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Summary. The objective of this work is to obtain quantifiable data of whole 
body effective dose for photons fields of 6 MV and 18 MV in function of the 
collimator angle of a Varian Clinac 21EX lineal accelerator.  
 
It’s been made a variety of studies which investigate the form to reduce the 
dose in whole body with photons fields, specially over the potential risks and 
the influence of the collimator angle, as performed Stanthakis et al. [1] with the 
Monte Carlo method. 
 
As a result of this work, the values of whole body effective doses are higher 
with a 0° collimator than with a 90° collimator, and as the field size increases, 
the effective doses difference in whole body, between 0° and 90°collimator 
angle, for both energies, becomes smaller. 

 
 
1 Introduction 
 
Nowadays, radiotherapy has as its primary objective delivering to the clinical target 
volume (CTV) the prescribing dose. The second objective is delivering the less 
possible dose to the risk organs in order to reduce the unwanted effects of radiation.      
A third objective which is becoming more explicit is to analyze the generation of 
second primary cancers because of the radiation received in the treatment. Therefore, 
it is important to get more information about how to optimize treatment while 
minimizing associated risks. So for that it is very important to know the degree of 
contribution to the whole body dose of each of the planning factors, such as field size, 
energy, radiation type, surface source distance, treatment area, and collimator angle. 
  
Planning process imply to assign a collimator angle to the field. In cases where the 
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field is square and centered on the axis of radiation, the beam eye view with 
collimators at 0º and 90º is the same. 
  
The aim of this work is to calculate the effective dose (E) of whole body, based on 
off-field exposure for different type of treatment, with collimator at 0° and 90° for 
field sizes of 4 x 4, 20 x 20 and 40 x 40 cm2. The purpose of this study is to determine 
the difference in the dose of whole body, if treatment is performed with the collimator 
at 0° or 90°. 
 
According to the results, prioritize smaller angles involving the whole body dose 
depend of the patient's age and the possibility of forming the beam with multileaf 
(MLC) that are part of collimation of the collimator system. 

2 Methodology 
 
To measure the exposure out of field in a Varian Clinac 21 EX. lineal accelerator and 
calculate the effective dose in whole body for 6 MV and 18 MV photon beams, with 
collimator angles of 0° and 90°, with size fields of 4 x 4, 20 x 20 and 40 x 40 cm2 
from a surface source distance of 100 cm, the phantom for this measured was an 
acrylic phantom with 30 x 30 cm2 dimensions of area and 10 cm height. The radiation 
detector used is a Victoreen Fluke 451 ionization camera (see figure 1). 
 
Corresponding measurements were taken to 100 UM, 1 UM is equivalent to deliver 1 
cGy at the depth of maximum dose (Zmax) with 100cm surface source distance for a 
field size of 10 x 10 cm2, and a distance of 30 cm in relation to the collimator axe. 
 
 

 

Fig.1. Experimental setup 
 
To measure the effective dose in whole body, is first consider the distances between 
the treatment isocenter and each organ or tissue considered in the ICRP 60 report [2]. 
To each organ, tissue and isocenter in particular, was assigned a coordinate in the 
Cartesian coordinates in x, y, z [3]. 
Once the distances are obtained, it is calculated the exposure, in each organ location 
points, based on the law of inverse square of the distance. 
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Then the dose obtained was absorbed (represented by Dm in equation 1) in each organ 
[4], X is the exposure, F value is a constant which relates the dose in a medium with 
the exposition, which depends of the energy type and in the incident medium (water 
or tissue). The constant F has units of (cGy/R). 
 

   FXDm *=                                                      (1)     
                                

Once, each of the dose absorbed values in organ which are further than 30 cm are 
obtained, the equivalent dose is calculated, and the effective dose considers weighting 
factor radiation and weighting factor organ, Wr y Wt, respectively.  
Finally is obtained the whole body effective dose for each treatment with collimator 
angle of 0° and 90° [2]. 
 
3 Results 
 
The dose in whole body collimator at 0° is higher than 90° collimator such as for 
energy of 6 MV photons in a field of 4 x 4 cm2 was 80.9%. The difference of quantity 
between both collimator angles depends on the radiation energy and the field size (see 
table 1). 
The whole body effective dose with 0° collimator is greater in comparison with 90° 
collimator.  
 
Table 1. Percentage difference of whole body effective dose between collimator angle of  0° 
and 90°, in photon beams 6 MV and 18 MV, with field sizes of 4 x 4, 20 x 20 and 40 x 40 cm2 
 

field size (cm2) E percent differences between 0º and 90º 
collimator angle 

 6 MV 18 MV 
   

4 x 4 80,9 82,8 
20 x 20 36,4 52,9  
40 x 40 1,4  1,4 

   
The higher difference of whole body effective dose is obtained in small field and as the field 
size increases, the difference is becomes smaller 

In turn, it is observed  that field sizes of 4 x 4 and 20 x 20 cm2, the difference of 
whole body effective dose is higher in photons of 18 MV,  however, in the field size 
of 40 x 40 cm2, energy does not affect this difference.   
 
In smaller sizes the difference is a 81,5 % aproximately , on the other hand in bigger 
fields is a 1,41% (see table 1 and figure  2, 3 , 4 and 5).   
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Fig.2. Whole body effective dose for different treatments in men with 6 MV photon beams, 
collimator in 0° and 90°, and field size of 4 x 4 cm2 
 
 

 
 
Fig.3. Whole body effective dose for different treatments in men with 6 MV photon beams, 
collimator in 0° and 90°, and field size of 40 x 40 cm2 
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Fig.4. Whole body effective dose for different treatments in women with 6 MV photon beams, 
collimator in 0° and 90°, and field size of  4 x 4 cm2 

 
 

 
 
Fig.5. Whole body effective dose for different treatments in women with 6 MV photon beams, 
collimator in 0° and 90°, and field size of  40 x 40 cm2 
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4 Discussion 
 
Generally, when making planning a radiotherapy treatment, one of the main factors is 
the shape of the field, which is the area of the incident beam in the surface patient. 
 
When is chosen a shape of square field, the collimator angle may be of  0° or also of 
90°, not affecting  his shape.  
 
In analyzing the results described above, is important considerate when planning a 
patient's treatment, to avoid using collimator angle 0° and if possible choose the 
collimator angle 90°, since the results presented show a decrease in whole body 
effective dose to choose the collimator by 90°. 
 
5 Conclusions 
 
In the case of the Varian Clinac 21 EX equipments, avoid doing treatments at 0° 
collimator, privileging collimator treatments at 90°. 
 
It is important to reduce the dose to the whole body when the patient has a expectancy 
life to warrant the likelihood of further secondary malignancies, such as young 
patients with treatment criteria radical. The other factor to consider is to achieve good 
conformation of treatment for collimator angle considered. 
 
In smaller fields the difference of whole body effective dose is much higher in 
comparision to larger field sizes. In this case, the difference is quite large, 
aproximately 81,5%, being very important in smaller field treatments, as a stereotactic 
radiosurgery.  
 
In field sizes of 40 x 40 cm2, the percentage of difference of whole body effective 
dose between collimator angle to 0° and  90°,  is maintained equal independent the 
energy increment and the effect of collimator angle is irrelevant, being a 1,4%.  
 
In the moment of planning the treatment of the patients, must be taken into account 
the collimator angle for decreasing the whole body effective dose and also for 
decrease the probability of malignancies neoplasm secondaries (SMN). 
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