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Abstract  

     The purpose of this study is to measure doses delivered at different depths in 

water phantom at vertical position in comparison with the actual planning in order to 

verify the dose delivered to the tumor in addition to the measurement of the effect 

penumbra dose to assess the dose leaking to the healthy soft tissue.  

     Percentage depth dose (PDD) values was measured at field sizes 

(5×5,10×10,15×15, and 20×20) cm
2
, and the depth dose was measured between (0-

16) cm deep at 4cm intervals, for both energies 6 MeV and 10 MeV X-ray beam. 

Other readings were taken at different distances 1cm and 2cm outside of the actual 

beam in orthogonal directions at depth of 4 cm. These measurements were designed 

to measure the penumbra dose produced outside the central beam. 

     Results show that the high similarity between water phantom and actual tissue for 

this reason water is taken as phantom for Quality Assurance (QA) and calculation 

the depth dose. The similar results may appear strange as the actual planning depth 

dose is taken in the chest wall where there is bone and soft tissue. The increase in 

the field size, increases the percentage of surface dose, this could be caused by an 

increase in the amount of scattering in the larger fields. There is almost no 

difference in depth dose between homogenous and non homogenous planning also 

similar to the water phantom. Because of higher photon energy 6MeV and 10MeV 

the bone has no influence in absorption from the soft tissue. A slight change in the 

depth dose with increase in the field size may be caused by the scattered radiation. 
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( بالمقارنة مع 6MeV و10MeV قياس الجرعة العميقة في الهسط المائي لطاقتي الأشعة الدينية )
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 الخلاصة
الغخض مؼ ىحه الجراسة ىؽ قياس الجخعات الستؽلجة في وسط مائي على أعساق مختلفة في الؽضع      

الخأسي ومقارنتيا مع الترسيػ العلاجي الحقيقي للسخضى مؼ أجل التحقق مؼ الجخعة التي يتدلسيا الؽرم 
 لعل  لتقييػ الجخعة الستدخبة الى الاندجة الدليسة.بالإضافة إلى قياس تأثيخ مشطقة شبو ا

 and ,15×10,15×5,10×5)( على مداحات مختلفة  PDD) Xتػ قياس الشدبة السئؽية  لجخعة أشعة      
سػ ، لكلا  4( سػ وعلى بعج 61-0، كسا وتػ قياس الجخعة على اعساق مختلفة تتخاوح بيؼ ) 2سػ  (20×20
سػ  2سػ و  6للأشعة الديشية. تػ أخح قخاءات أخخى على مدافات مختلفة  MeV 6 و  MeV 10 الطاقات 
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سػ وذلغ لقياس جخعة شبو العل الستؽلجة خارج  4خارج الحدمة الفعلية في اتجاىات متعامجة على عسق 
 الحدمة السخكدية.

دجة كان سببا في أظيخت الشتائج أن التذابو الكبيخ بيؼ الؽسط السائي والترسيػ العلاجي الحقيقي للأن     
( وحداب جخعة العسق. التذابو قج يبجو غخيبا حيث ان  جخعة العسق QAاخح الساء كؽسط  لزسان الجؽدة )

للترسيػ العلاجي الفعلي مأخؽذة في ججار الرجر حيث يؽجج ععػ وأندجة رقيقة.  ان الديادة في مداحة 
سكؼ أن يكؽن  بدبب زيادة كسية التذتت بديادة في الأشعة ، تديج مؼ الشدبة السئؽية للجخعة الدطحية ، وىحا ي

سعة الأشعة الداقطة . لا يؽجج فخق في الجخعة العسيقة  بيؼ التخطيط الستجانذ وغيخ الستجانذ على وجو 
،  فان الععػ لا 10MeV و 6MeVالتقخيب  والحي يذبو أيزًا الؽسط السائي. بدبب ارتفاع طاقة الفؽتؽن 

لأندجة الخقيقة. قج يحجث تغيخ طفيف في عسق الجخعة مع زيادة في حجػ يختلف في الامتراص عؼ ا
 الاشعة وذلغ بدبب تذتت الاشعاع.

1- Introduction 

     After X-rays was discovered by Roentgen in 1895, ionization radiations have been applied in many 

areas of industry and medicine to the benefit of mankind [1].  

There are many types of cancer treatment. The types of treatment depends on the type of cancer and 

how advanced it is [2].  

     Different procedures are used in tumor treatment including surgery, chemotherapy, radiotherapy or 

combination between different modalities such as chemo-radiotherapy. The radiation quality, intensity 

and the doses delivered to the tumor are also different depending on the type of the tumor and location 

[3].   

     Planning is very important in the treatment with radiation. When irradiate the tumor we try to 

inflict the maximum damage (via high dose) to the tumor with minimum dose given to the healthy 

tissue and the skin in the case of external treatment. For this reason machines generating X-ray and the 

treatment technique have been changed and improved several times such as increasing energy 

filtration and the improvement in the X-ray machine led to manufacture the linear accelerator 

(LINAC). This study was carried out on a water phantom using linear accelerator at energy      (6 MeV 

and 10MeV [4].  

     Absorbed dose in the body is dependent on depth, field size, beam energy and source to surface 

distance (SSD). Measurement of absorbed dose is performed using water and actual planning, which is 

kept perpendicular to the path of beam. This measurement is expressed as percent of dose which gives 

a unique value for a certain set of parameters like beam energy, depth, SSD and field size [5].   

2- Experimental details 

     The LINAC machine was located in the Oncology department Baghdad Teaching Hospital, 

Medical City/ Baghdad, type Elekta. The system is capable of generating X-rays in the range of 

megavoltages. The X-ray qualities used in the department for daily radiation therapy are 6MeV and 10 

MeV. The measurements were carried out at source surface distance "SSD" of 100 cm. From water 

phantom surface which is usually used for measuring basic dose distribution because of its similarity 

to human soft tissue due to its, approximately  density, average atomic number and number of 

electrons per gram also it is universally available with reproducible radiation properties. The water 

tank (phantom) is large enough to allow full photon scatter to be measured. The applicator was 

positioned just at the surface of the water with the central axis precisely over the ionization chamber’s 

sensitive volume.    The dose was taken at the surface of the phantom material and on depth started 

from (0-16) cm deep at 4cm intervals. These values of PDD were different for different field sizes 

(5×5,10×10,15× 15, and 20×20) cm
2
. Data on dose distribution are almost entirely derived from 

measurements in phantoms, and then are used in a dose calculation system devised to predict dose 

distribution in an actual patient.  

     These measurements were taken when the dosimeter ionization chamber is positioned at the central 

beam. Other measurements were taken at different distances outside the beam in orthogonal directions 

at depth of 4 cm. These measurements were designed to measure the penumbra dose produced outside 

the central beam. 

3- Results  

     The depth dose of photon beams in any medium can be evaluated with the different parameters, 

which exhibit the attenuation in its primary intensity. Usually the absorbed dose is described as 
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Percent Depth Dose, which is a function of depth d, field size r and Source to Surface Distance (SSD) 

f, is as follows [ 6  ]: 

                                   
     Ks is the scattering component, dm depth of maximum dose, linear attenuation coefficient (µ). This 

indicates the three governing rules of photon beam attenuation, inverse square law, exponential 

attenuation, and scattering component. This is why Percent Depth Dose uniquely varies with depth due 

to attenuation, with SSD due to inverse square law, and with field size due to scattering effect. 

Percentage depth dose (PDD) in the water phantom and its comparison with actual planning 

(homogenous and non -homogenous) were measured at field sizes (5×5,10×10,15×15, and 20×20) 

cm
2
. The depth dose was measured between (0-16) cm deep at 4cm intervals. 

     In our results found a high similarity between water phantom and actual tissue  as illustrated in 

Table-1, for this reason water is taken as phantom for Quality Assurance (QA) and calculation the 

depth dose. The similar results may appear strange as the actual planning depth dose is taken in the 

chest wall where there is bone and soft tissue and we may expect different absorption in bone than soft 

tissue but this is not true for high energies where the Compton effect is predominate interaction 

although are dealing with energy exceeds the pair production interaction threshold but it is still 

unimportant as it needs higher nuclear charge which need higher atomic number and because the 

human tissue has low atomic number in general pair production is not important only at high x-yay 

energies about 25-30MeV. So soft tissue contains high proportion of hydrogen as it contains more than 

75% water and Compton interaction will be high because of hydrogen has about double electron 

density of all other elements so higher Compton interaction will occur, in this regard although the 

bone density is higher then soft tissue but it does not contain hydrogen so the photon absorption 

becomes similar to the soft tissue.    

     In actual planning there is a slight increase in the PDD with the increase in field size for both 

energies 6MeV and 10MeV and this is similar to what was found in the water phantom. The reason 

may be related to the scatter radiation i.e. an increase in the scatter radiation with the increase in the 

field size (Table-1) 

Table 1-PDD of water phantom and actual planning for the chest for (6MeV) and (10MeV), with 

different field sizes 

Field size (5×5)cm
2
 

Energy (6MeV) Energy (10MeV) 

Depth 

(cm) 

Phantom 

water 

Actual planning 
Phantom 

water 

Actual planning 

(non 

homogenous) 
homogenous 

(non 

homogenous) 
homogenous 

0 42.43 38.3 37 29.95 29.68 29 

4 90.65 89.8 89.3 95.10 97.1 97.5 

8 72.81 72.4 71.6 78.79 80 79.8 

12 57.96 57.6 57.2 64.81 65.2 65.3 

16 46.25 45.7 44.8 53.21 53.1 52.6 

Field size (10×10)cm
2
 

Energy (6MeV) Energy (10MeV) 

0 47.62 42.8 42.1 38.01 36 35.5 

4 91.16 90.4 90.2 94.90 95.7 96.8 

8 75.42 74.8 73.6 80.13 80.4 80.4 

12 61.55 60.7 59.8 67.01 66.6 66.8 

16 49.98 49 47.6 55.93 55 54.5 

Field size (15×15)cm
2
 

Energy (6MeV) Energy (10MeV) 

0 50.36 44.8 41.1 40.88 37.6 38.2 
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4 91.79 91 90.9 94.76 95.5 96.3 

8 76.96 76.1 74.9 80.85 81.1 80.8 

12 63.60 62.7 61.6 68.35 68 67.7 

16 52.32 51.2 49.6 57.58 56.7 55.8 

Field size (20×20)cm
2
 

Energy (6MeV) Energy (10MeV) 

0 54.75 48 46.3 46.47 39.8 39.5 

4 92.10 92.2 90.9 94.45 94.9 95.8 

8 77.72 77.8 75.5 80.99 81.1 80.8 

12 64.91 64.7 62.7 68.95 68.6 68.2 

16 53.88 53.3 51 58.40 57.6 56.6 

     The deeper the radiation in the tissue the lesser the depth dose, and this is resulted from the 

attenuation and inverse square law.  

     Out of field size (the X-ray field outside the field size governed by collimator borders) for (6MeV), 

measured in orthogonal directions the (X-axis and Y–axis)  

The penumbra is defined as arbitrarily defined as the distance for the dose to fall off from 90% of the 

central axis value to 10% of the central axis value, from the beam size as a function of depth and field 

size for 6MeV X-rays are shown in Table-2, the increasing photon energy, penumbra also increases 

with depth in water and field size.  

Table 2-Out of field (6MeV) , for the X–axis and Y-axis) 

Field size (5×5) cm
2
 

Energy (  6MeV) for (X-axis) 

Depth (cm) Dose%  at 1cm Dose%  at 2cm 

0 2.33 1.57 

1 3.46 1.52 

2 4.32 1.83 

3 5.04 1.57 

4 5.29 1.77 

Energy (6MeV) for (Y-axis) 

0 6.69 1.84 

1 10.42 2.05 

2 12.2 1.99 

3 12.79 2.16 

4 13.32 2.37 

4- Discussion  

     Cancer can be treated in several ways such as surgery or chemotherapy, radiotherapy and 

combination of these modalities. Radiotherapy is used for kill tumor cells, the problem in using 

radiotherapy is killing not only cancer cell but also healthy tissue. One of most important outcome of 

research in radiotherapy together with x-ray machine design is to protect the healthy tissue from x- ray 

dose [7]. It is essential to measure the dose inside the patient accurately i.e. how much dose will be 

deposited in the tumor and how much dose will be delivered to the healthy tissue from primary and 

scatter radiation. This is a complicated problem as measurement of the dose directly in the patient is 

impossible instead a complicated equations for dose calculation and we usually able to measure the 

dose by using tissue equivalent phantom medium such as water [8].  

     Changing the exposure parameters can change the extent of the absorbed dose and consequently 

PDD, in addition to the change in other parameters such as the amount and the angle of scatter 

radiation.    

     By changing the field size for the same exposure time can see a slight increase in the PDD for both 

energies (6MeV and 10 MeV), as shown in  Table-1, the increase in the surface dose appeared slightly 

more on the lower X-ray energy by 42.43%,47.62%,50.36%,54.75%. This increase may be attributed 
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to the fact that the higher X-ray energy lead to scatter more in the foreword than the lower energy i.e. 

more back scatter radiation can reach the surface in the case of low energy than the high energy [9].   

The reason of using high energy is to spare the healthy tissue closer to the surface from damage 

particularly the skin through the protection of its  stem cells, the higher the energy the deeper the 

maximum dose or the dose buildup this is apparent on the maximum PDD for 6 MeV, and 10 MeV X-

ray ,this behavior can be  attributed  to the mean free path distance, which increases with the increase 

of energy and the increased distance for energy deposition for the secondary electrons meaning that 

the average distance between an interaction and the succeeded or next one is increased with increase 

of energy. 

     One of the disadvantage of the scattered radiation is the increased dose to tissues outside the field, 

to the healthy tissue which we always avoiding dose to it , in other words, the lesser the dose to the 

healthy tissue the better the treatment ,  so the higher the X-ray energy the less the scatter outside the 

field and the dose measurements outside the field  is usually low. An increase in photon energy can 

give higher dose at larger depths with deeper maximum depth dose, as shown in Table-2.  

     At high photon energy 6MeV the interactions are pair production and Compton Effect where the 

former is of almost of no importance in soft tissue as the soft tissue is of low atomic number.   

     As Compton Effect interaction depends on electron density it will interact more with hydrogen than 

other materials because the hydrogen has almost double electron density than the other elements [10], 

and because bone has low hydrogen content (than soft tissue) it shows low X-ray absorption at high 

energies where photoelectric effect is not involved. For this reason the X-ray will penetrate the bones 

almost the same as soft tissue at such high energy, consequently less interaction and less secondary 

electrons resulting in less dose to the soft tissue in contact with the bone.  

Conclusions 

1- Increases field size increasing surface dose and this is attributed to the scatter radiation. 

2- There is almost no difference in depth dose between homogenous and non homogenous planning 

also similar to the water phantom. 

3- Due to higher photon energy 6MeV and 10MeV the bone absorption has no difference from the    

soft tissue. 

 

References  

1. Michael F L. 2012. Annunziata. Hand book of Radioactivity Analysis. 3th ed. Amsterdam: 

Elsevier. 

2. Lawrence T.S., Ten H.R.K. and Giaccia A. 2008. Principe of Radiation Oncology. 8
th
 

ed.Philaddpia: Lippincott Williams and Wilkins Press; 2008. 

3. Camphausen KA., Lawrence RC. 2008. Principles of Radiation Therapy. in Pazdur R, Wagman 

LD, Camphausen KA, Hoskins WJ (Eds). 11
th
 ed. Cancer Management: A Multidisciplinary 

Approach; 2008. 

4.  Qurat-ul-ain S. , Saeed A. B. , Atia A. , Maria A. 2018. Dosimetric determination of tissue 

maximum ratios in small fields. Journal of Radiotherapy in Practice. 2018, 17(3): 289-291. 

5. Atia A., Maria A., and Saeed A. B.  2019. Computational Tool for Calculation of Tissue Air 

Ratio and Tissue Maximum Ratio in Radiation Dosimetry.  Curr Trends Biomedical Eng & 

Biosci, 17(4).  

6. Saeed A B., Muhammad A R. and Aalia N. 2009.  An Analysis of Depth Dose Characteristics of 

Photon In Water, J Ayub Med Coll Abbottabad 2009; 21(4). 

7. Mayles, P.  Nahum, A., Rosenwald J C. 2007. Handbook of Radiotherapy Physics Theory and 

Practice. Taylor and Francis, New York.  

8. Popa R., Dumitrache M., Ciovlică A.  2012. A comparative study on 6MeV photon beam 

percentage depth dose of varian clina 2300C/D, ELEKTA synergy platform, and siemens primus 

linacs.  Romanian Reports in Physics, 64(4): 997-1010.  

9. Sruti, R. N., Islam M. M., Rana M. M., Bhuiyan M. M. H., Khan K. A. Newaz M. K. and Ahmed 

M. S. 2015. Measurement of Percentage Depth Dose of a Linear Accelerator for 6 MV and 10 

MV Photon Energies, Nuclear Science and applications, 24(1).  

10. Jerrold T B., Anthony S J., Edwin M L., John M B. 2012. The Essential Physics of Medical 

Imaging. 3th ed .Lippincott Williams & Willkins. 

 

http://www.cancernetwork.com/cancer-management-11/chapter02/article/10165/1399960
http://www.cancernetwork.com/cancer-management-11/
http://www.cancernetwork.com/cancer-management-11/
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Qurat-ul-ain%20Shamsi&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Saeed%20Ahmad%20Buzdar&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Atia%20Atiq&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Maria%20Atiq&eventCode=SE-AU
https://www.cambridge.org/core/journals/journal-of-radiotherapy-in-practice/volume/979196ECF4755962C5327FE350CC47EF

