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125I brachytherapy sources have been widely used for interstitial implants for a number of years in
several tumor sites, especially the prostate. The design of the new I-Plant Model 3500 iodine source
is novel, yet its characteristics are similar to those of two existing designs, Model 6711 and the
Symmetra. Dosimetry parameters~including dose rate constant, radial dose function, and anisotropy
function, as defined by AAPM Task Group 43! were measured with LiF thermoluminescent do-
simeters in water-equivalent plastic phantoms. The dose rate constant was found by direct com-
parison of calibrated I-Plant Model 3500 and Model 6711 seeds in a solid water phantom, to be
1.01~cGy/h!/U. The radial dose function and anisotropy function are similar to those of the Model
6711 and Symmetra seeds. ©2001 American Association of Physicists in Medicine.
@DOI: 10.1118/1.1357456#
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I. INTRODUCTION

The use of125I seed sources for interstitial implants in se
eral tumor sites, including the eye,1–5 brain,6–9 and prostate,
is well established.10–14Ultrasound-guided prostate implan
have become especially popular in recent years as an a
native to radical prostatectomy because they are
effective15 and cause few side effects.16 As a result, a num-
ber of new seed designs have been introduced in just the
few years.17–22A new design, the I-Plant Model 3500 sourc
~Implant Sciences Corporation, Wakefield, MA!, is similar to
the Model 6711 ~Medi-Physics, Inc., Arlington Heights
IL !,23–30and the Symmetra~Bebig GmbH, Berlin, Germany!
seeds but is made by a novel process that facilitates ‘‘j
in-time’’ manufacturing. Before it is used in patients the d
simetric parameters defined in the report of AAPM Ta
Group 43~TG-43! must be obtained.31,32In the present study
the complete set of parameters required for dose calcula
using the TG-43 formalism was acquired using LiF th
moluminescent dosimeters~TLD! in water-equivalent plastic
phantoms. Monte Carlo simulations, performed with t
MCNP4B code, were used for converting dose measured
water-equivalent phantom to dose in water.

II. MATERIALS AND METHODS

A. 125I source

As shown in Fig. 1, the new seed design resembles tha
the Model 6711~Medi-Physics, Inc., Arlington Heights, IL!
but with an important difference. The silver rod in the cen
is surrounded by a glass tube and the125I is on the outer
surface of the glass. In the novel manufacturing proce
124Xe is ion-implanted into the outer surface of the glass
make the inner core. This nonradioactive inner core can
stored until seeds are needed. Then it is activated and pl
into the titanium capsule, which is then welded shut. T
outer dimensions of the seed are compatible with all ap
cators. The diameter and length of the inner core are q
661 Med. Phys. 28 „4…, April 2001 0094-2405 Õ2001Õ28„4
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close to the inner diameter and length of the capsule to m
mize movement of the core inside the capsule. The pho
spectrum of the new seed was measured by NIST~National
Institute of Standards and Technology, Gaithersburg, M!
and is presented in Table I.

B. TG-43 dose calculation formalism

According to the recommendations of AAPM Task Gro
43,31 the dose distribution in water surrounding an interstit
brachytherapy source should be calculated from

Ḋ~r ,u!5SkL@G~r ,u!/G~r 0 ,u0!#g~r !F~r ,u!, ~1!

whereSk is the air kerma strength,L is the dose rate constan
given by

L5Ḋ~r 0 ,u0!/Sk , ~2!

r 051 cm, u05p/2 ~the plane through the seed center p
pendicular to its axis!, G(r ,u) is the geometry function dis
cussed below,g(r ) is the radial dose function

g~r !5
@Ḋ~r ,u0!/Ḋ~r 0 ,u0!#

@G~r ,u0!/G~r 0 ,u0!#
, ~3!

andF(r ,u) is the anisotropy function

F~r ,u!5
@Ḋ~r ,u!/Ḋ~r ,u0!#

@G~r ,u!/G~r ,u0!#
. ~4!

The geometry functionG(r ,u) is calculated rather than mea
sured. It accounts for the effects of the distribution of activ
inside the source but not absorption or scattering and i
given by

G~r ,u!5
*~r~r 8!/ur 82r u2!dV8

*r~r 8!dV8
, ~5!

wherer(r 8) is the activity per unit volume at pointr 8. For
simplicity, G(r ,u) was calculated for a line source so tha
661…Õ661Õ10Õ$18.00 © 2001 Am. Assoc. Phys. Med.
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G~r ,u!5

tan21S x1L/2

y D2tan21S x2L/2

y D
Ly

, ~6!

whereL is the active length of the line source. The actu
length of the glass tube, on the outer surace of which is
I-125, is 3.94 mm, but since there is a small tolerance on
dimension and the marker can move slightly, the act
length was simply taken to beL54 mm, the same as th
inside length of the capsule. The calculated values ofG(r ,u)
are given in Table II.

C. Thermoluminescent dosimetry

The dose distribution around the I-Plant Model 35
Iodine-125 source was measured with LiF TLD ro
~Harshaw/Bicron, Solon, OH!, all 1 mm in diameter and 3
mm long, placed in specially machined water-equival
plastic phantoms. The phantom material for the dose
constant measurement was solid water~Model 457, Radia-
tion Measurements, Inc., Middleton, WI! but for all the other
measurements, plastic water~Model PW 2030, Computer
ized Imaging Reference Systems, Inc., Norfolk, VA! was
used. This plastic water was a special composition~Table III!
designed to have scattering, and absorption coefficie

FIG. 1. Schematic drawing of the I-Plant Model 3500 brachytherapy sou
The 125I is embedded in a thin outer layer of the glass tube which surrou
the silver marker rod. It is made by a novel process in which124Xe is
ion-implanted into the glass tube, which is then activated to become125I.
Then the silver marker and glass tube are placed in the titanium cap
which is sealed by welding.
Medical Physics, Vol. 28, No. 4, April 2001
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nearly the same as those of water for photons with ener
in the range 20 to 30 keV. As shown in Tables IV a and IV
it is a close match to water for125I energies.

The dose rate constant phantom was the simplest in
sign, consisting of one central hole just big enough fo
single seed surrounded by six holes for TLD rods, paralle
the seed, equally spaced around a 1 cmradius circle with the
seed at its center. The phantom was made from solid w
because correction factors for this material are available
the literature.29,33

The two plastic water phantoms used to determine
radial dose function are shown in Fig. 2. In the first phant
@Fig. 2~a!#, the TLD rods are in close-fitting holes, equal
spaced around circles, of radii from 0.5 to 7 cm at 0.5
intervals, with the seed at their center. There are three T
holes at each distance, except at 1 cm, where there are
The hole pattern was chosen to minimize interference
tween rods.34 The second phantom@Fig. 2~b!# was used to
obtain doses from 5 to 7 cm, where it is difficult to obta
high enough doses from a single seed for reliable meas
ments. In this phantom, four seeds were placed on a ci
surrounding a TLD rod at the center. The phantom used
measure the anisotropy function is shown in Fig. 3. This a
consists of holes for TLD rods arranged on circles with
seed at their center, in patterns designed to minimize in
ference between rods.34 However, in this phantom the seed
perpendicular to the TLD rods. All the TLD rods at a give
radius are in the same quadrant, taking advantage of the
sumed symmetry of the dose distribution. The TLD ro
were individually calibrated with a60Co beam, which in turn

TABLE I. Measured photon spectrum of I-Plant Model 3500 seed.

Photon energy~keV! Relative number

22.1 0.0058
24.9 0.0345
25.5 0.0107
27.2 0.2524
27.4 0.4641
31.0 0.1490
31.7 0.0342
35.5 0.0493

e.
s

le,
.8051

.9870

.4418

.2492

.1597

.1109

.0815

.0624

.0400

.0278

.0204
TABLE II. Geometry function for a 4 mmline source calculated according to Eq.~6!.

u ~deg!
r ~cm! 0 10 20 30 40 50 60 70 80 90

0.5 4.7615 4.7192 4.6035 4.4442 4.2730 4.1140 3.9818 3.8843 3.8250 3
1.0 1.0416 1.0399 1.0347 1.0270 1.0178 1.0083 0.9997 0.9929 0.9885 0
1.5 0.4525 0.4522 0.4512 0.4497 0.4480 0.4461 0.4444 0.4430 0.4421 0
2.0 0.2525 0.2524 0.2521 0.2517 0.2511 0.2505 0.2500 0.2496 0.2493 0
2.5 0.1610 0.1610 0.1609 0.1607 0.1605 0.1602 0.1600 0.1598 0.1597 0
3.0 0.1116 0.1116 0.1115 0.1114 0.1113 0.1112 0.1111 0.1110 0.1110 0
3.5 0.0819 0.0819 0.0819 0.0818 0.0818 0.0817 0.0816 0.0816 0.0816 0
4.0 0.0627 0.0627 0.0626 0.0626 0.0626 0.0625 0.0625 0.0625 0.0625 0
5.0 0.0401 0.0401 0.0401 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0
6.0 0.0278 0.0278 0.0278 0.0278 0.0278 0.0278 0.0278 0.0278 0.0278 0
7.0 0.0204 0.0204 0.0204 0.0204 0.0204 0.0204 0.0204 0.0204 0.0204 0
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had been calibrated in accordance with the AAPM Ta
Group 21 protocol.35

D. Monte Carlo simulation

The MCNP code, developed by Los Alamos Nation
Laboratory,36 has already been used successfully to mo
interstitial brachytherapy sources.17,37 Its algorithms and
cross-section libraries are thoroughly validated38 and the user
does not have to risk introducing errors by writing subro
tines for finding distances to surfaces or computing tallie

The correction factors for converting the radial dose fu
tion from plastic water to water were calculated by simul
ing point sources as recommended by Luxton.29 Because the
TLD rods are calibrated for dose-to-water, the correction f
tor is the ratio of the dose-to-water in plastic water~the dose
to a small volume of water in an otherwise homogeneo
infinite plastic water medium! to the dose-to-water in wate
~in a homogeneous, infinite water phantom!. All of the doses
were calculated with a point source, with the spectr
shown in Table I, and spherical shell tally cells. In the ca
of the dose-to-water in plastic water the only tally cell is

TABLE III. Composition ~by weight! of specially formulated plastic stin
water PW2030 with density 1.022 g/cm3.

Element Weight percent

Carbon 61.25
Oxygen 19.89
Hydrogen 8.59
Nitrogen 1.56
Aluminum 8.44
Chlorine 0.21
Medical Physics, Vol. 28, No. 4, April 2001
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FIG. 2. Plastic water phantoms used for measuring the radial dependen
the dose rate from the I-Plant Model 3500 seed.~A! Seed in center sur-
rounded by parallel LiF TLD rods, at least three at each radial distance~six
1 cm from seed!. ~B! Single TLD rod in center surrounded by four seeds,
at the same radial distance. Used to measure radial dose function for
tances greater than 4 cm.
TABLE IV. ~a! Scattering and absorption coefficients for water at I-125 energies.~b! Scattering and absorption
coefficients for PW2030 at I-125 energies.

Photon
energy
~keV!

Coherent
scattering
coefficient

~cm2/g!

Incoherent
scattering
coefficient

~cm2/g!

Photoelectric
absorption
coefficient

~cm2/g!

Total
attenuation
coefficient

~cm2/g!

Energy
absorption
coefficient

~cm2/g!

~a!
22.1 7.63E202 1.79E201 3.94E201 6.49E201 4.020E201
24.9 6.34E202 1.81E201 2.68E201 5.12E201 2.769E201
25.5 6.11E202 1.81E201 2.48E201 4.90E201 2.572E201
27.2 5.51E202 1.82E201 2.01E201 4.38E201 2.110E201
27.4 5.44E202 1.82E201 1.96E201 4.33E201 2.064E201
31.0 4.45E202 1.83E201 1.31E201 3.58E201 1.429E201
31.7 4.28E202 1.83E201 1.22E201 3.48E201 1.340E201
35.5 3.53E202 1.83E201 8.40E202 3.03E201 9.803E202

~b!
22.1 6.79E202 1.76E201 3.92E201 6.36E201 4.000E201
24.9 5.63E202 1.78E201 2.68E201 5.02E201 2.772E201
25.5 5.42E202 1.78E201 2.48E201 4.80E201 2.575E201
27.2 4.88E202 1.79E201 2.02E201 4.29E201 2.122E201
27.4 4.83E202 1.79E201 1.97E201 4.24E201 2.073E201
31.0 3.94E202 1.79E201 1.33E201 3.51E201 1.447E201
31.7 3.79E202 1.79E201 1.23E201 3.41E201 1.350E201
35.5 3.13E202 1.79E201 8.56E202 2.96E201 9.928E202
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thin spherical shell of water in an otherwise homogene
plastic water medium.

E. Dose rate constant

The dose rate constant,L, was measured with TLD rod
in a solid water phantom for both the I-Plant Model 35
seed and the Model 6711 seed. The measured dose rat
unit air kerma strength was calculated from

Ḋ~r ,u!5
DCoCECmed~r !R~r ,u!

Sk,0@12exp~2lt !#
, ~7!

whereDCo is the60Co dose corresponding to the TLD rea
ing R(r ,u), Sk,0 is the initial air kerma strength,l is the
decay constant of125I, CE is the ratio of the response to125I
photons to the response to60Co gamma rays, andCmed(r ) is
a distance-dependent correction for replacing water by

FIG. 3. Plastic water phantom used for measuring the angular dependen
the dose rate from the I-Plant Model 3500 seed. The seed in the cen
perpendicular to the LiF TLD rods.
Medical Physics, Vol. 28, No. 4, April 2001
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phantom medium.CE was found by Weaver to be 1.3
10.03.39 Cmed(r ) was found by simulating a point source
water and in the phantom medium by Luxton29 to be 1.038 at
r 51 cm for solid water. The air kerma strength of the I-Pla
Model 3500 seed was measured~in June 2000! by NIST,
while that of the Model 6711 seed was measured~also in
June 2000! by an AAPM Accredited Dosimetry Laborator
~K&S Associates, Nashville, TN!. Both air kerma strength
measurements were based on the revised NIST standard
January 1999.14,40 The dose rate constant for the I-Pla
Model 3500 seed was determined from

L35005F Ḋ3500~1 cm,p/2!/Sk,3500

Ḋ6711~1 cm,p/2!/Sk,6711

GL6711. ~8!

Three separate measurements of the dose rate, each wi
TLD rods, were made for each seed.

of
is

TABLE V. Radial dose function for the I-Plant Model 3500125I seed.

r~cm!

Measured
in plastic

g(r )

Plastic to
water

correction

Corrected
water
g(r )

Exponential
sum fit to
waterg(r )

0.5 1.023 0.989 1.012 1.026
1.0 1.000 1.000 1.000 1.000
1.5 0.959 1.004 0.962 0.936
2.0 0.856 1.014 0.868 0.855
2.5 0.752 1.018 0.765 0.770
3.0 0.648 1.027 0.666 0.687
3.5 0.570 1.030 0.587 0.609
4.0 0.524 1.038 0.544 0.537
4.5 0.455 1.045 0.476 0.473
5.0 0.404 1.049 0.424 0.416
6.0 0.307 1.057 0.324 0.320
7.0 0.232 1.071 0.248 0.246
s
r
-
l

FIG. 4. Radial dose functionsg(r ) cal-
culated from MCNP4B Monte Carlo
simulations for water and PW2030
water-equivalent plastic. In the inset i
the plastic-to-water correction facto
used to convert the radial dose func
tion measured in PW2030 to the radia
dose function in water.
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FIG. 5. Anisotropy function,F(r ,u), calculated from
data measured with phantom in Fig. 3, and fit. The ra
are 1, 2, 3, 4, 5, 7 cm in~A!–~F!, respectively.
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F. Radial dependence

The radial dose function was measured with TLD rods
the plastic water phantoms shown in Fig. 2. The dose r
were calculated according to Eq.~7! above and normalized
to the dose rate at 1 cm. At each radial distance, the stan
deviation of all the measurements was less than 4% of
average, and most were less than 3%. The required valu
Cmed(r ) for plastic water were calculated in the manner d
scribed above, except that theMCNP4B code was used.29 In
particular,MCNP ‘‘ * f 8’’ tallies were used; these sum the n
energy deposited in each tally cell from each interaction
that cell. All of the tally cells were spherical shells who
thickness was chosen according to the criterion of Lux
and Joszef41

1%>~Rn /Rm!221,

where

Rm5~Ri1Ro!/2
Medical Physics, Vol. 28, No. 4, April 2001
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n

is the mean of the inner and outer radii of the shell,Ri and
Ro , and

Rn5@~Ri
31Ro

3!/2#1/3

is the radius of a sphere whose volume is the average of
volumes enclosed by the inner and outer spherical surfa
The photon and electron energy cutoffs were set at 1 k
and 20 keV, respectively, just as they were by Luxton29

Cmed(r ) and g(r ) were calculated for homogeneous med
consisting of water and PW2030. The simulations we
benchmarked by repeating them for the WT-1 Solid Wa
and polymethylmethacrylate~PMMA! compositions and the
Model 6711 spectrum given in Luxton’s paper.29 The results
agreed with Luxton’s to within 1% for distances of 2 cm
less and 2% for distances up to 10 cm. For each of
plastics, simulations were performed for two cases: a hom
geneous medium and a single spherical shell of water~the
tally cell! in an otherwise homogeneous medium. In agr
ment with Luxton, the authors found that, for a given plast
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FIG. 5 ~Continued.!
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the g(r ) function calculated from the results is the same,
within the estimated error in the tallies, in both cases. T
g(r ) function for water and plastic water are shown in Fig.

After normalizing atr 51 cm, Cmed(r ) varies from 0.99
at 0.5 cm to 1.07 at 7 cm as shown in Table V~Plastic to
Water Correction! and the inset in Fig. 4. When the simul
tions were repeated with the density of the PW2030 se
1.000 g/cm3, the normalizedCmed(r ) varied only from 0.99
at 0.5 cm to 1.03 at 7 cm. This shows that the difference
density between PW2030 and water is more important t
the difference in composition in this photon energy range

G. Angular dependence

The dependence of the dose rate on zenith angle~normal-
ized to 90 deg! was measured with TLD rods in the phanto
shown in Fig. 3. Three separate determinations of the cu
at radial distances of 1, 2, and 3 cm were made, and
results were averaged. For each point on those curves
standard deviation of all the measurements was less than
Medical Physics, Vol. 28, No. 4, April 2001
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of the average, and for most it was less than 3%. The cu
at 1.5, 2.5, 3.5, 4, 5, 6, and 7 cm were determined only on

III. RESULTS

A. Dose rate constant

The dose rate constant was found, by direct compariso
calibrated I-Plant Model 3500 and Model 6711 seeds in
solid water phantom, to be 1.01~cGy/h!/U. The value of the
dose rate constant for the Model 6711 seed was taken f
the literature40 to be 0.98~cGy/h!/U.

B. Radial dose function

The dose rates calculated according to Eq.~7! from the
TLD rods exposed in the phantoms in Fig. 2 were used
Eq. ~3! to calculate the radial dose function in plastic wat
g(r ). The radial dose function was then corrected using
ratio of dose-to-water to dose to dose to water in plas
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FIG. 5 ~Continued.!
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water, to obtain the radial dose function in water. The rad
dose function in water was fit, using the Levenber
Marquardt method and commercially available softwa
~Mathematica 4.0, Wolfram Research, Champaign, IL!, with
the expression of Furhang and Anderson42

g~r !5C1e2m1r1C2e2m2r , ~9!

where: C151.5807, m150.2655, C2520.6032, m2

51.0445. Theg(r ) values calculated from the data and t
fit in Eq. ~9! are given in Table V. A polynomial fit may be
used for distances from 0 to 7 cm only; this fit has the fo

g~r !5a01a1r 1a2r 21a3r 31a4r 41a5r 5, ~10!

where: a050.977 612,a150.169 935,a2520.188 298,a3

54.521 0731022, a4524.633 7831023, and a5

51.739 5031024. Both fits to the radial dose function ar
compared to the values calculated from the data~see in Fig.
6!.
Medical Physics, Vol. 28, No. 4, April 2001
l

e

C. Anisotropy function

Values of the anisotropy function,F(r ,u), were calcu-
lated from the measured dose rate versus zenith angle c
according to Eq.~4!. The values were fit by a family o
curves suggested by Furhang and Anderson42

F ~r ,u!512a1bu cos~u!ecr, ~11!

wherea5a01a1r , b5b01b1r , andc5c01c1r .
With u in rads andr in cm, the best fit parameters wer

found by the Levenberg–Marquardt method~Mathematica
4.0, Wolfram Research! to be a050.250 546, a1

50.360 028, b0520.315 912, b1520.288 315, c05
20.499 94, andc150.024 544 8. The fitted values are pr
sented in Table VI and plotted in Figs. 5~a!–5~f!.

The anisotropy factor,fan(r ), was calculated from the
values in Table VI by averaging over all solid angles
described in the TG-43 report. The anisotropy factor, a
given in Table VI was found to be between 0.94 and 0.96
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TABLE VI. Anisotropy function for the I-Plant Model 3500125I seed from fit to data.

r ~cm! 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0

fan(r ) 0.956 0.948 0.944 0.943 0.943 0.944 0.945 0.948 0.951 0.

r ~cm!
u

1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0

0.0 0.618 0.603 0.604 0.614 0.629 0.644 0.660 0.688 0.709 0.
2.5 0.635 0.620 0.621 0.630 0.643 0.658 0.673 0.700 0.720 0.
5.0 0.652 0.637 0.637 0.646 0.659 0.673 0.687 0.713 0.732 0.
10.0 0.688 0.674 0.673 0.680 0.691 0.703 0.716 0.739 0.756 0
15.0 0.726 0.711 0.710 0.715 0.724 0.735 0.746 0.766 0.781 0
20.0 0.764 0.750 0.747 0.751 0.759 0.768 0.777 0.795 0.807 0
25.0 0.802 0.788 0.785 0.787 0.793 0.801 0.809 0.823 0.834 0
30.0 0.839 0.826 0.822 0.823 0.827 0.833 0.839 0.851 0.860 0
35.0 0.875 0.862 0.857 0.857 0.860 0.864 0.869 0.878 0.885 0
40.0 0.908 0.896 0.891 0.890 0.891 0.894 0.897 0.904 0.909 0
45.0 0.938 0.927 0.921 0.920 0.920 0.921 0.923 0.928 0.931 0
50.0 0.965 0.955 0.949 0.946 0.946 0.946 0.947 0.949 0.951 0
55.0 0.988 0.978 0.973 0.969 0.968 0.967 0.967 0.968 0.969 0
60.0 1.006 0.997 0.992 0.988 0.986 0.985 0.984 0.984 0.984 0
65.0 1.019 1.011 1.007 1.003 1.001 0.999 0.998 0.996 0.995 0
70.0 1.026 1.020 1.016 1.013 1.010 1.008 1.007 1.005 1.003 1
75.0 1.028 1.024 1.020 1.018 1.015 1.013 1.012 1.010 1.008 1
80.0 1.025 1.022 1.019 1.017 1.015 1.014 1.012 1.011 1.009 1
85.0 1.015 1.014 1.012 1.011 1.010 1.009 1.008 1.007 1.007 1
90.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1
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all radii. The average anisotropy factor,f̄an, was also found
by averaging over all values ofr from 1 to 7 cm to be 0.95

IV. DISCUSSION AND CONCLUSIONS

Since the design of the new I-Plant Model 3500 seed
sembles those of two other125I seeds, the Model 6711
~Medi-Physics, Inc., Arlington Heights, IL! and the Symme-
tra ~Bebig GmbH, Berlin, Germany!, it is worthwhile com-
paring its dose distribution to theirs. The measured dose
l. 28, No. 4, April 2001
-

te

constant, 1.01 cGy/U, is slightly higher than the accep
value40 for the Model 6711, 0.98 cGy/U, and approximate
the same as that of the Symmetra, 1.00–1.01 cGy/U.21 The
radial dose function falls off more slowly than that of th
Model 6711, which can be expected since the photon sp
trum is harder.43 Indeed, the monoenergetic point dose ke
nels, determined by Luxton and Joszef using theEGS4Monte
Carlo code,41 were averaged over the measured I-Plant sp
trum in Table I and, as shown in Fig. 6, the radial do
-

x-
FIG. 6. Radial dose function,g(r ), in
water of I-Plant Model 3500 seed
measured with TLD rods in the phan
toms in Fig. 2. Also shown are fits to
the data using the exponential sum e
pression in Eq.~9! and a fifth-order
polynomial.
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FIG. 7. Comparison of measured radia
dose function,g(r ), in water of the
I-Plant Model 3500 seed to that pre
dicted for the Symmetra seed by Hed
jarn et al. and an average over the
measured I-Plant seed spectrum of th
monoenergetic point dose distribution
calculated by Luxton and Joszef.
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function for such a point source is practically the same
that calculated from the data. Since the I-Plant design is e
more similar to that of the Symmetra, it is not surprising th
the radial dose function is almost the same, as shown in
7. The angular dependence of the dose rate is more like
of the Symmetra21 than that of the 6711.23,28,30

The authors have used a brachytherapy treatment p
ning system~Pinnacle3, ADAC Labs, Milpitas, CA!, which
employs a point source approximation, to calculate dose
tributions from the Model 6711 seed and the new I-Pl
seed. The differences were seen to be small. For exampl
two sample implants, each including 27 seeds arranged in
cm by 2 cm grid with 1 cm spacing, the distances from
center of the implant to the isodose lines were the sam
within 2 mm, for distances up to 3 cm.

In conclusion, the I-Plant seed, although made by a no
process, produces a dose distribution that is similar to th
from other seeds. This should greatly facilitate its use
interstitial brachytherapy.
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