from the knee.

In the first studies assessing the use of 198 Au, no
leakage from the knee was noted (Ansell, Crook,
Mallard, and Bywaters, 1963), but with improved
techniques it became apparent that significant
amounts of 198 Au spread to regional lymph nodes
and also to the liver (Virkkunen, Krusius, and
Heiskanen, 1967; Grahame, Ramsey, and Scott, 1970;
Topp and Cross, 1970). The presence of gamma
radiation makes it easy to count extemally, and thus
to follow the spread of 198 Au around the body.

Prichard, Bridgman, and Bleehen (1970), com-
paring two preparations of 90Y injected into the knee,
found no leakage when the yttrium was in a form
bound to colloidal ion-exchange resin. When using a
colloidal suspension of 90Y-silicate, they found
considerable leakage to lymph nodes and liver.

This paper describes the use of a quantitative
scanning method (Williams, Glass, Arnot, Goolden,
and DeGarretta, 1969) for estimating both the
amount of 90Y retained in the knee, and its distri-
bution in other sites in the body. As 90Y emits only
beta radiation, it is necessary to use special measure-
ment conditions to count the bremsstrahlung.

Material and Methods

All the eleven patients treated had chronic synovitis of the
knee, despite full conservative therapy and the use of
intra-articular steroids. The duration of their effusions
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ranged from 6 mths to 11 yrs (mean 15 mths). In general
the knees showed moderate to severe radiological change,
and only two would have been suitable for prophylactic
synovectomy. The diagnoses were rheumatoid arthritis in
nine patients, osteoarthrosis in one, and Reiter's syndrome
in one.
90Y resin colloid was obtained from the Radio Chemical

Centre, Amersham, England (CodeNoYAS 3P). The dose,
in most cases 5 mCi, diluted to a total volume of 5 ml. with
saline, was injected into the knee. The same volume of
radioactive solution was retained in a 5 ml. plastic vial and
used as a standard. The knee was scanned using a dual
3-in. detector Picker scanner within 30 min. of the in-
jection. The scan of the knee was repeated, usually 1, 2, and
5 days after the injection. In some cases a lateral view of
the distribution of 90Y in the knee was also obtained. 90Y
emits only beta radiation which is completely absorbed in
body tissues. During this absorption process a wide
spectrum of penetrating radiation (bremsstrahlung) is
emitted, which can be detected externally. The best spatial
resolution was obtained counting a portion of this
spectrum (60-200 keV). The sensitivity of the scanner was
found to be independent of the depth of a 90Y source in a
water tank.
The amount of radioactivity in the knee was estimated

from the number of dots on the scan. This scan was
divided into three rectangular areas, one enclosing the
image of the radioactivity in the knee, and the sum of the
other two, above and below the knee, was used to estimate
the background radioactivity in the tissues. The knee area
was divided longitudinally into strips 1 cm. wide. The dots
in each strip were counted, and the number of dots in the
adjacent tissue regions was multiplied by the ratio of the
areas of the knee and adjacent tissue regions, divided by
the number of strips, and subtracted from the number in
each strip in the knee region. The net number of dots in
each strip was then corrected for attenuation according to
the thickness of the knee at that point.
The net number of dots on a scan of a water phantom

containing the standard was used in calculating the
fraction of the injected dose retained in the knee. Cor-
rections were made for differences in sensitivity depending
on the scan speeds used for the patient and phantom
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scans and the size of the areas used for dot counting. The
method of calculation was similar to that described by
Williams, Glass, Goolden, and Satyavanich (1972) for
thyroid uptake scanning. At some time (in many cases 2
days after injection) the areas of the liver and pelvis were
also scanned and these scans were repeated if any localized
uptake was found. The radioactivity at each site was
estimated by dot counting, using the technique described
above.

Results

Table I shows that the range ofretention ofYttrium-90
in the knee after 5 days varied from 52 to 91 per cent.
of the injected radioactivity (mean 77 8 per cent.).
The retention bore no relation to the estimated
thickness of the synovial membrane. Although all
patients had been told to rest after the injection, it was
clear that this instruction had been variably inter-
preted. At a late stage in this study, after publication
of the results of Oka, Rekonen, Ruotsi, and Seppala
(1971), it was decided to ask the earlier patients to
assess the degree of their activity in the first 3 days and
this assessment is shown in Table I. Subsequent
patients were confined to bed, apart from using a
commode, and the last patient (Case 11) had one knee
splinted. The relation between retention and the

degree of activity of the patient in the 3 days after
injection is shown in Fig. 1.
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F I G. 1 Comparison of retention of 90 Y in the knee and
degree ofactivity after injection (correctedfor decay)

In all but one patient the uptake in regional lymph
nodes was less than 5 per cent. of the injected radio-
activity. In this patient, injected on two occasions,
the loss of 90Y from the knee was large, and the

Age Synovial Knee Radio
(yrs) thickness injected activity

given
(mCi)

60 R 5
i R2 2-5

L 7.5

68 0 L 5
0 R 5

61 + L 5

39 + R 5

54 ++ R 5

52 ++ R 5

45 ++ R 5

54 ++ L 5

74 + R 5

61 + L 5
R 4-8

68 ++ L 5
++ R 5

Per cent.
activity
at 5 days

52
68
81

76
74

84

55

79

69

82

88

86

90
91

83
85

Per cent. Liver Index
dose in of
lymph nodes ambulation
at 5 days

19-9 3
11-8* 1
3-7* 1

0 2 3

1-5 2

1-9t 2

0 2

2-4t 2

0 2

3-5t 2

0 1

0

0 1

t I

t 0

* interpolated.
t unscanned.
t measured at less than 5 days.
§ osteoarthrosis

¶f osteoarthrosis and rheumatoid arthritis.
Reiter's syndrome.

Ambulation: 3-normal
2-restricted
1-rest in bed
0-splinted

Table I

Patient
no.

1

§2

3

114
5

6

7

8

¶9

10

11
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uptake by the regional lymph nodes was high
(Fig. 2). The clinical result of the first was good but
incomplete, and a small second injection was given to
the right knee, at the time of treating the left knee. No
correlation between post-injection ambulation and
lymph node uptake was found (Fig. 3).
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F I G. 2 Retention of90 Yin the knee anduptake in regional
lymph nodes (correctedfor decay). Three injections in Case
I (see Table I)
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The accuracy of the method of measuring radio-
activity in the knee was tested by comparing the net
amount of radioactivity injected with the estimated
radioactivity from the scan obtained immediately
after injection (expected to be 100 per cent. of the
dose). In six patients the mean difference was 3 per
cent. of the dose.

Discussion
These studies show that yttrium colloid resin is
reasonably well retained in the knee, a mean of

77-8 per cent. of the injected dose being still present
in the knee 5 days after injection. Although no
comparable calculations are available for radioactive
gold or yttrium, this retention would appear to be
rather more satisfactory than has been found by
others for gold, if one takes into account the con-
siderable proportion of the injected dose of 198 Au
found in regional lymph nodes and in the liver.
Although we were satisfied that we could measure

the retention of the yttrium in the joint, certain other
factors make it difficult to calculate a radiation dose
to the synovial membrane. One of the most important
factors needed is the area of synovial membrane in
the knee. There is relatively little information in the
literature regarding this area in the normal knee, and
unpublished studies (Webb, 1968) show that there is
considerable variation even between the two knees of
one individual. Another factor is the inability to
estimate satisfactorily in different patients the degree
of thickening of the synovial membrane and of villus
formation. Any calculation would need to assume a
fixed thickness of membrane and abnormal tissue
irradiated and also that the phagocytosed yttrium
does not move in the synovium in the days after
injection. It would seem possible to say only that the
radiation dose to synovial membrane from a given
dose of radioactive 90Y varied considerably from
patient to patient, and that this could be one factor in
variable clinical results. In one patient with a Baker's
cyst, approximately half the radioactivity was found
in the cyst in the days after injection, thus reducing the
dose to the synovial membrane.

In Table II the measurements of the uptake of 90Y
in the regional lymph nodes are compared with the
results of Oka and others (1971) for 90Y resin and of
Virkkunen and others (1967) and Topp and Cross
(1970) for 198 Au. As our results for regional lymph
node uptake are similar to those obtained by Oka and
others, we have combined them for comparison with
the 198 Au data of Virkkunen and others. It can be
seen that there is a significantly higher proportion of
patients with lymph node uptake of less than 1 per
cent. of the dose using 90Y (49 per cent.) compared to
198 Au (11 per cent.). Again, if one looks at the group
where more than 10 per cent. of the injected dose is
found in regional lymph nodes, there is a significantly
higher proportion for 198 Au (38 per cent.) than for
90Y (6 per cent.) (significance test: Armitage, 1971).
Although our number of patients is small, we found
no patients with regional lymph node uptake in
excess of 20 per cent. of the injected dose, although
Virkkunen and others found this degree of uptake in
16 per cent. of their patients, and Topp and Cross in
19 per cent. Thus it would appear that the regional
lymph node uptake is smaller for 90Y and, allowing
for the increased radiation dose per mCi of 90Y,
that a smaller radiation dose is almost certainly
delivered to regional lymph nodes using 90Y, since
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Table II Regional lymph node uptake

Lymph node uptake Number ofpatients
(per cent. ofdose)

90Y 198 Au

Range Present Oka and Total Virkkunen* and other-s Topp and
series others Cross

No. Per cent. No. Per cent.

< 1 7 9 16 49 15 11 4

1-10 5 10 15 45 67 51 8

>10 2 0 2 6 50 38 4
* Including injections other than in the knee.

the radioactivity injected is usually 5 mCi rather than
the 10 to 15 mCi with 198 Au. Leakage of radioactive
material to regional lymph nodes correlated best with
chromosomal damage to circulating lymphocytes in a
prospective and retrospective study by Stevenson,
Bedford, and eleven others (1973) of patients treated
with 198 Au and 90Y intra-articularly.

Summary

Yttrium-90 would appear to be a more suitable
radionuclide than gold-198 in the knee for the
following reasons:

(1) More of the radioactivity appears to be retained
in the knee (further improvement in retention is

obtained by total rest in bed in the 3 days after
injection).

(2) Less of the isotope appears to be taken up by
regional lymph nodes.

(3) The absence of gamma radiation reduces by a
factor of 1,000 the radiation dose to the gonads,
compared with that from gamma radiation from
198 Au.

Finally, because of the greater range of the beta
radiation in tissue, there should be a better thera-
peutic effect on the synovial membrane.

We wish to thank Dr. N. Veall for his constant encourage
ment and the Staff of Division of Radio Isotopes, North-
wick Park Hospital, for their kind co-operation.
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Discussion

DR. J. D. GOODE (Hull)
Dr. Gumpel, I think activity of the joint does influence the
leakage. I have used purely colloidal radioactive gold and
have injected knee joints with hydrocortisone at varying
intervals beforehand, and I have found that when you
inject one of two joints receiving the gold with hydro-
cortisone beforehand you do get a considerable decrease
in the amount of lymph node uptake on the premedicated
side. I have not yet been able to quantitate this but it does
occur.

DR. GUMPEL

I am sure this is a very valid observation. We found that the
chronicity of the effusion was not related to the retention
of radioactive material.

DR. S. D. ROBERTS (Belfast)
I think it is clear from what you say that you are pleased
with the clinical effect of Yttrium. But you haven't
indicated that rest is important in determining what hap-
pens to the material put into the knee joint. Incidentally,

even in a patient who is resting in bed, a certain amount of
activity is possible. It has been our practice in patients in
whom we have used Yttrium to immobilize the knee
totally in plaster-of-Paris after the injection. In fact we
actually prepare the plaster before we put the Yttrium into
the joint. Under these circumstances we find that leakage
is insignificant. You have mentioned the studies of
Professor Stevenson: we have performed similar studies
in our own patients and have found that sometimes the
changes in the chromosomes are present even before
Yttrium is put in, because patients who have rheumatoid
arthritis are receiving a variety of drugs that d3mage
chromosomes. We find that, at 48 hours and at 4 weeks
after injection ofYttrium in the manner described ,there is
no increase in the amount of chromosomal damage.

DR. GUMPEL

We could find no difference in retention between one
splinted knee and one unsplinted knee after injection of
both knees at the same time in one patient. Most of
Professor Stevenson's observations on our patients were
net results, i.e. post-injection abnormal lymphocytes less
pre-injection chromosome changes.
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