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Dosimetric measurements were performed to characterize a new 21 source that is a variant design
of an existing source, designated as MED3631-A/S, and that has application in interstitial brachy-
therapy. The new source, designated as MED3631-A/M, has centralized radio-opaque markers. In
the original MED3631-A/S source, the radio-opaque markers are separated. Thermoluminescent
dosimeters were placed in phantom to measure transverse axis and angular dose profiles over a
range of distances from 0.5 to 7 cm. The data were analyzed in terms of parameters recommended
by AAPM Task Group No. 43. Tabular data evaluated in liquid water are provided for the dose-rate
constant, A, radial dose function, g(r), the anisotropy function, F(r,8), the anisotropy factor,
a7}, the point-source approximation anisotropy constant, ¢,,. The dose-rate constant was de-
termined by an absolute method using a Cobalt-60 reference and by relative measurements using
calibrated '°I source(s). Values of the dose-rate constant are provided for both the 1985 and 1999
NIST air-kerma strength standards. The new source is comparable to both the MED3631-A/S and
the model 6702 '>I source designs, demonstrating equivalent radial dose function, g(r). Differ-
ences in the value of the dose-rate constant, A, and the anisotropy of the dose distributions in
phantom are discussed in light of the improved isotropy of the new design, the MED3631-A/M
source, and the uncertainty involved in the dose measurement using a Cobalt-60 reference.
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I. INTRODUCTION

In a recent report, we outlined the methods and the results of
a dosimetric evaluation of a new Iodine-125 source, the
MED3631-A/S {North American Scientific, Incorporated,
North Hollywood, California) that has become available for
use in interstitial brachytherapy applications.! This source
has since been reconfigured with the intent of providing
greater facility for radiographic source identification while
achieving a better approximation to the isotropic point
source. Like the original, the new source design is in many
ways similar to those of existing seed models 6702 and 6711
(Nycomed-Amersham, Arlington Heights, Illinois). External
dimensions are nearly identical to these other seeds. Inter-
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. Whereas the original design, the
MED3631-A/S source, had two radioactive elements split-
ting the markers, the new design, MED3631-A/M moves the
markers to the center of the source. Thus, in the new design,
the two markers are flanked by two active elements at each
end of the source. In the original design, the contribution of
dose aleng the longitudinal axis from the central active ele-
ments was nil due to shielding by the high-Z markers. The
central marker design loads the source ends to provide a
more isotropic dose distribution. The present work demon-
strates the dosimetric differences between the new (central
marker) MED3631-A/M and the MED3631-A/S and 6702
designs.
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This study follows and expands on our previous work
using TLD rods to perform dosimetric measurements in a
solid phantom. As the foundation for our study, the work of
several authors,”™® the Interstitial Collaborative Working
Group'® and the recommendations in the AAPM Task Group
43 report'! inform the present work regarding accurate dosi-
metric measurements for low energy brachytherapy photon
sources. A comprehensive review of the subject is found in
these earlier reports.!!"'? In summary, reusable TLD rods or
chips have several advantages for this type of measurement:
they exhibit wide dose and dose-rate latitude, their small size
and condensed state allows precise positioning in bores in a
solid phantom, the small perturbations, due to their presence
in phantom, to the radiation environment and measured dose
have been characterized, and their relative response to ®°Co
and 121 spectra is well established.!?

In this study, the distribution of radiation dose was mea-
sured in a tissue equivalent {TE) phantomn using thermolumi-
nescent dosimeters. These dose data were converted from a
finite volume of tissue equivalent material to an unbounded
volume of liquid water by employing analytic, finite volume,
build-up factors. These measurements in the TE allow us to
obtain the radial dose function, g(#), and the anisotropy
function, F(r, #}. The dose rate constant, a key parameter in
this study, was obtained by two independent methods, rela-
tive and absolute measurement. For the relative measure-
ment, the dose rate constant for the MED3631-A/M source
was obtained by comparison with other similar brachy-
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therapy sources, models MED3631-A/S and 6702. For the
absolute measurement, the dose-rate constant was measured
in an RW1 water equivalent phantom since this material is
well studied.* Dose response for the TLD was calibrated to
a Cobalt-60 teletherapy source. All radiation sources used in
this study have NIST traceable calibration. The *°I sources
were calibrated in accerdance with the NIST 1985 standard
and may be converted to the 1999 NIST standard by apply-
ing a multiplicative factor of 0.897 to reduce the air-kerma
strength from the value under the 1985 standard.'

Il. METHODS AND MATERIALS

The models MED3631-A/S8 and MED3631-A/M sources,
detailed in Fig. 1, are each 4.5 mm (nominal} in length, 0.8
mm diameter cylindrical titanium capsule containing four
1231 bearing ion-exchange resin beads and two gold-copper
alloy markers, ¢ach 0.5 mm in diameter. The titanium cap-
sule wall thickness is 0.05 mm and the end-weld thickness is
approximately 0.15 mm. In the former, the markers are split
by two active exchange resin beads, while in the latter, the
new design places the markers in the center. At present, the
source is available in strengths up to approximately 1.0 U,

suitable for prostate brachytherapy applications. For the -

measurements, the manufacturer provided a single source de-
livered with a NIST traceable air kerma strength of approxi-
mately 40 U that was calibrated for the first date of measure-
ment. In two experiments to evaluate the anisotropy
distribution, TLD-100 rods [Harshaw (Harshaw-Bicron, So-
lon, Ohio)] were exposed as an array in a tissue-equivalent
phantom [RSD (Radiology Suppert Devices, Inc., Long
Beach, California)} and read out using an automated TLD
reader (Model QS-5500 Harshaw). In three experiments,
TLD-100 rods were exposed in geometry te evaluate the ra-
dial dose distribution. In three experiments, TLD-100 rods
were exposed to several seed models at 1 om distance in
phantom to evaluate the dose-rate constant. In two measure-
ments, TLD-100 rods were exposed in a water equivalent
phantom? [RW1 (PTW, Hicksville, Long Island, New York)]
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at 1 cm distance to evaluate the dose-rate constant. For all
measurements, a single batch of TLD rods was selected that
demonstrated the best available rod-to-rod response varia-
tion; batch variation was approximately 2—3%. Prior to each
measurement, TLD rods from a single batch were annealed
at 400 °C for one hour, quenched to ambient room tempera-
ture for 30 min, and heated at 80 °C for 24 h. Both the tissue
equivalent (TE) and the water equivalent (RW1} phantoms,
30X 30X 6 cm®, were designed with a central hore to accom-
modate one of two (TE or RW1 material) source carriers
holding the source either parallel (to evaluate the dose-rate
constant} or perpendicular {to evaluate the dose distribution)
to the long axes of the TLD rods. In the TE phantom, bores
to hold TLD rods were arranged to sample a quadrant with
respect to the source long axis, at angles from 0° to 70° in
10° steps and at 90° (measured from the long axis of the
source) and at 0.5 cm intervals from 0.5 to 8 cm, with an
additional ring at 0.75 cm. Plugs of phantom material were
used to fill the phantom gaps when TLD rods were absent in
the measurements. In evaluating the radial dose function,
TLDs were placed in bores along the transverse axis at 0.5
cm intervals from 0.5 to 8 cm and at 0.75 ¢m. To evaluate
source anisotropy, TLDs were placed at each angle in bores
at constant radii of 1, 2, 3, 4, 5, and 6 cm. Average dose rates
were obtained at each phantom dosimeter location from TLD
readings that were corrected for finite dosimeter volume'%!?
and scaled for exposure duration. The range of dose deliv-
ered to the TLD rods was approximately 1-300 cGy over
1-2 h and is estimated using our result for the dose-rate
constants, A and Arg, for 'l in water and in the TE phan-
tom material for the MED3631-A/S source. These doses are
within the linear range given by the manufacturer for the
TLD-100 rods. The deviation between these corrected TLD
dose rates averaged over all phantom positions was =2%,
with a maximum of approximately 5% for positions at large
radius. Inter-TLD effects were estimated from data for TLD
chips,' accounting for volumetric differences between rods
and chips, and applied to the uncertainty in the response
data. The average TLD dose rates were then used to obtain
the specific TG43 dosimetric parameters for the TE phantom
material.'? Details of the inter-TLD correction factor are de-
scribed elsewhere.! All measurements for the relative TG43
values were made in the TE phantom, as well as the deter-
mination of the dose-rate constant by relative measurement,
The water-equivalent RW! phantom was used for two mea-
surcments of the dose-rate constant using a calibrated
Cobalt-60 teletherapy unit as an absolute reference.

The tissue equivalent phantom was constructed of
B-material which is designed to match the attenuation char-
acteristics of tissue, one-half muscle and one-half fat, at very
low photon energies. The material composition [M. Basic,
Radiology Support Devices, Inc., private Communication
{(1997)] by weight percentages is H (9.24%), C (60.75%), N
(3.85%), O (25.38%), and Ca (0.78%), with density, p
=1.09 g/cm®. This is the same phantom that was used in our
previous evaluation of the original MED3631-A/S source
design.!

The polyethylene based RW1 phantom is designed for
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TabLE I, Two-dimensional geometry function, G(#,8)- 7%, for the MED3631-A/M multipole source.

80)

Flem)  0° e 20° 30°  40° 50°  60° T0° BO°  90°
0.5 1140 1133 Lil4 1087 1056 1025 0998 0977 0964 0960
075 1059 105 1049 1038 1025 1012 1000 0990 098¢ 0982
1 1033 L031 1027 1021 1014  1.007 1000 0594 0991  0.990
1.5 LOIS 1015 1013 1010 1006 1004 0999 0997 0997 0995
2 1008 1008 (008 1004 1004 1.000 1000 1000 0996 099
25 1006 1006 L1006 1006 1000  LOO0  LOOD 1000 1000  1.000
3 LOOB 0999 0999 0999 099 0999 0999 0999 0999 0999
3.5 1005 1005 1005 1005 1005 1005 1005 1005  L1.OOS  1.005
4 1008 1008 1008 1008 1008 10O 0992 0992 0992 0992
45 0992 0992 0992 0992 0992 0992 0992 0992 0992 0992
5 1000 1000 1600 1000 1000 1000 1000 1000 1000  1.000
55 0998 0998 0998 0998 0998 0998 0998 0998 0998 0998
6 1008 1008 1008 1008 1008 1008 1008 1.008 1008  1.008
7 0.980 0980  0.980 0980 0980 0980 0580 0980 0980 0980
8 1024 1024 1024 1024 1024 1024 1024 1024 1024 1024
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dosimetric water equivalence for low-energy x-ray machine
sources, from 10 to 100 kVp."> The use of these two phan-
toms allowed comparison of measured values, particularly
the dose-rate constant, measured in two different materials
and analyzed by different methods.

As in our prior work, finite volume build-up factors have
been used to provide a correction factor for total dose rate
between phantom and liquid water materials in the geometry
of the phantom. Build-up factors for the 2 spectrum were
calculated using attenuation, absorption, and scattering coef-
ficient data from Storm and Isracl.’® The use of build-up
factors to convert between materials for the '2I spectrum
been shown previously.'®!” Finite volume build-up factors
have been derived to account for bulk tissue heterogeneity in
treatment planning systems.'®'? Furthermore, the method has
been benchmarked against Monte Carlo simulation.'?
Briefly, the factor to correct dose rate from the TE phantom
material to liquid water is the ratio of the dose rates calcu-
laed using build-up factors in the materials, C,(r)
= Dg(r}/Dy{r). The TLD response predicted in liquid wa-
ter is that measured in the TE phantom reduced by the phan-
tom material cotrection factor, C,(r). The computed value
of C,(r) in TE material varies from 0.778 at a radius of 0.5
cm, reaching a value of 1.053 at a radius of 7 cm’,

The use of the correction factor, C,(r), has no significant
effect on the T(G43 anisotropy function, F(r, 8), the anisot-
ropy factor, ¢,,(»), or on the point-source approximation
anisotropy constant, &,,. This is so because these values
derive from the measured TLD responses by holding radius
as a comstant and evaluating variation with angle. These
functions and their values were calculated according to the
definitions given by TG43.!2 The anisotropy function,
F(r,8), was evaluated using the geometry function, G(r, 8,
for the four-sphere multipole source (Table I). Alternatively,
the geometry function for a 3 mm active length line source'?
could have been used. A detailed comparisen of the geom-
etry function G(r,8) for a 3 mm active length line source
with that for the four-sphere multipole arrangement of activ-
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ity in the MED3631-A/M source showed no significant dif-
ference.

The geometry function, G(r, ) was defined for the four-
pole source arrangement of the MED3631-A/M source. The
four-pole geometry function is the average radius 2 to a test
point, (r,8), from four solid spheres arranged along an axis
according to the MED3631-A/M source design. Using a far-
field approximation for dimension of the activated sphere
diameter or greater, the integration ranged over the source
axis with point sources replacing the spherical active ele-
ments of the MED3631-A/M source.

The phantom correction factor, C,(r), implicitly affects
the dose-rate constant, A, and the radial dose function, g(r),
since it is applied to the measured TLD response(s). This
factor was applied to the measurement of the radial dose
function in the TE phantom to arrive at the function in water.
In the absolute measurement of the dose-rate constant in the
water equivalent the phantom correction factor (1.033) for
RW1 at 1 em®®?! was applied to arrive at the dose-rate con-
stant in water.

Using the relative method, the dose-rate constant in water,
A, for the central marker MED3631-A/M source was deter-
mined with reference to the values of A for the original
MED3631-A/S source and the model 6702 seed. TLDs were
exposed in the TE phantom at a radius of 1 cm (along the
perpendicular bisector) for known durations to known (NIST
traceable) strength sources of each design. The source air
kerma strength of the central marker MED3631-A/M source
was provided by NIST. The dose-rate constant in water was
then evaluated using ratios of dose per unit source strength in
phantom:

Acm=

Dem! Sk.CM)
refs
Dref/Sk,ref

where subscript CM indicates the central marker variant,
MED3631-A/M source and ref indicates the reference
source, either model MED363-A/S or model 6702,
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The dose-tate constant, Agy,;, for ' in the water
equivalent phantom material was determined with reference
to TLD response in a calibrated Cobalt-60 teletherapy source
(Theratronics International, Kanata, Ontario, Canada). The
batch of TLD rods was divided. Twenty-four TLD rods were
exposed in batches of twelve TLDs to 213.7 or 426.3 c¢Gy
from %°Co at the centers of 1 X 1X3 cm® Lucite™ build-up
capsules. Twenty TLD rods were exposed in groups of ten in
the RW1 phantom for a known time to deliver an estimated
dose of 70—80 cGy at a distance of 1 cm from the %I source
of known strength. As appropriate, TLD readings were cor-
rected for finite dosimeter volume'? and for differential TLD
response between °Co and '2° spectrum taken as the value
(1.43£3%), averaged from data for '2[ seeds'™'? in liquid
water. The standard deviations of mean values derived from
raw TLD readings were approximately 1% in both experi-
ments. Uncertainty in A arises from imprecision in the mea-
surements and from uncertainty in the factors converting be-
tween materials and energy spectra: attenuation, absorption,
scatter coefficients, C,(r), and relative energy response of
TLDs.

At NIST, the air kerma strength of the source used for the
present evaluation was measured using the wide angle free
air chamber (WAFAC)Y? which has supplanted Loftus’
method using a reentrant chamber.”** Yet, the air kerma
strength calibration used at the time of this work was in
terms of the prevailing {1985) NIST standard that does not
take into account possible errors (approximate 11% differ-
ence) due to soft K x rays from the titanium container of the
source.®?® The new (1999) NIST standard addresses this
issue for titanium encapsulated '*°I sources. The effect of the
new standard will be to lower source strengths by a factor of
0.897." To keep absolute dose unchanged, the value of the
dose-rate constant, A, increases by the same fraction under
the new standard (see Ref. 26 for more detail).

lll. RESULTS

Radial dose functions, g(r), in liquid water are shown in
Fig. 2 for the three sources: MED3631-A/M, MED3631-A/S,
and model 6702.'2 The similarity of the radial dose functions
for the MED3631-A/M, the MED3631-A/S, and the model
6702 sources is expected given their similar designs. For the
MED3631-A/M source, the radial dose function, g(#), in an
unbounded volume of liquid water is tabulated along with
the point-source anisotropy factor, ¢,.(r) in Table IL Also
in Table II, are values for the dose-rate constant in water, A,
{for both the 1985 and 1999 air-kerma strength standards)
and the point-source anisotropy constant, ¢,,. The radial
dose function for the split marker MED3631-A/S source is
provided for comparison. The difference in numerical values
of g(r) between the two MED3631-A source designs is
within the experimental uncertainty of the two sets of data.

Our measured dose-rate constants are 0,949, 0.957, and
0.980. These results are consistent with TLD measurements
in a liquid water phantom, A=0.97, by an independent
evaluation.”’ Independent measurement using an ionization
chamber in water arrived at value, A=0.9352" Given the

Medical Physics, Vol. 26, No. 9, September 1999

R. E. Wallace and J. J. Fan: New design *Slodine brachytherapy source

1928

1.2 -
Radial Dose Functions
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0.2 9 | ——MED3631-A/S
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r,cm

FiG. 2. Comparison of radial dose functions in water, g(r), for the central
marker MED3631-A/M, MED3631-A/S, and the model 6702 brachytherapy
sources,

uncertainties inherent in each TLD (or chamber) measure-
ment and in the %°Co calibration of TLD response for 1°],
the arithmetic average of all experimental values of both
groups was taken as representative for the source design.
Table II shows this consensus of the two independent evalu-
ations: A=0.95 for the 1985 NIST standard and A=1.06 for
the 1999 NIST standard.

While our results for the original design MED3631-A/S
source provided values for the anisotropy factor and the an-

TabLE II. Point-source formulation parameters in liquid water for the central
market MED3631-A/M source as a function of distance, r, along the trans-
verse axis: radial dose function, g{r), and point-source anisotropy factor,
@u,(r). Source constants: dose-rate constant in liquid water, A4 {corre-
spending to the NIST 1999 air-kerma strength standard), and the point-
source anisotropy constant, ¢,,. The radial dose function, g(») 5, for the
split marker MED3631-A/S source is provided for comparison and agrees
with data for the central market to within experimental unceriainty.

A je=1.06
Pa=095 (¢Gyh™'u™)
F Split marker Central marker
(cm) (P ais &(P g Punlr)
0.5 1.064 1.069
0.75 1.028 1.037
1.0 1.0 1.0 0.931
1.5 0.929 0.915
2 0.848 0.825 0.950
25 0.762 0.735
3 0.676 0.651 0.931
35 0.596 0.575
4 0.523 0.509 0.956
4.5 0458 0453
5 0.401 0.406 0.985
6 0.311 0.331 0.952
7 0.245 0.265

Aogs=0.95¢Gyh™ ' U1 (1985 NIST standard).
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TasLe I, Two-dimensional anisotropy function, F(r, §), for the MED3631-A/M source from measured data.

8{)
r {cm) 0° 10° 20° 30° 40° 50° 60° T 80° 90°
1 0737 Q.783 0.856 0862 0915 0910  0.932 0.931 0.966 £.00
2 0722 0973 0.852 0839 0952 0948 0943 0.934 0.992 1.00
3 0.657  0.761 0.869 0.905 0915 0.543 0.948 0.924 0.962 [.00
4 0.714  0.788 0.800 0.88¢ 0934 0940 0975 0996  0.998 1.00
5 0.742 0.830 0.833 0.872 1.001 1.010 1.005 1.047 1.024 1.00
6 0.727 0.815 0.862 0.851 0.895 1.002 1.02t 0960  0.980 L0

isotropy constant that are less than or equal to the corre-
sponding values for either the model 6711 or 6702
seeds,>?! the new central marker design is numerically
comparable to the model 6702 seed. The dose-rate rate con-
stant in water increases from those for either the original
MED3631-A/S source or the models 6702 and 6711 seeds,
possibly reflecting the improved isotropy of the dose distri-
bution, An increase in the scatter dose at the reference point
(ro=1cm, 8=90°) in phantom per unit air-kerma strength
due to increased primary output at the source ends would
lead to an increase in the dose-rate constant over that of a
less isotropic design. Defined in TG43, the air-kerma
strength is a measure of brachytherapy source strength,
which is specified in terms of air-kerma rate at the point 1 m
distant along the transverse axis of the source in free space.'?

The radial dose function for the MED3631-A/M source
was fit to a fifth-order polynomial, g(r)=ay+a;r+a,r?
+ayri+tarttasr®, with coefficients ag=1.10966, a,
=—438336X 1072, a,=—8.63911x 1072, 4;=2.27495
1072, ay=—226494X 1073, and a5s=7.91851x 1075,

The two-dimensional anisotropy function, F(r, §), for the
MED3631-A/M source is found in Table III. The F(r,#) for
this source demonstrates smoother angular variation at any
fixed radius when compared to data for the model 6702 or
6711 seeds.'? This is demonstrated in Figs. 3(a)—3(c) where
the anisotropy function is plotted for three distances (7
=1,3,5 cm) to compare the present data for the MED3631-
A/M source with the data for the original MED3631-A/S
source,! and the TG43 data for the 6702 and 6711 seed.'?
Comparing the MED363 1-A/M with a more recent result for
the 6702 seed® has similar findings. The dose at positions
along the long axis of the source (#=0°) for the central
marker design is generally higher than for the other source
designs, indicative of the impreved isotropy of the
MED3631-A/M design. Similarly, in Fig. 4, a comparison of
the anisotropy factors demonstrates this improvement over
other source designs.

Uncertainty, in our results is estimated on the basis of
reproducibility in the TLD measurements and on the factors
and methods used to convert from raw data in a finite-
volume tissue-equivalent phantom to an unbounded volume
of liquid water, Uncertainty in the dose-rate constant is +3—
5%. The uncertainty in g{r) is also approximately *5-6%.
The uncertainty in the anisotropy function, factor, and con-
stant is about £5% for the MED3631-A/M source.
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V. DISCUSSION

Experiments to characterize the dosimetry of a newly re-
designed '2 brachytherapy source were performed to pro-
vide data formatted according to the recommendations of
AAPM Task Group No. 43.)2 The new MED3631-A/M
source differs from the original MED3631-A/8 design in that
the opaque markers are at the source center in the new de-
sign. The radial dose function in water is identical to that for
the original design, MED3631-A/S, and similar to that for
the model 6702 seed, reflecting design similarity. However,
the dose-rate constant is significantly increased over these
previous designs. The anisotropy function, factor, and con-
stant for the new source are comparable to those for the 6702
source. The new design demonstrates superior isotropy when
compared to the carlier design (see Ref. 1) where the anisot-
ropy constant, ¢,,, was 0.9 compared to 0.95 for both the
new source and the model 6702 seed.

Consideration of the uncertainty in the anisotropy func-
tion, factor, and constant for the MED3631-A/M source pro-
vides essential agreement to these data for the MED3631-
A/S and model 6702 sources. Weaver has recently
articulated a method to better determine the anisotropy
function.” Further work will follow that method that takes as
basic data, the measured spectrum of a unit source at direc-
tions around the source, and performs a Monte Carlo trans-
port simulation in liquid water to obtain g(r) and F(r,#8).
An independent evaluation of this type was undertaken for
the split-marker MED3631-A/S source.?” In that study, sig-
nificant spectral differences as a function of angle found for
the model 6702 source were not found for the MED3631-
AJ/S source. This is possibly due to greater filtration through
the thicker end welds of the 6702. A study for the
MED3631-A/M source could corroborate this observation
and elucidate the character of the measured anisotropy func-
tion.

Further study should be initiated to model this source de-
sign. Then Monte Carlo radiation transport calculations
could provide an independent evaluation of the empirical
dosimetric parameters. Continued dose distribution measure-
ments using TLDs in a water equivalent phantom would also
be an appropriate study. In the present work, the absolute
value of the dose-rate constant in water has been confirmed
by a measurement in a water equivalent phantom.”’” Other
independent cvaluations of this constant would serve to cor-
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1.1 4 Anisotropy function, r=1cm
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Fic. 3. Anisotropy function, F(r, &), measured for the MED3631-A/M
source compared to those for the MED3631-A/S source and the models
6702 and 6711 seeds at radii of 1, 3, and 5 cm vs angle between the source
axis and the measurement point, in (a), (b), and (c), respectively.

roborate the value reported here. These could include direct
measurement in a liquid water phantom using a diode detec-
tor or using TLDs in liquid water with a correction for re-
sponse variation from water absorption into the dosimeter. A
detailed analysis of the measured data using selected fitting
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FiG. 4. Anisotropy factor, ¢,.(r), measured for the MED363 1-A/M source
compared to that for the MED3631-A/S source and the models 6702 and
6711 seeds at radii of 1—6 cm.
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this new source design would address dosimetric prerequi-
sites recommended by the AAPM Radiation Therapy
Committee.’!
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Permanent prostate implant using '2°I or '®®Pd sources is a common treatment choice in the man-
agement of ecarly prostate cancer. As sources of new designs are developed and marketed for
application in permanent prostate implants, it is of paramount importance that their dosimetric
characteristics are carefully determined, in order to maintain a high accuracy of patient treatment.
This report presents the results of experimental measurements of the desimetric parameters per-
formed for a newly available ‘*°1 seed source, the model MED3631-A/M source (IoGold™), manu-
factured by North American Scientific, Inc. The measurements were performed in a large scanning
water phantom, using a diode detector. The positioning of the source and the diode detector was
achieved by a computer-controlled positioning mechanism in the scanning water phantom. The
dose rate constant in water for the new '2°I source was measured in comparison with an existing 12’1
source of similar design and verified using thermoluminescent dosimetry (TLD) measurement, The
radial dose function values for the source were measured using the diode detector. The measure-
ment technique and the results are compared with the dose distribution parameters for the 1251
sources discussed in the AAPM TG43 report and clsewhere [Med. Phys. 26, 570—573 (1999)], For
the dose rate constant in water of the new source, it is recommended that a value of 0.950 cGy/U-hr
be used based on the NIST 1985 air-kerma strength calibration standard, or 1.060 cGy/U-hr based
on the 1999 NIST air-kerma strength standard. The measured radial dose function values for the
MED3631-A/M source agree closely with those of the model 6702 source. It is therefore recom-
mended that the radial dose function values for the model 6702 '#°I source, as recommended by the
AAPM TG43 report, be adopted for the new source as well. © 2000 American Association of
Physicists in Medicine. [$0094-2405(00)01906-4]
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chips and rods, and diamond detectors.'® With appropri-

The use of 21 and '*Pd seed sources for permanent prostate At corrections for geometry and energy response artifacts,

implant in the management of prostate cancer patients has
become a popular brachytherapy application. New designs of
brachytherapy sources have been introduced by manufactur-
ers to meet the increasing demand for these sources, It is
important that the dosimetric characteristics of these sources
are accurately determined prior to their clinical applications.
This report presents the results of our experimental measure-
ments for the determination of the dose rate constant in water
and the radial dose function values for the model MED3631-
A/M source (IoGold™), manufactured by Nerth American
Scientific, Inc. (NASI).

The measurement of dose distribution parameters for
brachytherapy sources is difficult becanse of the strict
source/detector positioning accuracy requirement, as well as
the large variation in the photon specttum near a brachy-
therapy source as the distance from the source changes. Vari-
ous detectors have been used for such purposes, including
diode detectors,'® thermoluminescent dosimetry (TLD)
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both the diode detectors and the TLD detectors have been
shown to be adequate for the characterization of brachy-
therapy source dosimetry.!~!>17-19

In this work, we use a commercial diode detector (Scan-
ditronix, Uppsala, Sweden) to measure the transverse axis
dosimetric parameters of the MED3631-A/M %1 source in a
water phantom. A source is affixed to the wall of a large
automatic scanning water phantom (The Blue Phantom,
Welihofer North America, LLC, Memphis, Tennessee,
USA), with the diode mounted on the computer-controlled
scanning mechanism. The dose rate constant in water for the
MED3631-A/M %I source was measured after determina-
tion of the diode response to two calibrated 21 seeds, mod-
els 6702 and 6711 (Nycomed/Amersham, Chicago, Illinois,
USA). The radial dose function values of the source were
measured further, with the source—detector distance con-
trolled by the computer-controlled scanning mechanism. The
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