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Abstract: Background: Radiotherapy, is therapy using ionizing radiation in order to deliver an optimal dose of either particulate or 

electromagnetic radiation to a particular area of the body with minimal damage to normal tissues. The source of radiation may be 

outside the body of the patient (external beam irradiation) or it may be an isotope that has been implanted or instilled into abnormal 

tissue or a body cavity. Called also radiotherapy. The aim of work studies the relationship between the depth dose and the high photon x-

ray energies (6MeV and 10MeV). Patients and methods: in our work, we studied the dose distribution in water phantom given at 

different depths (zero-18) cm deep at1cm intervals treated with different field size (5×5-,10×10,15×15,20×20) cm2. Results show that the 

increasing the field size, the percentage of surface dose increases that this could be caused by an increase of the amount of scattering in 

the larger fields and on the other hand with increased energy, the percentage of surface dose will be reduced due to the reduced 

backscattered. Conclusion: Increases field size increasing surface dose and this is attributed to the scatter radiation. Higher energy has 

higher depth dose at higher depth. 
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1. Introduction  
 

Radiation therapy or radiotherapy, is therapy using ionizing 

radiation, generally as part of cancer treatment to control or 

kill malignant cells and normally delivered by a linear 

accelerator(1). Linear accelerator ("linacs") which produce 

megavoltage X-rays. The first use of a linac for medical 

radiotherapy was in 1953. Medical linacs produce X-rays 

and electrons with an energy range from 4 MeV up to 

around 25 MeV (2).  

 

X-ray beams are used to deposit absorbed dose at depth 

within a patient at the site of the tumor. High energy X-rays 

produce a skin sparing effect whereby more dose is 

deposited at depth than in the skin tissue region (3). 

 

The percentage depth-dose of diagnostic X-rays are 

important in evaluating patient dose from medical exposure 

(4). In radiotherapy, quality of a radiation beam is most 

usefully expressed in terms of its penetrating power, which 

is a function mainly of the mean photon energy, and may be 

fully described by its depth dose characteristics in water (5) 

but an increase in surface dose with field size is also noted 

due to electron scattering from intervening materials (6). 

Absorbed dose in the body is dependent on depth, field size, 

photon energy and Source to surface distance (SSD) (7). 

 

2. Materials and Methods 
 

This work was carried out in the Oncology Teaching 

Hospital, Medical City/ Baghdad, in the period between 

February and July (2017). Measurements were made Elekta 

linear accelerator, 6MeV and 10 MeV X-ray beams and a 

fixed SSD of 100 cm. Water phantom is usually used for 

measuring basic dose distribution, because it is very close to 

human soft tissue due to its similar density, atomic number 

and number of electrons per gram and universally available 

with reproducible radiation properties. The water tank 

(phantom) is large enough to allow full photon scatter. The 

applicator must then be positioned just at the surface of the 

water with the central axis precisely over the ionization 

chamber’s sensitive volume.  The data of different field size 

[(5×5)-(20×20) cm
2
],for (6MeV and 10MeV) energies were 

analyzed the average decrease in dose with depth, same 

source-to-surface distance (SSD). 

 

3. Results  
 
Depth dose 6MeV (water phantom) 
A selected square field sizes of; (5×5,10×10,15×15, 20×20) 

cm
2
 were taken for this study. The depth dose was measures 

between (0-18)cm deep at1cm intervals. The maximum 

depth dose for 6 MeV was 1.5cm, table (1).  

 

Table 1: Measured percentage depth dose (PDD) for 6 MeV 

(water phantom) 
Square field size (cm2) 

Depth (cm) (5×5) (10×10) (15×15) (20×20) 

0 42.43 47.62 50.36 54.75 

1 95.35 96.03 96.56 97.41 

1.5 100.0 100.0 100.0 100.0 

2 99.63 99.12 99.18 99.21 

3 95.33 95.30 95.67 95.70 

4 90.65 91.16 91.79 92.10 

5 86.04 87.11 88.06 88.41 

6 81.43 83.19 84.23 84.77 

7 77.06 79.16 80.44 81.24 

8 72.81 75.42 76.96 77.72 

9 68.80 71.71 73.47 74.40 

10 65.18 68.26 70.06 71.20 

11 61.38 64.90 66.80 68.07 

12 57.96 61.55 63.60 64.91 

13 54.77 58.44 60.60 62.01 

14 51.83 55.53 57.75 59.24 

15 48.95 52.72 54.96 56.60 

16 46.25 49.98 52.32 53.88 

17 43.75 47.46 49.83 51.47 

18 41.31 45.07 47.44 49.01 
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The change of depth dose with different field size and for 

different depths was shown in Fig. (1). It shows a slight 

increase in dose with the increase in field size for the same 

depth and the deeper the more dose difference, this may be 

attributed to the increased scatter radiation reaching the 

dosimeter. The decrease in PDD with depth for all field 

sizes, is related to progressive attenuation with depth and the 

inverse square law. Table (1)  

 

 
Figure 1: The change of 6MeV, depth dose with a different field size 

 

Depth dose 10MeV (water phantom) 

A similar results were observed for 10MeV in the relation to 

the decrease in the depth dose with increasing depth and a 

slight increase with the increase in the field size for the same 

depth, an important observation is that the maximum depth 

is 2.5cm deeper than 6MeV which is 1.5cm this is attributed 

to the increased dose build up depth because of increased 

mean free path for the higher energy, table (2).     

 

Table 2: Measured percentage depth dose (PDD) for 10 

MeV (water phantom) 
Square field size (cm2) 

Depth (cm) (5×5) (10×10) (15×15) (20×20) 

0 29.95 38.01 40.88 46.47 

1 85.11 89.13 90.13 92.32 

2 99.53 99.85 99.83 99.97 

2.5 100.0 100.0 100.0 100.0 

3 99.01 98.40 98.32 97.76 

4 95.10 94.90 94.76 94.45 

5 90.94 91.08 91.26 90.99 

6 86.70 87.36 87.70 87.57 

7 82.66 83.68 84.25 84.27 

8 78.79 80.13 80.85 80.99 

9 75.08 76.69 77.64 77.86 

10 71.48 73.37 74.46 74.72 

11 68.08 70.18 71.47 71.83 

12 64.81 67.01 68.35 68.95 

13 61.62 64.15 65.53 66.22 

14 58.69 61.28 62.78 63.49 

15 55.80 58.58 60.11 60.93 

16 53.21 55.93 57.58 58.40 

17 50.73 53.47 55.16 56.12 

18 48.30 51.06 52.82 53.70 

 

The relation between depth and PDD is also similar to the 

6MeV in relation to the decrease PDD with depth and an 

increase in PDD with field size for the same depth, but the 

increase is less then what we have seen for 6MeV Fig.( 2), 

and table (2). Probably because of more penetration power 

and forward scatter for the 10MeV energy. Apart from the 

PDD before the maximum PDD which is expected for the 

higher energy with higher penetration power, an increase in 

the total dose at all depths was also observed this is also 

related to the increase in the penetration power of the beam 

leading to deliver more dose at depth and to the increase in 

x-ray intensity with the increase in energy.  

 

 
Figure 2: The change of 10MeV, depth dose with a different field size. 
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Table 3: Surface doses of 6MeV and 10 MeV photon beams 

for different field sizes 
square field size (cm2) 6 MeV (%) 10 MeV (%) 

5×5 42.43 29.95 

10×10 47.62 38.01 

15×15 50.36 40.88 

20×20 54.75 46.47 

  

In figure (3) show that when the energy increase the dose 

surface decrease because the contribution of retro-diffused 

electrons decrease.  

 

 
Figure 3: The change of surface dose percent with for different field size 

 

4. Discussion  
 

Attenuation of a photon beam by an absorbing material is 

caused by five major types of interactions. This reaction 

between photon and nucleus is only important at very high 

photon energies (> 10 MeV). The other four processes are 

coherent scattering, the photoelectric effect, the Compton 

effect, and the pair production. Each of these processes can 

be represented by its own attenuation coefficient, which 

varies in its particular way with the energy of the photon and 

with the atomic number of the absorbing material (8).  

 

High energy medical linear accelerators are used for the 

treatment of cancer in radiotherapy. X-ray beams are used to 

deposit absorbed dose at depth within a patient at the site of 

the tumor (9).  

 

As the human tissue has low atomic number the 

photoelectric interaction will not happen only at low 

radiation energy as the photoelectric interaction directly 

proportional with Z
3
and inversely proportional with the 

radiation energy i.e. with (1/hf)
3
. for this reason this type of 

interaction not found in the therapeutic range of radiation.  

 

In higher energy Compton interaction increases, compared 

to photoelectric absorption. The probability of Compton 

interaction also depends on the electron density (number of 

electrons/g × density), With the exception of hydrogen, the 

total number of electrons/g is fairly constant in tissue; thus, 

the probability of Compton scattering per unit mass is nearly 

independent of Z, and the probability of Compton scattering 

per unit volume is approximately proportional to the density 

of the material. Compared to other elements, the absence of 

neutrons in the hydrogen atom results in an approximate 

doubling of electron density. Thus, hydrogenous materials 

have a higher probability of Compton scattering than 

anhydrogenous material of equal mass (10). The pair 

production interaction threshold it is still unimportant as it 

needs higher nuclear charge , in general pair production is 

not important only at high MeV about 30MeV photons(11).  

 

From figure (1 and 2) above, as the energy increases from 6 

MeV to 10 MeV, the PDD value also increases. This is due 

to the effect of secondary electrons begins to build up at the 

surface and the number of secondary electrons passing 

through the medium gradually increases with depth, that  

leads to increase in the deposited energy (the dose) up to a 

distance from the surface approximately equal to the range 

of the secondary electrons. In case of electron beams, the 

stream of ionizing particles (i.e. electrons) is already 

produced (by a Linac) so, they deposit their energy starting 

from the surface.    

 

In the figure (3), show that when the energy increase the 

dose surface decrease because the photons deposit their 

energy through the secondary electrons and there is a dose 

build-up region before dmax. Perhaps one may also examine 

the mean free path of photons. The mean free path of 

photons is the average distance that they will travel before 

interactions. Only the very low energy photons will be likely 

to deposit the energy near the surface. The higher energy 

ones will not.  
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