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Introduction

Cobalt-60 (Co-60) has recently gained popularity as a 
high dose rate (HDR) brachytherapy source alternative to 
Iridium-192 (Ir-192). The ability to produce miniaturized 
Co-60 allows it to be used as an HDR brachytherapy 
source. Co-60 has a half-life of 5.25 years and can thus 
be used for approximately 5 years before replacement, 
making it more cost-effective than Ir-192, which has 
a significantly shorter half-life of 74 days. Because 
of this benefit, Co-60 has grown in popularity as an 
HDR brachytherapy source (Ntekim et al., 2010). The 
anisotropy, radial dose function, and qualitative isodose 
distributions produced by the Co-60 source have been 
reported to be comparable to those produced by the 
Ir-192 source (Strohmaier et al., 2011). Other studies on 
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the dosimetric parameters and properties of Co-60 as a 
brachytherapy source have been published (Granero et 
al., 2007; Ballester et al., 2005). 

The risk of radiation toxicity to surrounding normal 
organs at risk, particularly the rectum, is the main 
challenge in delivering the prescribed radiation dose to 
the target during cervical cancer brachytherapy. Despite 
the use of optimization algorithms that can maximize 
dose uniformity to the target, dose to the rectum in some 
clinical situations can be unacceptably high (Chun et al., 
2004; Chen et al., 2000; Ogino et al., 1995). 

The use of Co-60 as a source for HDR brachytherapy 
raises the question of whether the rectum will receive a 
higher radiation dose due to the higher average gamma 
energy of 1.25 MeV emitted by Co-60 versus 0.38 MeV 
emitted by Ir-192. Park et al., (2009) compared reference 
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point doses for HDR brachytherapy, Co-60 and Ir-192, 
and found that rectal doses were 0.8% higher than 
Ir-192. Palmer et al., (2009) reported that Co-60 plans 
delivered up to 10% more dose within the rectum along 
the extension of the applicator axes and lower doses to 
regions further away from the applicators than Ir-192 
plans. As a result, radiation doses to the rectum should 
be carefully monitored, particularly when using Co-60 for 
HDR brachytherapy. It is critical to report doses received 
by the rectum during HDR brachytherapy in order to 
assess the possibility of toxicity.

The use of real-time in-vivo dosimetry (IVD) is an 
important method of acquiring doses during brachytherapy. 
This is the only method for assessing doses to organs at 
risk (OAR) during actual treatment, and it is especially 
important in brachytherapy due to treatment planning 
uncertainties that do not account for inhomogeneity or 
potential organ or applicator movement between imaging 
and treatment. IVD during brachytherapy has the potential 
to reduce treatment errors while also being useful for dose 
reporting (Tanderkup et al., 2013).

Rectal dose measurement during prostate and vaginal 
brachytherapy treatment in a number of patients has been 
assessed for dose discrepancies between planned and 
delivered doses by Carrara et al., (ICRU., 1985; Allahverdi 
et al., 2012; Bansal et al., 2013; Uniyal et al., 2013). 
This follows successful dose verification in both prostate 
and gynecology phantom under Ir-192 brachytherapy 
source by Tenconi et al., 2014; Romanuykha et al., 2017) 
respectively.

Thermoluminescence (TLD), optically stimulated 
luminescence (OSLD), electron paramagnetic resonance 
in L-alanine (EPR/Alanine), radiophotoluminescence 
glass (RPLG), semiconductor diode, and metal-oxide 
semiconductor field effect transistor (MOSFET) have all 
been used in IVD in brachytherapy (Anagnostopoulos 
et al., 2003; Sharma et al., 2013; Schultka et al., 2006; 
Nose et al., 2008). Among these, diodes and MOSFETs 
have demonstrated promising results while allowing 
for more practical applications due to their ability to 
provide online dose readout (Tanderup et al., 2013). The 
PTW-Freiburg Model 9112 (PTW 9112) semiconductor 
diode detector array has been developed for rectal IVD 
during brachytherapy treatment. This commercially 
available diode has been extensively used in several 
studies for real-time rectal dose measurement using 
Cs-137, Ir-192, and Co-60 sources, demonstrating the 
detector’s dependability for overall treatment checks 
(Waldhäusl et al., 2005; Tanderup et al., 2006; Allahverdi 
et al., 2013; Zaman et al., 2014).

In a study conducted by Jamalludin et al., a PTW 9112 
rectal diode detector probe was chosen as the applicator, 
and a MOSkin detector was attached to the probe 
(Jamalludin et al., 2000). Both detectors were inserted into 
the rectum during HDR ICBT cervix treatment, allowing 
comparison of measured and planned rectal doses from 
both detectors in cervical cancer patients.  

The current study aims to use Co-60 to measure 
the rectal dose during HDR brachytherapy of cervical 
cancer for actual patient treatments. Using a commercial 
semiconductor diode probe, online in-vivo dose 

measurements were taken on a series of twenty-two HDR 
brachytherapy applications. The differences between 
measured rectal doses and doses computed by a treatment 
planning system (TPS) were evaluated. 

Materials and Methods

Brachytherapy Equipment
A Bebig HDR brachytherapy treatment unit model 

SagiNova® Serial Number 050 (Eckert and Ziegler, 
Germany), was used in this clinical study. This treatment 
unit was controlled and monitored using the treatment 
control computer (TCC) system located in the control 
console. The radiation source used was Bebig Co-60 model 
Co0.A86 stepping source. The source strength (reference 
air kerma strength) was provided on the manufacturer’s 
source certificate. When commissioning the system, the 
source strength was checked by using a calibrated well-type 
ionization chamber (Model - SOURCECHECK4π, Type 
33005 from M/s PTW, Germany) and electrometer 
(Model – PTW VIVODOS from M/s PTW, Germany). 
This chamber was delivered with a certificate having 
calibration factors for Co-60 provided by a secondary 
standard dosimetry laboratory. This verification showed 
discrepancy of less than 3% compared with source 
certificate. Annual verification of source strength, to 
verify the purity of the Co-60 isotope, using this calibrated 
well type ionization chamber shows discrepancies of 
less than 3% compared to the decay calculation from the 
treatment planning system (TPS), which was input by the 
manufacturer. 

The Co-60 source has an active core of 0.5 mm in 
diameter and a central cylindrical active core length of 
3.5 mm. The active core is encapsulated by a cylindrical 
stainless-steel capsule with an external diameter of 
1.0 mm. 

PTW 9112 in-vivo dosimetry system  
A flexible PTW probe (Type 9,112 from M/s PTW, 

Germany) was used for rectal dose measurement. This 
probe is comprised of five separate semiconductor diodes 
surrounded by a rubber encapsulation. The probe as 
shown in Figure 1 is a 7 mm diameter comprises of five 
semiconductor diodes are spaced 15 mm apart. In this 
study, the first diode is located at the distal end of the 
probe is labelled as R1 (which is 20 mm from the tip of 
probe), with the four other consecutive diodes labelled as 
R2 to R5 as shown in Figure 1. This probe was connected 
to a built-in PTW Vivo dose electrometer via a single pin 
channel of the treatment unit, which was controlled by 
the treatment control computer (TCC) system located 
at control console. This integrated in-vivo dosimetry 
(IVD) brachytherapy system is capable of providing 
simultaneous real-time dose measurement during 
treatment delivery. The recorded measured doses were 
stored automatically within the TCC system. 

Calibration of PTW 9112 dosimetry system  
A polymethyl methacrylate (PMMA) cylindrical 

afterloading phantom (Type 9193 from PTW, Freiberg, 
Germany), also known as the Krieger phantom, was used 
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The comparison of bladder dosages is outside the scope 
of this investigation because the department has access to 
both plugs (rectal and bladder), which were utilized in the 
phantom measurement setup described above.

Brachytherapy treatment preparation and simulation  
In our center, patients were first treated with 3D 

external beam radiotherapy (EBRT) to the whole 
pelvis with prescribed dose of 50 Gy delivered in 25 
fractions for 6.5 weeks of treatment duration. After 
one-week completion of EBRT, three fractionated HDR 
brachytherapy were administered with a prescribed dose 
per fraction of 7.0 or 7.5 Gy to high risk clinical target 
volume (HRCTV). 

During each brachytherapy preparation, a Folley 
catheter balloon containing 7cc of radio-opaque contrast 
was inserted into the bladder. In each procedure, a 
computed tomography/magnetic resonance (CT/MR) 
compatible Fletcher suit applicator set containing different 
angles of intrauterine tandem and different diameters of 
ovoid pairs was used to secure the Co-60 source position 
during irradiation within the uterine cavity and vaginal 
fornices. The intrauterine tube was inserted into the uterine 
cavity during each insertion, and the ovoids were placed 
in the vagina at the level of the fornices.

The rectal diode probe was then inserted into the 
rectum and secured with an adhesive band to the patient’s 
body. Following applicator and rectal probe insertion, 3D 
planning axial images of the pelvis were obtained using a 
CT simulator with the patient supine and a slice thickness 
of 3 mm. The image data set was then transferred via 
DICOM network to the TPS for treatment planning. 

Treatment planning, delivery and IVD analysis
Delineation of target and organs at risk were drawn on 

3D CT axial images in TPS. Beginning with applicator 
reconstruction procedure on digitally reconstruct 
radiograph (DRR) images, applicators reconstruction was 
done using applicatory library available in TPS. Center 
of each semiconductor diode from PTW 9112 probe was 
identified on the axial CT images, hence being referred as 
R1, R2, R3, R4 and R5 for diode located at 20, 35, 50, 65 
and 80 mm from the probe tip respectively. Figure 5 depicts 
the identification of detector points (R1 to R5) on TPS 
images in the reconstructed sagittal plane of CT images. 
Treatment plans were generated in each application by 
accounting the EBRT dose into brachytherapy planning to 
achieve a desired total tumour dose of equivalent dose to 
2Gy fractions (EQD2) 80-90 Gy10 (α/β = 10) for high risk 
CTV (HR-CTV) while keeping the minimum dose to the 
most exposed 2 cm3 volume (D2cc) of bladder and rectum 
to total EQD2 90 Gy3 (α/β = 3) and 75 Gy3 (α/β = 3). 

TPS’s auto dwell position and time calculation 
algorithm was used to determine appropriate source 
positions with sufficient dwell time for each applicator 
tube. The dose calculated to the rectal points (R1 to R5) 
by TPS was recorded. All treatment plans were approved 
by the treating oncologists, and planned data was sent to 
the TCC console for treatment execution. Measured doses 
during treatment delivery were monitored in real-time 
throughout the session by connecting the PTW 9112 rectal 

as a medium for the insertion of the rectal probe during 
measurements prior to the calibration of the PTW 9112 
rectal probe under a Co-60 HDR brachytherapy source, 
as per the recommendation of the rectal probe calibration 
procedure within the SagiNova® system (Zaman et al., 
2014). This phantom, which has a 20 cm diameter and a 
12 cm height, was set on a tripod to lessen backscattering. 
It has four periphery holes that are 8 cm apart from the 
center.  

The setup of rectal diode probe and source applicator 
on the Krieger phantom during calibration is shown 
in Figure 2. The aim of diode probe calibration was to 
obtain calibration factor for each individual diode (R1 to 
R5), which will be used to calculate the absorbed dose 
during in-vivo dose measurement. To achieve this, the 
probe collected the current or charge at a known preset 
time during Co-60 irradiation. From this measurement, 
the TCC control software determine the calibration factor 
for each individual diode. At the TCC control software, 
real-time measurements taken during patient treatment 
will be displayed as absorbed dose. An overall uncertainty 
of 7% has been associated with the use of this probe for 
in-vivo dosimetry (Waldhäusl et al., 2005). Other physical 
characteristics for this probe for in-vivo dosimetry have 
also been reported elsewhere (Ghahramani et al., 2008; 
Allahverdi et al., 2013).

Phantom in-vivo dose measurement
Before proceeding with the patient study, three 

cylindrical adaptor PMMA plugs, 1) Rectal Probe SN 
9193/3029112, 2) Bladder Probe SN 9193/3039113, 
and 3) HDR universal adapter T33004.1.013 plug, were 
chosen to assess the response of rectal semiconductor 
detectors with known doses in water phntom. The rectal 
and bladder plugs were placed on top and bottom of the 
universal adapter plug, respectively as shown in Figure 
3(a) which depicts the geometric setup, including plugs 
dimension. The perpendicular distance from the central 
axis of the universal adapter plug’s axis to the detectors is 
2.6 cm with this configuration. In another setup, the rectal 
and bladder probes were placed on top of the universal 
adaptor plug (as shown in Figure 3(b)), with the rectum 
and bladder probes perpendicular to the central axis 
of the universal adaptor plug at 1.95 cm and 1.75 cm, 
respectively. The above arrangement was placed in a water 
phantom (Figure 4(a)), and axial computed tomography 
(CT) images were obtained with a 16 slice CT Simulator 
(M/s Wipro GE “High Speed”). 

The obtained CT image data set was then transferred 
via Digital Imaging and Communications in Medicine 
(DICOM) network to the SagiPlan® treatment planning 
system (TPS) (from M/s Eckert and Ziegler, Germany). 
Rectal dosage points (R1 to R5), which are recognized in 
axial images, at the middle of each detector, are marked. 
Three treatment plans were created in TPS with prescribed 
dosages of 2.0 Gy, 2.5 Gy, and 3.0 Gy to these points 
while keeping the source dwelling the length of 9.0 cm 
with step size 0.5 cm in universal adaptor (As shown in 
Figure 4(b)). The calculated doses by TPS to these points 
were compared to the actual doses measured while these 
plans were carried out in the treatment unit (Figure 4(c)). 
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probe to the built-in dosimeter channel to a designated 
reader. Following the completion of treatment, a report 
(printout) containing the monitored real-time doses was 
obtained. The dose deviation, ΔD and percentage dose 
differences, ΔD% between measured and planned doses 
are calculated from the equations below: 

ΔD= Dmeasured - Dplanned                                                     (1)
ΔD (%) = (ΔD/Dplanned)*100                                        (2)
where 
Dmeasured: measured dose during IVD application 
Dplanned: TPS planned dose

Results

IVD - Phantom study
Figure 6 depicts the results of the phantom study, 

which shows box plots for the percentage difference 
between measured and calculated dose for each diode 
(R1 to R5) in the rectal probe from all three prescription 
dose plans. The median difference is indicated by the 
dark line inside the box. The box-upper plot’s and lower 
error bars represent the maximum and minimum values, 
respectively. As can be seen, the mean ΔD (%) values 
from these plans were -5.29%, 1.89%, -2.72%, -4.76, and 
0.72% for R1, R2, R3, R4, and R3 diodes, respectively. 
Taking into account all 15 observation points (three 
prescription dose plans and five rectal points), the overall 
mean ΔD (%) value with standard deviation (SD) from 
the phantom study was -2.03%±9.6%.

IVD - Patients study
Figure 7a and 7b shows the boxplots for the differences 

between measured and calculated dose for each diode 
(R1 to R5) in the rectal probe acquired for twenty-two 
brachytherapy applications respectively. The absolute 
percentage differences between measured and calculated 
dose ranged from -19.5% to 24.0% for all diodes. This 
corresponded to dose differences ranging from -0.77 Gy to 
0.66 Gy. Larger differences (as indicated by the range of 

the dose differences) in the calculated and measured doses 
were observed for readings recorded by R3 and R4 diodes 
due to the influence of a number of large maximum dose 
differences recorded by these diodes. Although the ranges 
in the dose differences for these diodes were relatively 
large, the medians were consistent with other diodes. The 
median percentage differences ranged from 0.4% to 1.3% 
which corresponded to differences of -0.03 to 0.05 Gy.

Figure 8 shows a histogram of dose ratios between 
measured and calculated doses for all diodes. Dose ratio 
with values larger than zero indicates that the measured 
dose is larger than the calculated dose. The histogram 
shows that 11 of 22, 7 of 22, 10 of 22, 13 of 22, and 15 
of 22 brachytherapy applications yield higher calculated 
doses than measured doses at R1, R2, R3, R4, and R5 
diodes, respectively. However, 6 of 22, 6 of 22, 4 of 22, 7 
of 22, and 5 of 22 brachytherapy applications yield more 
than 10% at R1, R2, R3, R4, and R5 diodes, respectively. 

Figure 9 shows the histogram depicts the percentage 
deviation of measured and calculated doses of all five 
diodes (categorized into groups of 5% dose difference 
considering 110 measurements from five diodes of 
22 treatment sessions). According to the graph, ΔD 
(%) values exceeded 10% in approximately 26.4% of 
measurements (29 out of 110 in 22 applications) when 
all five diodes were considered.

Because the rectal probe was placed within the rectum, 
there was a possibility of probe displacement between 
simulation and treatment. Graphs (Figure 10) were created 
from calculated and measured dose values of each detector 
by normalizing the dose received by each detector to the 
maximum dose received (Rmax) in all 22 applications. In 
each graph, the calculated and measured values were 
represented by solid and dotted lines, respectively. The 
location of the Rmax (i.e. normalized value) is indicated 
by the solid and dotted arrow marks in each graph for 
computed and measured values, respectively. 

Figure 10 shows that the Rmax was seen at the same 
location in computed and measured values at R1, R2, R3, 
R4, and R5 in 4 of 22, 1 of 22, 6 of 22, 2 of 22, and 4 

Figure 1. Flexible PTW Rectal Probe (Type 9112 from 
M/s PTW, Germany) with Semiconductors (5Nos) 
Position from Distal End. 

Figure 2. Krieger Phantom (Type 9193 from PTW, 
Freiberg, Germany) for Calibration of PTW 9112 Rectal 
Probe Detectors 
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of 22 applications respectively. However, the location of 
Rmax in computed and measured values differs in 5 of 22 
applications (as seen from the Figure 10, the application 
nos. 2, 9, 15, 17, and 21). This might be due to the possible 
displacement of rectal probe between simulation and 
treatment.

Discussion

The only practical way to check the delivered 
dose during radiotherapy and brachytherapy is in-vivo 
dosimetry (Allahverdi et al., 2012). Disparities between 
doses delivered and doses calculated using TPS can be 
determined using invivo dosimetry. For in-vivo dosimetry 
and treatment verification during brachytherapy, various 
dosimeters have been used (Bansal et al., 2013; Uniyal 

et al., 2013). The TPS calculation results were used as 
a reference in this study. If the measured dose does not 
match the dose calculated during treatment planning, the 
treatment can be changed to avoid large errors. Unwanted 
radiation side effects can be avoided, so ICBT should use 
in-vivo dosimetry (Waldhäusl et al., 2005).

Rectal dosages computed and quantified in this 
investigation using patient ICBT applications from all 
diodes had percentage discrepancies ranging from -19.5% 
to 24.0% (0.7%±9.1%). Although the magnitudes of 
the percentage variations were somewhat substantial, 
they were comparable to those of in-vivo rectal dose 
measurements made while receiving HDR brachytherapy 
with Ir-192, as reported by other investigators; Waldhäusl 
et al. reported percentage dose differences of -31% to 90% 

Figure 3. (a) Rectal and bladder adaptor plugs placement on top of HDR universal adaptor plug. (b) Rectal and bladder 
probe placement on top of HDR universal adaptor plug.

(a)  
(b)  

(c)  

Figure 4. (a) Assembled rectal, bladder and universal adaptor plugs in water phantom. (b) Representative CT image 
(coronal and axial) in TPS for dose calculations. (c) The phantom IVD irradiation setup under HDR unit. 
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(mean = 11%) between calculated and measured dose 
during HDR brachytherapy using Ir- 192 (Waldhäusl et al., 
2005). In a similar study, Eich et al. reported differences 
of -50% to 40% (mean = 4 ± 19%) between calculated and 
measured doses using diodes (Eich et al., 2000).

A number of factors may contribute to the disparity 
between calculated and measured rectum doses during 
brachytherapy. The possibility of diode geometrical shift 
between simulation and delivery is the most important 
factor contributing to this. A geometrical shift during 
treatment can be caused by the patient’s internal organ 
movement, the diode detector, or the applicators. The shift 
could be caused by detector movement between the time 
of CT scan and irradiation. Rectal peristaltic motion or 
patient movement has also been reported to affect in-vivo 
dose measurement (Allahverdi et al., 2012; Allahverdi  et 
al., 2013; Waldhäusl et al., 2005; Huh et al., 2007; Alecu 
et al., 1999). Many studies have reported significant diode 
displacement, which has been attributed primarily to 
being a source of error in performing in-vivo dosimetry 
in brachytherapy.

SN Author
(year of publication)

Source used Number of applications (n) Type of 
Imaging

Type of 
detector 

DD (%)
Minimum to Maximum

(Mean ± SD)
1 *Eich et al.,

(2000)
Ir-192 11 2D based Diodes -50.0% to 40.0% 

HDR ICBT (4.0% ± 19.0%)
2 *Waldhäusl et al.,

(2005)
Ir-192 50 2D based Diodes -31.0% to 90.0% 

HDR ICBT (Mean 11.0%)
3 *Sha et al.,

(2011)
Ir-192 86 2D based Ionization <5% (n=52)

HDR ICBT chamber 5% - 10% (n=26)
10% - 14% (n = 8) 

(Mean 3.8%)
4 *Allahverdi et al.,

(2013)
Cs-137 36 2D based Diodes -85.0% to 36.0% 

MDR ICBT -3.00%
5 *Z.K.Zaman et al.,

(2014)
Co-60 11 CT based Diodes - 8.5% to 41.2% 

HDR ICBT (Mean 2.6%)
6 **Carrara et al., 

(2016, 2017)
Ir-192 77 CT based MOSkin -16.0% to 19.0%

HDR Prostate ( -- not quoted -- )
7 *Jamalludin et al.,

(2020)
Co-60 18 CT based  MOSkin -16.3% to 14.9% 

HDR ICBT (-3.2% ± 10.1%)
8 18 Diode -35.7% to -2.1%

(RP3) (-15.5% ± 9.7%)
9 48 Diode -37.1% to 11.0%

(RPmax) (Mean -13.5%)
10 * Johan et al., Co-60 € Phantom CT Diodes -15.6% to 11.8%

[Present study] (-2.0% ± 9.5%)
11 22 CT based -19.5% to 24.0%

HDR ICBT (0.7% ± 9.1%) 

Table 1. Comparison of the Results of the Current Investigation with the Available Literature for Real Time in-vivo 
Rectal Dose Measurements Made During HDR/MDR Brachytherapy Applications Using Various Types of Detectors.

*, Gynecological brachytherapy applications.; **, Prostate brachytherapy applications.; n, number of applications; ICBT, Intracavitary cervix 
brachytherapy; 2D, Two dimensional (through orthogonal radiographs); HDR, High Dose Rate.; MDR, Medium Dose Rate.; CT, Computed 
Tomography.; RP3, Dose received to the third diode of rectum probe.; RPmax, Maximum dose received to the rectal point.; DD, Difference of 
measured and planned doses; SD, Standard Deviation; €, Measurements done in water phantom

Figure 5. Rectal Probe Diode Positions (R1 to R5) as 
Seen in the Reconstructed Sagittal Plane of the CT 
Image. 
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Rectal dose measurements with a miniature ionization 
chamber were compared with TPS calculated doses in 86 
HDR-ICBT applications of cervical carcinoma in a study 

Figure 6. Box-Plots of the Percentage Difference between the Measured and Estimated Doses for Each Diode (R1 to 
R5) in the rectal probe from all three prescription dose plans carried out using the phantom study. 

Figure 7. Box-Plots of the (a) absolute difference and (b) percentage difference between measured dose and calculated 
dose with patients. The dark line inside the box identifies median difference. The upper and lower error bars represent 
the maximum and minimum values respectively.  

a

b

by Sha et al., (2011). In 52 patients, the difference between 
the TPS calculated maximum dose and the measured dose 
was 5%, 5% to 10% in 26 patients, and 10% to 14% in 
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Figure 8. Histogram of Dose Ratios between Measured and Calculated Doses for All Diodes 

Figure 9. Histogram Depicts the Percentage Deviation of Measured and Calculated Doses of All Five Diodes 
(Categorized into Groups of 5% Dose Difference Considering 110 Measurements from Five Diodes of 22 Treatment 
Sessions) 

8 patients.
Waldhäusl et al. found a more than 10% difference 

in measured doses versus TPS calculated doses for even 
minor geometrical shifts of the applicator (Waldhäusl 
et al., 2005). This was supported by Allahverdi et al.,  
(2012) who confirmed that diode displacement was the 
cause of the diode’s over response. Furthermore, at close 
proximity to the source in a high-dose gradient region, 
any small variation in detector position results in a large 
difference in dose from what was originally planned. To 
overcome dose discrepancies caused by geometrical shift, 
it is recommended that the patient be imaged in real-time 
using C-arm fluoroscopy to determine the position of 
diodes in the rectal probe on the TPS just before treatment.

In brachytherapy, using a stainless-steel applicator 
device is the common procedure. There was a dose 
attenuation of up to 2% along the transverse plane 
of the source when the metal applicator was utilised 

during brachytherapy (Uniyal et al., 2012). This element 
is not taken into consideration by the TPS algorithm 
used to calculate dose in brachytherapy planning. As a 
result, during HDR brachytherapy, differences between 
calculated and actual doses could happen.

Although the ΔD (%) were significant, the absolute 
difference was relatively small, with a median difference 
percentage ranged from 0.4% to 1.3%, or -0.03 to 0.05 
Gy, respectively. As seen from the Figure 10, the probable 
displacement of rectal probe between simulation and 
treatment can be observed. Table 1 shows the comparison 
of the results of the current investigation with the available 
literature for real time in-vivo rectal dose measurements 
made during HDR/MDR brachytherapy applications using 
various types of detectors. As seen, our results from this 
study are in agreement with the published literature.

In conclusion, in-vivo dosimetry is feasible and can 
be used to estimate the dose to the rectum during HDR 
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Figure 10. Graphs Depict the Rectal Dose Observed in Calculated (Solid Line) and Measured Data (Dotted Line), 
normalized to the maximum value (shown with an arrow marks) for each of the 22 ICBT applications with five 
semiconductor of PTW9112 probe.  

brachytherapy with Co-60, according to our findings. The 
uncertainties in performing in-vivo dosimetry are similar 
to those in HDR brachytherapy with Ir-192, with the most 
significant being the possibility of geometrical shift of 
measuring detectors between insertion and treatment. 
Despite these uncertainties, in-vivo dosimetry is useful in 
providing physicists and other treatment staff with greater 
confidence in the treatments accuracy. Evaluation of local 
response of tumor and late rectal toxicities with respect 
to the cumulative as well maximum rectal doses vs D2cc 
component will be assessed in the subsequent follow-up 
of patients. To ensure safe HDR brachytherapy delivery, 
treating institutions should have their own in-vivo 
dosimetry quality assurance program. 
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