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Several reports on the use of radioactive agents
for the intra-articular therapy in rheumatoid arthri-
tis have been published. However, there is only
a little knowledge about the behaviour of these
agents in the organism or the radiation doses in
different tissues.

VIRKKUNEN and «workers (1967) have published
data of the leakage of colloidal m A u from the
knee joint into the inguinal lymph nodes. They
detected radioactivity in the nodes in variable
amounts; the leakage was over 10 per cent of the
injected dose in 50 cases out of 140. The maximum
radiation dose was very high - over 15 000 rad.
These results were confirmed by GRAHAME and
«workers (1970).

PRICHARD, BRIDGMAN and BLEEHAN (1970) have
studied and compared the behaviour of 9<>Y-silicate
and 80Y-resin colloid in chronic knee effusions.
Their results indicate an escape of 80Y-silicate from
the knee joint, but they couldn't detect any signi-
ficant leakage of »°Y-resin colloid.

Because of the complicated geometry of the joint
cavities the radiation dosimetry in intra-articular
therapy is difficult. Only rough estimations assu-
ming a certain membrane area have been done.
When using 198Au GRAHAME and coworkers calcu-
lated doses in different depths of synovial mem-
brane of knee joint. They assumed the area of
membrane to be 50 cm2. The dose in the depth
of 1.0 mm was about 8 000 rad.

When we started the clinical use of '"Y-resin
colloid, we performed measurement^ on the distri-
bution of the radioactivity in different tissues. The
purpose was to get a picture about the safety of
the method and, on- the basis of the measurement
values to calculate the radiation doses in joints
and in the inguinal lymph nodes.

Measurements.

The " Y was supplied to us from the Radio-
chemical Centre, Amersham, England. It was incor-

porated in colloidal particles of Zeo-Carb resin,
stabilized with glucose and gelatin, particle size
was 300-500 A. The specific activity was approxi-
mately 2 mCi per mg of stable yttrium. The injec-
ted dose was 5-6 mCi in most cases (3-4 mCi in
three cases). For the injection 90Y was diluted with
physiologic saline to a volume of 3-5 ml.

The isotope was injected into the joint in a
suspension containing 50 mg (2 ml) of hydro-
cortisone acetate and 5 ml of 2 per cent lidocaine.
Before the injection, a synovial fluid sample of
about 10 ml was withdrawn.

Distribution of radioactivity : Radioactivity was
measured externally on the injected and contra-
lateral joint, the inguinal lymph nodes, liver, heart
and lungs. Using sample measurements the acti-
vity in blood and urine was measured, too. As there
is only negligible (<0.1 per cent) gamma radiation
from 90Y, the " Bremsstrahlung" produced by
beta-particles was measured.

Fig. 1 shows the retention of *°Y in the treated
knee joint of a patient. In the figure there is also
a line describing the radioactive decay of yttrium.
The curve of retention goes below the decay line.
The difference of these curves represents the leakage
of radioactivity from the knee cavity (in this case
the leakage is 15 per cent of the injected dose).
The leakage varied between 5-20 per cent. The
patient here presented was one of the cases where
immobilization of the treated limb was insufficient.
In the cases where the bed rest, after treatment
lasted three days, the retention curve showed less
leakage from the joint (< 10 per cent).

The uptake of 90Y in the inguinal lymph nodes
was measured in 37 patients. This material is pre-
sented in Table 1. The results are divided in two
groups : Group 1. consists of patients without
immobilization (first 12 patients) and the group 2.
of patients with three days bed rest.. The uptake
is clearly smaller in the group 2. ; the difference
between the groups is statistically highly significant
(p<0.001).
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Yttrium-90 activity

(1) ¡n the knee joint
(2) in the rest of the body
(3) the physical decay

I Y-90
URINE<%) in blood and urine
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FIGURE 1. — Retention of 00Y in the knee joint (1), the
radioactive decay of yttrium (3) and the
leakage of radio-activity from the knee joint
(2-difference of curves 3-1).

' No radioactivity was detectable in the area of
liver, lungs or heart.

A typical curve representing the amount of °°Y
in .the blood is shown in fig. 2. The curve has its
maximum a day after the injection. The variation
between the different patients was remarkable. The
maximal .blood concentration varied from 0.01 to

FIGURE 2. — Cumulative excretion of °°V in the urine (1)
and yttrium activity in the blood (11-doHed
curve and scale).

0.3 per cent per liter. Large variation was observed
also in the amounts of yttrium excreted via the
kidneys. The highest radioactivity in the urine was
measured one day after the injection and the limits
of variation were 0.1-2.0 per cent per day.

Doslmetry.

The doses absorbed in the synovial tissue were
calculated by the methods of LOEVINGER et al.
(1956).. In these calculations the, value of 6 mCi
was used as the injected activity. Fig. 3 shows
the variation of the dose with' the area of the
synovium. The dose was calculated at the depth
of 1 mm of tissue. The upper curve represents the
situation when all radioactivity is bound on the
surface of the synovium (plane source), as shown
by autoradiography by WEBB et al. (1969). In
the case of the dotted scale and curve the yttrium

Accumulation of MY into the lymph

Absorbed dose in the lymph nodes . .

GROUP 1. (12)

MEAN

3.7%

1600 rad

STANDARD
DEVIATION

± 3.4%

± 1500 rad

GROUP 2. <2S)

MEAN

0.45%

200 rad

STANDARD
DEVIATION

± 0 . 3 %

± 130 rad

TABLE 1. — Accumulation of yttrium into the inguinal lymph nodes and the corresponding
radiation doses.
Group i. Patients- (12) without immobilization.
Group 2. Patients (25) with three days bed rest after the injection.
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FIGURE 3. — Absorbed dose of fl0Y as a function of syno.
vial area and cavity volume.
Curve I : Yttrium bound on the synovial
surface (plane source)
Curve II (dotted curve and scale) : Yttrium
free in the synovial fluid (volume source).

is free in the synovial fluid (volume source). The
actual situation is somewhere between the two
curves, obviously nearer the upper one. From these
curves we can conclude that the dose at a depth
of 1 mm is more than 500 rad except in the very
large cavity surfaces. Fig. 4 shows the variation of
the absorbed dose with the tissue depth.

The absorbed dose in the inguinal lymph nodes
is calculated from the formule (LOEVINGER et al.,
1956) :

D = k.f.C.É.T
where

D = absorbed dose
k = constant (73.8 rad g/uCi MeV d)
f = the fractional number of beta-particles

emitted per disintegration (1 beta/disint.)
E = the mean energy of beta-particles

(0.93 MeV)

C = the concentration of radioactivity in the
tissue (proportional uptake X 6 000 uCi/
20 g)

T = the half-life of » Y (2.7 days).

The calculation is based *on aJtíTssumed delay of
one day in disappearance of 00Y in the lymph
nodes, corresponding to a correction factor of 0.77.

Using the uptake values obtained from measu-
rements on the inguinal lymph nodes, the absorbed
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FIGURE 4. — Absorbed dose of 9SY as a function of tissue
depth, corresponding to point A of curve 1
in Fig. 3.

doses are calculated. The mean and standard devia-
tion are presented for the patients without and with
immobilization in the Table 1. The dose corres-
ponding to the greatest accumulation was 4 500 rad.

Discussion.

Our studies showed appreciable leakage of the
isotope from the injected joint into the inguinal
lymph nodes in a few cases. This phenomenon
could not be shown in the animal experiments per-
formed by WEBB et al. (1969) or in studies per-
formed in human rheumatoid arthritis by PRICHARD
et al. (1970). In our series this leakage could be
reduced on a tolerable level (200 rad) by bed
rest for three days.

STEVENSON et al. (1971) have recently detected
chromosomal abnormalities in peripheral lympho-
cytes in rheumatoid arthritis patients who had
received mtra-articular injections of I98Au. These
findings show the importance of reducing the lea-
kage of radioactivity from the treated joint.

Dosimetric calculations show that the optimal
radioisotope dose for the knee cavities of a mode-
rate size is 5-6 mCi. On the basis of the curves
presented in Fig. 3. the activity of "°Y can be
adjusted according to the size of the joint cavity.
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SUMMARY

The ¡ate and distribution of intra-articularly injected 90Y-resin colloid
was followed using external and sample radiations measurements. The retention
curve of the knee joint and the measurements on the inguinal lymph nodes
showed clear leakage from the knee joint. The maximum radiation dose in
the lymph nodes was 4500 rad. The leakage was reduced significantly when the
patient was kept rest for three days after the injection. The calculated
radiation dose (activity 6 mCi) exceeded 5000 rad in the depth of 1 mm indi-
cating that 5-6 mCi is a suitable amount of S0Y in the cavities of moderate size.
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