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Abstract 

 
 

A comprehensive acceptance and commissioning was performed on the Elekta’s brand new afterloading 

brachytherapy platform: Flexitron High Dose Rate (HDR) treatment unit with a Co-60 source 

(flexisource). This HDR unit makes it possible to accurately deliver very high doses to target volume 

whiles sparing surrounding organs at risks (OAKs). But to eliminate any systematic uncertainty during 

treatment delivery, there is the need to carefully perform acceptance testing and commissioning of this 

unit installed at the Sweden Ghana Medical Centre, Accra, Ghana before clinical use. The process 

started with acceptance testing to ensure the facility, HDR unit and its components, meets the standard 

requirements, functions perfectly and conforms to the manufacturer's specifications. It included checking 

of ordered inventory and equipment review, visual and mechanical inspections of all components, 

applicator assembly, functionality checks, facility’s integrity and source strength survey. Then 

commissioning was done to test the HDR unit’s accuracy, establish baseline parameters and to develop 

quality assurance (QA) protocols.  This process included the commissioning of all treatment applicators, 

transfer tubes, Treatment Planning System (TPS), and the Co-60 source. All equipment specifications 

and safety standards were met and functioned as expected prior to commissioning. Air Kerma strength 

of the newly installed Co-60 source exhibited a deviation of -2.5% as compared to the source strength 

from the manufacturer’s certificate. The ‘sweet spot’ of the well-type chamber was also determined at 

1136 mm dwell position (equivalent to 19.32 nA). Positional accuracy for all applicators was offset by 

less than ±3 mm and measured dwell times within ±1 sec.  After commissioning, the Flexitron unit was 

put into clinical use and intended radiation doses delivered to target are within planned doses for all 

applicators. The purpose of this work is to highlight the comprehensive rigorous commissioning and 

acceptance tests for this new HDR brachytherapy unit as well as the new cobalt - 60 source.  
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Introduction 

Brachytherapy has played an indispensable role in 
radiation oncology after Alexander Graham Bell first 
suggested implanting the radioactive source directly 

into the tumor. High Dose Rate (HDR) brachytherapy 
procedures in recent years have increasingly replaced 
low-dose-rate brachytherapy in the treatment of cancers 
such as cervical cancer. The advent of 3-dimensional 
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(3D) image-guided brachytherapy into clinical 
practice worldwide has facilitated the conformation of 
the dose distribution to the target volume and 
avoidance of a high dose to organs at risk (OAR) [1, 2].  

To maintain a high level of care, Elekta designed a 
brand-new afterloading platform for brachytherapy: 
Flexitron. When Oncentra Brachy treatment planning 
system (TPS) is used in combination with the new 
Flexitron afterloader platform, an easy, standardized 
way of treatment planning is guaranteed while feeling 
confident about accurate and safe treatment delivery. 
The Flexitron system is available in either Iridium-192 
or Cobalt-60. 

 

Acceptance Testing 

Acceptance testing is performed to validate the 
functionality of the brachytherapy unit and its 
components.  It is performed prior to commissioning 
to certify that the device performs according to 
manufacturer's specifications. It was performed per 
the AAPM Report 41 [3] which divides the acceptance 
testing process into several broad sections, including 
(1) the mechanical and electrical operation of the 
remote afterloader device and radiation monitors; (2) 
safety standards of the facility; (3) the integrity of the 
applicators; (4) the integrity and proper operation of 
the radioactive source; and (5) the proper operation of 
the TPS. 

 

Commissioning 

Commissioning establishes the baseline operating 
performance parameters of the afterloader device and 
assesses its limitations. Commissioning of the source, 
transfer tubes, treatment planning system, and the 
applicators before clinical use is essential. This is to 
authenticate conformance with manufacturer’s 
specifications and assure the correct treatment 
delivery and patient safety. This process includes 
mechanical inspection, image verification and data 
transfer, dose measurements, verification of the dwell 
positions and dwell times. Studies have shown that 
radiation sources that dwell within CT/MR 
compatible applicators can deviate from intended 
positions by several millimeters. Quantifying this 
offset is also a significant part of the commissioning 
process. 

To acquire reliable information on the geometry of the 
applicators, a detailed examination of the dwell 
positions inside the applicator and autoradiographs 
was performed. The Fletcher (Tandem and Ovoid), 
Vaginal (Cylinders), and Ring CT/MR compatible 
applicator sets (Nucletron BV, Veenendaal) and the 
corresponding x-ray catheter sets for the Elekta 
Flexitron HDR afterloader were commissioned. 

Materials and Methods 

Level of Competency Required  

The measurements described in this article were 
performed by qualified and competent medical 
physicists and verified by another external qualified 
and competent medical physicist.  

The acceptance testing sequence began with equipment 
inventory checking including both hardware and 
software, visual inspections, applicator assembling, 
autoradiographs and calibration. Commissioning was 
done for the source, transfer tube, applicators, TPC and 
the HDR systems. Safety checks included radiation 
surveys when the source was loaded into the 
afterloader unit. Door interlocks, emergency stops and 
plan, area monitoring system, radiation warning lights 
and source time out were all checked as part of the 
safety procedures. Although some of these tests yielded 
quantitative results, much of the testing involved 
verification of correct functionalities. 

 

Acceptance Testing 

Radiation protection 

Adopting the Nuclear Regulatory Commission (NRC) 
10 CFR Part 20 standards for protection against 
radiation [4] and the National Council on Radiation 
Protection and Measurements (NCRP) 151 guidelines 
for shielding design [5], the brachytherapy bunker was 
setup. Using a calibrated survey meter (Ludlum model 
3005), the radiation dose limit of 7.5 µSv/hr and 0.5 
µSv/hr for the controlled and uncontrolled rooms were 
within the required limits respectively. 

 

Source acceptance 

Following the Nuclear Regulatory Commission (NRC) 
10 CFR Part 35 [6], the Nucletron Flexisource Co-60 
radioactive source was received accordingly into the 
facility.  

Before the acceptance of the source into the facility, we 
surveyed the incoming package by measuring the 
highest radiation dose rate at one meter from the 
surface using an ion chamber. Since the package was 
labeled as Radioactive-II with a reading at 1 m of less 
than 0.01 mSv/hr, it passed the inspection. 

Also, a wipe test was performed to check for removable 
contamination. This was done by wiping a dry filter 
paper with moderate pressure using the thumb 
randomly on a surface area of about 300 cm2 of the 
package. The wipe test passed the inspection since the 
test indicated a background reading, which was less 
than 0.5 mSv/hr on the surface of the package. 
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Commissioning Test 

A. Source 

Determination of Reference Air Kerma Rate 

The Reference Air Kerma Rate of a brachytherapy 
source is the kerma rate to air, in air, at a reference 
distance of 1 meter, corrected for air attenuation and 
scattering. The use of a well-type ionization chamber 
coupled with a calibrated UNIDOS electrometer is one 
of the methods used in determining the Reference Air 
Kerma Rate as recommended by the ICRU report 38 
[7] and 58 [8] because it is a reproducible, fast, 
accurate and easy method. 

The well-type chamber was set up at least 1 m away 
from any wall to reduce the scatter component as 
shown in Figure 1. The whole set up was allowed to 
acclimatize with the surrounding air overnight. 
Various measurements at different dwell positions 
were performed and recorded. The position of 
maximum and minimum response of the well-type 
chamber (height of 191 mm) was determined. The 
position of maximum response of the well-type 
chamber corresponds to the ‘sweet spot’. The 
measured value was then compared with the 
certificate value provided. 

 

 
Figure 1. Reference air kerma rate measurement set up with a well-type 

ionization chamber. 

 

B. Applicators 

Determination of dwell positions 

1. Using CT images 

The Fletcher (Tandem and Ovoid), Vaginal 
(Cylinders), and Ring CT/MR compatible applicator 
sets (Nucletron BV, Veenendaal) with the x-ray 
marker in-situ were imaged using the Siemens 16 slice 
CT scanner after aligning the applicators using the 
lasers. The lumen of the applicators and the x-ray 
markers were visualized on a single CT slice as shown 
in Figure 2. 

Due to the uncertainties associated with the location of 
the x-ray marker positions in the applicators, a slice 
thickness of 2 mm was used to minimize this for each 
scan. 

2. Using gafchromic films 

Using the setup illustrated in Figure 4 with specified 
dwell time, the applicators were firmly fixed to the 
gafchromic films to minimize the movement of either 
the applicator or the film during irradiation. The source 
dwell positions and first distal source positions for each 
applicator were visualized on the gafchromic film post-
irradiation. The position of the first distal source leads 
to the calculation of the offset values for the applicators. 

 

  

 
Figure 2. Setup to determine the source positions using the x-ray marker in 

the applicators. 

 

3. Accuracy of dwell positions and time 

This was to ensure that the radioactive source reaches 
the exact positions in the target medium for the exact 
time as prescribed during the planning process. Per the 
manufacturer's specifications, the dwell position was 
assessed visually (with a digital camera and a Source 
Position Check Ruler (SPCR)) and radiologically (with a 
gafchromic film), whilst a stopwatch was used for the 
dwell time. This was done by performing a test run of a 
dwell position with the transfer tube connected to the 
indexer on one end and the Source Position Check Ruler 
on the other end. During the visual inspection of the 
source at position 200 mm from the CCTV as shown in 
Figure 3, three physicists independently measured and 
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verified the dwell time for 60 seconds using 
stopwatches and compared it to the treatment control 
console (TCC) calculation. This procedure was 
repeated three times to ensure that the source returns 
to the same position (for 60 seconds) after returning to 
the safe. This helped to estimate the reproducibility of 
the source position. 

Similarly, an applicator connected to the indexer 
through the transfer tube was carefully placed on a 
gafchromic film (with predefined positional 
markings) and a test run performed. Note that the 
length of the channel (transfer tube + applicator) is 
1300 mm, which is the most distal dwell position and 
represents the tip of the applicator. Post-irradiation, 
the predefined positions on the film were determined 
and compared to the positions of the radioactive 
source and the prescribed one from the console. See 
Figure 5 for setup. 

 

 
Figure 3. Dwell position accuracy check using the source position check 

ruler (SPCR). 
 

  
Figure 4. Setup to determine the source dwell positions in the applicators 

using the gafchromic EBT3 film. 

 

Applicator reconstruction using CT images 

Applicator reconstruction defines the source path by 
positioning dwell positions in relation to each other or 
in relation to reference points in the applicator. 
Research has shown that reconstruction is important 
since a correctly reconstructed applicator positioned 
wrongly in the 3D study would lead to incorrect 
calculation of the dose distribution in the patient [9]. 
Both the library plans (LIB) and the direct 
reconstruction (DR) methods were used during the 

reconstruction of the applicators. The direct 
reconstruction of the applicators was done by digitizing 
the track of the source directly in the acquired CT 
images, whereas the library method had a predefined 
source path produced by the manufacturer to account 
for the uncertainties associated with the manual 
determination of source path. The dwell positions in the 
reconstructed applicator were compared with the actual 
source positions in CT images of the applicator with the 
source inside. New Co-60 source paths for the ring 
applicators were imported into the TPS library 
separately during the commissioning. 

 

C. Treatment Planning System 

Data Transfer 

CT acquired images of the applicators were exported in 
a DICOM format to the Oncentra Brachy TPS to be 
contoured and planned accordingly. The approved plan 
was also exported to the treatment control console to 
initiate treatment. Thorough verification of all data 
transferred from the TPS to the treatment console was 
done to ensure the delivery of the correct radiation dose 
to the prescribed target. The verification acertained the 
patient’s name and ID, dwell positions and time, 
channel numbers, dose prescription, date and time, 
activity, units, etc. 
 

Results and Discussion 
 1. Acceptance tests 

As part of the acceptance tests performed on the HDR, 
all specifications and safety standards of the unit were 
met. With the machine specifications; the source 
strength, positional accuracy of the source (applicator 
and transfer tubes), timer accuracy (timer linearity, 
timer accuracy, and source transit time), and the 
treatment planning system all conformed with the 
manufacturer’s specifications. 

Also, with the safety standards; emergency 
functionalities, radiation indicators, safety interlocks, 
and a thorough radiation survey of the HDR and the 
facility were assessed and compared to international 
standards. The HDR unit is in a perfect working 
condition without any inhibitions. 

 

2. Commissioning 

The Reference Air Kerma Rate of the flexisource 60-Co 
was first obtained by the use of the well-type ionization 
chamber. The strength of the HDR 60-Co source was 
also determined in terms of air kerma rate at 1 m 
distance. The Air Kerma strength of the HDR Co-60 
source exhibited a deviation of -2.5% as compared to the 
source strength from the manufacturer’s certificate. The 
‘sweet spot’ of the well-type chamber (height of 191mm) 
was determined at 1136 mm dwell position (equivalent 
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to 19.32 nA) together with the transfer tube (1000mm). 
Comparing the measured values with those of the 
manufacturer, our values agreed accordingly. Results 
from a similar work done by Oyekunle et al. [10] on 
two Saginova units of HDR brachytherapy equipment 
by BEBIG, Germany, with source strength deviations 
of -2.8% and -1.06% for the Co-60 sources using PTW 
well-type chamber, are very similar to the nature of 
deviation exhibited in this study. The ‘sweet spot’ of 
the PTW chamber used in this study was also found to 
be at the same dwell position (55mm) as the chamber 
used in their work. Due to the higher activity of their 
sources, it corresponded to a 21.358 nA and 20.165 nA 
for the two Co-60 sources respectively. 

The AAPM report 56 [11] recommends that a 
positional accuracy of ±2 mm is reasonable in most 
clinical applications. For all the measurements on the 
straight applicators (i.e., the tandems of the Fletcher, 
Vaginal and Ring), the positional accuracy was within 
±1 mm at all the dwell positions. The positional 
accuracy for the bent or curved applicators (i.e., the 
ovoids of the Fletcher; and the Rings) was within ±2 
mm as recommended by the AAPM report 56. 
However, Kohr and Siebert 2007 observed that the 
source can be offset by as much as 9 mm when 
traveling along a circular path [12]. A visual 
inspection of the gafchromic films in Figure 5 post-
irradiation also showed the source positional accuracy 
within the ±2 mm. This variation in the positional 
accuracy was attributed to two effects known as 
‘curving’ and ‘snaking’.  

Curving is due to the curvature of the bent transfer 
tube or applicator which causes the actual source path 
to deviate from the centerline (ideal source path) [13]. 
This is because the inner diameters of the applicators 
and transfer tubes are larger than that of the source 
wire. In our curved applicators, the extra space caused 
a path deviation between the intended source 
(dummy) position and the actual one. Studies have 
shown that, in the case of gynecological ring-
applicators, the trajectory of the source wire along the 
circular lumen results in a deviation from the 
expected nominal source path [13-15]. See Figure 6 for 
an illustration. During the time of the ring 
commissioning, Elekta did not have source paths for 
various rings for the Co-60 Flexisource. Measurements 
were done on site and sent to Elekta for vendor 
approved source paths to be generated and later 
imported into the TPS library. 

The snaking effect results from a source cable curled 
inside the applicator after colliding with obstructions 
or the end of an applicator. 

According to IEC 60601-2-17 [16], the inaccuracy on 
the delivered dwell time shall not exceed 1% or 100 
ms whichever is greater. The measured dwell times 

compared with that on the treatment console during the 
dwell position checks were within the tolerance of ±1 s. 

Applicator reconstruction 

The inner lumen and position of the first distal source 
for all the applicators were easily visualized on the CT 
images when both the library and direct reconstruction 
methods were applied. But, due to the inherent risk of 
reconstructing too long or too short track in the ring 
applicators during digitizing [17], we opted for the 
library method in the reconstruction of the ring and the 
other applicator sets. Studies by Hellebust et al. [18] 
have shown that the library reconstruction method gave 
significantly smaller standard deviations than direct 
reconstruction although both deviations were less than 
4%. 

3. Data transfer 

All patient details and machine information including 
DICOM images from CT were transferred properly 
between the various systems. 

 

 
Figure 5. Source dwell position verification post-irradiation of a gafchromic 

film. 

 

 
Figure 6. Source path deviation in ring applicator; actual source path (……...) 

deviates from the ideal source path (……...). Image obtained from the library. 

 

 
Figure 7. Snaking effect in an applicator with a curled source cable. 
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(a) (b)  
Figure 8. (a) An illustration of the x-ray marker position and the inner 

lumen in a ring applicator and (b) a library reconstruction method of the 

vaginal applicator. 

 

 
Figure 9. Schematic diagram of the bunker. 

 

Table 1. Radiation Survey Results  

Location 
Reading (µSv/h) Average 

(µSv/h) 1 2 3 

A (Outside) 0.1 0.2 0.2 0.2 

B (Linac vault) 0.2 0.4 0.6 0.4 

C (Outside) 0.1 0.2 0.1 0.1 

D (HDR control) 0.3 0.3 0.4 0.3 

E (Entrance, Door) 3.0 3.0 3.0 3.0 

F (Linac maze) 0.1 0.1 0.3 0.2 

G (Linac control) 0.1 0.3 0.3 0.2 

Rooftop 0.2 0.2 0.2 0.2 

Background radiation ≡ 0.2 µSv/h 

 

Table 2. Dwell Positions and Times. 

Dwell 

Position 

(mm) 

TCC calculated 

time (s) 

Physicist measured time (s) 

1 2 3 

200 60 60.02 60.01 60.04 

200 60 60.04 60.02 60.01 

200 60 60.05 60.04 60.00 

 

 

 

 

 

Table 3. Components Checklist and Physical Inspection 

Acceptance Tests and Results. 

 Test Result 

1. 
Intrauterine tube sets (physical length, inner and outer 

diameter, angles) 
Satisfactory 

2. Ovoid sets (dimensions) Satisfactory 

3. 
Ring tube sets (physical length, inner and outer 

diameter) 
Satisfactory 

4. Rectal retractors (sizes) Satisfactory 

5. Fixation nuts Satisfactory 

6. Sterilization cap sets Satisfactory 

7. Screwdriver (titanium) for ovoids and stopper Satisfactory 

8. Cervical stopper Satisfactory 

9. Plastic screw M5 PPSU (10 x 008.033) Satisfactory 

10. Adjustable fixation mechanism Satisfactory 

11. 
Vaginal tube sets (physical length, inner and outer 

diameter, angles) 
Satisfactory 

12. Perineal bars Satisfactory 

13. Source Position Check Ruler Satisfactory 

14. Gynaecological CT/MR transfer tubes Satisfactory 

15. x-ray marker sets Satisfactory 

16. CT/MR applicator clamp Satisfactory 

17. Fixation clip sets Satisfactory 

18. Fixation nut for rectal retractor Satisfactory 

 

 

Table 4. Safety Acceptance Tests and Results. 

 Test Result 

1. Communication equipment Satisfactory 

2. 
Check of treatment without indexer lock, without 

applicator attachment 
Satisfactory 

3. 
Door interlock test/Treatment interrupts/Emergency 

stop, Power interrupt 
Satisfactory 

4. 
Emergency equipment (forceps, emergency safe, survey 

meter, source disposal kit) 
Satisfactory 

5. Radiation Monitor detector, light indicators Satisfactory 

6. Timer, secondary timer Satisfactory 

 

Table 5. Planning computer acceptance test and results. 

 Test Result 

1. User documentation – Nucletron Satisfactory 

2. Scanner/Printer Satisfactory 

3. Oncentra Master planning software Satisfactory 

4. Standard plan – Calculation check Satisfactory 

5. Plan Reproducibility Satisfactory 

6. Time, date, and decay check Satisfactory 

7. Patient file backup Satisfactory 

8. Patient data transfer Satisfactory 

 

 

Table 6. Treatment Unit Control Console acceptance test and 

results. 

 Test Result 

1. User documentation – Nucletron Satisfactory 

2. Printer Satisfactory 

3. Patient file transfer, Treatment Satisfactory 

4. Robot control Satisfactory 

5. Interrupts Satisfactory 
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Conclusions 

This work represents the procedures and tasks 
undertaken by the medical physics teams (both in 
Ghana and from the USA) in clinically implementing 
the new Flexitron HDR brachytherapy unit.  The air 
kerma strength, confirmation of source step size, 
safety checks and the establishment of related 
procedures for quality assurance (QA) of the machine 
were undertaken. In addition, radiation survey 
measurements were conducted and found within the 
limit. 

The results shows that the performance of the 
Flexitron Co-60 HDR system is sufficient for it to be 
used clinically, and the overall performance is similar 
to other commercially available HDR treatment units. 
It is, however, important to note the difference in 
source paths between the new Co-60 source and the 
commonly used Ir-192 source, in order to avoid 
deviations delivered source dwell configurations from 
planned. 

All other tests passed and were within acceptable 
tolerance levels. The performance of these tests 
guarantees proper and safe delivery of the radiation 
dose. 
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system; HDR: High dose rate; OAR: Organs at risk; 
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reconstruction. 
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