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1. INTRODUCTION

Radiotherapy is the most widely adopted 
treatment technique for cancer. Radiation therapy 
is considered as a progressive field with an 
unexhausting struggle made by many radiation 
workers to enhance efficiency while maintaining 
a minimum compromise on accuracy. Becquerel 
and Rontgen are the one who have rolled the ball 
in the field of radiation therapy by discovering 
X-rays and gamma rays. As these radiations 
have the tendency to cut down the growth of 
oncocytes, treatment units like Cobalt-60 units 
and linear accelerators have been designed to 
target radiation beams on the region of interest 
[1]. Besides radiation treatment, surgery and 
chemotherapy are also preferred for treating 
tumors and it seems that the rates of tumor cure 

increases directly with increasing treatment 
options [2]. The field of radiation treatment 
progresses from the radiotherapy plans relied 
on orthogonal radiographs in which structures 
of interest were highlighted by large margins to 
more advanced imaging methods and planning 
softwares that provided the likelihood of more 
conformed radiotherapy and then further moved 
to Intensity Modulated Radiation Therapy 
(IMRT) [3].

 Radiation treatment can either be external 
beam or internal beam therapy (brachytherapy). 
Treatment units like Cobalt-60 and LINACs are 
constructed to perform external beam therapy.  
In spite of the reduced maintenance and cost 
effectiveness of cobalt units, LINACs are the 
preferred the options for radiotherapy due to 
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their incomparable versatility and working in 
dual beam modalities (electron beam or photon 
beam). Megavoltage photon beams from LINACs 
own the skin-sparing effect by sending radiation 
beams deeper in the body to treat deep residing 
tumors [4, 5]. 

 Prior to make clinical use of treatment units, 
they have to undergo testing and commissioning 
by concerned persons. Owing to the perils 
caused by the radiations, commissioning must 
be performed steadily and with extreme level 
of precautions. This includes the generation 
of dose data by measuring percent depth doses 
in water phantoms which are selected by the 
dosimetry protocols as a reference material [6]. 
The processing and checking of beam data is 
as important as its generation before sending to 
the planning software which is responsible for 
calculating patient doses.  Accurate beam data  
is very indispensible to form a model of dose 
calculation [7]. When standards for the generation 
of radiotherapy plans and its delivery are satisfied, 
treatment units can then be sent for treating  
actual patients [8]. This steady and methodical 
process normally requires a period of 6-7  
months. In order to make the treatment plan more 
efficient, we have used Lagrange’s Interpolation 
Method [9] to calculate percentage depth doses 
at various depths in a limited time span of 3-4 
weeks.         

2. METHODS FOR ABSORBED DOSE  
 CALCULATION

Determination of dosimetric data is one of the 
most significant steps which must be taken during 
commissioning of the newly installed treatment 
units. This dose data is produced by calculating 
percentage depth dose (PDD) at increasing 
depths and for a number of field sizes in dummy 
patients, which may require a long time period. 
In order to shorten the time of commissioning, 
method of Lagrange’s Interpolation has been 
used in this exploration for the calculation of 
percentage depth doses at various depths and its 
required expression is given below.

 In this practice, percentage depth dose can 
be calculated for discrete depths and field sizes, 
with some reasonable step size, the rest of data 
can be interpolated to make that date continuous. 
Different interpolation techniques are available, but 
Lagrange’s interpolation method [9] was opted in 
this attempt, for having a better accuracy, and its 
algorithm is convenient to be transformed in any 
object oriented programming language like JAVA, 
C++ or other. The dose in water or other patient 
equivalent phantoms are measured only for few 
discrete depths and field sizes, and the remaining 
data can be calculated using this method. Pn(x) will 
generate the required point dose, for the particular 
depth x, where x0, x1, ., xn are the known discrete 
depths and y0, y1, … , yn are the known dose 
values.

3. RESULTS

The results are obtained by calculating percentage 
depth doses (PDDs), comparing the calculated data 
with standard data [10] and differences in percentage 
are then observed. The PDD data is calculated for 
both 6MV & 15MV X-rays. The measured dose 
data is chosen at some suitable separation to work 
as the points of interpolation while the remaining 
data is calculated through the help of Lagrange’s 
interpolation method to form a continuous dose 
data.

 The results for 6MV X-rays at an SSD of 100 
cm are presented in Table 1. Measured dose data 
is selected at depths with 5 cm separation and the 
other data is calculated through lagrangian method 
of interpolation for various field sizes to ensure the 
continuity of dose data. The depth varies from 1.5 
cm to 25 cm with the step size of 1 cm. the maximum 
difference went to 1.05%. The differences observed 
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are very close to the accuracy and do not cross the 
accuracy limit which is considered to be reasonable 
if less than 2%. Some of the differences are so less 
that they can be regarded as touching the accurate 
value. Even no difference is seen at 17cm depth for 
40 x40-cm field size.  

Table 1. Percentage difference between measured 
& calculated PDDs (6 MV).    

Square 
Field Side 

(cm) 
4 7 10 20 30 40

Depth (cm)

1.5 0 0 0 0 0 0

2 0.51 0.48 0.48 0.22 0.23 0.19

3 0.61 0.53 0.4 0.32 0.13 0.12

4 0.44 0.42 0.13 0.02 0.03 0.03

5 0 0 0 0 0 0

6 0.11 0.16 0.08 0.11 0.05 0.07

7 0.11 0.14 0.09 0.01 0.01 0.11

8 0.15 0.12 0.07 0.1 0.03 0.09

9 0.06 0.16 0.07 0.05 0.12 0.11

10 0 0 0 0 0 0

11 0.02 0.05 0.02 0.03 0.01 0.03

12 0.04 0.09 0.02 0.05 0.15 0.06

13 0.04 0.14 1.05 0.18 0.13 0.09

14 0.08 0.06 0.07 0.05 0.1 0.03

15 0 0 0 0 0 0

16 0.27 0.17 0.18 0.15 0.07 0.11

17 0.46 0.02 0.24 0.12 0.04 0

18 0.49 0.12 0.32 0.08 0.01 0.06

19 0.24 0.08 0.14 0.07 0.02 0.06

20 0 0 0 0 0 0

21 0.28 0.34 0.19 0.1 0.07 0.09

22 0.56 0.36 0.34 0.2 0.17 0.21

23 0.66 0.54 0.42 0.03 0.28 0.27

24 0.81 0.51 0.57 0.06 0.35 0.26

25 0 0 0 0 0 0

        

 The measured and interpolated results for 15 
MV X-rays are presented in Table 2 which were 
obtained under the similar conditions as for 6 MV 
X-rays. The depth of maximum dose (dmax ) lies 
deeper (2.9 cm) for 15 MV beam as compared to 
that for 6 MV. All of the differences are much less 
than 2%. The maximum difference emerges so far 
is of 1.44% while some differences are so less like 
0.06% that they closely approach to the accurate 
value.

Table 2. Percentage difference between measured 
& calculated PDDs (15 MV) .   

Square 
Field Side 

(cm) 
4 7 10 20 30 40

Depth (cm)
2.9 0 0 0 0 0 0
3 0.29 0.33 0.52 1.23 1.44 1.32
4 0.22 0.19 0.36 0.33 0.57 0.5
5 0 0 0 0 0 0
6 0.46 0.27 0.38 0.26 0.25 0.39
7 0.48 0.44 0.38 0.43 0.43 0.39
8 0.49 0.49 0.37 0.4 0.44 0.32
9 0.29 0.3 0.24 0.16 0.23 0.17
10 0 0 0 0 0 0
11 0.31 0.1 0.19 0.13 0.09 0.15
12 0.45 0.2 0.27 0.2 0.15 0.1
13 0.38 0.16 0.24 0.19 0.27 0.14
14 0.43 0.14 0.23 0.27 0.22 0.07
15 0 0 0 0 0 0
16 0.21 0.19 0.12 0.13 0.23 0.29
17 0.48 0.2 0.21 0.24 0.25 0.33
18 0.23 0.13 0.2 0.28 0.17 0.26
19 0.1 0.06 0.08 0.2 0.16 0.21
20 0 0 0 0 0 0
21 0.25 0.47 0.21 0.14 0.1 0.17
22 0.75 0.99 0.68 0.57 0.49 0.63
23 1.43 1.37 1.08 0.77 0.68 0.65
24 1.36 1.28 1.08 0.75 0.67 0.83
25 0 0 0 0 0 0

 On attainment of very useful results, an attempt 
to further increase the efficiency was made, but 
increasing the distance gap for interpolation. 
All the exploration has been repeated for 8 cm 
distance separation (which was 5 cm previously). 
The difference remained within acceptable range, 
and it can offer to use a larger gap, at achieve more 
efficiency.

 Fig. 1 shows the percentage differences 
graphically for 6 MV X-rays at various depths and 
field sizes. All the conditions for calculating doses 
are kept similar except the separation between 
the depths, at which measured data is selected, is 
extended to 8 cm with the intent to further enhance 
the efficiency of treatment plans. The larger peak 
is close to close 1.2% just beyond the depth of 
maximum dose. Fig. 2 is the graphical representation 
of the results for 15 MV X-rays for 10 x10-cm field 
size following same conditions at increasing depth 
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Fig. 1. Percentage difference between measured and interpolated Dose for 
10 x 10 –cm field size, 6 MV X-ray.

Fig. 2. Percentage difference between measured and interpolated Dose for 
10 x 10 –cm field size, 15 MV X-ray.
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from dmax to the depth of 25 cm. Larger peak is 
found a bit away from 1.4% but firmly fulfilling the 
needs of accuracy. 

4. DISCUSSION 

Percentage depth dose is a function to establish 
the variation of central axis depth dose which is a 
crucial step in the system of dosimetric calculations 
[13]. This step generates a depth dose data produced 
to foresee the distribution of doses in real cancer 
patients [14]. For this purpose, mathematical tools 
like Lagrange’s interpolation method were employed 
to calculate PDDs with the desired accuracy and 
efficiency in making radiotherapy plan.

 From the results obtained for both 6MV and 
15MV X-rays, it is visualized that the dmax of 6MV 
energies was not as deep as that of 15MV. This is 
due to the reason that 15MV energy beam is more 
energetic than the beam of 6MV energy and hence 
deposits a maximum dose at larger depths. It is 
clear from the results that the calculated PDD do 
not differ largely from the standard PDD data for 
both energy beams at depths with 5 cm separation. 
This separation has provided a reliable dose data 
indeed. For the sake of enhancement of efficiency of 
radiotherapy plans while paying full concentration 
to the accuracy of dose data, it is seen in graphically 
shown data that the extended depth of 8 cm has also 
become successful in providing a reliable dose data. 
Although the differences observed for extended 
separation are slightly greater than that for reduced 
separation yet they strongly fulfills the demands 
of accuracy and considered as an almost accurate 
depth dose data.                                                                

5. CONCLUSIONS

These investigations focused on increasing efficiency 
of radiotherapy treatment practices. The suggested 
numerical approach can reasonably benefit the 
radiation dosimetrists / medical physicists, not only 
in a quick commissioning process but also within the 
accuracy tolerance. It is recommended to measure 
dosimetric parameters like percentage depth dose, 
Tissue Air Ratio, Tissue Maximum Ratio etc. on 
different steps of depth and field size to obtain a 
discrete set of data. The Lagrange’s interpolation 

method can be used to fill the data set to make it 
continuous. The interpolated results precisely agree 
with the measured data, and can be used as the input 
data for treatment planning. This exploration should 
be extended for the interpolation of other dosimetric 
quantities as well so that the commissioning time 
can be further decreased and the reliability of the 
measured data is assured.
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