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Low-energy gamma emitting isotopes encapsulated for permanent implant are in routine use in the
treatment of prostate cancer. New source designs require full dosimetric analysis and calibration
standardization before responsible clinical application. The results of one such experimental mea-
surement and analysis are here reported for a new design of '®palladium source, model MED3633
{North American Scientific, Inc.). By AAMP Task Group #43 recommendations, the reference
material for brachytherapy dosimetry is liquid water. The dose measurernents were made using
standard methods employing thermoluminescent dosimeters in a water equivalent plastic phantom.
Precision machined bores in the phantom located dosimeters and source(s) in a reproducible fixed
geometry providing for transverse-axis and angular dose profiles over a range of distances from
0.17 to 7 cm. The data were analyzed in terms of parameters recommended by AAPM TG43. The
dose-rate constant, A, was evaluated with reference to a ®cobalt standard, accounting for response
variation with isotope energy spectrum. The radial dose function, g(r), the anisotropy function,
F(r.#), the anisotropy factor, ¢,,(r), and the point-source approximation anisotropy constant,
ban» were derived from one- and two-dimensional dose distribution data measured in the phantom,
accounting for finite dosimeter volume and with attention to interchip effects. The results are
compared to TG43 and other existing data for '®Pd sources. The new source is comparable to the
model 200 '“Pd source design, demonstrating equivalent radial dose function, g(r). The dose
surrounding a MED3633 source may be slightly more isotropic than for the model 200 source. The
air-kerma strength of the MED3633 source used in this study was provided by the manufacturer and
is traceable to the NIST 1999 standard. The evaluated dose-rate constant, A, with NIST traceable
strength calibration is lower than that of the model 200 source, with that manufacturer’s strength
calibration. © 1999 American Association of Physicists in Medicine. [$0094-2405(99)00911-6]
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I. INTRODUCTION

Isotopes that emit principally low-energy gamma rays and
that can be manufactured to provide suitable activity have
long been applied in permanent implant brachytherapy.!
Blodine and palladium are most commonly used in the
treatment of prostate cancer. Recent increased demand for
such implantable sources has led to the introduction of new
source designs from new manufacturers. Prior to clinical ap-
plication, it is necessary to analyze the dosimetric character-
istics of new sources to provide reliable data to be used in
treatment planning and dose prescription. In this work, the
results of empirical dosimetry are presented for the model
MED3633 'Pd source (North American Scientific, Inc.,
Chatsworth, California) in terms of the AAPM Task Group
#43 recommendations.’

Accurate measurement of the dose distribution about a
Spd source in phantom is complicated by strict require-
ments for precise dosimeter and source geometry and by the
fact of significant spectral variation with distance from the
source. Previous investigators have used either thermolumi-
nescent dosimeters™® (TLD) or semiconductor diode
detectors® in '®*Pd dosimetry, with corrections applied for
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detector volume and for energy dependent dosimeter re-
sponse.

In the present study, TLDs were used in a water equiva-
lent solid phantom to measure the dose distribution of the
MED3633 source. The phantom was precisely machined to
locate TLDs in fixed geometry relative to a centrally located
source. The phantom material was chosen with reference to
earlier evaluations of water equivalency of candidate
materials 5%

il. MATERIALS AND METHODS

Several measurements were performed in the course of
this study. Two-dimensional dose distribution measurements
were made in phantom to assess the anisotropy of the
MED3633 source from the derived angular dose distribution.
Transverse axis dose distributions were measured in phan-
tom at distances of 0.17 to 7 em from the center of the source
to determine the radial dose function. Dose at a distance of 1
cm transverse from the source center was measured to evalu-
ate the dose-rate constant. TLD calibration for the latter mea-
surement was made with reference exposure in a calibrated
%cobalt standard beam (Theratconics International, Kanata,
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TABLE I. Two-dimensional geometry function, G(r,#)- 2, for the MED3633 multipole source.

®°)

Flem)y  0° ° 20° 30 40°  S0° 60°  70°  80°  90°
0.5 1140 1133 1114 1087 1056 1025 0998 0977 0964 0960
075 1059 1056  1.049 1038  L025 1012 1000 0990 0984 0982
1 1033 LO3L 1027 1021 1014 1007 1000 0994 0991 0990
L5 1015 LOIS 1013 1010 1006 LOD4 0999 0997  0.997 0995
2 1008 1008 1008  LOD4 1004  L0OO0 1000 100D 0996  0.996
25 1006 1006 1006 1006 10D 1000 1000 1000 1000 1000
3 1008 0999 0999 0999 099 0999 0999 0999 0999 0999
35 1005 1005 1005 1005  LOOS  1.605 1005 1005  1.005  LOOS
4 1008 1008 1008 1008 L.ODE  1.008 0992 0992 0992 0992
45 0992 0992 0992 0992 0992 0992 0992 0992 0992 0992
5 L000 1000 1.000 1000 1000 1000  LOOO 1000  LOOO  1.000
55 0998 0998 0998 0998 0998 0998 0998 0998 0998  0.998
6 1008 1008 1008 1008 1008 1008 1008 1008 1.008  1.008
7 0980 0980 0980 0980 0980 0980 0980 0980  0.980 - 0.980
8 1024 1024 1024 1024 1024 1024 1024 1024 1024 1024

Ontario, Canada) and TLD relative energy response factors
for '*Pd spectrum were taken from Meigooni ef al.’ Expo-
sure duration for the dose-rate constant measurements was
kept to one day approximately in order to minimize uncer-
tainty in source strength due to decay. Measurements used
TLD rods from a single, large, annealed batch in a water
equivalent phantom® for '*Pd or in lucite buildup capsules
for %Co. The handling of TLDs, the design and water
equivalence of the phantom, and the sources used are de-
tailed below.

A geometry function, G(r,#), was defined for the four-
pole source arrangement of the MED3633 source using the
integral formulation of TG43.” In TG43, the geometry func-
tion is an average of the inverse square of the distance be-
tween a peint (#,#) and the volume of radioactive materials
in a source. The four-pole geometry function, found in Table
I and used in the analyses of data in this work, is this average
for the case of four solid radicactive spheres arranged ac-
cording to the MED3633 source design. At distances (=5
mm) greater than the diameter of the activated spheres (0.5
mm}, a far-field approximation was used to replace the finite
spherical active elements with point sources representing the
distribution of radioactive materials within the MED3633
source. The geometry function was then calculated for the
four point source arrangement,

A. Radioactive sources

Four model MED3633 'Pd brachytherapy sources were
used in this study. A NIST source calibration (1999 stan-
dard) was obtained for this source design. The manufactur-
er’s assay of the sources used in this work is traceable to that
NIST calibration. At the time of these measurements the
sources had air-kerma strengths in the range of about 2 to 3.5
U, or apparent activities of about 1.5 to 2.7 mCi.

The new source design encapsulation is similar to those of
existing %I seed models MED3631-A/M (North American
Scientific, Inc., Chatsworth, California), 6702 and 6711
{Nycomed-Amersham, Arlington Heights, Ilinois}. Nominal
external dimensions are identical to these other seeds. Inter-
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nally, the radioactive elements are of type and dimension
similar to those in the model 6702, but with two gold-copper
binary alloy markers added. The new design, MED3633,
193pd source has the same internal and external configuration
as the MED3631-A/M '°] source. In this design, the two
markers are flanked by two active elements at each end of
the source. The central marker design loads the source ends
to provide a more isotropic dose distribution.

The model MED3633 source, detailed in Fig. 1, is a 4.5
mm (nominal) length, 0.8 mm diameter cylindrical titanium
capsule containing the four '%*Pd bearing ion-exchange resin
beads and two gold-copper alloy markers, each 0.5 mm in
diameter. The titanium capsule wall thickness is 0.05 mm
and the end-weld thickness is approximately 0.15 mm.

B. Thermoluminescent dosimeters, TLD

Lithium fluoride TLD-100 rods [Harshaw (Harshaw-
Bicron, Solon, Ohio}], of dimension, 6 mm length by ! mm
diameter, were used in all of the phantom measurements us-
ing the MED3633 source, and in lucite buildup capsules us-
ing the ®*Co source. The TLDs were read out using an auto-
mated TLD reader [Model QS-5500 Harshaw (Harshaw-
Bicron, Solon, Ohio)]. Corrections were made to chip

103p4 ahsocbed inion ~ Gold/Copper alloy

exchange rosin deads matkers (0.5mm)

{0.5mm diam}

Thtatiwm capaibe,
/ ends lassr welded
0.7mm 0.83mm
MED3633 f
~0.15mm ~0.15mm
_ 4.5mm nominal o
B 7

Fig. t. Model MED3633 brachytherapy source encapsulation design.




2487 R. E. Wallace and J. J. Fan: Dosimetric characterization

TaBLE II. Point-source formulation parameters in liquid water for the central
marker MED3633 source as a function of distance, », along the transverse
axis; radial dose function, g{»}, and point-source anisotropy factor, ¢, (#).
Source constants: dose-rate constant in  liquid water, A g
=068 ¢cGy h™' U™! {using the 1999 NIST standard for air-kerma strength),

and the point-source anisotrepy constant, 5a,,=0.95.

r {cm) &(r) Pan(?)
0.15 1.492
05 1275
0.75 1.132
Lo 1000 0954
L5 0.769
2 0.580 0.912
25 0.431
3 0318 0.971
3.5 0.234
4 0.174 0.971
45 0.132
5 0.102 0.928
6 0.064
7 0.045

response for finite dosimeter volume,” energy response,® and
scaled for exposure duration. Rods were placed in phantom
in patterns to minimize interchip effects.* The phantom mea-
surements to assess the dose-rate constant were made in
groups of ten rods in four trials. Dose calibration measure-
ments in the %Co beam were made in groups of 12 or 16
rods, in three irials. Phantom measurements to assess the
radial dose function were made in three trials and included
data from another three trials made to assess the anisotropy
using a two-dimensional array of detectors in phantom.

A phantom correction factor was applied to TLD re-
sponses in measurements of the dose-rate constant, A. In the
absolute measurement of the dose-rate constant in the phan-
tom, the correction factor was 1.02335, averaged from avail-
able data for RW1 plastic at 1 cm,*!® and was applied to
arrive at the dose-rate constant in water.

The range of dose delivered to the TLD rods was approxi-
mately 10 to 300 ¢Gy over one to eight days and was esti-
mated using the published dose-rate constant, A, for 103pg in
water for the model 200 source.” These doses are within the
linear range given by the manufacturer for the TLD-100
rods. In measurements to determine the dose-rate constant,
corrections for TLD trap fading in LiF were not applied due
to the short duration on the experiments. Also, such correc-
tions were not applied in measurements to evaluate the rela-
tive dosimetric parameters, g(») and F(#,&), since batch
fade would normalize in analysis of measured response ra-
tios.

For all measurements, a single balch of TLD rods was
selected that demonstrated the best available rod-to-rod re-
sponse variation; batch variance was approximately 2%—3%.
Prior to the measurements, the full batch of TLD rods were
annealed as at 400 °C for one hour, quenched to ambient
room temperature in 30 min, and heated at 80°C for 24
hours. Annealing was repeated as necessary to complete all
experiments.

Medical Physics, Vol. 26, No. 11, November 1999

2467
221 MED3633 Radial Dose Function
20 4 = polynormial evaluation
© raw data
1.8 4 O TG43, Mdl 200 (Ref. 2)
1.6 1
1.4 1
1.2 4
C
1.0 4
0.8 -
0.6 1
0.4
0.2 +
0.0 T T T T T T 1
1] 1 2 3 4 5 6 7
(&) r,em
1.8 -
Radial Dose Functions
1.6 4 — MED2633
Q Mdl 200, TG43 (Ref. 2)
1.4 4 0 Mdl 200, Meigooni, et al. (Ref. 3)
< Mdl 200, Chiu-Tsro & Anderson (Ref.4)
1240 0O Mdl 200, Luxton (Ref. 8)
® Mal 200, Fontenla, ¢1 al. (Ref. 5)
10 ® Mdl 200, Russcll (Ref. 11)
= o
0.8
2.6
0.4 4
0.2
0.0 v . . . . - )
[¢] 1 2 3 4 5 6 T
(b} r,cm

FiG. 2. (a) Raw and evaluated data for the radial dose function in water,
g(r}, for the MED3633 source compared to TG43 data for the model 200
source, Raw data at the two distinct measurement locations for r
=0.17 cm appear in the figure. (b) Evaluated radial dose functions in water,
g(r}, for the MED3633 source compared with published data for the model
200 brachytherapy source.

C. Water equivalent phantom

A polyethylene based RW1 phantom material was de-
signed for dosimetric water cquivalence for low-energy x-ray
machine sources, from 10 to 100 kVp.5® The water equiva-
lent phantom, 30X30X6 cm?®, was designed with a central
bore to accommodate one of two (RW1 material) source car-
riers holding the source either parallel (to evaluate the dose-
rate constant) or perpendicular (to evaluate the dose distribu-
tion) to the long axes of the TLD rods. In the phantom, bores
to hold TLD rods perpendicular to the phantom surface were
arranged to sample a quadrant with respect to the source long
axis, at angles from 0 to 90 deg (measured from the long axis
of the source} in 10 deg steps and at 5 mm intervals from 5
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TagbLE III. Two-dimensional anisoiropy function, F(#,#), for the MED3633 source from measured data.

«°)
rlem) 0 10 200 30°  40°  50°  60°  70°  80° 90
1 0.563 0571 0685 0.803 0961 0954 0974 1035 1030 100
2 0449 0496 0579 0721 0827 0991 0991 0969 1028 100
3 0514 0556 0644 0774 0908 0983 1095 1032 LIl4 100
4 0512 0594 0676 0791 0501 0987 1013 1061 1135 100
5 0488 0574 0671 0794 0868 0917 0974 1022 1040 100
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to 80 mm, with an additional ring at 7.5 mm. Plugs of phan-
tom material were used to fill the phantom gaps when TLD
rods were absent in the measurements. The TLD bores also
accommodated a MED3633 source in the trials to assess the
radial dose function. The phantom consisted of several
stacked plates of RW1 material. The central phantom plate
was machined and measurements were made with this plate
sandwiched between the other phantom plates to provide a
volume around the source and the TLDs.

D. Measurement geometry

For measurement of the dose-rate constant, the source
was held upright at the center of the concentric circular bore
array in the phantom, In this position, the source long axis is
parallel to the long axes of TLDs occupying phantom bores.
Ten TLDs were placed in a ring at a radius of 1 cm from the
source. Bore plugs filled the intervening phantom gaps. For
the measurement of the anisotropy function, TLDs were
placed in all bore locations in the phantom and exposed as a
group to the centrally located source in the transverse carrier.
In this arrangement, the source long axis is perpendicular to
the long axes of the TLDs and resides in a midphantom plane
through the centers of the TLD rods. For the measurements
of the radial dose function, the source was positioned in the
bore at (r=1cm, #=80°), with 22 TLDs placed in line-of-
sight of the source in selected phantom bores and midphan-
tom. This placement was selected to obviate interchip effects
in phantom, Precision machining of the phantom and the
bore array ensured geometric integrity of the measurements.

til. RESULTS AND DISCUSSION
A. Dose-rate constant in water, A

Measurements of the dose-rate constant in the water
equivalent plastic phantom and corrections for the phantom
material were applied as discussed above. The corrections
for finite dosimeter volume and energy response were ap-
plied to the TLDs exposed to '®*Pd in phantom. These were
combined with the calibration factor for TLDs in lucite
buildup capsules in **Co to arrive at the dose at the reference
point in phantom (i.e., at r=1, §=90°). This was divided by
the exposure time and the decay averaged source air-kerma
strength to determine the dose-rate constant, A. The constant
was evaluated in four trials with the average value, A=0.68
+0.033 ¢cGyh™  U™!, shown in Table II. The value of 0.033
represents three standard sample deviations over the four
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measurements (i.e., 99% confidence level over the set of
measurcments). Given that the net uncertainty, from all
sources, in A is 5%, the value for the MED3633 source is
equivalent to the consensus value for the Model 200 source
(Ap0=0.74).2 The value of the dose-rate constant for the
MED?3633 source is in terms of the prevailing 1999 NIST
calibration standard for '®Pd. The consensus value of the
dose-rate constant for the Model 200 source is provided in
terms of the manufacturer’s standard and thus may change
with the adoption of the NIST 1999 standard for that model
source.

B. Radial dose function, g(r)

The radial dose function was calculated according to the
TG43 definition and is found in Table II. Figure 2(a) details
the raw and evaluated data for the MED3633 source com-
pared to TG43 data for the model 200 source. In the mea-
surement, there were two distinct TLD locations that yielded
response data at a distance of r=0.17cm. Data for both
locations appear in the figure. In Fig. 2(b), the radial dose
function for the MED3633 source is compared to TG43
evaluated data, experimental TLD data from Meigooni
et al.’ Chiu-Tsao and Anderson," diode data from Fontenla
et ol.,> Monte Carlo and deterministic simulation data from
Luxton® and Russell,'! and evaluated TG43 data from
Furhang and Anderson.'? The figures indicate substantial
equivalence of the MED3633 with the model 200 source.
The g(r) function for the MED3633 source compares well
with diode measurement’ as well as theoretical calculations'!
and Monte Carlo simulation® of the model 200 source. Un-
certainty in the g(r) data for the MED3633 source is ap-
proximately 5%. The uncertainty in g(r) at 0.17 cm is on the
order of 20%, evident in Fig, 2(a).

Excluding data at radivs of 0.17 cm, the radial dose func-
tion for the MED3633 source was fit to a fifth order polyno-
mial, g(ry=ag+ar+a,ri+asr’+art+agr® with poly-
nomial term coefficients: ag=1.5918, a,=—6.7321x 107!,
a;=7.5295X 1072,  @;=83926X107%, a,=-2.3650
%1073, and a5=1.3542x 107*,

C. Anisotropy function F(r,8)

The results of two-dimensional measurements of the dose
distribution in phantom were analyzed using the four-pole
geometry function, G(r, #), to arrive at the anisotropy func-
tion for the MED3633 source. Uncertainty in #{r,8) is ap-
proximately 5%. The function is found in Table III. In Figs.
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Fig. 3. Anisotropy funciion measured, F(r,#8), for the MED3633 source
compared to that for the model 200 source at radii of 1, 3, and 5 ¢ versus
angle between the source axis and the measurement point in Figs. 3(a)-3(c),
respectively.

3(a)-3(c), the MED3633 source anisotropy function is com-
pared to that for the model 200 source using evaluated
data®'? as well as the results of Monte Carlo simulation.!
The generally larger values of F(r, 8} for the MED3633
source at smaller angles (i.e., nearer the longitudinal axis)
indicate possibly greater isotropy over the model 200 design.
Differences in seed encapsulation, end-cap and end-weld de-
sign, and the distribution of the contained isotope may ac-
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FiG. 4. Anisoctropy factor measured, ¢, (r), and anisotropy constant, q_s,,, N
for the MED#8633 source compared to both TG43 data and Weaver’s Monte
Carlo data for the model 200 source at radii of | t0 5 cm.

count for the differences in anisotropy. However, it is be-
yond the scope of this work to make a firm assessment on
this point.

D. Anisotropy factor, &,,(r), and anisotropy
constant, ¢,,

The anisotropy function for the MED3633 source was
used to provide data for the one-dimensional calculation for-
malism of TG43.2 The anisotropy factor, ¢,,(r), and the
anistropy constant, q?)a,,, were calculated from the F(r,8)
data for the MED3633 source. Values for both are found in
Table II with uncertainty on the order of that for F(r,8). In
Fig. 4, the MED3633 source anisotropy is compared to that
for the model 200 source using evaluated data®!? as well as
the results of Monte Carlo simulation.'* The anisotropy con-
stant for the MED3633, (;a,,= 0.95, is larger than that for the
model 200 source, @an=0.90 The generally larger values
of ¢, and of &,,(») for the MED3633 source at all radii
indicate, for point-source formulations, a possibly greater
isotropy over the model 200 source design,

IV. CONCLUSION

The dosimetric characterization of the MED3633 '®*pd
brachytherapy source by AAPM TG43 formalism was per-
formed using standard methods employing thermolumines-
cent dosimeters in a water equivalent phantom. The net un-
certainty to be expected using the data of this report for the
MED3633 source and using TG43 dose calculation formulas
is 10%, and agrees with that stated in TG43 for the isctope
source designs considered there.

The results of this study indicate three significant obser-
vations: the MED3633 source has a radial dose function that
is substantially equivalent to that for the model 200 source,
the MED3633 source has a dose-rate constant that is lower
than published values for the model 200 source, and the
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MED3633 source may have a slightly more isotropic dose
distribution over that of the model 200 source. Regarding the
dose-rate constant, the value for the MED3633 source is cal-
culated using the 1999 NIST calibration for air-kerma
strength and is compared to a value for the model 200 source
that was determined prior to 1999. The stated comparison
above may change as the mode! 200 source is calibrated
under the 1999 NIST calibration standard and used in pub-
lished dosimetry studies.
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Permanent prostate implantation using '2°I (iodine) or '°*Pd (palladium) sources is a popular treat-
ment option in the management of early prostate cancer. As sources of new designs are developed
and marketed for application in permanent prostate implantations, their dosimetric characteristics
must be carefully determined in order to maintain the accuracy of patient treatment. This report
presents the results of experimental measurements and Monte Carle calculations of the dosimetric
parameters performed for a newly available '%°Pd seed source. The measurements were performed
in a large scanning water phantom using a diode detector. The positioning of the source and
detector was achieved by a computer-controlled positioning mechanism in the scanning water
phantom, The dose rate constant in water for the new '%Pd source was determined from measure-
ments with the diode detector calibrated with 2 sources of known air-kerma strength. The radial
dose function values for the source were measured using the diode detector. Monte Carlo photon
transport calculations were then used to calculate the dosimetric parameters of dose rate constant,
radial dose function, and anisotropy function using an accurate geometric model of the source. The
measured dose rate constant of 0.693 ¢Gy/U-hr compares well with the Monte Carlo calculated
value of 0.677 cGy/U-hr. These results are further compared with data on existing '“*Pd sources.

© 2000 American Association of Physicists in Medicine. [$0094-2405(00)03605-1]
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I. INTRODUCTION

The use of '*°I and '**Pd (palladium)} seed sources for per-
manent prostate implantation in the management of prostate
cancer patients has become a popular brachytherapy applica-
tion. New designs of brachytherapy sources have been intro-
duced by manufacturers to meet the increasing demand for
these sources. It is important that the dosimetric characteris-
tics of these sources are accurately determined before their
clinical application.! This report presents the results of our
experimental measurements and theoretic calculations for
determination of the dosimetry parameters for one such
source, the model MED3633 '%*Pd (North American Scien-
tific, Inc., Chatsworth, California, U.S.A.).

The measurement of dose distribution parameters for
brachytherapy sources is difficult because of the strict
source/detector positioning accuracy requirement, as well as
the large variation in the photon emergy spectrum with dis-
tance near a brachytherapy source. Various detectors have
been used for such purposes, including diode detectors,?~1°
thermoluminescent dosimetry (TLD) chips and rods,m“19 and
diamond detectors.”® With appropriate corrections for geom-
etry and energy response, both the diode detectors and the
(TLD} detectors have been shown to be adequate for the
characterization of brachytherapy source dosimetry,?~!*21-2
Monte Carle calculations have been used extensively for
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dosimetric characterization of brachytherapy
sources,>1%22-%7 especially for low-energy sources such as
125 seeds.

In this work, we use a commercial diode detector {Scan-
ditronix, Upsala, Sweden) to measure the transverse axis do-
simetric parameters of the MED3633 'Pd source in a water
phantom. A source is affixed to the wall of a large automatic
scanning water phantom (The Blue Phantom, Wellhoffer
North America, LLC, Memphis, Tennessee, U.S.A)), with
the diode mounted to the computer-controlled scanning
mechanism. The dose rate constant in water for the
MED?3633 "Pd source was measured after determination of
the diode response to two '2°I seeds, models 6702 and 6711
(Nycomed/Amersham, Chicago, Illinois, U.S,A.). The radial
dose function values of the source were measured with the
source~-detector distance controlled by the computer-
controlled scanning mechanism.

In addition, Monte Carlo photon transport (MCPT)
calculations® were used to calculate the dosimetric param-
eters for the MED3633 'PPd source. The Monte Carlo cal-
culation code used in this study has been extensively bench-
marked against measurement results.®1%*1-2 A realistic
model of the MED3633 '*Pd source was used in the calou-
lations. The results of these measurements are presented in
the following sections.

® 2000 Am. Assoc. Phys. Med. 1108
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Il. MATERIALS AND METHODS

The measurements performed in this study include two
aspects: (1)} Determination of the dose rate constant in water
for the North American Scientific, Inc. MED3633 1%pd
source and {2) determination of the radial dose function val-
ues at distances of 0.5-3.5 cm from the center of the source.
The measurements for the dose rate constant were done us-
ing a diode detector. The calibration factor of the diode de-
tector was empirically determined by comparisons with cali-
brated model 6702 and model 6711 '21 sources. The
measurements were done in a large water phantom. The mea-
surements of radial dose function values were done using the
same diode detector, with the source-to-detector distances
measured by the positioning control mechanism of a com-
mercial scanning phantom. Both of these measurements, as
well as the sources used, are discussed below.

A. Radioactive sources

Two model MED3633 '9Pd seed sources, calibrated by
the manufacturer (control numbers W09923-1-3 and
W09923-1-10), were used in this study. This source is a
medified version of the '2°I source design from the manufac-
turer, The source contains four resin spheres, each 0.5 mm in
diameter, packed inside a titaniumn cylinder nominally of 4.5
mm length and 0.8 mm external diameter, with laser-weld
ends. Two 0.5 mm diam spheres of gold—copper mixture are
placed in the middle of the source, separating the radioactive
spheres into two groups of two spheres each. These gold—
copper spheres therefore serve as radiographic markers for
visnalization during and after the prostate seed implantation
process, constituting the ‘‘mid-markers™ design. At the time
of these measurements the sources had air-kerma strengths of
~2.5 and 1.9 U, respectively, or apparent activities of ~1.9
and 1.5 mCi, respectively. The manufacturer of this source
has subsequently performed intercomparison of source
strength measurements with the National Institute of Stan-
dards and Technology (NIST). It was determined that the
manufacturer’s in-house calibration protocol underestimates
the source strength by 2.7%. The measured dose rate con-
stant value reported in this manuscript has therefore been
scaled down by that arnount.

For determination of diode response to the '®Pd source, a
calibrated model 6702 2] source of air-kerma strength 0.65
U, or apparent activity of ~0.51 mCi, was used. The diode
calibration factor was further obtained with an Amersham
model 6711 %1 source at an air-kerma strength of 6.89 U.
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model are their nominal values.

The strength of this source was measured using an in-house
ADCL (Accredited Dosimetry Calibration Laboratory) cali-
brated well chamber and electrometer system.

B. Measurement instruments and geometry

Measurement instruments and geometry were discussed in
a previous report®™ and is discussed here only briefly. The
measurements were performed using a commercial cylindri-
cal diode detector connected to a Keithley model 602 elec-
trometer. The source/detector positioning was achieved by
using a commercial scanning water phantom and its detector
positioning scanning mechanism, with a positioning resolu-
tion of 0.1 mm.

C. Monte Carlo calculation

A Monte Carlo photon transport (MCPT) simulation code
package® was used in this study. This code package has
been used extensively in dosimetric characterization of
brachytherapy sources, and compares favorably with experi-
mental measurement data.®'?22325 One of the major advan-
tages of this code package is the availability of combinatorial
geometric modeling routines that allow creation of complex
structures, using basic geometric objects.”’

A realistic geometric model of the MED3633 '%°pd source
was developed based on manufacturer’s drawings, as shown
in Fig. 1. Uncertainties in the source modeling, in compari-
son with a physical source, include modeling of the end-
welds and the relative positions of the resin spheres and the
gold—copper marker spheres. While neither will affect the
calculation of dose rate constant or radial dose function val-
ues to any significant extent, anisotropy function values can
be different depending on these parameters. The model that
was used in the MCPT calculations assumed semispherical
end-welds of maximum thickness 0.15 mm, and 0.1 mm
spacing between the resin and gold—copper marker spheres
within the source encapsulation.

The dose rate constant for the MED3633 '%3Pd source was
calculated as the ratio of the dose to water at 1 ¢m from the
source, Dy, along the transverse axis of the source, to the
source’s air-kerma strength, 5. Air-kerma strength of the
source was estimated by calculating the dose in air from the
source at points with varying distances from the source,
along the transverse axis of the source, using the approxima-
tion of Dy (r)=SyX e #/r?, as described by Williamson.*
The calculations were all done for adequate numbers of pho-
ton histories so that the calculated standard deviation for
cach parameter of interest was better than 2%.
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TaeLg [. Measured and calculated dose rate constant in water for MED3633 'Pd sources.

Diode measurement Diode measurement TLD
of this study of this study measurement of
calibrated using calibrated using Wallace and Monte Carlo
Source of data model 6702 source model 6711 source Fan (Ref, 19) caleulation
AlcGyhr™* U™ 0.714 0.682 0.68 0.677

IIl. RESULTS AND DISCUSSION
A. Dose rate constant in water

Since all measurements were performed in a water phan-
tom, no correction for solid phantom media was necessary,
The calibration factors for the diode detector, established us-
ing a modet 6702 ' source as well as a model 6711 2°I
source with 1-cm source-to-detector distance, were used di-
rectly to convert diode readings of a MED3633 '®Pd source
at 1-cm source-to-detector distance, as described by the fol-
lowing equation:

APdGnId= (RDGPdGnldX an'll % AGT!])/(RDGG'IH X S:dGold) ]

Where AP and AST!! are the dose rate constants in
water for the MED3633 and model 6711 sources, respec-
tively, RDGF4%°4 and RDG®™!! are the diode readings, and
53901 and $571! are the strengths of the sources at the time
of measurement. From this equation it can be seen that the
use of model 6711 source would tend to result in a lower
value of AP¥%°1 a5 compared with use of model 6702 source,
due to the higher diode response (RDG*''' >RDG*" for the
same dose S X A) in the diode. This is confirmed in the
experiment as shown in Table 1.

The results of these measurements, together with the
Monte Carlo calculated dose rate constant, are given in Table
I. Note that these values differ from the value of 0.74 ¢Gy/
U-hr recommended by the AAPM Radiation Therapy Com-
mittee Task Group 43 report on the TP200 source. The value
recommended by the TG43 report was based on measure-
ments normalized to the vendor-provided source-strength
calibration. The measured values listed in Table 1 are based

on the NIST calibration value for the MED3633 '°pd
source.

Uncertainties associated with measurement of the dose
rate constant of the MED3633 '%Pd source (using the tech-
nique described above) include calibration accuracy of the
calibrated model 6702 and 6711 the sources used to obtain
the diode response factor, measurement reproducibility, and
the response variation of the diode detector at %1 energy
(mean energy, ~27 keV for model 6711 seed and 31 keV for
model 6702 seed) and '*Pd energy (~22 keV). The uncer-
tainty of source calibration is *4% from the NIST standard
at the 95% confidence interval as stated by the manufacturer.
We have observed approximately +2% wvariations in re-
peated measurements, Adding these uncertainties in quadra-
ture, we estimated the measurement uncertainty in the dose
rate constant for the MED3633 '9*Pd source to he ~+5.7%
at the 95% confidence interval. The possible diode energy
response variation between the I and '©°Pd energy ranges
was not included in this error analysis. The exact magnitude
of energy response variation of the diode detector between
the "I and *Pd energy ranges remains to be determined,
though its effect is partly seen in differences of nearly 5% in
the diode measurements calibrated using model 6702 vs
model 6711 '*°1 sources.

B. Radial dose function values

The dose rates at distances away from and along the trans-
verse axis of the MED3633 ®Pd source were measured us-
ing the diode detector. These measured dose rates were then
converted to values of the radial dose function using the

TasLE 1I. Measured radial dose function values for MED3633 '%Pd source.

MCPT Diode Wallace and TP200 % Ratio % Ratio % Ratio

Distance caleulated measured Fan (Ref. 19) (TLD) [TG43 (Ref. 31)]  diode/ TLD/ TP200/
{cm) g(r) g(r) g(r &(r) MCPT MCPT MCPT
0.50 1.243 1.345 1.275 1.290 108.23% 102.59% 103.80%
0.75 125 1.132 100.65%
1.0 1.000 1.000 1.000 1.060 100.00% 100.00% 100.00%
1.5 0.770 0.722 0.769 0.765 93.82% 9993% 9941%
2.0 0.583 0.551 0.580 0.576 94.51% 99.49%  98.80%
2.5 0.438 0.436 0.431 0.425 99.57%  98.43%  97.06%
3.0 0.325 0.362 0318 0.310 111.29%  97.77% 95.31%
3.5 0.241 0.317 0.231 0.224 131.57%  95.87%  92.97%
4.0 0.177 vre 0.174 0.165 e 98.38%  93.22%
4.5 0.130 0.132 0.123 101.35%  94.62%
5.0 0,098 0.102 0.0893 104.45%  91.11%
6.0 0.053 0.064 .- 120.79% -
7.0 0.028 0.045 158.41%
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