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ABSTRACT: 
 
In radiotherapy, radiation field sizes smaller than 3 × 3 cm2 have been widely used; however, the 
dosimetry of small fields is very complex. It requires calibration methodologies that are different 
than the calibration methodologies used for the radiotherapy machines with a conventional field 
size. To provide recommendations on the dosimetry of small fields, a working group was formed by 
the International Atomic Energy Agency (IAEA) in collaboration with the American Association of 
Physicists in Medicine (AAPM). In 2017, the working group published a new Code of Practice (COP) 
and termed it the “IAEA-AAPM Technical Report Series (TRS) No. 483 (TRS-483).” The TRS-483 
defines a formalism for the dosimetry of static small and nonstandard fields used in radiotherapy 

and introduces the correction factor 𝑘𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟 ,𝑓𝑟𝑒𝑓  for calibration purposes.  

  
One example of the use of small and nonstandard fields in radiotherapy is the Leksell Gamma 
Knife®(LGK). The LGK is a cranial radiosurgery generator containing 192 60Co sources arranged in a 
cone section configuration which delivers small radiation fields with the maximum field size of 16 

mm diameter (Perfexion model). The 𝑘𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟 ,𝑓𝑟𝑒𝑓  values for calibration of LGK are tabulated in TRS-

483. However, these data are limited to a few chamber types, a single orientation of the chamber, 

and only two phantom materials. Moreover, the 𝑘𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟,𝑓𝑟𝑒𝑓   values in TRS-483 have not been 

validated experimentally for the LGK.  
 
The first aim of this thesis was to provide the data for the reference dosimetry of LGK for different 

chamber types, phantoms and orientations of chambers. First, the 𝑘𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟,𝑓𝑟𝑒𝑓  values for nine 

common ionization chamber types and six phantom materials were used in the calibration of the 
LGK Perfexion model, then calculated using Monte Carlo (MC). A relationship was derived between 

the 𝑘𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟 ,𝑓𝑟𝑒𝑓  values and the electron density of the phantom material. Therefore, the 𝑘𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟 ,𝑓𝑟𝑒𝑓 for 

any phantom material type with a known electron density can be determined. Secondly, the 

calculated 𝑘
𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟 ,𝑓𝑟𝑒𝑓  factors for the calibration of the LGK unit were experimentally validated. The 

TRS-483 with the aforementioned correction factors was compared to two other calibration 

protocols of the LGK. Applying the 𝑘𝑄𝑚𝑠𝑟 ,𝑄0

𝑓𝑚𝑠𝑟 ,𝑓𝑟𝑒𝑓  values to the measured dose rates using the LGK unit 

resulted in dose rates that were consistent within 0.4%. 
 
A second radiation therapy unit that uses nonstandard fields is the recently developed RefleXionTM 
biology-guided radiotherapy (BgRT) machine, which combines stereotactic radiotherapy with 
positron-emission tomography (PET) and computed tomography (CT) imaging systems. The closest 
possible field size to a reference field in this system is 10 × 2 cm2 or possibly 10 × 3 cm2 at the 
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isocenter. The BgRT is a new machine and there is no available data on its reference dosimetry. The 
calibration of this machine is challenging and the TRS-483 cannot be directly applied.  
 
The goal of this thesis in chapters 5 and 6 was therefore to provide a methodology for reference 
dosimetry of machines with fields as small as 10 × 2 cm2 and to provide the data for calibration of 
BgRT. We extended the TRS-483 methodology to 10 × 2 cm2 field size and provided two calibration 

methods. We recommended using the first approach; however, if the  𝑘𝑄𝐴 ,𝑄0
𝑓𝐴,𝑓𝑟𝑒𝑓  values are not 

available, the second calibration method can be used to predict the 𝑘𝑄𝐴,𝑄0
𝑓𝐴 ,𝑓𝑟𝑒𝑓 factors. But, the second 

methodology should not be used for chambers with electrode materials of high atomic number Z. 

Next, we provided the data for calibration of the BgRT using the two methodologies. The 𝑘𝑄𝐴 ,𝑄0
𝑓𝐴 ,𝑓𝑟𝑒𝑓  

values calculated using the two approaches were within ±0.27% for all chambers except the IBA 

CC01, which has an electrode made of high Z material. We provided the 𝑘𝑄𝐴,𝑄0
𝑓𝐴 ,𝑓𝑟𝑒𝑓  values as a function 

of the beam quality specifier at the BgRT for six chamber types.  
 
The first part of this thesis provided data for the reference dosimetry of the LGK. The second part 
provided two calibration approaches and data for the BgRT.  Overall, this work has contributed to 
the improved accuracy in the reference dosimetry of nonstandard beams. 
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