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ABSTRACT

To enable measurements of brachytherapy seed characteridics in liquid weter, pladiic jigs and
mini capsules for TLD powder have been designed. Each pladtic jig is a frame of 3 sheets of
plagic (Imm thick Lexan), separaed by thin acrylic rods, sanding 11cm high. All 3 sheets
have identicd drcular or spira patterns of holes a precisdy known distances from the centers
of the respective shedts. The jig holds and podtions the mini cgpsules & known distances
aound the active seed in liquid water. The active seed mounted on the tip of a thin
polystyrene post (diameter ~ 1mm) gts a the center of the hole patterns. The mini capsule,
congding of a glass capillary (1.2mm inner diameter, 0.3mm wall) holds ~11mg TLD powder
(7mm length). The TLD powder for measurements was “TLD-100" from Harshaw. This
system was used to measure dosmetry characteristics of a new source mode from Imagyn
Medicd Technology Inc. The preiminary measurements yidded a dose-rate congstant of 0.96
+ 003cGy h-1 U-1. The TLD reaults for anisotropy factor and edid dose function show good
agreement with Monte Carlo caculations peformed a the Radiologicad Physcs Center
(RPC). The same mini capsules have been adso used for TLD measurements in a Solid
Water™ (RMI modd 457) phantom to compare with meesurements in liquid water. The
results indicate gpproximately 15% difference in dose rate congtant.

INTRODUCTION
Dosmetry measurements of brachythergpy seed sources using TLD in water equivdent plastic

materids have been reported in severd publications in the past, but never in liqud water.
Measurementswith TLD in liquid water pose severa chalenges.

This work presents such measurements for a new ®| seed from Imagyn Medicd
Technologies, Inc. The sed is a new thick-waled desgn that was condructed with the
purpose of improving the anisotropy characteridtics of the "lsostar” modd 1S-12501 source.

Challenges associated with measurements in water include:

0) TLD requires waterproofing

(i) The waterproofing holder for TLD should meet the requirements of minimd wal
thickness and proper materid to minimize the impact of its beng nonwater equivalent on the
dosmetry results.

(i) The source holder to hold the radioective seed in place dso should be congructed from
the least amount of materid for the same reasoning.

iv) An irradiation jig of solid materid is required to postion the source and the TLDs in
predetermined precise postions Agan the jig shadd involve the smalest possble amount of
materid and its materid should be kept as far as possible from the source and TLDs.

(v) some kind of check device is required to confirm centering of the seed source when placed
into the irredigtion jig.

The desgn of the sysem described in the following sections is based on dl these condraints
and requirements.



Materials and M ethods

To achieve the requirements sated in the preceding section, the following system was
developed

TLD: Lithum Huoride in powder form was preferred to achieve the best precison, as
indicated by the RPC's long-term experience

Capsules: Glass capillaries with inner diameter 1.3 mm, wal thickness 0.25 mm, and length
127 cm were employed. A 7 mm long piece of polystyrene rod of matching diameter was
inserted into the bottom end of capillay and seded with epoxy. A specially designed
digpensr was used to pour ~12 mg powder to fill a 6 mm length above the polysyrene plug
Subsequently, the upper blank space of capillay was filled by diding a long (-8 cm)
polystyrenerod. We refer to these TLD holders as "mini-capsules’.

Seed Holder: The seed is glued to the tip of a thin polystyrene rod (diameter 1mm). A
specidly designed jig holds the seed and the rod in the desired dignment for gluing the two.

A tiny amount of super glue is then goplied under an illuminated magnifier. The rod is then
dipped into a hole dong the axis of a plagic disc. When it is time to begin irradiation, the
disc carying the rod and the seed is insarted into the circular hole a the bottom of the
irredidion jig. The seed thus gets postioned a the center of the aray of TLD mini-capsules.
For measurements of doserate congant and radia dose function, one end of the seedis glued
to the rod coaxidly 0 that the seed is hdd vertically during irradiation. For measurement of
anisotropy, the seed is glued a its middle, transverse to the rod, so that the seed is horizontd
during irrediation.

Irradiation Jig: A frame was congructed of three sheets of plagtic ( 1 mm thick Lexan), each
separated by 11 cm high thin acrylic rods. All three sheets of the jig have identica circular or
spird paterns of holes at precisdly known distances from the center of the pattern. The holes
in the jig support and postion the mini-capsules a known distances and angles around the
active seed in liquid weter.

HolePatterns: Theirradiation jigs were designed with two kinds of whole patterns.

0) A spird pattern for measwring radid dose function. The spird pattern prevented TLD
capsulesfrom being shadowed by any other TLD capsule.

(i) A crcular paten for meesuring dose-rate condant and anisotropy function. The
iredigion jig hed 24 TLD capaules 15° gpat around the active seed on drdes of radii 1.0
20, 30, 40 and 50 cm. The capsules and the seed were supported verticdly in the water
phantom.

TLD lIrradiation: TLD capsules loaded with unirradiated TLD power were placed in the
irradiation jig holes. The holder carrying the active seed was then inserted into the irradiation
jig.  The loaded jig was submerged quickly in water. The TLD capsules were generdly
removed after they received 100 - 300 cGy of dose and replaced by fresh (unirradiated) TLD
capsules for repeat measurements.

TLD Signal and Dose Determination: The irradigion jig for doserate constant held 24 TLD
capsules, spaced 15° gpat around the seed source, on a cirde of radius 1.00 cm. The TLD
signd was converted to dose using a published formulism.

M easur ements in_Solid Water™™: Gammex/RMI modet457 Solid Water™ was machined
to had 24 TLD capsules, 15° gpart around the active seed in a circle of radius 1.00 cm. This
geometry was identica to that provided by the corresponding irradition-jig for measurements




in liquid waer. The purpose was to compare dosmetric parameters determined in Solid
Water™ to thosein liquid water through actual measurements.

Results

Figure 3A,B shows representetive TLD measurements of doserae condant in liquid water
and <olid water™ respectively, presented in both pola ad Cartesian forms. The polar
presentetion most clearly demondrates the reproducibility of the data and the error in source
podtioning. The patern for liquid water, is crcular but is digglaced dightly reative to the
origin. This displacement corresponds to 0.4 mm eror in centering of the active seed during
irrediation.  However, this sysematic error in source pogdtioning gets dmost cancdled in
averaging of dl 24 TLD sgnds. The displacement contributes to the error of the find result
for dose-rate constant through the setistical variaion in TLD reedings.

9 sets of repest measurements yielded a doserate constant L of 0.97 + 0.03 cGy hrt U
! An energy correction factor 0.80 was used to adjust the dose cdlibration of the TLDs
from ®Coto 1 energy. This correction was determined by J. Esteban et. al **

A compaison of averaged TLD signds from irradiations in Solid Wate™ and liquid
waer a 1 cm distance from the source, udng identicadl geometry, yieded a correction
factor of 1.15 + 0.03 as liquid water to Solid Water™ ratio. However, the ratio reported
in the literature” is 1.031 based on Monte Carlo cdculations.

Figure 4 shows both polar and Cartesan presentations of TLD signds for measurements
of anisotropy. Our TLD results and the published®** values are presented in Table 1,
and shown plotted in figure 5. Our data are currently being reviewed for the sgnificant
discrepancies with the published data.

Our TLD results and the published®* vaues for radiad dose function g (r) are presented
in Table 2, and shown plotted in figure 6. The data show good agreement with the
Monte-Carlo calculations®.

Uncertainty
The determination of dose rate cogat involves uncetanties in (i) TLD s]gnal, (i)
positioning eror of the source and TLD, (iii) ®°Co cdlibration of TLD, (iv) ®Coto ®I energy
correction factor, and (v) ADCL cdibration of the brachytherapy seed. One dandard
deviation (s) for these have been edimated to be 1.5 20, 04, 23, and 1.2, respectively.
Therefore, the compounded effective uncertainty is 3.6% at theone's levd.

Conclusions
The measured dose rate constant for the | new seed modd in liquid and Solid Water™ is
097 + 004 and 084 + 0.04cGy/h* U™, repectivdy. The correction factor to convert from
solid water to liquid water is therefore 1.15 + 0.03. The limited data messured for the radid
dose function g (r) show good agreement with the data reported in the literature. However, our
data for anisotropy function H(r,q) ae currently being reviewed for the ggnificant
discrepancies with the valuesin literature.
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Tabl1-1: Anisotropy Data Table

Radius =1.0cm Radius=2. 0cm Radius=3. 0cm
TLD Gearhart TLD in  Gearhart TLD in Gearhart
Angle (deg) | inwater TLD MCHEP water TLD MCHP water TLD MCHP
0 0.280 0.241 0.2589 0.328 0.337 0.364 0.358 0.362 0412
10 - 0.327 0.325 - 0.399 0.411 - 0.440 0.439
15 0.3583 - - 0.430 - - 0465 - -
20 - 0473 0463 - 0532 0526 - 0.563 0547
30 0532 0634 0625 0593 0EE3 0655 0627 0681 0671
40 - 0765 0.766 - 0775 0.7a0 - 0.786 0801
45 0653 - - 0762 - - 0757 - -
a0 - 0867 0.5585 - 0870 0.850 - 0.875 0.857
G0 0821 0945 04853 0875 0944 0.4av0 0.880 0.944 0853
70 - 0956 0avra - 0855 08997 - 0.957 08953
78 0913 - - 0943 - - 0966 - -
a0 - 0933 0953 - 0994 04892 - 1.004 1.005
an 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Table-2: Radial Dose Function for Report

Gearheart Gearheart Math TLD

Distance P TLD in MC {ariginal TLD foriginal
(CH calculations water model) ithick wally  model)
0.4 1.045 1.018 1.080 0.8997 1.040
0.7 - 1.043 - - -
1.0 1.000 1.000 1.000 1.000 1.000
1.2 - 0833 - - -
1.4 0.5929 0 8966 0807 0860 0.840
2.0 0.546 0841 0808 0.800 0.800
24 0.7R3 073y 0714 - -
3.0 0.651 0658 0618 0.580 0610
3.8 0.603 - 0533 - -
4.0 0.531 0.496 0463 0.465 0.430
4.4 0.466 - 0404 - -
q.0 0.407 03745 02348 0.333 0.330
k.0 0.303 0279 0253 0.246 0.230
7.0 0.231 0214 0193 0173 -
a2.0 0.171 - 01449 0124 -
8.0 0127 - 0100 - -
10.0 0.094 - 00745 - -




Figure-1:

TLD powder Rod Glass capsule
~12mg Polystyrene (ID 1.3 mm, wall 0.25 mm)
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Figure-2A: Irradiation-jig for Radial dependence




Figure-3A: TLD signalsfor doserate congtant in liquid water
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Figure-3B: TLD signalsfor doserate constant in soli water™
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Fiqure -4: TLD signalsfor anisotropy in liquid water
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Figure -5A: Anisotropy function, F(r,q)
at 1 cm from source

Figure -5B: Anisotropy function,

F(rq) at 2cm from source
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Figure -5C: Anisotropy function, F(r,q)

at 3cm from source

Figure -6: Radial -dose function, g(r)
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