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ABSTRACT

This study aims to measure the radial dose function and anisotropy function F(r, θ) of
High Dose Rate (HDR) 192Ir source in a fabricated water-equivalent phantom using 
Gafchromic® EBT3 film and TLD-100H and to compare the results obtained with the 
MCNP5 calculated values. The phantom was fabricated using Perspex PMMA material.  
For , the EBT3 films with a required dimension and TLD-100H chips were placed 
at r=1, 2, 3, 5, and 10 cm from the source. The F(r, θ) measurements were carried out 
at r=1, 2, 3, 5, and 10 cm with the angle range from 10° to 170°. The result of from 
EBT3 film and TLD-100H was in good agreement (2.10%±1.99). Compared to MCNP5, 
the differences are within 0.31% to 11.47% for EBT3 film and 0.08% to 10.58% for TLD-
100H. For the F(r, θ), an average deviation with the MCNP5 calculation is 4.94%±2.7. 
For both and F(r, θ), the effects are prominent at r=10 cm. At this distance, the 

response of both Gafchromic® EBT3 film 
and TLD-100H shows less sensitivity as 
the dose followed the inverse square law. 
This work demonstrates that Gafchromic® 
EBT3 film dosimeter and TLD-100H are 
suitable dosimeters in 192Ir dosimetric 
measurements at a radial distance of ˂ 5 cm.

Keywords :  192Ir brachytherapy source, dose 

distribution, Gafchromic® EBT3 film dosimeter, 

Monte Carlo simulation, TLD-100H dosimeter
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INTRODUCTION

Brachytherapy is an internal radiotherapy technique in which a sealed radiation source 
is placed inside or near the treated area. Iridium-192 (192Ir) is the most frequent source 
used for HDR brachytherapy. The dose distribution around 192Ir brachytherapy sources is 
inherently anisotropic and is characterised by steep dose gradients. As the dose gradient near 
radioactive sources is veer, the dose distribution in the surrounding tissues is difficult to be 
measured (Hsu et al., 2012). These properties had put a high demand on the dosimetry of 
192Ir brachytherapy source regarding the dosimeter’s precision, size, and energy dependence 
(Kirisits et al., 2014). The American Association of Physicists in Medicine (AAPM) 
had introduced dose distribution parameters based on the direct dose distribution in a 
homogenous water medium in which the dose rate constant (Λ), the radial dose function 

, the geometry factor G(r, θ), and the anisotropy function F(r, θ) are the parameters 
in question (Chandola et al., 2010; Granero et al., 2011; Rivard et al., 2004). 

Based on the literature, the most frequently reported dosimetry systems in 
the determination of the dosimetric function of 192Ir source are film dosimetry and 
thermoluminescent dosimeter (TLD) (Ayoobian et al., 2016; Bassi et al., 2020; DeWerd 
et al., 2014; Sellakumar et al., 2009; Uniyal et al., 2011; Wu et al., 2014). The dosimetric 
functions of 192Ir studied by Sellakumar et al. (2009) were measured the Λ , , and
F(r, θ) for HDR 192Ir source using Gafchromic® EBT films. Therefore, according 
to the findings, the Gafchromic® EBT film could be utilised to assess the 
brachytherapy dosimetric function as defined by the AAPM TG-43. Furthermore, 
another experimental study found that the TLD and Gafchromic® EBT2 film 
measured values for F(r, θ) are within 4% of each other (Uniyal et al., 2011). 

A recent study by Bassi et al. (2020) reported, EBT3 film was energy independent and 
can be utilised for brachytherapy source dose monitoring despite being calibrated with a 
6MV photon beam and could be expanded to be applied in clinical dosimetry brachytherapy. 
Besides film dosimetry, TLDs also was recommended for dosimetric measurement in 
brachytherapy because of their excellent sensitivity, miniature, flat energy response, and 
energy independence. However, according to a prior study, TLD’s appropriateness for 
brachytherapy dosimetry was determined by high-precision measurements using some of 
the most regularly utilised brachytherapy sources (DeWerd et al., 2014). Apart from these 
dosimeters, Monte Carlo calculation has been reported as a reliable and preferable dosimetry 
system, and it is also commonly utilised in obtaining dosimetric data for brachytherapy 
sources (Patel et al., 2010). 

Previously, dosimetry protocols or a set of dosimetry procedures employing film 
dosimetry and TLD had been published (Ayoobian et al., 2016; Bassi et al., 2020; Faghihi 
& Street, 2015; Palmer et al., 2013; Sellakumar et al., 2009). However, they reported the 
properties of Gafchromic EBT, EBT2 and TLD 100 in their study. On the other hand, the 
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dosimetric properties of the Gafchromic® EBT3 film and TLD-100H in brachytherapy 
dosimetry has not yet been clarified. Therefore, this study investigates the dose distribution 
of 192Ir brachytherapy source for  and F(r, θ) in fabricated Perspex PMMA phantom 
using Gafchromic® EBT3 film dosimetry and TLD-100H and compared with dose 
distribution data obtained from MCNP5 calculated values.

MATERIALS AND METHODS

Nucletron 192Ir MicroSelectron HDR Source

The Nucletron 192Ir microSelectron HDR source (HDR, Nucletron Inc., The Netherlands) 
was modelled using MCNP5 code. The source has a material density, ρ of 22.56 g cm-3, 
modelled with a 3.5 mm active length and 0.6 mm diameter (Wu et al., 2014). The cover 
used to enclose this source is stainless steel AISI 316L (ρ =8.027 g cm-3) with a diameter of 
1.1 mm. At the outer steel cover on the proximal side, a 5 mm AISI 304 stainless steel cable 
(ρ = 4.81 g cm-3) extending from the cover was modelled in this calculation. The material 
compositions of these steel are as described by López et al. (2011). Figure 1 illustrates 
the detailed model of the source used in this study. The 192Ir energy spectrum used in this 
study was adopted from the energy distribution described by Fazli et al. (2013). We have 
excluded the beta spectrum in the calculation due to its negligible contribution at >1 mm 
distance to the source.

Figure 1. The geometry of Nucletron 192Ir microSelectron HDR source modelled in MCNP5 calculation (length 
is in mm units)

Validation of the MCNP5 Dose Calculation

Identical simulation geometry defined by Wu et al. (2014) has been modelled using MCNP5 
code, which is created by the Los Alamos National Laboratory (Los Alamos National 
Laboratory, Los Alamos, NM). This remodelling aims to compare and verify the dosimetric 
parameters obtained from our MCNP5 code. Therefore, a 30 cm spherical phantom filled 
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with homogeneous water (ρ=0.997 g cm-3) was modelled. The  and F(r,θ) are the two 
dosimetric parameters considered for this purpose (Shukor et al., 2020). It is in line with 
the recommendation in AAPM TG-43,whereby the  is one of the most important 
dosimetric parameters for source validation and benchmarking (Rivard et al., 2004). 

Fabricated Phantom Design

The phantom designed in this study was invented from a published study by Uniyal et 
al. (2011). A frequently used Perspex PMMA (polymethylmethacrylate) was selected as 
the phantom material due to the low effective atomic number (Zeff = 6.5), economical, 
and widely available (de Almeida et al., 2002; Ghiassi-Nejad et al., 2001; Palmer et al., 
2014; Subhalaxmi & Selvam, 2015). The Perspex PMMA slab phantom (ρ=1.19 g cm-3) 
was fabricated at the Engineering Physic Workshop, School of Physic, USM (Figure 2).

The dimension of the Perspex PMMA phantom is 30×30×2 cm. This slab phantom has 
an inner diameter of 0.5 cm and was radially machined in the arced of 0° to 360° with a 1 to 
10 cm distance from the centre. For TLD chips placement, the TLD holes were machined 
for 0.2 cm depth with 0.5 cm diameter at 1 to 10 cm radial distance with an angle of 10°, 
30°, 60°, 90°, 120°, 150°, and 170°. In addition, a horizontal catheter insert was designed 
for source catheter delivery placement at the centre of the slab phantom. 

Figure 2. The fabricated slab Perspex PMMA phantom for dose distribution measurement of 192Ir brachytherapy 
source (a) with film inserts (b) with TLD holes

(a) (b)
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Dosimetry System

Radiochromic Film Dosimetry. The third-generation film, Gafchromic® EBT3 film 
(Ashland ISP, Wayne, NJ), is improved than their predecessor, EBT2, with features, such 
as symmetrical active layer configuration, with a dose range of 0.1-20 Gy and added matte 
polyester substrate, which has microscopic silica particles which keep minimising the 
gap thus preventing the formation of Newton’s rings interference patterns (Fiandra et al., 
2013; Reinhardt et al., 2012). With the new enhancement, EBT3 film was more robust and 
easier to handle than EBT2 (Borca et al., 2013; Reinhardt et al., 2012). Film lot #08231801 
was used in this study and was handled according to the guidelines in the AAPM TG-55 
(Niroomand-Rad et al., 2020). 

The first phase of this study involved the calibration of the EBT3 film. As it is known 
as energy independent, the calibration is done with a 6MV photon beam (Adelnia & Fatehi, 
2016; Palmer et al., 2013). A set of 10 pieces of EBT3 films were cut into 3×3 cm squares 
and marked at the left corner for orientation. For irradiation setup, the film pieces were 
placed in a full scatter solid water phantom at dmax =1.5 cm, and irradiation of 6MV photon 
beam was delivered with PRIMUS™ LINAC (Siemens Medical Systems, CA, USA) at 
SSD=100 cm, the field size of 10×10 cm and a dose range of 100 to 900 cGy. One sample 
was left unexposed as a background control for base and fog. After 24 hours of irradiation, 
the irradiated films were scanned in portrait orientation using 10000XL EPSON® Expression 

flatbed scanner (Epson Seiko Corporation, Nagano, Japan) with PTW-Filmscan software 
(PTW-Freiburg, Freiburg, Germany) with the setting parameters of positive colour film 
type, 16-bit grayscale, and 300 digital image resolutions (dpi) in a transmission mode 
(Figure 3). A curve between the pixel value and the corresponding dose was plotted from 
the PTW-Film Cal software v2.4 (PTW-Freiburg, Freiburg, Germany) (Figure 4). The film 
calibration curve was saved as a lookup table or calibration table for dose determination.  

Figure 3. A set of Gafchromic® EBT3 films were digitalised using PTW-Filmscan software
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Figure 4. The dose-response of Gafchromic® EBT3 film generated by PTW- FilmCal software v2.4

Thermoluminescent Dosimeter (TLD) System

TLD measurements were performed with 3×3×1 mm chips of Harshaw TLD-100H (Thermo 
Fisher Scientific Inc., Waltham, MA). TLD100-H has been reported be to more sensitive, 
has a simple glow curve and short annealing than TLD100. As the brachytherapy source 
is known to have a steep dose gradient and will lose its energy in a short distance, it has 
been interesting to study the properties of TLD100-H towards the source (Freire et al., 
2008). Therefore, the sensitivity test was performed by irradiating a group of 60 chips 
of TLD-100H with 100 cGy of 6MV photon beam using PRIMUS™ LINAC (Siemens 
Medical Systems, CA, USA) at SSD=100 cm, 10×10 cm field size, and dmax=1.5cm. The 
TL readout was performed 24 hours after irradiation using a Harshaw 3500 TLD reader 
(Thermo Fisher Scientific Inc. Waltham, MA).

The sensitivity factor for individual TLD is calculated using Equation 1.

[1]

Where, TLDi is the individual reading of TLD and TLDavg is the average reading. Since 
the response of individual TLD to the same delivered dose may be different, only the high 
sensitivity TLD chips with a sensitivity of >1 were used in this study. The reproducibility 
test was performed by repeating the same measurement three times. According to Faghihi 
& Street (2015), the calculation of the coefficient of variation (CV) of TLD measurement 
obtained using Equation 2 should be less than 10%. 

[2]



Pertanika J. Sci. & Technol. 30 (1): 691 - 708 (2022) 697

Dose Distribution of 192Ir Source Measurement

In addition, an individual Element Correction Coefficient (ECC) was also a required 
correction that needs to be applied. The characteristic of TL dosimeters could not present 
with the same TL efficiency (where TL efficiency (TLE) is defined as the emitted TL light 
intensity per unit of absorbed dose). Therefore, the ECC was calculated using Equation 3. 

      
[3]

Where, <TLE> is the average reading of the total TLDs, whereas TLEj is an individual 
reading. Calibration measurement was performed using 20 chips of TLDs with a CV of less 
than 10%, with the same setup that was used for the sensitivity test. The group calibration 
factor (CF) of TLD-100H is obtained by dividing the irradiated dose by the average response 
of the TLDs. From this study, the CF for this group of TLD-100H is 0.59 cGy/µC. 

Radial Dose Function

The measurements setup was prepared by positioning the 192Ir source inside the catheter at 
the centre of the Perspex PMMA slab phantom along the Y-axis with the tip of the source 
toward the +Y axis (Chandola et al., 2010). Before the exposure, source position verification 
to assess the source placement and a dwell position verification to keep the source at the 
centre of the film was performed. From the verification, the source position is confirmed 
to be centred on the field, and the dwell position is precisely placed in line at the centre of 
the 12.06 cm dwell length. Then. a set of films with the required dimension were placed 
in the film insert at radial distances (r) of 1, 2, 3, 5, and 10 cm from the source with the 
film facing toward the source at an angle of 90°. A full scattering medium was achieved 
by placing a Perspex PMMA slab with a thickness of 1 cm on the top of the fabricated 
phantom. The calculated source strength, Sk from the treatment planning, is 14911 cGy cm-2 
h-1. Referring to the Sk, the dwell time for completed 300 cGy is 72 s. The post-irradiated 
films were scanned after 24 hours using a 10000XL EPSON® Expression flatbed scanner 
(Epson Seiko Corp., Nagano, Japan) with a scanning parameter of 300 dpi and 16-bit 
grayscale. The film dose then was obtained from PTW-Verisoft software (PTW-Freiburg, 
Freiburg, Germany). The same irradiation setup also was performed for the TLD-100H 
measurements, which take place in the fabricated slab phantom with TLD holes as it has 
the same dimension as the slab phantom for a film. The signal readout was performed 24 
hours’ post-irradiation. 

Anisotropy Function

The anisotropy function F(r, θ) describes the variation in dose distribution around the 
source as a function of polar angle relative to the transverse plane, including the effects 
of absorption and scatters in the medium due to; photon scattering in the medium, 
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self-filtration, and the primary photons’ filtration through the encapsulation materials 
(Sellakumar et al., 2009). For the F(r, θ), the measurements were carried out using the 
same phantom as described for the . However, the dose values were measured at radial 
distances of 1, 2, 3, 5, and 10 cm with polar angles varied from 10° to 170°. 

Monte Carlo Simulation
The dose distribution of the 192Ir source was calculated using a validated MCNP5 code 
(Wu et al., 2014). The data were scored using an F6 tally grid system modelled by 0.5 mm 
height and ring radius of the cylindrical rings concentric from the source in its longitudinal 
axis. The concentric rings were positioned at r=0.5 to 14 cm from the centre, and they 
were fixed at the centre of the active length of the source in each calculation. The tip of 
the source was modelled to face towards the +Y direction while the cylindrical ring of the 
tally cells concentric to the Z-axis (Figure 5a). The data, which yielded at r=0.5 to 14 cm 
in the transverse plane of the source (θ =90o), allows normalisation to the dose rate at r=1 
cm of the same plane. Meanwhile, the data for F(r, θ) that measure doses at various angles 
from the source were tallied at a different angle from 0o to 180o with a 10o increment. The 
centre of the active 192Ir core was set as the centre of the angle rotation. The distal end of the 
stainless-steel cable was assumed as 0o, while the tip end of the source is 180o (Figure 5b).

The F6 tally calculates the amount of energy deposited in a unit of MeV/g. The output 
is multiplied by 1.6×10-10 using the tally multiplier (FM) card, yielding energy deposition 
in Gy. The photon cut-off was set at 10 keV to speed up the process (Shukor et al., 2020). 
A simulation boundary modelled by a 100 cm spherical cell was assigned to limit the 
simulation calculation. The radiation particles were removed from the calculation by force 
termination of the particles scattered out of the simulation boundary. The total number 
history of 5×107 was selected to guarantee a reliable confidence interval <0.1.

Figure 5. The geometry of the model was developed using MCNP5 code for (a) g(r) (b) F(r, θ)
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Dose Calculation Formalism

According to the AAPM TG-43 recommendation, the dose rate at the point of interest P(r, 
θ) in water is expressed as Equation 4:

[4]

Where, r is the distance (cm) from origin to the point of interest Ρ, θ is the angle between 
the direction of radius vector r and the long axis of the source, θo defines the source 
transverse plane and is equal to п/2 radians, Sk is the air kerma strength, Λ is the dose rate 
constant, G(r, θ) is the geometry function,  is the radial dose function, and F(r, θ) is 
the anisotropy function. P(r0, θ0) is defined at r=1 cm, (θ = 90°)(Figure 6).

Figure 6. The geometry of line source used in TG-43 formalism

The Excel worksheet and formulas were used to simplify and calculate Equations 5, 6 
and 7. The dose measured using TLD100-H and EBT3 film at a particular point has been 
inserted in the formula. The is described as follows Equation 5:

                                                   
[5]

In this study, was measured at a particular point using TLD100-H and EBT3 
film. Where, dose at point, D(r0, θ0) is defined at 1 cm, θ=90º and D(r, θ0) is defined at 
r=1, 2, 3, 4, 5 and 10 cm, θ=90º. The geometry function, G(r, θ) is calculated according 
to the following Equation 6:
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[6]

Where, for calculation, G(r0, θ0) is defined at r=1 cm, θ=90º and G(r, θ0) is defined 
at r=1, 2, 3, 4, 5 and 10 cm, θ=90º. Whereas, L is the line source approximation used for 
the geometry function, β is the angle in radians, subtended by the tips of the hypothetical 
line source with respect to the calculation point Ρ(r, θ).

The F(r, θ) is defined as in Equation 7:

                                                 
[7]

Where, D(r, θ0) is defined at r=1, 2, 3, 5 cm, θ=90º, D(r, θ) is defined at r = 1, 2, 3, 5 and 
10 cm, θ=10º-170º, G(r, θ0) is defined at r=1, 2, 3, 5 and 10 cm at θ=90º, G(r, θ) is defined 
at r=1, 2, 3, 5 and 10 cm at θ=10º-170°. 

RESULTS AND DISCUSSION

Radial Dose Function

Figure 7 compared the measurement of 192Ir source using EBT3 film and TLD-100H 
with the calculated by MCNP5 and published data previously presented by Wu et 
al. (2014). The average relative difference is 0.37% ±0.47, and a maximum deviation is 
at r=10 cm (1.30%). A previous study found that a good agreement is achieved when the 
deviation is within 2% (Buchapudi et al., 2019). Therefore, our MCNP5 code for the 192Ir 
HDR brachytherapy dose calculation achieved a good agreement with Wu et al. (2014). 
We extended the simulation to r= 0.3, 0.5 and 0.7 cm and observed small deviations to the 

at r=1 cm for the three radial distances (0.48, 0.12 and 0.01% each).

Figure 7. The comparison of measured, for EBT3 film and TLD100-H with MCNP5 and a previous 
study by Wu et al. (2014)
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Meanwhile, EBT3 film shows a good agreement with MCNP5 at r=1 to 5 cm with an 
average relative difference of 1.03%±1.25. However, a greater relative difference (11.47%) 
was calculated at r=10 cm. A similar result was observed for the TLD-100H whereby at r=1 
to 5 cm, the values were 1.92%±2.35. The maximum difference was also noted at r=10 
cm (10.58%). Nevertheless, the experimental values obtained between EBT3 film and 
TLD-100H were in good agreement with a relative difference of 2.10%±1.99. Even though 
a similar measurement setup was implemented for both film and TLD, slight variation was 
noted between the two, most probably due to the different dosimetry properties of film and 
TLD, e.g. differences in size, range of sensitivities, and measurement’s principal (Uniyal 
et al., 2011). The values between measured and calculated are within the tolerance at 
r=1 to 5 cm, and the differences are significant at r=10 cm. At this position, the response of 
TLD signal and film is relatively small, possibly because of the lower dose received due to 
the depth increase as mentioned in inverse square law (Hsu et al., 2012). In addition, the 
variation occurs because of the dose-response factor of the detector due to the shift of the 
photon spectrum to lower energies with increasing depth (Haworth et al., 2013).

Table 1
Comparison of the measured using film in this study with the previous studies for a homogenous water 
phantom

Radial 
distance,
r (cm)

This study Buchapudi 
et al. 

Relative 
differences 

(%) 

Sellakumar 
et al. 

Relative 
differences 

(%)

EBT3 EBT2 EBT 
1 1.000 1.000 0.00 1.000 0.00
2 1.003 1.004 0.15 1.006 0.37
3 0.995 0.999 0.38 1.077 7.60
4 0.990 0.970 2.06 1.002 1.16
5 0.961 0.966 0.56 0.992 3.17
10 0.782 0.846 8.20 - -
Relative 
Uncertainty 
(%)

3.5
 (k=1)

2.4 
(k=1)

1.5 
(k=1)
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Table 2
Comparison of measured using TLD in this study with the previous study for a homogenous water 
phantom

Radial distance,
r (cm)

This study Buchapudi et al. Relative differences 
(%) 

TLD100-H TLD100

1 1.000 1.000 0.00

2 1.038 1.010 2.73

3 0.995 1.006 1.13

4 0.945 1.002 6.07

5 0.993 0.989 0.40

10 0.790 0.888 12.43

Relative 
uncertainty (%)

3.6
 (k=1)

1.9 
(k=1)

Table 1 and Table 2 present the comparison between the measured obtained in this 
study with the data previously presented by Buchapudi et al. (2019) and Sellakumar et al. 
(2009).  From Table 1, the average relative difference between the film measurement with 
the previous studies is 1.89%±3.17 (Buchapudi et al., 2019) and 2.46%±3.12 (Sellakumar 
et al., 2009). Meanwhile, the comparison between the TLD measurements is shown in 
Table 2, whereby the relative difference between this study with Buchapudi et al. (2019) is 
3.80%±4.77, with a maximum difference is at r=10 cm (12.43%). A significant difference 
was observed at r=10 cm, which is 8.20% and 12.43%, respectively. The disparities are 
probably due to the different phantom materials, dimensions, and the energy dependence 
of the detector at lower photon energies (Ghiassi-Nejad et al., 2001). Previous studies used 
EBT, EBT2 and TLD100 in their measurement. Our study shows that the performance of 
EBT3 film is lower than EBT and EBT2 (Fiandra et al., 2013). As TLD100-H is known to 
have higher sensitivity than TLD100, it suffers from a fluctuation from the thermal effect 
of Cu and P materials, which may degrade the TL sensitivity (Chen et al., 2002). Therefore, 
our measured for film and TLD measurements are lower than the previous study but 
still within tolerance within <3.0% deviation. However, this may occur because of the 
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material of our Perspex PMMA phantom that was denser than water (ρ=1.19 g cm-3), which 
caused higher attenuation than water, thus lowering the dose detected by the dosimeters 
(Sina et al., 2015). 

Anisotropy Function

The measured F(r, θ) at radial distances of 1 cm, 2 cm, 3 cm, 5 cm, and 10 cm in a 
homogenous water medium is illustrated in Figures 8a-8e. Figure 8a shows the F(r, θ) at 
r=1 cm. Compared to the MCNP5 calculation, the average differences are 4.21% ±2.35 and 
4.17%±3.74 for EBT3 film and TLD-100H, respectively. At 10°≤ θ ≤ 60°, the difference was 
found to be at 4.46%±2.04 for film and 4.01%±1.20 for TLD. Meanwhile, at 120°≤ θ ≤ 170°, 
the variation is at 5.38%±3.0 for EBT3 and 5.72%±4.54 for TLD-100H. The same trend 
was observed for r =2, 3, 5, and 10 cm (Figures 8b-8d). At r =5 cm (Figure 8d) and 10°≤ θ 
≤ 60°, the difference was found to be 6.44%±1.69 for EBT3 film and 6.74%±5.87 for TLD-
100H. At the larger distance of r =10 cm (Figure 8e), the differences were 14.99%±5.81 
for EBT3 film and 6.41%±3.50 for TLD-100H at 10° ≤ θ ≤ 60°. At a polar angle of 120°≤ 
θ ≤ 170°, the variation is at 6.73%±5.87 for EBT3 and 5.37% ±2.27 for TLD-100H. The 
MCNP5 calculated F(r, θ) for r= 0.3, 0.5, 1.0 and 2.0 cm is shown in Figure 8f. As the F(r, 
θ) at r=0.3, 0.5, 1.0 and 2.0 cm at 30° < θ < 120° is in a good agreement with the deviation 
range within 0.03%-0.86%, which is <1%. Meanwhile, at θ=180°, the deviation at r=0.3 
cm (5.11%) and r=0.5 cm (2.1%), larger than r=2 cm (0.032%) The deviation for r <0.5 
cm is larger due to the influence of dynamic internal components (DeWerd et al., 2011).

The deviation between the measured F(r, θ) and MCNP5 calculation is on the average 
of 4.94%. ±2.7. Similar to , the deviation may be caused by the different densities 
between water and Perspex PMMA. Figure 8 also show that the F(r, θ) values in the 
backward direction are non-symmetrical, possibly due to photon disruption by the drive 
wires and asymmetry in encapsulation thickness (Ghiassi-Nejad et al., 2001; Sellakumar 
et al., 2009). In addition, the geometric and activity distribution of the source modelled in 
MCNP5 simulations may differ from those in the actual distribution of source in EBT3 film 
and TLD-100H measurements. This minor variation may contribute to the large differences 
between the measured and calculated doses (Chiu-Tsao et al., 2014).

In comparison, the F(r, θ) values measured with EBT3 and TLD-100H show a good 
agreement with each other within 1.57%±1.21 at r=1 cm. The relative difference of F(r, θ) 
values between these is more prominent as the radial distance increases. The fluctuations 
occurred because of the effect of the air gap between the slab inserts in the Perspex PMMA 
phantom. The maximum discrepancy between EBT3 and TLD-100H was at 10.5%±7.85 
at r=10 cm. This fluctuation is most probably due to the limited size of the TLD detector, 
which makes it challenging to obtain unperturbed dose values. As previously proved by 
Uniyal et al. (2011), diminishing the size of the detector exhibit some limitations related 
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Figure 8. The measured and calculated of anisotropy function, F(r, θ) at radial distances of (a) 1 cm, (b) 2 cm, (c) 
3 cm, (d) 5 cm, (e) 10 cm in a homogenous water medium and (f) 0.3, 0.5, 1 and 2 cm calculated using MCNP5
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to the improper positioning of the phantom measurement accuracy. The EBT3 film utilised 
in this study provides a high spatial resolution. Therefore, the angular variation of F(r, θ) 
measured using EBT3 is expressed in a good response shape except for r=10 cm. At this 
distance, the response of both EBT3 film and TLD-100H shows less sensitivity in detecting 
the dose since the dose followed the inverse square law. Besides that, several factors, such 
as the probability of film scratches and dirt during the experiment handling, may also 
contribute to an error in the sensitivity of the EBT3 film and TLD-100H.

Uncertainty 
The uncertainties of measurements and simulation results were calculated using NIST 
TN 1297. Type A uncertainty estimation is based on the standard error of the mean. For 
MCNP5, the relative uncertainty is 2.0% (k=1), TLD100-H is 3.6% (k=1), and for EBT3 
measurement 3.5% (k=1). As recommended by the previous study, for low-and high-
energy brachytherapy sources of low dose rate and high dose rate, a combined dosimetric 
uncertainty <5% (k=1) is estimated (DeWerd et al., 2011). The uncertainties between 
measured and simulations show a small difference but within tolerance for clinical practice.

CONCLUSION
This work demonstrates that Gafchromic® EBT3 film and TLD-100H are suitable 
dosimeters in 192Ir dosimetric measurements at a radial distance of ˂5 cm. It  was proved 
by a small average relative difference of at r=1 to 5 cm between the measured and 
MCNP5, which is 1.03%±1.25 for EBT3 film and 1.92%±2.35 for TLD-100H. The 
data obtained between TLD and film at r=1 to r=10 are in good agreement with each other 
within 2.10%±1.99. The deviation of measured F(r, θ) in the fabricated Perspex PMMA 
phantom with MCNP5 is 4.94%. For both parameters, the effects are prominent at a radial 
distance of r=10 cm with the maximum average difference of 11.47% for and 14.99% 
for F(r, θ). At this distance, the response of both EBT3 film and TLD-100H shows less 
sensitivity as the dose followed the inverse square law. In addition, from the comparison 
between the older dosimeters, the performance of EBT3 film and TLD-100H does not 
show a significant difference between EBT2 and TLD100. 
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