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ABSTRACT

Rheumatoid arthritis can manifes itself through synovitis, of which the kneeis the comnon locale. The treatment
using an intra-articular radioisotope injection has been applied in various countries. In this work, the dose of
radioactive material absorbed in the joint is evaluated, taking into consideration the dose recsived in the articular
cartilage and adjacencies using a three-dimensiona voxel model representing the knee. The radioisotopes studied
were Samarium-153 and Dysprosium-165. The results show that the synovial membrane receives 85 to 98% of the
normali zed dosetaken fromall voxels representative of the synovium. The foll owing features of **Sm and of **°Dy -
its $ort physical half-life, the gamma emissons with low energy which alow monitoring the injection trough
scintigraphy images, the posshility of binding themselves to macroaggegates that are retained in the joint, the high
percentage of the effective dosespread in he synovial membrane - make these suitable radioisotopes for radiation

synovectomy.
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INTRODUCTION

Rheumatoid arthritis (RA), a systemic disease of
the conrective tissue, whose alterations occur in
the areas of articular, periarticular and tendinous
structures, manifests itsdf  through local
inflammation. The major occurrence is in the
synovial membrane. Almost half of the patients
diagnosed with RA have problems with the knee
joint (Vidigal, E., Jacoby, R.K., Dixon, A., St. J,
Ratliff, A. H andKirkup, J., 1975).

Thefirst consideration to be made in the treatment
of the RA is to determine the disease level and the
degree of functional loss Often, the first treatment
used is the prescription o anti-inflammatory
drugs, steroids and ahers. (Chinol, M.,
Vallabhgjosula, S. and Goldsmith, S. J., 1991) In
some cases, this treatment may not be effedive,
and may cause the formation o pannus and the
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destruction o the articular cartilage, requiring
surgical treatment, arthrodesis, or placing a total
prothesis of the knee. Surgical synovedomy is
expensive and requires the patient to be
hospitalized several days. The surgery may have
side effeds sich as the possibility of a local
infedion and loss of joint mobility. Arthroscopic
synovedomy of the knee may be lessinvasive, but
the results are limited (Ferkd, 1991). When
conventional treatment fails or surgery is
impossible, radiation synovedomy (RS) may be
applied. This technique consists of an intra-
articular injedion d colloids or macroaggregates
bound to radionuclide (RN’s) beta-emitters. The
objective is to destroy the diseased pannus and
inflamed synovium by direct and highly selective
irradiation, with the epedation that following
synovium destruction, the regenerated synovium
will be free of disease. It's necessary that the
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colloidal particle be large enough to remain intra-
articular for at least a half-life of the RN and avoid
irradiation of remote organs.

RS was first proposed in 1952 ly Fdlinger and
Schmit and described by Ansdl e al. (1963. An
intra-articular injection o colloidal **Au was used
in the treatment of RA. However, the gold-198
used in the treatment had its inconveniences, such
as gamma emisson of high energy and particle
sizes that resulted in excessive loss of colloid to
lymphatic system and, consequently, the
absorption d high doses of radiation by the liver
and linfonodes. After the 1980's, with the
production o beta-emitter radioisotopes with short
half-lives, lower gamma emisdon, and having the
ability to bind themselves to macroaggregates,
new possbilities appeared for RS (Ingrand, 1973.

Today, this treatment is applied extensively and
routinely in Europe. The RN’s are avail able to RS,
for the most part, having a shart physical half-life
and emitting ionizing particles with an average
affedive tisaue pendration (The maximum
penetration is lessthan 10 mm). The objediveisto
reach the inflamed synovia, producing an absorbed
dose sufficient to eliminate the disease. Another
desirable feature is the eistence of a combined
emisson of low-energy gamma rays that can
generate a scintigraphy image to evaluate the
quality of the injedion and to monitor the
migration o RN in the lymphatic system. It is
important that the radioisotope be available, non-
toxic and chemically pure (Murray, J.P., Ell, P.J,
1998.

Thus, dysprosium-165 (**Dy) and samarium-153
(**3Sm) present festures siitable for use in RS
treatment. These RNs have a shart physical half-
life, emit beta and gamma rays of low energy, and
can bind themselves to macroaggregates (particles
of an adequate size) so that there is no radioactive
spreading in the lymphatic system. Their use is
expeded to reduce inflammation and pain and
improve the articular mobility (Esteban, C.C,,
Wilke, W.S, 1995.

The activity of RN’s to be administered in RS is
not standardized. The RN should have an average
effedive tisale penetration, close to the thickness
of the inflamed synovium. The absorbed dose
should be sufficient to eliminate the disease. Thus,
dosimetry has a important role in the RS. (Johson,
L.S., Yanch, 1993 Yoriyaz, H., Stabin, M.G,,
Santos, A.D., 2000.

The objedive of this work was to evaluate the
deposition of energy in various components of the

joint and adjacent tissues using the knee as a
model. RS will be simulated based on ***Dy and
39m radionuclide sources. Based on this modd,
the radionuclide seledion and the spedfic activity
prescribed can be predicted, avoiding the risks of
sub- or super-exposure to the adjacent tisaues.

MATERIALS AND METHODS

A modd of the synovium was created. The
simulation applied the stochastic Monte Carlo
nuclear code (Metropdis, N., 1987. A number of
30x30x16 voxels reproduced the transversal
sedions of the human knee. Each section was
obtained from a magnetic nuclear resonarce image
(MRI). A three-dimensional modd representative
of the morphology and anatomy of the knee was
prepared. The voxel model contained interposed
volumes represented by an analytic geometry that
composed the superior and inferior part of the
knee. In the model each voxel of 0.5x0.5x0.4 cm®
was filled with material similar to the human
tissue: bore, cartilage, synovial liquid, muscle and
adipose tisaue, according to its appearance in the
tomography and according to the anatomy
described in the literature. (Dangdo, J., Fattini, C.,
1998and Sobotta, J., 1990.

The RNs were homogeneously distributed in the
synovial liquid. The absorbed doses generated by
photons and dedrons were evaluated using the
Monte Carlo Code (MCNP5). The distribution of
the continuous emisson of eedrons (beta decay)
andthe discrete distribution of gammarays, X rays
and Auger electrons were assumed for each RN -
Dy and '*Sm, whose characteristics are
described in Table 1.

For each RN, the spatial distribution of the
percentage and normalized dose from 0 to 100%,
as a function o the maximum dose percentage,
was evaluated. The comparison o the absorbed
dose in the synovium for the two RNs was made,
establishing a fixed dose of 37 MBq (1 mCi = 3.7
x 10' Bqg) and considering the volume of the
defined voxel 0.5x0.5x0.4 cm® and a massof 0.1 g.
Table 2 shows the energetic distribution function
of the emitted beta particles. The distribution of
the gamma rays, X rays, and Auger dectrons are
not shown in Table 2. Neverthdess they were
used in simulations.
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Figure 1 - MRI Tomography, digitalized, and represented in voxels composing the three
dimensional voxels model. A central transversal sedion of the modd and the
images asciated, in which the gray scale represents digtinct tisaues, is $1own

Table 1. Characteristics of the radioisotopes simulaed in thiswork (Shackett, P., 199)

Isotope

Physical half-life

Betamaximum energy  Soft tisaue penetration Gamma ener gy

(days) (MeV) (mm) (keV)
Disprésio- 165 (Dy- 1.29 (83%) 5.7 95(4%)
165
1.19 (15%)
Samério-153(Sm- 0.634 (34%) 25 103(28%)
153
0.702 (44%)
0.805 (21%0)

Table 2 - Function of energetic distribution of the beta particles emitted.

66Dy165 62Sn,]lSS
A% AE A% AE
0.36 000-0.25 B1 B2 B3
0.34 025-0.50 038 043 033 00-0.1
0.22 050-0.75 025 027 023 01-0.3
0.08 075-1.00 017 017 017 03-04
0.0 100-1.28 010 009 012 04-0.5
0.06 004 008 05-0.6
0.035 0.003 0.04 06-0.7
0.005 - 0.03 07-0.8
- - 0.0001 08-1.0
RESULTS absorbed the maximum energy from particle

emisson is sxown in Table 3. The values of the

The absorbed energy per unit voxel massper RN absorbed doses are 100% of the maximum dose.
transition, occurring in an arbitrary voxel that  The results are discriminated by the disintegration
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of each beta and gamma emission. The data was
evaluated multiplying the Gy/transformation by
the prescribed activity of 3.7 x 10° Bq and by the
yield o the emisdon. The absorbed energies from
the beta particles were divided by the massof 0.1
g, which is the mass of the arbitrary voxel. The
absorbed energy, in MeV.gYtransition, was
transformed by the conversion factor 1.6 x 10°
cGy x (MeV/g)’. The maximum absorbed dcse

Table 3 - Maximum spedfic energy per transition eval uated
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imparted, in cGy pe 37 MBqg (or mCi), was
evaluated by multiplying the percentage of the
maximum dose rate (Tdmax.) by the physical half-
lifein seconds and by 1.44(In2).

The distribution of the dose in the knee — 0 to
100% — obtained from a transversal section at the
Z 0 position, generated from the bea
disintegration and the emission d photons from
the RN is exemplified in Tables 4 and 5.

by MCNP5.

Radionuclide Absorbed ener gy % Doserate Maximum imparted
Electron (MeV) emission/transformati  (cGy/s)/37MBqg (mCi) dose
Photon(MeV/g) on (cGy/mCi)
Disprésio-165 3. 986e-06 ns. 23.62e-07 28570e-02
(photons)
Disprésio-165 (beta) 4.404e-04 083 2166e-04 26199%+01
Samério-153 (betal) 4.3%e-04 044 1146e-04 27743e+02
Samério-153 4.391e-04 034 884e-04 21401e+02
(beta 2)
Samério-153 4.393e-04 021 546e-04 13218e+02
(beta 3)
Samario-153 (photons) 4.375e-05 028 7.26e-06 17575%+01

w.s. —without significant

Table 4 - Percentage of dose by eectron emisgon from Disprosium-165in which Dmax = 21.66e-04 cGys/37 MBq

(or mCi), oktained by Monte Carlo Code MCNP, with er
values lower than 1%.

rors lower than 5%. The non-fill ed spaces represent

91.7 864
86.2 914 937 86.3 929 87.0
87.4 91.7 87.0 92.0 80.3 93.9
89.9 89.7 91.6 92,6 91.5 904 90.2
959 97.1 95.0 94.7 915 88.8
92.6 99.5 87.0 89.8 92.6 884
92,9 88.8 92.3 856 93.8 91.3 90.
94.3 87.8 97.4 91
96.3 89.9 9L
98.2 89.0 94.1 90.
85.9 95.6 94.4 999 964 95.1 90.
93.0 96.7 94,2 858 84.9 96.1
91.0 99.1 89.6 925 914
90.5 93.2 89.3 942 91.2 89.6
935 915 935 922 984 915
83.7 910

90.9
939 929 914 934 955 89.2
95.7 93.9 938 91.9 955 90.9
97.6 95.0 94.6 905 95.6 92.6
91.4 91.3 922 90.6 889 90.7 89.9
89.6 93.9 86.5 89.8 84.1 941 87.6
5904 931 857 924 892 97.1 921
8 904 90.2 914 939
6 91.8 895
4 97.8 899 924 853
4 917 882 87.6 97.2 93.0 89.7 939
97.7 931 94.2 927 925 94.1 882
94.8 87.5 93.1 880 96,8 94.1
89.7 91.2 89.0 931 832 88.7
89.0 89.1 939 90.8 926 922
912 921

94.9
89.2
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Table 5 — Dose percentage by electron emisson of Disprosium-165 in which Dmax = 23.62e-07 cGys/37MBq (or
mCi), oktained by Monte Carlo Code MCNP, with errors lower than 5%. The non-fill ed spaces represent values

lower than 1%.
20
30 19 22 28 17 18
793 675 46 43 57.3 2.7
37 687 887 733 802 806 710 681 737 713 695 652 794 6.9
6.9 724 666 714 829 651 751 809 702 717 617 666 723
680 57.9 695 77.2 706 646 706 938 668 721 589 681 652
12 11 32 812 896 766 662 742 782 627 67.1 681 767 713 660 967 24
16 13 766 934 805 839 766 717 814 802 618 69.7 781 904 57.1
11 10 656 716 964 682 827 643 597 764 732 750 697 581 775 761 48 19
05 17 654 690 791 814 842 715 652 703 19
16 734 831 960 868 6938 15
08 16 715 639 842 87.2 909 787 57.7 719 17
11 20 635 591 79.2 717 841 710 780 749 637 548 936 705 727 748 59 28
916 615 563 743 715 917 854 920 762 712 790 731 656 828 4.8
638 820 618 682 7438 810 894 946 686 640 836 682
832 766 585 819 688 592 882 717 754 90.3 798 652
16 510 77.3 762 797 729 656 722 730 582 745 613 772
64.7 733 86.1 649
5.1 55 29
15 21 11 18 16 20 19 16 28
20 19 20 22 25 19
As down in Table 4 and 5, the voxeds that DISCUSYON

represent the synovial membrane recelved a
percentage of the maximum dose varying from 58
to 98% of the maximum dose in al beta emission
cases. This value reached 40 to 80% of the
maximum dose of gamma emission. A value close
to 95% of the maximum dose was obtained in the
synovial liquidin all cases.

The spatial distribution of the dose due to gamma
emisson is distinct from that of beta emission;
nevertheless it cortributes very little to the total
percentage of the dose in the knee structure. An
important parameter that particularly contributes to
the imparted absorbed dcse is the physical half-life
of the radioisotope.

It was also verified that the absorbed dose from
beta emission per injected activity (37 MBq) fdl
quickly with the penetration range in the synovial
membrane. This fall was particularly influenced by
the beta spectrum of the RN in question.

The results of this work were similar to those
pulished in the literature, which has cited
percentages of normalized doses varying from
106 in synovial liquid for different RNSs.
(Sledge, C.B., Noble, J., Hnatowich, D.J., Kram,
R., Shortkroff, S, 1997 and Yoriyaz, H., Stabin,
M.G., Santos, A.D., 2000 and Shortkroff, S.,
Mahmood, A., Sledge, C.B., Jones, A.G, 1992.
However, the use of **Sm and '**Dy has nat been
tested previously, and such a test is justified
because of their shart physical half-lives (1.9 and
0.1 days, respedively). The emission o beta and
gamma rays with rdatively low energy and
adequate tissue penetration, in addition to the
RN’s commercia availability, rdatively low cost
and the possbhility of binding to colloids of
suitable size, avoiding extra joint leakage, make
these RNs adequate choices for carrying aut RS.
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RESUMO

A artrite reumatéide pode se manifestar
usualmente pela inflamagéo da membrana sinovial
caracterizada como sinovite, sendo o joelho um
substrato comum. O tratamento com a injegéo
intra-articular de radiois6topo, ou sinovectomia
radioisotépica, vem sendo estudado. Neste
trabalho seré calculada a dose absorvida na sinbvia
e nas adjacéncias através de um modeo
tridimensional de voxels. Os radioisétopos
estudados foram o0 Saméario-153 e 0 Disprésio-165.
Os resultados obtidos mostraram que uma taxa de
dose méxima normalizada variando de 85 a 98%
da dose maxima foi atingida em todos os voxds
representativos da membrana sinovial. As
caracteristicas nucleares do Samério-153 e do
Disprésio-165, associadas a taxa de dose detiva
recebida na  articulagéo, fazem  destes
radioisétopos uma escolha na sinovectomia
radioisotépica.

REFERENCES

Ansdl, B.M., Crok, A., Malard, JR. and Bywaters,
E.G.L.(1963), Evauation of intra-articular colloidal
gold *®*Au in the treatment of knee éfusions. Ann
Rheum. Dis,, 22, 435-439.

Chinol, M., Valabhgjosula, S. and Goldsmith, S.
J.(199), Evaluation of new radiopharmaceuticds for
radiation  synovectomy. The Journal of Nuclear
Medicine, 32, 963.

Déngelo, J., Fattini, C. (1998 Membro inferior. In-
Anatomia Humana Sstémica e Segmentar. Livraria
Atheneu, Rio de Janeiro, pp. 177-263.

Esteban, C.C., Wilke, W.S. (1995), Innovative
treatment approaches for rheumatoid arthritis.
Baillieres Clin. Rheumatal ., 9 (4), 787-801.

Ferkel, R.D.(1991), Soft tissue pathology of the ankle.
In-Operative Arthroscopy. McGinty € al, New York,
p. 713

Ingrand, J.(1973), Characteristics of radioisotopes for
intra-articular therapy. Ann. Rheum Dis., supl. 3, 32-
38

Johson, L.S., Yanch, J.(1993), Calculation of beta
dosimetry in radiation synovectomy using Monte
Carlo simulation. Med. Phys., 20 (3), 747-754.

Metropolis, N.(1987), The beginning o the Monte
Carlo method. Los Alamos Science Special |saue,
125130.

Murray, JP., Ell, PJ(1998, Radioisotope
synovectomy. In-Nuclear Medicine in Clinical
Diagnasis. Churchill Livingstone, Edinburg, pp.
1293 1998.

Shackett, P.(1999), Radioactive Isotopes. In-Nuclear
Medicine Tecnology: Procedures and Quick
References.  Lippincott Williams and  Wilkins,
Baltimore, MD, pp. 362,375.

Shortkroff, S., Mahmoaod, A., Sledge, C.B., Jones, A.G.
(1992 Studies on Ho-166-labeled hidroxiapatite: A
new agente for radiation synovectomy. Journa of
Nuclear Medicine. 33 (5) (Abstract), 937.

Sledge, C.B., Noble, J., Hnatowich, D.J, Kram, R,
Shortkroff, S. (1997), Experimental radiation
synovectomy by Dy  Ferric  hydroxide
macroaggregate. Art. and Rheum,, 20 (7), 1334:1342.

Sobotta, J. (1990) Cingulo pévico e membro inferior.
In-Atlas de Anatomia Humana vol. 2, Guanabara
Koogan, Rio de Janeiro, p. 262.

Vidigal, E., Jacoby, RK., Dixon, A., St. J, Ratliff,
A.H., and Kirkup, J(1975 The foat in chronic
rheumatoid arthritis. Ann. Rheum. Dis,, 34, 292

Yoriyaz, H., Stabin, M.G., Santos, A.D.(2000), Monte
Carlo, MCNP-4B based dose distribution estimates
for patient espedfic dosmetry. Journa of Nuc. Med.
42 (4), 662-669.

Recsived: June 29, 2005
Revised: July 14, 2005
Accepted: August 01, 2005

Brazilian Archives of Biology and Technology



