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Abstract

Background: Whilst TLD is one of the most convenient methods of dosimetry, it is a
somewhat imprecise technique with several draw-backs. An increase in the variability of
TLD dose measurements prompted a study of the precision of dose measurements with an
automatic TLD reader. An optimum calibration procedures decreasing the effects of
uncertainties should be determined.

Methods: The dependence of sensitivity of the TLD response to calibration techniques and
repeated cycles of irradiation was investigated. Measurements were performed using a
batch of twenty seven TLDs, chosen at random from the stock. They were irradiated to 1
Gy with a 6 MV photon beam placing the dosimeter inside a PMMA solid phantom under
a thickness of 15mm (full build-up depth). TLD readings of the responses were measured
directly in the TLD reader.

Results: When TLDs were selected homogeneously in the batch, our data indicate a large
improvement of precision in TLD sensitivity, up to a factor of 2. When TLDs are
calibrated with sensitivity factor in a TLD reader, precision levels of 3.7% and 1.4% of the
sensitivities are for large batch and for a small batch respectively, Two different batches
of TLD-100 showed a similar regression in sensitivity with increasing cycles of
irradiations and readouts.
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Conclusion: Two calibration techniques of homogenization and sensitivity factors have
been examined in order to improve the precision of TLDs by elimination random error.

An application of homogenization and sensitivity calibration techniques has allowed us to
reach a standard deviation of less than 1.4% in the small batch. This study allows us to
state that an application of both calibration techniques is the best one for obtaining better

precision, reproducibility of TL signal.
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Introduction

Throughout the last decade TL(ther-
moluminescence) dosimetry has developed
into a well established method for both
in vivo and phantom measurements.
Whilst being one of the most convenient
methods of dosimetry, since its use in
the clinical environment is simple, speedy
and unobtrusive, it is a somewhat imp-
recise technique with several draw-
backs. While TL process depends on the
crystal itself and the impurities conce-
ntration, other factors like TLD sample
manipulation, use of photomultiplier to
convert emitted light into current, anni-
hilation and stockage, are additional sta-
ges that increase the uncertainties in the
dose estimation from thermoluminesce-
nce.”

To obtain high quality dose measurement
data, it is therefore most important to
minimize both systematic and random
uncertainties in the experimental system.
According to van Dam and Marinello, a
standard deviation in the intrinsic precision
of the TLD signal of 2% or less is required.
Larger standard deviations either indicate
TLD material of non-acceptable quality, or

an inadequate procedure. In a paper by
Kirby et al., they report the necessity of
detecting uncertainties in dose of less than
+2%, which require a standard deviation in
TL readings of less than 15%2

One method for decreasing the effects
of uncertainties is to homogenize the batch
of TLD chips and apply the sensitivity
factors to each chip in the batch. The goal
of this study is to investigate dependence
of sensitivity of the TLD response to
calibration technique and repeated cycles of
irradiation. This paper reports a detailed
statistical analysis of a set of data obtai-
ned from measurements on two group of
TLD dosimeters. The effect of calibration
factor to precision of two different batch of
lithium fluoride TLD-100 chips has been
studied.

Materials and Methods

A. TLD system

The chips used throughout were LiF:
Mg, Ti(Harshaw TLD-100) hot press extr-
uded ribbon chips of dimensions 3.2mm X 3.2mm
x09mm. The experiment was carried out
irradiating with a 6 MV Linac unit in the
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Dong-A Hospital (Pusan) placing the
dosimeter inside a PMMA solid phantom
under a thickness of 15mm(full build-up
depth). All these chips were irradiated to the
same dose (1 Gy) using 6 MV x-rays. The
TL signal was analysed with the 5500
Harshaw/Bicron automated reader. A pre-
heating to 50C was performed in the reader
in order to eliminate the unstable low
temperature peaks of lithium fluoride. The
TL signal was acquired at 300C during 20
sec. This tinge temperature profile resulted
in the integration of dosimetric peaks
characterized by a long half-life if compared
to the time between irradiation and evalu-
ation. Using a computer—controlled oven (hot
ar stream method, PTW), the annealing
procedure recommended for the crystal was
adopted 400C for 1 h followed by cooling at
100C for 2 h. This procedure was repeated
on a number of occasions.”

B. TLD homogenization

Measurements were performed using a
batch of twenty seven TLDs (R27), chosen
at random from the stock. They were
irradiated to 1 Gy with a 6 MV photon
beam placing the dosimeter inside a
PMMA solid phantom under a thickness of
15mm (full build-up depth). TLD readings
of the batch R27 responses were measured
directly in the TLD reader without prere-
adout annealing by the oven. From that
results of R27 responses, seven TLDs were
excluded which were far from mean
response of the batch R27. The twenty
TLD chips selected from R27 was named
batch L20. Means, standard deviations(SD),
and relative standard deviations(100 -

SD/mean value) were computed for the
distributions of readings for each group,
R27 and L20.

C. Sensitivity factors

The differences in the physical properties
of the TLDs are encountered by using chip
correction factors(SFi).” For each detector,
an individual sensitivity factor, SFi, was
determined with respect to the mean value
of the readings of the group:

SFi=X/Xi
where X is the group mean value and Xi is
the reading of detector i when the whole
batch is irradiated to the same dose(eg., 1
Gy).

The sensitivity factors of the batch were
used for correction of the TLD responses,
which have been irradiated to an unknown
irradiation field to improve the statistical
quality of the measured data. SFi was
multiplied by the original reading of the TLD
to give a final corrected reading. This method
of individually calibrating the TLDs is called
the sensitivity calibration technique.”

The experiment was carried out using
two fixed groups H5 and L20. Batch Hb of
five TLDs has a higher sensitivity than
the other batch L20 of twenty TLD chips.
All these chips were irradiated to the same
dose(l Gy) using 6 MV x-rays and then
read out in a Harshaw TLD reader. A
statistical analysis was performed in order
to test the effectiveness of the sensitivity
factor to different batches in size and
sensitivity.

D. Sensitivity change to repeated cycles
of irradiation
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For two batches of H5 and L20, 5
subsequent irradiation and readout cycles
were performed to investigate the reprod-
ucibility of TLD. Individual TL signals
were recorded, and linear regression
analysis was applied to find TL sensitivity
change. Sensitivity stability of the each
batch of dosimeters was assessed by
evaluation of the slope of the curve
showing the sensitivity dependence on the
number of cycles.

Results and Discussion
1. Batch homogeneity effect

A batch R27 of 27 dosimeters , chosen at
random from the stock, was irradiated to 1
Gy with 6 MV photon beam. The dosimeters
were not annealed before readout in the
oven and their readings were not corrected
for individual sensitivity factors. A guant-
itative and statistical analysis of TLD
sensitivity was performed for the batch R27,
compared with those 120 of 20 TLDs
selected uniformly in sensitivity from RZ7.
Means, standard deviations(SD), and relative
standard  deviations(100 - SD/mean  value)
were computed for the distributions of
sensitivity for each group. The histogram
representing  statistical distribution of 27
independent TLDs sensitivity (R27) is
shown in Fig.l. The TL sensitivity of L20 of
20 TLDs selected uniformly from R27
follows a Gaussian distribution with a mean
value of 49 ¢ C/Gy in Fig.2. As expected
the mean sensitivity of R27 are nearly the
same as the mean sensitivity of L20. These
results are presented in Table 1. which

shows the average number of counts
obtained as u«C per Gy (sensitivity) along
with the variation.

The relative standard deviations of R27 and
120 (Table 1.) are 7% and 3.3% respectively.
The relative standard deviations of R27 was
unacceptably large for precise dosimetric
measurements. Thus, ICRU recommended
tolerances for absorbed dose delivery of £5%
may not be unequivocally detectable without
homogeneity treatment.”

Table 1. Comparison of the sensitivity
between homogenized batch (L20) and not
homogenized batch (R27) of TL dosimeters.
Mean value SD relative SD
(nC/Gy}  (nC/Gy) (%)
homogernized (L20) 49 0.34 7.0

Batch character

not homogernized(R27) 49 0.16 3.3

2. Sensitivity calibration to characteristic
batches

A quantitative and statistical analysis of
TLD sensitivity was performed for the
both batches L20 and H5 applied with
sensitivity  factors to TLD responses,
compared with those that were not applied.
It was shown in Table 2. When sensitivity
factors were not applied to both batches,
for 6 MV X-ray beams the deviation of
sensitivity was almost the same in both
batches as *+3.85% for L20 and 3.58% for
Hb5. Using the sensitivity calibration proc—
edure to apply individual relative sensitivity
factors to scale the original test readings
dramatically improves the coefficients of
variation to less than 1.4 % for batch Hb.

- 116 -



Improvement of Precision m TL Response with an Automated TLD Reader

Frequency
o - N w RN (8, (o)) ~
do | 2 1 s | S TR N 1 2 ] -l

(Aoyor) Aimyisuss gL

GG vG €6 26 LG 06 6v 8V LY 9¥ SV ¥b¥ €v Zv |'b

AN 9
lZ =|ejol

Fig.1. The sensitivity distribution of batch R27 of 27 TLD chips chosen at random with
a mean value of 4.9 ¢ C/Gy and relative standard deviation of 7 %.
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However, when the readings of H5 are
corrected for individual sensitivity the
coefficient of variation improves to 14 %
(Table 2.), which is not consistent with the
coefficients variation for the corrected
reading of L20. The larger coefficients of
variation for the L20 than H5 even using
the individual relative sensitivity factor in
both batches may be explained by the
difference of their batch sizes. A lot of
chips in a batch could be mixed up easily
while handling them during the course of
the experiment. The results presented in
table 2 show that, in our hands, it is
essential to compute individual sensitivity
factors for the TLD-100 in order to obtain
reasonably precise dose values.

Table 2. Mean TLD sensitivity, standard
deviation(SD) and relative standard deviation
(SD/Mean value(%)) for applied sensitivity
factor(SF) or not applied SF to two different
batches.

Batch L20 Batch H5
applied not applied applied not applied
SF SF SF SF

No. of dosimeters 20 20 5 5

Mean value(uC/Gy) 4.4 44 49 49
SO(C/Gy) 0.16 0.17 0,07 0.18
relative SD(%) 3.7 39 1.4 3.6

Various calibration techniques have been
examined in order to improve the sensitivity
of TLDs by elimination random error.
Among these procedures, there are two
more calibration techniques of homoge-
nization and sensitivity factors. Our results
indicate that when both techniques applied
together, it reduces the distribution of TLD
sensitivity from about 7% to 14% at an

absorbed dose of 1 Gy.

3. Sensitivity as function of irradiation
and readout cycles

Two different batches of LiF TLD-100
chips, L20 and H5 were subjected to inve-
stigation of their radiation sensitivity after
subsequent cycles of irradiation readouts. For
both batches, 5 subsequent irradiation and
readout cycles were performed. Individual TL
signals were recorded, and linear regression
analysis was applied to investigate reprodu-—
cibility of TIL sensitivity.

The plots of TL sensitivity as a function
of the repeated cycles, are reported in
Fig.3. The batch 120 containing twenty
TLD-100 chips with lower sensitivity had
shown initial sensitivity of approximately
446 (¢ C/Gy). Another batch containing
five TLDs (H5 had shown an initial
sensitivity more than a factor of 1.1 higher
than the other batch L20. Both batches
showed a slight tendency to decrease in
sensitivity with increasing cycles of irradi-
ations and readouts. The decrease of the
TL sensitivity had almost same linear reg-
ression in both batch. The variation of TL
sensitivity was always of the order of a
few parts per hundred.

Conclusion

This paper has investigated an optimum
calibration methodology when TL materials
are analysed using conventional calibration
techniques for the purposes of patient
dosimetry. Two calibration techniques of
homogenization and sensitivity factors have
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Fig.2. The sensitivity distribution of homogenized batch L20 with a mean value of 4.9
C/Gy and relative standard deviation of 3.3 %.
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Fig.3. The TLD sensitivity for two different batches, measured in five consecutive
irradiation at 1 Gy: squares are mean values of batch H5 of five detectors and circles
are mean values of batch L20 of twenty detectors.
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been examined in order to improve the
sensitivity of TLDs by elimination random
error.

When TLDs were selected homoge-
neously in the TLD batch, our data indi-
cate a large improvement of TLD precis—
ion, up to a factor of 2. At precision levels
of 37% and 1.4% of the sensitivities are
for large batch and small batch respect-
ively, if TLDs are read with sensitivity
factor in the TLD reader. A batch of
TLD-100 showed a significant change in
sensitivity with increasing cycles of irra-
diations and readouts. An application of
homogenization and sensitivity calibration
techniques has allowed us to reach a
standard deviation of less than 1.49% in
batch H5.

This study allows us to state that an
application of both calibration techniques is
the best one for obtaining better precision
and reproducibility of TL signal. It was
also found that for determining the reader
calibration factors (RCF), the -calibration
chips should be chosen at random from the
batch and then returned to the batch for
further use because the sensitivity of the
batch was found to change with use.”
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