
Introduction 

Brachytherapy is one of the most important treatment modalities 
for gynecological cancers. The comprehensive global cancer statis-
tics from the International Agency for Research on Cancer indicate 
that gynecological cancers accounted for 19% of the 5.1 million 
estimated new cancer cases in the world [1]. As per GLOBOCAN 
2020 project data, breast cancer, cervical cancer, ovarian cancer, 
and uterine cancer are among the top-10 common cancers in fe-
males worldwide [2]. Gynecological cancers can be treated by var-
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ious treatment modalities and the most common treatment mo-
dalities are surgery, radiation therapy, chemotherapy, and targeted 
therapy. Surgery is one of the treatment options for the early 
stage of cervical carcinoma other than local radiotherapy in the 
form of brachytherapy. However, the majority of patients present 
with either bulky or locally advanced diseases, so these patients 
are treated by concurrent chemoradiation with external beam ra-
diotherapy followed by brachytherapy [3]. High-dose rate (HDR) 
brachytherapy was initially used for cervical cancers in many 
countries, but later on, it was integrated into treatment plans for 
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vaginal cancers also [4]. 
In HDR brachytherapy, the dose optimization is done by the 

treatment planning system (TPS) to calculate the prescribed dose 
at the desired location and optimization is performed to reduce the 
dose to the nearby organs-at-risk (OAR). The prescribed dose is cal-
culated by the TPS at desired location by varying the dwell times 
and dwell positions of a radioactive source along specified applica-
tor paths. In intracavitary brachytherapy (ICBT) of cervical cancers, 
various types of applicators for HDR brachytherapy treatment are 
in use. The most common method for the ICBT treatment of cervi-
cal cancer is the Manchester system. The Manchester system-based 
ICBT approach is a more widely accepted method [5-9]. The Man-
chester system is characterized by doses to four points: Point A, 
Point B, bladder, and rectum. The duration of the implant is based 
on the dose rate at Point A, which is located 2 cm superior to the 
cervical os and 2 cm lateral to the cervical canal. Point B is defined 
as 3 cm laterally to Point A if the central canal is not displaced. If 
the tandem displaces the central canal, Point A moves with the ca-
nal, but Point B remains fixed at 5 cm from the midline. 

In HDR brachytherapy, the applicator is first inserted into the 
patient, then the patient undergoes a CT-scan with the applicator 
inside and the same CT-scan is then transferred to the TPS. With 
the help of these computerized TPSs, the desired patient plan is 
created. In brachytherapy, the algorithm mostly used in TPS for 
dose calculations is based on the formalism presented by the 
American Association of Physicists in Medicine (AAPM) Task Group 
No. 43 Report (TG-43). The dose distribution in this report around 
brachytherapy sources is calculated using a variety of factors which 
are obtained through measurement or Monte Carlo simulation 
methods in a uniform phantom [10,11]. The TG-43 does not take 
heterogeneity correction within the human body into account and 
this formalism considers a bare source in the center of water for 
calculations [12-15]. However, in practice, various types of metallic 
central tandems and vaginal cylinders are used for the brachyther-
apy treatment of gynecological cancers [16] and TG-43 formalism 
effectively ignores the attenuation caused by metallic applicators 
and vaginal cylinders, which might lead to under dosage of the tar-
get while overestimating the dose to the OAR. So when the appli-
cator geometry is not included in the TPS, there will be variation in 
the TPS calculated doses due to the different dosimetrical proper-
ties of these applicators [17]. 

The cervix applicator set studied in this study, consists of metal-
lic central tandem of various angulations and vaginal cylinders of 
different diameters as shown in Fig. 1. These are Varian CT compat-
ible applicators used in VariSource iX / VariSource 200/ Gamma-
Med Plus iX / GammaMed Plus afterloader (Varian Medical Sys-
tems, Palo Alto, CA, USA) having Catalog number GM11004040. 

Although various types of applicators are in use for the brachyther-
apy treatment of cervical cancer, however, the attenuation in dose 
caused by this type of applicator and the applicator material has 
not been yet investigated. The attenuation of these applicators has 
been measured so that an accurate dose to the target and the or-
gans at risk can be estimated when such applicators are used for 
cervical cancer treatment. In this study, the overestimation of dose 
by the BrachyVision TPS 11 (Varian Medical Systems) for these ap-
plicators was evaluated. The dose overestimation by TPS was ob-
tained for tandem and cylinder assembly by using EBT3 Gafchromic 
films. Furthermore, a novel method, that is, well-type ionization 
chamber was used to find the attenuation due to various applica-
tors used in gynecological brachytherapy, and the results obtained 
were compared with the results obtained by using Gafchromic films. 
In most of the other studies performed for such measurements, ei-
ther only film dosimetry was done or a 0.125-mL ion chamber was 
used for dose measurements. The use of a 0.125-mL ion chamber 
for brachytherapy is cumbersome whereas the use of well-type ion-
ization chamber for such measurements is relatively easy. 

Materials and Methods 

This study has been carried out in the tertiary care hospital and the 
hospital is equipped with various state of art radiotherapy equip-
ment. The HDR brachytherapy unit GammaMed Plus iX, has been 
used for this study. The GammaMed Plus iX is the 5th generation 
afterloader and has 24 channels. The GammaMed Plus iX after-
loader and control software is designed to be fully compatible with 
hospital networks and enhance HDR and pulsed-dose rate (PDR) 
brachytherapy treatments. The HDR unit is fully integrated with the 
BrachyVision (version 11) TPS and the ARIA oncology information. 
The 192Ir radioactive source is housed in this GammaMed Plus iX 
afterloader HDR unit. The GammaMed Plus iX 192Ir HDR source 
consists of a 3.50-mm-long 192Ir core with a diameter of 0.70 mm, 
enclosed in a 0.90-mm-diameter and 4.52-mm-length AISI 316 L 
stainless steel capsule (density of 7.8 g/cm3) [18-20]. The 192Ir 
source emits a wide spectrum of relatively low energies, mostly in 
the range of 201–884 keV with an average value of 360 keV. 

The unit is also provided with various applicators for brachyther-
apy treatment. The cervix applicators studied in this article include 
various vaginal cylinders and central metallic tandems. The vaginal 
cylinders are made up of polyetheretherketone (PEEK) having di-
ameters of 20 mm, 23 mm, 26 mm, 30 mm, and 35 mm, and three 
types of stainless steel central metallic tandems having angulations 
of 0°, 20°, and 30° as shown in Fig. 1. 

For the source strength verification of the GammMed Plus iX 
unit, HDR 1000 Plus well-type ionization chamber, and the elec-
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trometer with the appropriate source jig were used. The physical 
parameters of the HDR 1000 Plus well-type ionization chamber 
used in the hospital are given in Table 1 [21]. 

A total of 60 intracavitary brachytherapy insertions in 48 pa-
tients having a prescribed dose of 6 Gy at Point A, were studied 
for this article, four for each tandem and vaginal cylinder assem-
bly. For the ICBT treatment of gynecological cancers, the appro-
priate metallic central tandem along with a vaginal cylinder was 
first inserted into the patient and then the patient had to under-
go CT-scan. The CT data set was then transferred to the BrachyVi-
sion TPS. After segmentation of the target and OAR, i.e., bladder, 
rectum, and sigmoid, the reference points were defined (Refer-
ence Point A: left and right) and the dose of 6 Gy was prescribed 
at Point A [22] (Fig. 2). The dose optimization was done so that 
the OARs received the doses within the tolerance limit and the 
target receives the prescribed dose as per the standard guidelines. 
The plan, if found suitable was then approved by the radiation 
oncologist and then transferred to the control console wherein 
the various dwell positions with respective dwell times as pro-
grammed by the TPS are defined and the treatment was executed 
on the patient. 

1. Measurement of dose using Gafchromic films 
The approved patient treatment plan was delivered to a phantom 
mimicking patient set-up, with EBT3 Gafchromic film sheets, 1 cm 
×  1 cm in size, wrapped in thin, transparent polythene, and at-
tached to the vaginal cylinder’s surface as shown in Fig. 3. The 
films were adhered with tape on the surface of the vaginal appli-
cator in such a way that there was no air gap between the curved 
applicator surface and the films. The films were placed on the sur-

face of the vaginal cylinder at known distances from the distal end 
of the vaginal cylinder so that the same area could be easily repro-
duced on the TPS. The tandem and vaginal cylinder assembly were 
then wrapped in elasto-gel bolus (water-based gels with acrylic 
polymer) of density 1.02 g/cm3 and thickness of 5 cm to simulate 
the backscatter within the patient. 

For the accurate film dose measurements, the standard protocol 
was followed [23]. The EBT3 films were scanned using an EPSON 
scanner after initially being subjected to the known doses and the 
input data thus obtained was fed to OmniPro OmniPro software 
(IBA Dosimetry GmbH, Schwarzenbruck, Germany). The same EP-
SON scanner and OmniPro software were then used to measure the 
dose recorded on the exposed EBT3 films that were placed on the 
surface of vaginal cylinders. 

2. Measurement of dose using well-type ionization 
chamber 
A well-type ionization chamber is often used in brachytherapy for 
dosimetric purposes. The well-type ionization chamber is provided 
with a unique source holder for each brachytherapy source and is 
commonly referred to as a source jig. To obtain the attenuation due 
to the various cervix applicators, the source jig was replaced with 
water equivalent elasto-gel to mimic the various vaginal cylinder 
sizes, as shown in Fig. 4. Now the measurements were made first 
with elasto-gel and then with the applicator assembly. 

1) Case 1 
The plan which was created for the treatment of the patients was 
executed on HDR 1000 Plus well-type ionization chamber using 
elasto-gel of appropriate diameter as shown in Fig. 5A. The total 
charge collection by the electrometer was noted down. 

2) Case 2 
In the second case, again the same plan was executed using HDR 
1000 Plus a well-type ionization chamber but now instead of elas-
to-gel, the same tandem and vaginal cylinder assembly were used 

Table 1. Physical parameters of HDR 1000 Plus well-type ionization 
chamber

Parameter Specification
Active volume (mL) 245
Outer diameter (mm) 102
Height (mm) 156
Sensitivity (nA/Bq) 1.97 ×  1010

Range (Bq) 3.7 ×  104 to 74 ×  1010

Wall material Aluminum
Wall thickness (mm) 20

Fig. 1. The cervix applicator set including vaginal cylinders of diame-
ters 35 mm, 30 mm, 26 mm, 23 mm, and 20 mm (from left to right) 
and central metallic tandems of angulations 0º, 20º, and 30º (from 
bottom to top).
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Fig. 2. Representative dose in color wash for 6 Gy prescription to Point A in multiplanar view and three-dimensional view.

Fig. 3. (Top) Applicator surface taped with EBT3 Gafchromic films. 
(Bottom) Tandem and vaginal cylinder assembly wrapped in elas-
to-gel bolus.

was not used in calculations which ensured that the calibration 
factor will not affect the final results obtained. It was also ensured 
in both the above cases that the distal end of the tandem and vag-
inal cylinder assembly and the distal end of the elasto-gel was 
placed at the same position in the base of the well-type ionization 
chamber and both were 12 cm deep within the well of the cham-
ber. This ensured that the dwell positions of the 192Ir source in both 
the cases within the chamber were the same. Thus, in both cases, 
there was no difference in the comparative positions of the 192Ir 
source within the chamber. 

A similar procedure was repeated for other patients wherein the 
patient was first inserted with appropriate tandem and vaginal cyl-
inder assembly and then a plan was created on TPS and the same 
plan was executed with Gafchromic film taped on the surface of 
the applicator. Subsequently, the charge collection using a well-
type ionization chamber was also measured. In this way, the results 
were obtained for all the different combinations of tandem and 

and the charge collection was measured as shown in Fig. 5B. 
Pertinently in both the above cases, only the charge collection 

was measured and the calibration factor of the well-type chamber 
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vaginal cylinder assembly. 
The measured dose recorded by the Gafchromic films and the 

TPS calculated dose were compared using paired t-test, analyzed 
on the data editor of SPSS version 20 (IBM, Armonk, NY, USA). Also, 
the charge collected by well-type ionization chamber with elas-
to-gel and tandem-vaginal cylinder assembly was compared using 
the same test. A p-value less than 0.1 were considered significant. 

Results 

The dosimetric results were obtained both by using Gafchromic 
films and well-type ionization chamber. The mean overestimation 
of dose by the TPS was calculated for each tandem and vaginal 
cylinder assembly, using Gafchromic films. The results for 0°, 20°, 
and 30° angulated central tandems when used along with various 
diameters of vaginal cylinders are given in Tables 2–4, respectively. 
The mean percentage attenuation obtained by using a well-type 
ionization chamber due to 0°, 20°, and 30° central tandems when 

used along with various diameters of vaginal cylinders was also 
calculated and are given in Tables 5–7, respectively. Fig. 6 shows 
the mean overestimation of dose by the TPS for each tandem and 
vaginal cylinder assembly. The graphical representation of mean 
percentage attenuation for each tandem and vaginal cylinder as-
sembly obtained by using a well-type ionization chamber is shown 
in Fig. 7. 

It can be observed from the above tables that the maximum 
overestimation of dose by TPS is for 35-mm diameter vaginal cylin-
der when used along with 30º curvature central tandem and is 
7.47% and is least for 0º central tandem when used with 20-mm 
vaginal cylinder and is 4.78%. The percentage attenuation values 
obtained by using well-type ionization chambers also showed that 
the maximum attenuation was by 35-mm diameter vaginal cylin-
der when used along with 30º curvature central tandem and is 
6.82%, the least attenuation is for 0º central tandem when used 
with 20-mm vaginal cylinder and is 3.52%. 

The results of the statistical analysis in both Gafchromic mea-

Fig. 4. Vaginal cylinders with respective diameter of water equivalent elasto-gel: (A) 35 mm, (B) 30 mm, (C) 26 mm, (D) 23 mm, and (E) 20 mm.
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Fig. 5. (A) Setup used to obtain charge collection when water equiv-
alent elasto-gel. (B) Setup used to obtain charge collection when 
tandem and vaginal cylinder assemble was used.

surements and for well-type ionization chamber measurements 
showed that there is a significant decrease in dose when 30º angu-
lated central tandem is used with a 35-mm vaginal cylinder (p <  
0.10). However, for all other measurements, the difference was not 
significant (p >  0.10). 

Discussion and Conclusion 

In this study, the attenuation due to PEEK vaginal cylinders when 
used with stainless steel central tandems has been studied. The do-
simetric influence of various vaginal cylinders, when used with dif-
ferent types of central tandems in brachytherapy, has been ob-
tained using EBT3 Gafchromic films. In this study, a novel method 
that is the use of a well-type ionization chamber to find the atten-
uation due to various applicators used in brachytherapy was used 
and the results obtained were quite similar to the measurements 
using Gafchromic films. 

The dose at the surface of the tandem and vaginal cylinder as-
sembly was obtained by placing the Gafchromic films on the sur-
face of the applicator. The dose recorded on the films was mea-
sured by using an Epson scanner with IMRT OmniPro software. The 
effect of tandem and vaginal cylinder assembly on net charge col-
lection versus the charge collection with water equivalent elas-
to-gel was also studied using a well-type ionization chamber. The 
results obtained from these two methods gave effective attenua-

AA BB
tion due to tandem and vaginal cylinder assembly and the results 
in both the methods were analogous to each other with little vari-
ation. 

The heterogeneity of the medium is not taken into account by 
the TPSs using the TG-43 algorithm for dose calculations. The TG-
43 formalism effectively ignores the attenuation caused by vaginal 
cylinders and by metallic applicators, and thus the TPS calculated 
target, and OAR doses are overestimated and are presented in this 
study. 

The percentage overestimation of dose by TPS for various tan-
dem and vaginal cylinder assembly obtained in this study are 
shown in Tables 2–4. The percentage attenuation was also calcu-
lated for various tandems when used with different types of vagi-
nal cylinders in well-type ionization chamber and it also showed 
almost the same trend with little respective variation and can be 
seen in Tables 5–7. 

Sampath et al. [17] have studied the influence of central vaginal 
cylinders in HDR 192Ir brachy treatment with different diameter ap-
plicators. They have analyzed the dosimetric influence due to vari-
ous vaginal cylinders of diameters 2.0, 2.5, 3.0, and 3.5 cm. They 
measured the dose by using a 0.125-mL ion chamber and the On-
centra planning system (Elekta, Stockholm, Sweden) was used for 
the dose calculation. The dose measured with the ion chamber was 
compared with EDR2 radiographic films. The authors conclude that 
the difference in TPS calculated and a measured dose is significant 
when high-density vaginal cylinders are used in measurement, 
which is consistent with our study. Parsai et al. [24] have studied 
the dose attenuation around Fletcher-Suit-Delclos due to stainless 
steel tube for HDR brachytherapy by using Monte Carlo calculations. 
The authors conclude that the patients may be receiving less dose 
due to metallic applicators. The authors further added that the an-
isotropy function has a predominant influence on dose reduction, 
whereas the radial dose function does not fluctuate too much as a 
result of attenuation. The authors suggested that the anisotropic 
and radial dose function of source in water used in treatment plan-
ning systems based on TG-43 formalism may be replaced with cor-
responding parameters of source applicator assembly. 

In conclusion, this study is a step forward towards a better dose 
delivery in HDR ICBT treatment and evaluates the dose variation 
due to the brachytherapy TPS. The commercially available TPS used 
in brachytherapy calculates dose at various locations by using TG-
43 formalism. To verify the TPS calculated doses, in vitro dose mea-
surements of various tandems and vaginal cylinders by using EBT3 
Gafchromic films were performed and the percentage attenuation 
due to various tandems and vaginal cylinders was also calculated 
by using a well-type ionization chamber. 

The attenuation due to metallic central tandem and the vaginal 
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Table 2. Comparison of mean in vivo doses and calculated (TPS) doses in ICBT with 0º central tandem and vaginal cylinder assembly

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

1 35 0 6.0 19.40 17.95 1.45 7.47
2 35 0 6.0 18.80 17.38 1.42 7.55
3 35 0 6.0 19.90 18.43 1.47 7.39
4 35 0 6.0 20.10 18.60 1.50 7.44

Mean 1.46 Mean 7.47
5 30 0 6.0 18.80 17.51 1.29 6.86
6 30 0 6.0 19.10 17.85 1.25 6.52
7 30 0 6.0 18.10 16.87 1.23 6.77
8 30 0 6.0 18.50 17.20 1.30 7.01

Mean 1.27 Mean 6.79
9 26 0 6.0 18.20 17.20 1.00 5.47
10 26 0 6.0 18.70 17.66 1.04 5.54
11 26 0 6.0 17.10 16.19 0.91 5.32
12 26 0 6.0 18.00 17.04 0.96 5.33

Mean 0.98 Mean 5.42
13 23 0 6.0 17.60 16.73 0.87 4.96
14 23 0 6.0 17.10 16.28 0.82 4.78
15 23 0 6.0 16.80 15.99 0.81 4.81
16 23 0 6.0 17.20 16.35 0.85 4.92

Mean 0.84 Mean 4.87
17 20 0 6.0 16.10 15.33 0.77 4.79
18 20 0 6.0 16.90 16.12 0.78 4.62
19 20 0 6.0 15.40 14.69. 0.71 4.58
20 20 0 6.0 16.90 16.10 0.80 4.71

Mean 0.77 Mean 4.68

TPS, treatment planning system; ICBT, intracavitary brachytherapy.
Percentage overestimation is calculated by using the following formula: 
a)Using Gafchromic films.

Table 3. Comparison of mean in vivo doses and calculated (TPS) doses in ICBT with 20º central tandem and vaginal cylinder assembly

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

1 35 20 6.0 20.80 19.22 1.58 7.62
2 35 20 6.0 19.20 17.83 1.36 7.11
3 35 20 6.0 21.20 19.52 1.68 7.92
4 35 20 6.0 22.10 20.43 1.67 7.54

Mean 1.57 Mean 7.55
5 30 20 6.0 20.20 18.81 1.39 6.88
6 30 20 6.0 21.00 19.57 1.43 6.82
7 30 20 6.0 19.50 18.24 1.26 6.44
8 30 20 6.0 18.30 16.98 1.32 7.21

Mean 1.35 Mean 6.83
9 26 20 6.0 20.10 18.95 1.15 5.72
10 26 20 6.0 18.20 17.21 0.99 5.44
11 26 20 6.0 19.30 18.21 1.09 5.66
12 26 20 6.0 20.00 18.95 1.05 5.23

Mean 1.07 Mean 5.51

(Continued to the next page)

100− ×100.
Measured dose

Calculated dose
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Table 4. Comparison of mean in vivo doses and calculated (TPS) doses in ICBT with 30º central tandem and vaginal cylinder assembly

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

1 35 30 6.0 21.60 19.99 1.61 7.47
2 35 30 6.0 22.00 20.34 1.66 7.54
3 35 30 6.0 21.10 19.42 1.68 7.98
4 35 30 6.0 20.90 19.22 1.67 8.01

Mean 1.66 Mean 7.75
5 30 30 6.0 22.20 20.64 1.56 7.01
6 30 30 6.0 21.40 19.95 1.45 6.77
7 30 30 6.0 19.20 17.88 1.32 6.88
8 30 30 6.0 22.80 21.26 1.54 6.75

Mean 1.47 Mean 6.85
9 26 30 6.0 23.60 22.04 1.56 5.98
10 26 30 6.0 22.10 20.85 1.25 5.67
11 26 30 6.0 24.00 22.78 1.22 5.08
12 26 30 6.0 20.40 19.13 1.27 6.23

Mean 1.33 Mean 5.74
13 23 30 6.0 22.80 21.58 1.22 5.33
14 23 30 6.0 19.10 18.13 0.97 5.08
15 23 30 6.0 22.00 20.93 1.07 4.86
16 23 30 6.0 24.60 23.41 1.19 4.84

Mean 1.11 Mean 5.03
17 20 30 6.0 22.80 21.69 1.11 4.87
18 20 30 6.0 21.00 20.01 0.99 4.70
19 20 30 6.0 22.60 21.56 1.04 4.59
20 20 30 6.0 23.90 22.71 1.19 4.96

Mean 1.08 Mean 4.78

TPS, treatment planning system; ICBT, intracavitary brachytherapy.
Percentage overestimation is calculated by using the following formula: 
a)Using Gafchromic films.

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

13 23 20 6.0 18.10 17.18 0.92 5.09
14 23 20 6.0 17.10 16.25 0.85 4.99
15 23 20 6.0 17.90 17.06 0.84 4.70
16 23 20 6.0 18.90 17.97 0.93 4.94

Mean 0.89 Mean 4.93
17 20 20 6.0 18.70 17.92 0.77 4.14
18 20 20 6.0 18.10 17.21 0.89 4.90
19 20 20 6.0 16.10 15.34 0.76 4.74
20 20 20 6.0 16.40 15.57 0.83 5.06

Mean 0.81 Mean 4.71

TPS, treatment planning system; ICBT, intracavitary brachytherapy.
Percentage overestimation is calculated by using the following formula:
a)Using Gafchromic films.

Table 3. Continued

100− ×100.
Measured dose

Calculated dose

100− ×100.
Measured dose

Calculated dose
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Table 5. Mean attenuation due to 0° central tandem when used with various vaginal cylinders

Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
1 35 0 6.0 7338.3 7865.3 6.70
2 35 0 6.0 7534.7 8046.5 6.36
3 35 0 6.0 7022.7 7496.5 6.32
4 35 0 6.0 8027.6 8558.2 6.20

Mean 6.40
5 30 0 6.0 7927.2 8345.3 5.01
6 30 0 6.0 7889.9 8295.6 4.89
7 30 0 6.0 7973.2 8389.3 4.96
8 30 0 6.0 7631.2 8065.1 5.38

Mean 5.06
9 26 0 6.0 8178.7 8535.5 4.18
10 26 0 6.0 8140.6 8502.8 4.26
11 26 0 6.0 8169.5 8522.3 4.14
12 26 0 6.0 8269.5 8633.8 4.22

Mean 4.20
13 23 0 6.0 8355.4 8698.1 3.94
14 23 0 6.0 8425.2 8765.3 3.88
15 23 0 6.0 8508.4 8852.8 3.89
16 23 0 6.0 8404.7 8746.7 3.91

Mean 3.91
17 20 0 6.0 8894.8 9219.3 3.52
18 20 0 6.0 9082.9 9403.6 3.41
19 20 0 6.0 8422.8 8738.2 3.61
20 20 0 6.0 8871.2 9197.7 3.55

Mean 3.52

Percentage attenuation by tandem and vaginal cylinder assembly is calculated by using the following formula:

Table 6. Mean attenuation due to 20° central tandem when used with various vaginal cylinders

Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
1 35 20 6.0 7286.6 7796.5 6.54
2 35 20 6.0 7667.9 8231.8 6.85
3 35 20 6.0 7114.0 7626.5 6.72
4 35 20 6.0 7807.2 8348.2 6.48

Mean 6.65
5 30 20 6.0 7946.2 8381.2 5.19
6 30 20 6.0 7888.5 8318.6 5.17
7 30 20 6.0 7848.4 8289.4 5.32
8 30 20 6.0 7999.7 8445.6 5.28

Mean 5.24
9 26 20 6.0 8172.8 8562.4 4.55
10 26 20 6.0 8637.5 9011.5 4.15
11 26 20 6.0 8098.2 8469.2 4.38
12 26 20 6.0 8199.2 8569.4 4.32

Mean 4.35

(Continued to the next page)

100− ×100.
nC2

nC1
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Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
13 23 20 6.0 8452.0 8800.5 3.96
14 23 20 6.0 8571.8 8939.2 4.11
15 23 20 6.0 8251.1 8596.7 4.02
16 23 20 6.0 8205.2 8545.3 3.98

Mean 4.02
17 20 20 6.0 8823.6 9179.8 3.88
18 20 20 6.0 9056.7 9416.4 3.82
19 20 20 6.0 8805.8 9139.4 3.65
20 20 20 6.0 9142.2 9485.6 3.62

Mean 3.74

Percentage attenuation by tandem and vaginal cylinder assembly is calculated by using the following formula:

Table 7. Mean attenuation due to 30° central tandem when used with various vaginal cylinders

Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
1 35 30 6.0 6760.3 7252.8 6.79
2 35 30 6.0 7422.4 7959.7 6.75
3 35 30 6.0 6840.0 7346.1 6.89
4 35 30 6.0 6976.8 7488.2 6.83

Mean 6.82
5 30 30 6.0 8869.0 9380.2 5.45
6 30 30 6.0 8421.5 8898.5 5.36
7 30 30 6.0 7849.8 8299.6 5.42
8 30 30 6.0 8635.1 9119.3 5.31

Mean 5.39
9 26 30 6.0 8835.2 9255.4 4.54
10 26 30 6.0 8593.7 8994.9 4.46
11 26 30 6.0 8539.1 8940.5 4.49
12 26 30 6.0 9090.9 9516.3 4.47

Mean 4.49
13 23 30 6.0 8164.5 8524.2 4.22
14 23 30 6.0 7845.1 8179.6 4.09
15 23 30 6.0 8235.3 8591.9 4.15
16 23 30 6.0 8251.4 8611.4 4.18

Mean 4.16
17 20 30 6.0 8800.3 9148.9 3.81
18 20 30 6.0 8987.9 9354.6 3.92
19 20 30 6.0 9100.8 9468.2 3.88
20 20 30 6.0 8315.1 8642.7 3.79

Mean 3.85

Percentage attenuation by tandem and vaginal cylinder assembly is calculated by using the following formula:

Table 6. Continued

100− ×100.
nC2

nC1

100− ×100.
nC2

nC1
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cylinders used in brachytherapy treatment of gynecological cancers 
is more when compared to the attenuation due to water. Thus, the 
dose to the target as well as OAR is overestimated by the TPS in 
the HDR brachytherapy and should be taken into consideration 
while calculating the dose to the target and nearby organs at risk. 
The under dosage of the target if not considered may otherwise 
lead to treatment failures. 
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