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Introduction: This study aims to measure the air-kerma rate of 192-Ir-HDR-afterloading 
source with an ionization chamber in air and a solid cylindrical phantom separately and to 
compare the dose calibration by the American Association of Physicists in Medicine 
(AAPM) Task Group TG-43U1 formalism with the Abacus treatment planning system (TPS).
Materials and Methods: The air-kerma rate of 192Ir source was measured by an ionization 
chamber in air and a solid cylindrical phantom separately. For the interesting point position 
P (8cm, 90°), the values of the dose were calculated with the TG-43U1 formula and compared 
with data from the Abacus TPS with single and multiple dwell positions, respectively.
Results: The air-kerma rate percentage deviations between the detector measurements in air 
and the source certificate were −1.28%, −0.91%, −0.71%, and 0.33% at the distances of 
25cm, 50cm, 75cm, and 100cm, respectively. For the measurement in solid cylindrical 
phantom, the percent deviation from the air-kerma rate certificate was 1.85%. The percentage 
deviations of the dose calibration between Abacus TPS and TG-43U1 formalism at P (8cm, 
90°) were −2.30%, 1.76%, and 2.10% with different distances (between the dwell positions) 
of 0cm, 0.5cm, and 1cm, respectively.
Conclusion: The in-air technique was a new attempt for clinic routine measurement. 
Further studies are still necessary. As a treatment planning system, the Abacus TPS should 
apply the AAPM TG-43U1 formulism for the development required in the future.
Keywords: brachytherapy, 192Ir source, calibration, ionization chamber

Introduction
High dose rate (HDR) remote afterloading brachytherapy is an effective treatment 
modality for cancer.1 In the treatment modality, the dosimetric characteristics of the 
source should be determined to provide reliable data for use in treatment planning 
calculations and dose prescription.2 It is necessary to verify the half-life and the air- 
kerma rate quoted in both treatment planning system (TPS) and microprocessors 
controlling treatment delivery to ensure the same decay calculations for multiple 
fractions and consistent treatments.2

Typically, the TPS has its standard algorithms, modifications, and data handled. 
Taking Abacus TPS, for example, it has a transparent and open system where the 
users can edit the data. This system also includes different types of radioactive 
source models and applicators. The American Association of Physicists in Medicine 
(AAPM) Task Group TG43 and TG43U1 provides the dose calculation formalism 
and factors of different sources applied in clinical practice.2 Recently, many TPS 
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algorithms base their calculations on the TG-43 formalism. 
Except for the suitable calibration standards, the accuracy 
and precision of the dose measurement with conventional 
dosimeters are also important. The dosimetry company 
(PTW Freiburg) supplies the user with a calibration factor 
for a standard ionization chamber (PTW Ionizing radiation 
Detectors 2008/2009) to measure the dose to water. Report 
13 of the Deutsche Gesellschaft für Medizinische Physik 
(DGMP 1999a) supports the measurement procedures for 
the strength of brachytherapy in calibration facility.3,4

In this article, we presented the practice of measuring 
192Ir HDR source (GammaMed Plus HDR 192Ir 0.9mm, 
MDS Nordion Haan GmbH, Germany) with the 1.0cm3 

Rigid Stem Chamber (TM23331, PTW) in air and a solid 
cylindrical phantom separately. And we verified the dose 
calculations at the interesting point position P (8cm, 90°) 
by the Abacus TPS with single and multiple dwell posi-
tions of 192Ir HDR source with the TG43U1 formalism.

Materials and Methods
Radioactive Check
AAPM’s TG-51 protocol recommended air temperature 
correction and constancy check of dosimeters.5 They 
enabled medical physicists to check the stability of the 
ionization chamber response and to determine air tempera-
ture correction factors. The chamber calibration certificate 
included the reference reading under standard conditions. 
The check reading would decrease over time due to the 
decay of the activity.

In-Air Calibration
We designed an apparatus for free-air measurement,6 

shown in Figure 1. The 192Ir source with the applicator 
(the thickness of 0.28 mm in steel) and the ionization 
chamber were located by a corresponding bracket released 
in the air in different intervals with the reference distances 
of 25cm, 50cm, 75cm, and 100cm. The electrometer, 
UNIDOS webline (T10021-0047, PTW Freiburg GmbH, 
Germany), had a conjunction with the 1.0cm3 Rigid Stem 
Chamber (TM23331, PTW) to measure the chamber cur-
rent. The applicator, including the source, was parallel to 
the ionization chamber with a 60Co buildup-cap, as shown 
in Figure 2.

Firstly, we located the ionization chamber with a 60Co 
buildup-cap with reference distances of 25cm, 50cm, 
75cm, and 100cm from the source without shielding mate-
rial near the chamber. MT was the direct gamma-ray from 

the source and the scattering radiation from the room in 
the measurement condition.7 Secondly, we repeated the 
measurements with a shield directly near the chamber. 

Figure 1 Paradigm of the free-air measurement.

Figure 2 1.0cm3 rigid stem chamber and 60Co buildup-cap.
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MS was the scattering radiation of the environment back-
ground due to the lead shielding the gamma-ray from the 
source to the chamber directly. The shielding material was 
lead in cuboids with a length of 7cm and a width of 5cm8 

to make the broad beam transmission of 192Ir sources 
through lead less than 0.031%.9,10 Finally, we repeated 
the above measurements in the absence of a radioactive 
source. MOffset was the disturbance of the environment 
background. All measurements were carried out in the 
same position in the room and repeated ten times.

Because the manufacturer PTW provided the chamber 
calibration factor for water energy doses, the formula for 
the air-kerma rate calibration of the compact chamber was 
from the Report 13 of the Deutsche Gesellschaft für 
Medizinische Physik (DGMP 1999a) as follows:3

ð _Ka;100Þa ¼ kV � kas;a � kρ � kwa �
1

ten
w=a

1
1 � ga

� �

�
rM

r0

� �2

� kAk � kQ � NW � Kapp � Kair �M
(1) 

where kV was the correction for the spatial extent of the 
probe. kas, a was the correction for attenuation and scattering 
of radiation in the surrounding material air. kρ was the correc-
tion factor for the air temperature and pressure. kwa was the 
correction for the transition from water to the surrounding 
material air. ten

w=a was the ratio of the mass-energy absorption 

coefficients for water and air, averaged over the energy 
distribution at the measuring point for 192Ir source ((μen/μ) w 

/(μen/μ) a). ga was the Bremsstrahlung losses relative to air for 
192Ir radiation. rM was the measurement distance. r0 was the 
reference interval for the air-kerma dose rate specification 
(100cm). KAK was the correction for 60Co buildup-cap. kQ, 
was the correction for the 60Co deviating radiation quality 
from the manufacture certificate (possibly by interpolating 
the response factor of 60Co and X-rays of the highest 
quality).3 NW was the calibration factor for the water- 
energy dose of 60Co source (mGy/C).11 The chamber cali-
bration certificate provided the value of NW. Kapp was the 
correction for the source applicator with a thickness of 
0.28 mm in steel (According to the Tenth value layer 
(TVL)2 of 192Ir in steel was 4.3cm and formula I ¼ I0 � e� μx). 
Kair was the correction for linear attenuation in the air as 
a medium. (According to the linear attenuation coefficient2 μ 
of air was 0.00012cm−1 with a density of 0.0013 g/ 
cm3,Kair ¼ eμ�rM where rM was the measurement distances 
of 25cm, 50cm, 75cm, and 100cm.) M was the measurement 

result. The values of the factors in Equation (1) are shown in 
Table 1.

In-Solid Phantom Calibration
The air-kerma rate was measured by the 1.0cm3 Rigid 
Stem Chamber (TM23331, PTW) with the electrometer 
UNIDOS webline T10021-0047 in AL calibration phan-
tom T9193 offered by the PTW Company (Freiburg, 
Germany). The solid cylindrical phantom consisted of 
a PMMA (acrylic) cylinder with a diameter of 20cm and 
a height of 12cm, with an atomic ratio of 2:1 for H: O and 
ρ = 0.998 g/cm3. The applicator with source was in the 
center of the phantom, and an array of detector ring was in 
this phantom at polar angles 0°, 90°, 180°, and 270° and at 
radial distances of r =8cm. The phantom was placed on 
a tripod with a minimum distance of 60cm to walls and 
floor to avoid backscattering.

The formula for the air-kerma rate in water with an 
ionization chamber taken from Report 13 of the Deutsche 
Gesellschaft für Medizinische Physik (DGMP 1999a) 
was:3

ð _Ka;100Þa ¼ M � Nw � kwp � kzp � kρ � kr � kQ �
1

1 � gw

� �

�
1

ten
w=a

(2) 

M was the indicated value of the dosimeter (C/h). Nw was 
the calibration factor for the water-energy dose of 60Co 
source (mGy/C) as the same in Equation (1). Kwp was the 
field disturbance correction factor for the transfer from 
water to PMMA phantom (Kwp≈1). kzp was the geometry 

Table 1 The Values of the Factors in Equation (1)

rM (cm) 25 50 75 100

kV 1.0005 1 1 1
kas,a 1 1 1 1

kP 1.066 1.066 1.066 1.066

kwa 1 1 1 1
twa

en 1.111 1.111 1.111 1.111

ga 0.001 0.001 0.001 0.001

(rM/r0)
2 0.0625 0.25 0.5625 1

kAk 1.005 1.005 1.005 1.005

kQ 1 1 1 1

Nw (Gy/C) 2.9980E 
+07

2.9980E 
+07

2.9980E 
+07

2.9980E 
+07

Kapp 1.0151 1.0151 1.0151 1.0151

Kair 1.0030 1.0060 1.0090 1.0120

(Ka,100) 

aCertificate

51.157mGy/h*0.4460=22.8167mGy/h
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factor of cylinder phantom, taking into account the 
attenuation and scattering of the radiation in-cylinder 
phantom. The value of the volume correction for the 
ionization chamber M23331 in distance 8cm was 1.187 
±0.012. kr was the correction factor for the measuring 
point with the square of the measuring distance of 8cm 
(between the reference point of the source and the measur-
ing point) divided by the reference distance 100cm: kr = 
(8/100)2 = 0.0064. kp was the correction factor for the air 
temperature and the pressure as the same in Equation (1). 
kQ was the correction for the 60Co deviating radiation 
quality from the manufacture certificate as the same in 
Equation (1). gw was the fraction of the initial kinetic 
energies of secondary particles released in water as 
Bremsstrahlung for 192Ir radiation: gw = 0.001. And ten

w=a 
was the ratio of the mass-energy absorption coefficients 
for water and air, averaged over the energy distribution at 
the measuring point as the same in Equation (1).

Simulation of Dose Distribution by 
Abacus TPS
The Abacus TPS (Program Version 3.1, Isotopen-Technik 
Dr. Sauerwein GmBH) provided the dose calculation 
method based on point source approximation, including 
Sievert integral and the Meisberger polynomial. The dose 
rate was calculated by multiplying the Meisberger poly-
nomial with source activity, exposure rate per activity 
measured in air, and anisotropy factor as a function of 
distance and angle (r, θ) between the source and the 
point of interest.

The Meisberger polynomial described the effects of 
absorption and scattering caused by photons at certain 
distances. Different irradiation settings could be created 
by varying the number of dwell positions, the irradiation 
time for each dwell position, and the distance between two 
dwell positions for each applicator.

In our research, we calculated the dose distribution at 
8cm by the Abacus TPS. The treatment time was 999 
s for a single source at the dwell position. The dose 
depth was 8cm from the source dwell position with an 
angle of 90° referring to the source longitudinal axis. 
Because the Abacus TPS only retained two decimal 
places. The treatment time of 999s was transformed 
into 100s by multiplying with the coefficient (100/999) 
to make the counting more precise. As a clinical practice 
with the single uterine tandem, the irradiation scenarios 
for a 5cm long source were created in the TPS with 11 

dwell positions (the distances between the dwell posi-
tions were 0.5cm) and six dwell positions (the distances 
between the dwell positions were 1cm), respectively. The 
measurement time was 999 s at each dwell position and 
then transformed into a time of 100 s. The dose depth 
was 8cm from the first dwell position with an angle of 
90° referred to the source longitudinal axis.

The TG-43U1 formula was based on the dosimetric 
parameters used to calculate the absolute dose around the 
source, such as the air-kerma rate (SK), dose rate constant 
(Λ), geometric factor GX(r, θ), radial dose function gX(r) 
and two-dimensional (two-dimensional) anisotropy factor.

Results
Radioactive Check
As for making radioactive check, the 1.0cm3 Rigid Stem 
Chamber was located in the radioactive check device in 
radioactive check time t = 60 s and the check reading was 
M = 1.105 nC = 6.63*10−8 C/h. Under the measurement 
conditions: t = 23.9 °C,p = 962.1 hPa, according to the 
chamber calibration certificate: Nw = 2.998*107 Gy/C,kp,0 = 
3.586*10−2 Gy/min. The result of measurement was k’p,0 = 
M*Nw = 6.63*10−8 *60C/min*2.998*107Gy/C = 3.313*10−2 

Gy/min on the measurement date.
Since the check reading will decrease over time due to 

the decay of the activity, the factor kp,0 can be calculated at 
different times by the radioactive decay rates. From the 
information of the chamber calibration certificate, the 
decay factor of kp,0 was 0.985348 on the measurement 
date. The standard value of kp,0 = 3.586*10−2Gy/ 
min*0.985348 = 3.533*10−2 Gy/min. kp = kp,0/k’p,0 = 
3.533*10−2/3.313*10−2 = 1.066. According to the mea-
surement conditions t = 23.9 °C, p = 962.1 hPa

kp ¼
p0

p
:

T
T0
¼

1013
962:1

�
273:15þ 23:9

293:2
¼ 1:067 

The percent deviation from the check reading standard was 
about 0.09%.

In-Air Calibration
As for the radiation source of 192Ir used in this practice, 
the air-kerma rate at 1m was 51.157 mGy/h on the date of 
the certification provided by the MDS Nordion company. 
According to the law of radioactive decay, the decay of 
192Ir could be calculated. The air-kerma rate from the 
source certificate was 22.8167mGy/h by calculation on 
the test date.
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The measurement result was equal to M = MT -MS 

-MOffset. According to Equation (1), the mean values of 
the air-kerma rate ((Ka,100)a) were 22.5254 mGy/h, 
22.6102 mGy/h, 22.6544 mGy/h, and 22.8931 mGy/h at 
the distances 25cm, 50cm, 75cm, and 100cm, respectively, 
as given in Table 2.

The air-kerma rate percentage deviations between the 
detector measurements and the source certificate are 
−1.28%, −0.91%, −0.71%, and 0.33% at the distances 
25cm, 50cm, 75cm, and 100cm, respectively.

In-Solid Phantom Calibration
We repeated the measurements ten times in the same 
position in the room. The mean value of the dosimeter 
M was 9.5173*10−10±4.2631 *10−12C/h. According to the 
DGMP Report-13 Equation (2), the mean value of the air- 
kerma rate ((Ka,100)a) was 20.8363 mGy/h. The air-kerma 
rate percentage deviation between the detector measure-
ment and the source certificate was 1.85%.

Simulation of Dose Distribution by 
Abacus TPS
As shown in Figure 3, the value of the dose by Abacus 
TPS was 1.88 Gy for 999 s, which equals 0.1882 Gy for 
100 s by multiplying with the coefficient (100/999). 
The percent deviation was −2.30%, compared with the 
value from the calibration TG-43U1 standard 0.1840 Gy.

As shown in Figure 4, the distances between the dwell 
positions were 0.5cm. The dose at the interesting point posi-
tion P (8cm, 90°) was 18.24 Gy for 999 s. It was 1.825826 
Gy for 100 s by multiplying with the coefficient (100/999). 
The dose calculated by TG-43U1 formula was 1.8588 Gy.

When the distances between the dwell positions were 
1cm, the dose at the interesting point P (8cm, 90°) was 
9.89 Gy for 999 s, as shown in Figure 5. It was 0.98999 

Gy for100 s by multiplying the coefficient (100/999). The 
dose calculated by TG-43U1 formula was 1.0112 Gy.

As shown in Table 3, the percentage deviations of the 
dose calibration between Abacus TPS and TG-43U1 form-
alism at P (8cm, 90°) were −2.30%, 1.76%, and 2.10% 
with the distances (between the dwell positions) of 0cm, 
0.5cm, and 1cm, respectively.

Discussion
The aim of calibrating the brachytherapy source was to 
ensure that the value of dose entering into the treatment 
planning system agrees with the source calibration certifi-
cate. And the dose calculation accuracy should be 
verified.12

From the results of the measurement by in-air measure-
ment technique, the air-kerma rate percentage deviations 
between the detector measurements and the source certifi-
cate are −1.28%, −0.91%, −0.71%, and 0.33% at the dis-
tances 25cm, 50cm, 75cm, and 100cm, respectively. 
During the measurement process, the results of offset 
have large fluctuations that may yield large uncertainties 
in the source calibration. Furthermore, the low dose rates 
(low signal for the detector) may decrease the preciseness 
of the measurement. For these reasons, a direct measure of 
the air-kerma rate in 100cm distance, which was incon-
clusive, was only a new attempt for the routine measure-
ment in clinical practice. On the other hand, the percentage 
deviation of air-kerma rate measurement from the certifi-
cate was small, up to 1.85%, by solid phantom measure, 
which was usually used for the source strength measure-
ment in clinical practice.

The uterine tandem with an open-ended vaginal cylinder 
was the most commonly used brachytherapy system for 
patients with cervical cancer in Asian.13 In clinical practice, 
treatment plans were generated with a single tandem line 
source with a vaginal cylinder applicator. And it was 

Table 2 The Mean Value of the Measurements and the Calculation of the Air-Kerma Rate at Different Distances with Measurement 
Time t = 100*1.79 = 179 s

rM (cm) 25 50 75 100

MT (C/h) 1.2385E-08±5.5772 E-11 3.1535E-09±6.4893 E-12 1.4225E-09±2.7045E-11 8.2123E-10±2.2273 E-12

MS (C/h) 1.5848E-10±4.2701 E-13 9.2849E-11±6.2735 E-14 6.3453E-11±7.566 4E-13 5.0883E-11±8.0872 E-14

MOffset (C/h) 3.1875E-13±1.1231 E-15

(Ka,100)a(mGy/h) 22.5254 22.6102 22.6544 22.8931

Deviation −1.28% −0.91% −0.71% 0.33%
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modified by the Abacus TPS. Our experiment compared 
dose calibration at the interesting point with a single dwell 
position and a 5cm long source with the distances (between 
the dwell positions) of 0.5cm and 1cm, respectively. The 
percentage deviations of the dose calibration between 
Abacus TPS and TG-43U1 formalism at P (8cm, 90°) 
were −2.30%, 1.76%, and 2.10% with the distances 
(between the dwell positions) of 0cm, 0.5cm, and 1cm, 
respectively. Shwetha et al14 calculated similar dose differ-
ences, up to 1.88%, along the perpendicular axis of the 
source. They observed that the absorbed dose D (r, θ) 

strongly depends on the radial distance r and the angle 
between the source center and the point of interest. 
Hediye et al15 calculated the dose rate profiles of a 192Ir 
source by the Monte Carlo technique (MCNP) and com-
pared the dose rate values with those calculated by the 
Abacus TPS. They also found similar discrepancies 
between TPS and MCNP at the points (lying along the 
source axis), which have large theta (θ) angles between 
the source center and the interesting point. The difference 
between TPS and MC along the source axis may be caused 
by the anisotropy factor used in the TPS algorithm. At the 
same time, MCNP calculates the dose by considering radia-
tion interaction.

Besides, the uncertainties of our research were evalu-
ated by the manufacturer’s specifications. And the mea-
surement background was concerned. The uncertainty of 
the source measurement may come from the temperature 
and pressure, electrometer, ionization chamber, measure-
ment values, primary calibration of the ionization cham-
ber, and measurement settings.16

Figure 3 Calculation of 2D dose distribution with single source by Abacus TPS.

Figure 4 Calculation of 2D dose distribution with source dwell distance of 0.5cm 
by Abacus TPS.

Figure 5 Calculation of 2D dose distribution with source dwell distance of 1cm by 
Abacus TPS.

Table 3 Dose Calculation by Abacus TPS Verified with TG-43U1 
at P (8cm, 90°)

Distances between the dwell 
positions (cm)

0 0.5 1

t per point (s) 100 100 100

Abacus TPS (Gy) 0.1882 1.8258 0.9900
TG-43U1 (Gy) 0.1840 1.8588 1.0112

Deviation −2.30% 1.76% 2.10%
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Finally, there were several limitations to the present 
study. Since the manufacturer, PTW provided the chamber 
calibration factor for water energy doses, and the formula 
was an old version in our practices, the value of kQ was 
approximated to 1 in Equation (1). kQ =1 was not appro-
priate. kQ was one of the factors that has been more inves-
tigated in the last years, and a considerable effort has been 
developed to obtain (both experimentally and by Monte 
Carlo simulation) its value for a large variety of ionization 
chambers. TRS-398 protocol of IAEA includes much of 
these values, and this formula should be revised. Besides, 
the size lead shield was 7cm*5cm in in-air calibration. By 
this assumption, some scatted radiation could also be pro-
duced by such a huge lead shield itself, which can remark-
ably contribute to the absorbed dose originated from 
scattered radiation. The scattered induced radiation by the 
shield itself during the measurements should not be ignored.

Conclusion
The in-air technique was a new attempt for clinic routine 
measurement. This method was recommended more for 
reference laboratories. A well-type chamber approach was 
believed to be more appropriate for routine calibrations in 
brachytherapy clinics. As a treatment planning system, the 
Abacus TPS should apply the AAPM TG-43U1 formulism 
for the development required in the future.
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