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Purpose: Recently, a new design of an encapsulated 1231 source using a tungsten substrate has been intro-
duced by Best Medical International and named as Best Model 2301 source. In contrast to model 6711
source that uses silver as substrate, the model 2301 source does not yield fluorescent x rays (22.1 keV and

25.5 keV) in the energy range of dosimetric interest. This changes the dosimetric characteristics of the
source and experimental determination of these characteristics is needed.

Methods and Materials: In this work, the dosimetric characteristics of the tungstenbased '**1 source #
were measured using LiF TLDs in a Solid Water™ phantom. The dose rate constant as well as the radial

¥

Abstract

dose function and anisotropy function were measured.
Results: The dose rate constant for the tungsten-based source was determined to be 1.02 * 0.07 cGy h="
U~ in contrast to the previously reported value of 0.98 for the silver-based model 6711 source. The radial
dose function for the tungsten-based model 2301 source decreases slightly less rapidly with distance than
that for the silver-based model 6711 source. Considerable differences in the anisotropy functions between
the two sources were observed.

Conclusions: Dosimetric parameters of the Model 2301 source, based on AAPM TG-43 formalism, have

been experimentally determined. © 2002 Elsevier Science Inc. All rights reserved.
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Introduction

In 1991, a double-walled encapsulated source of radioac-
tive 21 on a tungsten substrate was developed for intersti-
tial brachytherapy (model 2300; Best Medical International,
Springfield, VA) (1). The double-walled encapsulation de-
sign was intended to provide thinner and more uniformly
thick walls at the ends of the source so that the correspond-
ing angular distributions are more isotropic. In contrast, the
commonly used model 6711 source (Nycomed/Amersham,
Arlington Heights, IL) uses a silver substrate that also
serves as the radiographic X-ray marker for source localiza-
tion in the patient. The atomic number of tungsten is 74,
compared with 47 for silver. The K characteristic X-rays
from tungsten have energies from 57.4 to 69.5 keV, and the
L. characteristic X-rays from tungsten have energies from
7410 11.7 keV (2). The K-edge characteristic photon ener-
gies of tungsten are too high for the photons emitted by '*'I
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to produce (lower than 35.5 keV), and L-edge characteristic
photons from tungsten are readily absorbed in the encapsu-
lation and do not contribute significantly to the dose to tis-
sue at the reference distance of 1 cm. In contrast, the silver
K X-rays have energies of 21.7 and 25.5 keV (1), which are
well within the range of photon energies from '*I. Thus, the
effective photon energy from a silver-based source is lower
(approximately 27.4 keV) compared with that for the 2|
source on a tungsten substrate (approximately 28.4 keV).
The model 2300 source also introduced double encapsula-
tion made of titanium and used loading of radioactivity on
the flat ends of the tungsten rod substrate. The source was
designed to produce a more uniform angular dose distribu-
tion around the source, and we reported this in a previous
study (3).

In 1999, the manufacturer introduced a commercial prod-
uct based on the earlier design of the model 2300, which has
been designated as the model 2301 source. The newly de-
signed Best model 2301 "I seed has a nominal physical
length of 5.0 mm and an outer diameter of 0.8 mm. The '*1
radionuclide was infused in the organic matrix, which was
coated on a tungsten rod with a nominal length of 3.95 mm
and a diameter of 0.25 mm. Recently, Meigooni er al. (4)
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published their study on the dosimetry of the same type of
source. In this study, the 1999 primary standard of the air
kerma strength of the Best source, based on the wide-angle
free air ionization chamber (WAFAC) at the National Insti-
tute of Standards and Technology (NIST), was used. Subse-
quently, an error of approximately 3.5% for the Best model
7301 source was shown in the 1999 standard, and a year
2000—corrected standard was issued (5). This directly affects
the dose-rate constant reported by Meigooni et al. (4).

These recent developments necessitated a reevaluation of
the dosimetry parameters of the model 2301 source for clin-
ical implementation. Moreover, the American Association
of Physicists in Medicine (AAPM) requires that the dosim-
etric characteristics of a new brachytherapy source be deter-
mined by at least two independent investigations, which are
reported in peer-reviewed literature (6). In this article, we
present the results of a measurement of the AAPM Task
Group (TG) No. 43 (7) parameters of the model 2301 source
by using the year 2000-corrected 1999 NIST standard and
compare the dosimetric characteristics of this source with
those for the model 6711 source. We also present a compar-
ison with the earlier work of Meigooni ef al. and a recom-
mended set of TG-43 parameters for the clinical implemen-
tation ol a model 2301 source.

Methods and materials

The dose-rate constant and dose distributions around the
Best model 2301 '>1 source were measured with micro LiF
thermoluminescence dosimeters (TLDs) (1 X 1 X 1 mm)
and regular LiF TLDs (3.1 X 3.1 X 0.8 mm) in a water-
equivalent solid phantom (Solid Water; Radiation Measure-
ment, Inc., Middleton, WI). The regular TLDs, which are
larger, were used for the points relatively far away from the
source so that adequately high responses could be obtained.
The measurements were performed in three types of experi-
mental setup, as shown in Fig. 1. The Solid Water phantom
was machined to accommodate a Best model 2301 '*I source
and TLDs. In all of the measurements, at least 10 cm of phan-
tom materials was placed around the source and TLDs.

Before measurements, a group of the same type of TLDs
was annealed at 400°C for | h and then was kept at room
temperature for 45 min, followed by 80°C heating for 24 h.
These TLDs were then irradiated uniformly with a large-
cavity '¥Cs irradiator for biomedical research (Shepherd
Mark [-68A CS-137 Irradiator, Mark, IL) so that the relative
sensitivities (chip factors) of the individual TLDs were es-
(ablished. The annealing process was then repeated for the
TLDs and after each measurement. The TLDs were cali-
brated with a 6-MV X-ray beam of a Varian 2100 C/D lin-
ear accelerator (Varian Medical Systems, Inc., Palo Alto,
CA). The X-ray beam was calibrated with a PTW 0.6-ml
Farmer-type cylindrical chamber (Physikalisch-Technische
Werkstatten, Freiburg, Germany) according to AAPM TG-
21 protocol (8). Because the response of TLD is energy de-
pendent, a correction factor of 1.41 was used Lo correct the
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Fig. 1. Measurement setup for (A) dose rate constant and radial dose func-
tion and (B} anisotropy function. TLD = thermoluminescence dosimeter.

dependence of TLD sensitivity to '*’1 photon energy (M.
The measurements were performed by leaving a 'l source
in the source location for a certain amount of time so that
the TLD at 1 cm away from the source center along the
source central transverse axis received a dose of an esti-
mated value in the range of 100-200 c¢Gy. Because the en-
ergy spectra of the model 2301 "I source are closer to the
model 6702 1251 source, on the basis of Monte Carlo simula-
tion by Williamson (10), a correction of approximately
3.6% is needed to derive the dose-rate constant of the '*1
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Table |
Measured radial dose function of the Best "1 source (model 2301)

Correction factor

converting the radial

dose function in

Radial dose function

G(rw2) % Solid Water to that This work Meigooni et al.(4)

Radial distance (cm) (this work) in liquid water (in water) (in Solid Water) Recommended
0.3 0.952 0.9789 1.046 1.048 1,047
1.0 0.987 0.9650 1.000 1.000 1.000
1.5 0.994 0.9548 0.938 0.899 0.919
2.0 0.997 0.9415 0.876 0.824 0.850
2.9 .998 0.9207 0.773 —_ 07737
3.0 0.999 0.9204 0.693 ().683 (.688
35 0.999 0.9038 0.396 — 0.596
4.0 0.999 0.8872 0.528 0.522 0.525
4.5 0.999 0.8759 0.458 — 0.458
5.0 0.999 0.8647 0.406 0.358 0.382
8.5 1.000 0.8525 0.371 — 0.371
6.0 1.000 (0.8403 0.311 0.287 0.299
6.5 1.000 0.8280 0.286 — 0.286
7.0 1.000 0.8158 0.240 0.208 0224
8.0 1000 — 0.159 0.159
9.0 1.000 — (115 0.115

10.0 1.000 —_ 0.083 0.083

source in water from the measured dose-rate constant in
Solid Water. Similarly, a radial distance-dependent correc-
tion factor is necded to derive the radial dose function in lig-
uid water from the Solid Water measurements (10). The val-
ues of the correction factor are listed in Table 1. In this
study, these correction factors were applied to account for
the use of Solid Water instead of water.

The air kerma strength of 1251, traceable to the NIST
1999 standard, was provided by the manufacturer. It was
subsequently corrected by NIST in 2000. The year 2000~
corrected values were used in this study. Six sources were
used in approximately 15 measurements. Assuming that the
nominal dose measured with TLD at a point of interest (r,6)
was D(r,6), that the air kerma strength was S, at a reference
time T, that the measurement starting time was T, and that
the measurement finishing time was 7y (the time when the
source was removed from the Solid Water phantom), then
the initial dose rate per unit air kerma strength in water at
the point of interest was calculated as

1.036 x D(r,6)
|
A

D(r.a) - T =Ty

)
(1)

where A is the decay constant of "I and equals In2/59.6
(per day) or In2/1430.4 (per hour).

On the basis of Eq. 1 and the recommendation of AAPM
TG-43 (7), the dose-rate constant of the Best model 2301
1251 gource was calculated as

1.036 % D(;-,,,g)
A= . (D)

141 % 8, % e M % }l‘~ % (1 g Ty

(T

R B R TR (Y

-

]
The radial dose function of the source was calculated as

o D(r,n/2) % G(r,,n/2) X R(r,)
D(r,m/2) % G(ra/2) X R(r)

(3)

where D(r,m/2) and D(r,,m/2) were the measured initial
dose rates at radial distances r and r, along the central trans-
verse axis of the source, respectively. The reference dis-
tance r, was taken to be 1.0 ecm. R(r) and R(R,) are the cor-
rection factors listed in Table 1 at radial distances r and r,,
respectively. G(r,7/2) and G(r,,7m/2) were the geometry
functions at a radial distance of r and r, along the central
transverse axis of the source, respectively. The geometry
functions were calculated by assuming that the source was a
line source with a length of L and as

_|(r5039+ L/?) 4(#‘(:05’8—1./2)
tan —_— | - tan -y

G(r0) rsin @ Fsin@
? = =
Lrsiné
)
when 90° = 0 > 0 and as
i
= ) :
Gin ) =A=272 L; +LF2 )

when 6 = 0. In Eqgs. 4 and 5, L is the active length of the
source and was taken as 3.95 mm in this study. Because the
source was constructed to be symmetric to the central trans-
verse axis, the geometry functions at § angles other than 90° =
8 = 0 can be easily derived from the previous two equations
(Table 1).

Anisotropy function accounts for the variation of dose
rate around the source at each distance and was calculated
on the basis of the formalism in AAPM TG-43 as
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D(r,0) x G(r,n/2)

F(r,8) = = |
D(rm/2) x G(r,0)

(6)

Because in the clinical applications, the radioactive
sources are often considered as point sources for dosimetry
calculation, a quantity anisotropy factor is used in the place
of anisotropy function to simplify dose calculation. The
anisotropy factor is the ratio of the dose rate at distance r,

averaged with respect to solid angle, to dose rate on the cen- .

tral transverse axis at the same distance. It usually changes
slightly with radial distance and can be calculated as

I

ALy e T y ~
b(f,ﬂ)F(;,Q]dQ _ IG{;,B):‘-(:,BJSin 040

(prm[r) 4:“:(;“—‘@") 26{}‘180)

ID(:‘,B}Sin 6d0

_n

20(r,/2)
(7)

To further simplify the dose calculation, the anisotropy
factor can be replaced with a distance-independent constant,
the anisotropy constant 0. The anisotropy constant was
computed as

= > D) un(r)
YD)

After radial dose function, anisotropy function, anisot-
ropy factor, and anisotropy constant were determined, the
dose rate at any point by the same type of source can then be
calculated as

(8)

105
Results
DOS(’“ rafe coistant

The average value of the dose-rate constant from our
measurements of the Best '*°I source (model 2301), after
being converted to that in water, was 1.02 cGy-h U

Radial dose function

The radial dose function of the Best '*°1 source (model
2301) was measured from a radial distance of 0.5 cm up to
7.0 cm with a step size of 0.5 cm (Fig. 1A). The measured
results, converted to those in water, are presented in Table
1. Our data are in excellent agreement with those of Mei-
gooni et al. (4). Therefore, we recommend the use of an av-
erage of our data and those of Meigooni et al. The recom-
mended radial dose function was fitted to a fifth-order
polynomial function as
(10)
where a, = 1.0579, a, = 0.01768, a; = —0.09673, a; =
0.02159, a, = —0.001972, and a5 = 0.00006649. The poly-

nomial function should be used only for distances of 0.5 to
10 cm.

2 3 4 5
glr) = agtayrtar” +asr +agr +asr,

Anisotropy function, anisotropy factors,
and the anisotropy constant

The anisotropy function of the Best "I source (model
2301) was measured at radial distances of 2, 4, and 6 cm
and at different 6 angles from 0 to 90” at 10” intervals (Fig.
[B). Because sources were assumed to be symmetric rela-
tive to the central axes, the results were averaged relative to

: . G(r.@ " = al axes, sasured ani: unctions are
D(r.6) = SiA (r.0) g (1) F(r,0) t.h(. cc.mr 1l axes ‘The 1r.u,dsur{:fj anisotropy functions are
G(r,,8,) listed in Table 2. The derived anisotropy factor based on Eq.
~S.A G(r,6,) 2(F)un(r) 7 is presented in Table 3. The anisotropy constant was com-
YG(r,8) “ ated according to Eq. 8, and an average value was obtained
p g q g
Bk G(r.6,) f,’{f)?!ﬁ ©) for distances from r = 2.0 cm to r = 6.0 cm. The dose-
=i €. e 5 5 i
G(r,,0,) weighted average value of the anisotropy constant was 0.96.
Table 2
Measured anisotrophy function of the Best '2°l source (model 2301)
Angle 0 (%)
Variable r{cm) a0 &0 70 60 50 40 30 20 10 0
This work 2 1.000 1.039 1.020 0.974 0.980 0.915 0.882 0.779 0.706 0.972
4 1.000 (0.998 0.979 0.993 0.947 0.905 0.850 0.807 0.757 0.993
6 1.000 1.023 1.014 0.933 1.003 0.904 ().868 0.858 0.770 0.960
Meigooni et al. (4) 2 1.000 1.038 1.010 0.998 1.016 0.919 0.892 0.829 0.828 0.850
5 1.000 1.045 1.018 1.019 0.986 0.980 0.930 0.821 0.792 0.911
7 1.000 1.016 1.007 1.008 0.964 0.943 (.942 0.804 0.750 0.944
Recommended 2 1.000 1.039 1.015 0.986 0.998 0917 0.887 0.804 0.767 0.911
4 1.000 0.998 0.979 0.993 0.947 0.905 0.850 0.807 (.757 0,993
5 1.000 1.045 1.018 1.019 0.986 0.980 0.930 0.821 0.792 0.011
6 1.000 1.023 1.014 0.933 1.003 0.804 0.868 0.858 0.770 0.960
7 1.000 1.016 1.007 1.008 0.964 0.943 0.942 0.804 0.750 0.944
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Table 3
Anisotropy factor of the Best '**1 source (model 2301)

Anisotropy factor

Radial distance {(cm)  This work  Meigooni et al.(4)  Recommended
2 0.96 0.99 0.98

4 0.94 — 0.94

5 —_ (.99 0.99

H 0.96 — 0.96

7 — 0.97 0.97 .
Anisotropy constant .96 (.98 0.97
Discussion

Uncertainty analysis

In the determination of the dose-rate constant of the Best
model 2301 '2*[ source, there were two major categories of
uncertainty: uncertainty in the measurement of dose by us-
ing TLDs and uncertainty in the measurement of air kerma
strength at the calibration laboratory. It was estimated that
the uncertainty in the measurement of air kerma strength
was approximately 0.5%. The various sources of uncertain-
ties in dose measurement with TLDs and their estimates are
summarized in Table 4. The statistical uncertainty (type A)
resulting from repetitive TLD measurements was approxi-
mately 3% in our measurement. The type B uncertainty
(systematic uncertainties) resulting from the misplacement
of sources in the phantom was approximately 1%. The type
B uncertainty in the calibration of TLDs was approximately
3%, which included the uncertainty'in the calibration of the
6-MV X-ray beam. The uncertainty in the energy depen-
dence of LiF TLDs was approximately 5%, and the uncer-
tainty in the factor that converts dose from Solid Water to
water was approximately 3%. Therefore, the overall uncer-
tainty in the determination of dose was estimated to be ap-
proximately 7%. Because the uncertainty in the measure-
ment of air kerma strength (0.5%) was much smaller than
7%, the overall uncertainty in the determination of the dose-
rate constant was also estimated to be 7%. Thus, the dose-

determination of radial dose function and anisotropy func-
tion, the statistical uncertainty in the measurement was ap-
proximately 4%. The type B uncertainty due to misplace-
ment of sources was approximately 2%. The uncertainty in
the chip factors of TLDs was approximaltely 2%. Conver-
sion from Solid Water to water introduced approximately
3% uncertainty. Because the measurement of radial dose
function and anisotropy function was relative, the 6-MV
beam calibration and TLD energy dependence did not con-
tribute to the uncertainty. Therefore, the overall uncertainty
in the determination of radial dose function and anisotropy
function was approximately 6%.

Dose-rate constant cr)mparisous

In 1999, NIST established air kerma strength standards
for several designs of low-energy ('™Pd and 'I) brachy-
therapy sources based on the WAFAC. In 2000, NIST de-
termined that many of the low-energy source calibrations
performed during 1999, including the newly designed Best
model 2301 '*°[ sources, were in error by 3% to 5% because
of a malfunction of the WAFAC. The dose-rate constant re-
ported in this study was derived on the basis of the year
2000—corrected air kerma strength for the Best model 2301
127 source, whereas the dose-rate constant 1.01 ¢Gy-h™"-U™!
reported by Meigooni et al. (4) (Table 5) was based on the
NIST 1999 air kerma strength standard for low-energy pho-
ton sources before the correction occurred. If the dose-rate
constant reported by Meigooni er al. is corrected for the
NIST 1999 air-kerma strength standard error, the dose-rate
constant becomes 1.05 ¢Gy-h™"U~!. This is the value in
current use for the Best model 2301 '**I sources and is the
reported value in the product information sheet prepared
and distributed by Best Industries (11). Recently, Meigooni
et al. reported a more accurate correction for the use of
Solid Water in their experiments. They recommend a final
corrected value of 1.03 ¢Gy-h=".U~! for the measured dose-

rate constant of the Best model 2301 '] source determined Table 5
in our measurement was 1.02 £ 0.07 ¢cGy-h™"U™". In the Various values of the dose-rate constants for the Best model 2301
23] source
Dose-rite
Air kerma cohstarit
Table 4 _ Study standard used  Method (cGy-h~u™y
Uncertainties in dose-rate measurement using TLDs (15D)
Meigooni er al.(4) NIST 1999 Measurement 101
TypeA  TypeB Meigooni et al.(11) NIST 2000  Mcasurement  1.05
uncertainty  uncertanty Meigooni and Sowards
Component (%) (%) (12) NIST 2000  Measurement  1.03
Repetitive TLD measurements (n = 11 seeds) 3% - This study NIST 2000 Measurement  1.02
Seed and TLD positioning — 1% Average of the measured
TI1.D dose calibration — 3% values NIST 2000 Measurement  1.025
Correction of energy dependence of LiF Sowards and Meigooni
(factor 1.41) — 3% (13) NIST 2000 Monte Carlo 1.01
Correction for Solid Water to liquid water Averge of the measured
{factor 1.036) — 3% and the calculated
Combined uncertainty 7% values NIST 2000 Recomimended  1.02

TLD = thermoluminescence dosimeter.

NIST = National [nstitute of Standards and Technology.
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Table 6
Dose-rate constants for various 'ZLsources

Dose-rate
Air kerma constant

Source standard used  Study (cGy-h='-U™H
Model 6711/

Nycomed(14)  NIST 1999 AAPM 1999 0.98
Model 6702/

Nycomed(14) NIST 1999 AAPM 1999 1.04
Maodel 12501/

Imagyn(15) NIST 2000 Nath and Yue 2000  0.95
Model 12501/

Imagyn(16) NIST 1999 Gearheart ef al. 2000 0.88

Model 2301/Best  NIST 2000 Recommended 1.02

NIST = National Institute of Standards and Technology; AAPM =
American Association of Physicists in Medicine.

rate constant from their study (12). This is very similar to
the dose-rate constant (1.02 cGy-h™'-U™") reported in our
study. Therefore, the average value for the two measured
dose-rate constants of the Best '»1 model 2301 source is
1.025 ¢Gy-h~.U™"

Recently, Sowards and Meigooni (13) reported a Monte
Carlo calculated value of 1.01 ¢cGy-h™"-U™" for the Model
2301 '] source. AAPM recommends that the average of
measured values and the average of calculated values be av-
eraged with equal weight. This procedure then results in a
recommended value of 1.02 ¢Gy-h™'-U™" for the dose-rate
constant of model 2301 2 sources. The various dose-rate
constants discussed are listed in Table 5.

Table 6 lists the dose-rate constants of several types of '
sources. The dose-rate constants of '*’1 model 6711 and 6702
sources are 0.98 cGy-h™'-U~" and 1.04 ¢Gy-h™"-U™", respec-
tively (14). These dose-rate constants were measured and cor-
rected on the basis of the NIST 1999 standard. The measured
dose-rate constant of the Best I model 2301 source falls in
between the dose-rate constants of '*’1 model 6711 and 6702
sources and is considerably higher than that of the '*I Imagyn
model 12501 source (Table 6) (15, 16). The measured dose-
rate constant for the Best model 2301 "I source is closer to
that of the 12T model 6702 source than to the '*1 model 6711
source.

As pointed out previously, the effective photon energy
from a silver-based ' source is expected to be lower than
that for the "I source on a tungsten substrate, assuming
similar encapsulations in source construction. As pointed
out by Chen and Nath (17), the addition of the two low-
energy fluorescent X-rays from the silver in the 125 model
source leads directly to a reduction in the dose-rate constant,
and therefore it should be expected that the dose-rate con-
stant of the Best model 2301 '¥I source is higher than that
of the '**I model 6711 sourcg. ‘

Radial dose function comparisons

Figure 2 shows the comparison of radial dose functions of
different types of '**I sources. The radial dose function mea-
sured by Meigooni ef al. (4) for the Best model 2301 source is
also displayed. All the radial dose functions are quite similar.
However, it seems that the radial dose function of the Best

Radial Dose Function

1.200
1.000 4 i ==
&
= 0.800 44— . —6—PresentWork o
g —é— Melgoonl Work
E —©— Model 6711 AAPM TG-43
© —o— Model 6702 AAPM TG-43
w 0.600 44— —— =S
=]
o
S
» 04004 —— ]
1]
o
02004——— —
OUW L] L v L v L) L
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Radial Distance (cm)
Fig. 2. Comparison of radial dose functions of different types of ' sources. AAPM = American Association of Physicists in Medicine.
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model 2301 5[ source is slightly higher than that of the model
6711 '] source at almost all distances and is fairly close to that
of the model 6702 '*1 source.

Both the Best model 2301 '*I source and the Nycomed
23] model 6711 source contain a rod-type marker. However,
the '2*I model 6702 source and the '*I Imagyn model 12501
source use sphere-type markers, and 'l radioisotope re-
sides on the markers. As discussed in the study by Karais-
kos et al. (18), a line source approximation in the calcula-
tion of the geometry factor could introduce significant
errors for sources consisting of several active pellets if the
radial distance is less than 3 mm. However, as radial dis-
tance increases beyond 5 mm, a line source is a good ap-
proximation (within 3%), not only for the source using rod-
type markers, but also for the sources using sphere-type
markers. In this study, all the points of interest are beyond 5
mm. Therefore, the line source approximation does not in-
troduce significant errors.

Anisotropy function comparisons

Figure 3 shows the comparisons among anisotropy func-
tions for different types of '*I sources at 2, 4, and 6 cm, re-
spectively. At 2 cm, when the angle 6 is larger than 40°, the
anisotropy functions are very similar for most types of
sources (model 6711, model 6702, and Best model 2301).
As 0 becomes smaller and smaller, or, in other words, as the
point of interest becomes closer to the central longitudinal
axis, the anisotropy function of the Best model 2301 source
starts to differ from the other types of '*°I sources. Instead
of decreasing monotonically with 6, as do other types of
sources, the anisotropy function of the Best model 2301
source reached its minimum at approximately 10° and then
started to increase as § decreased. At 4 and 6 cm, the aniso-
tropy function of the Best model 2301 "I source showed
similar characteristics. The unique characteristics in the
anisotropy function of the Best model 2301 '*I source are
due o the special design in the source construction. The
model 2301 source was made with double titanium encap-
sulation, and the double encapsulation was designed to pro-
vide thinner walls at both ends of the source. Also, there is
radioactive material on the flat ends of the tungsten cylinder
in the source. Such a design allows a higher dose along the
longitudinal axis of a source than other types of sources.

Conclusions

Dose distributions around a Best model 2301 "I source
were measured with LiF TLD chips. The dosimetric charac-
teristics of the sources were determined on the basis of the
AAPM TG-43 formalism. It was found that the dose-rate
constant of a Best model 2301 'I source was 1.02
cGy-h™"-U~', and its radial dose function was slightly higher
than that of the model 6711 "I source and similar to that of
the model 6702 '*°1 source. The anisotropy function of a Best
model 2301 '*°I source was unique in that instead of decreas-
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Fig. 3. Comparison of anisotropy functions of different types of '**I source
at radial distances of 2, 4, and 6 cm, respectively:

ing monotonically with 8, it reached the minimum around 0 =
10° and then increased as 8 decreased to 0°.

Acknowledgments

This study was partially supported by Best Medical In-
ternational and by the Department of the U.S. Army Medi-
cal Research Grant DAMD 17-00-1-0052. The authors



R, Nath and N. Yue / Brachytherapy 1 (2002) 102-109 109

thank Paul J. Bongiorni for his assistance in the preparation
of TLDs.

References

[1] Rustgi S. Photon spectral characteristics of a new double-walled io-

dine-125 source. Med Phys 1992:19:927-93 1.

Browne E. Firestone R. Table of radioactive isotopes. Appendix C:
table of radioactive isotopes. New York: Wiley; 1986.

Nath R. Mellilo A, Dosimetric characteristics of a double wall '*1
source for interstitial brachytherapy. Med Phys 1993;20: 14751483,
Meigooni AS, Gearheart DM, Sowards K. Experimental determina-
tion of dosimetric characteristics of Best '*I brachytherapy source.
Med Phys 2000:27:2168-2173.

Williamson 1. Important notice for radiation therapy physicists using
125] or P brachytherapy sources: AAPM Subcommittee on Low-
Energy Interstitial Brachytherapy Dosimetry. Letter to American As-
sociation of Physicists in Medicine membership, August 8, 2000.
Williamson JE, Coursey BM, DeWerd LA, er al. Dosimetric prereq-
uisites for routine clinical use of new low energy photon interstitial
brachytherapy sources. Med Phys 1998:;25:2269-2270.

Nath R, Anderson LL, Luxton G, et al. Dosimetry of interstitial brachy-
. therapy sources: Recommendations of the AAPM Radiation Therapy
Committee Task Group No. 43. Med Phys 1995;22:209-234,

A protocol for the determination of absorbed dose from high-energy
photon and electron beams. Med Phys 1983;10:741-771.

EL

[9] Meigooni AS, Meli JA, Nath R. A comparison of solid phantoms

with water for dosimetry of '] model 6702 brachytherapy sources.
Med Phys 1988;15:695-T01.

Williamson JE. Comparison of measured and calculated dose rates in
water near 1-125 seeds. Med Phys 1991:18:776-786.

Meigooni AS, Gearheart DM, Sowards K. Experimental determination
of dosimetric characteristics of Best double wall I brachytherapy
source [Product information]. Best Industries, Springfield, VA, 2000.
Meigooni AS, Sowards K. Dose rate constant for the Best '*1 brachy-
therapy source. Private communication, 2002,

Sowards K, Meigooni AS. A Monte Carlo evaluation of the dosimet-
ric characteristics of the Best Model 2301 '**I brachytherapy source.
Appl Radiar Iset. 2002:57:327-333.

Williamson JF, Coursey BM, DeWerd LA, et al. Guidance to users of
Nycomed Amersham and North American Seientific, Inc., 1-125 inter-
stitial sources: Recommendations of the American Association of
Physicists in Medicine Radiation Therapy Committee ad hoc subcom-
mittee on low-energy seed dosimetry. Med Phys 1999:26;570-573.
Nath R, Yue M. Dose distribution along the transverse axis of a new
source for interstitial brachytherapy. Med Phys 2000;27:2536-2540.
Gearheart DM, Drogin A, Sowards K, ef al. Dosimetric characteristics of
a new ' brachytherapy source. Med Pliys 2000;27:2278-2285.

Chen Z. Nath R. Dose rate constant and energy spectrum of intersti-
tial brachytherapy sources. Med Phys 2001 128:86-96.

Karaiskos P. Sakelliou L, Sandilos P, et al. Limitations of the point
and line source approximations for the determination of geometry
factors around brachytherapy sburces. Med Phys 2000;27:124-128.

125]

email: reprints@elsevier.com



