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			Abstract

			The radiation therapy field is advancing continuously to achieve higher degrees of accuracy and efficiency. The purpose of this work is to enhance the efficiency of radiotherapy machine commissioning by applying computational tools to interpolate dosimetric quantities Tissue Air Ratio (TAR) and Tissue Maximum Ratio (TMR). Newton Divided Difference interpolation method was used to interpolate data between tabulated values. In order to shorten the commissioning time, technique of interpolation was used; in which calculation of dosimetric quantities were made for certain depths and field sizes with reasonable step size and remaining values at different depths and field sizes were obtained by interpolation. It was found that interpolated results considerably agree with the measured data and so this method could be used efficiently for interpolation of above mentioned dosimetric quantities. The data obtained by this technique is highly reliable and can fill the discrete set of tabulated data to make it continuous. The results obtained in this technique were in agreement with measured data and hence could be used as input data in radiotherapy treatment planning process. The interpolated results were well within accuracy limits and this method can significantly improve the efficiency of machine commissioning and resultantly improve treatment planning process.
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			Introduction

			In radiation therapy, it is essential to calculate the dosimetric quantities such as Percentage Depth Dose (PDD), Tissue Air Ratio (TAR), and Tissue Maximum Ratio (TMR). The basic depth dose data was determined by dosimetric measurements taken in dummy patients (phantoms), which have density nearly equal to human body tissues, with ionization chamber placed in them [1]. A system for absorbed dose calculations has been developed to foresee the depth dose distribution in patients going to be treated. The radiation dose deposited by ionizing radiations within the patient or medium varies with the varying depth. This variation is due to different parameters like depth, beam energy, field size, Source to Surface Distance (SSD). While calculating absorbed doses, greater considerations must be given to these parameters as they cause changes to depth dose distributions [2]. Plenty of radiotherapy units, such as linac and cobalt-60 units, accomplish the treatment of cancerous parts. To treat cancerous tissues, cobalt 60 gamma ray beam is used for more than fifty years in radiotherapy [3]. 

			Nowadays these units are used in conjunction with computer-controlled devices [4]. Determination of dosimetric characteristics of all radiation beams is important so that most appropriate 
set of treatment planning parameters is chosen. Dosimetry is vital 

element of treatment using radiation as all the treatment planning is based on data obtained during dosimetry [5]. To ensure that malignant part get the prescribed dose, it is essential to perform dose calculation by managing radiation beams which are characterized by various parameters in the treatment machine. This process of delivering radiations is called treatment planning. In advanced radiation techniques, treatment planning is generally performed with computing software’s. These software’s are used for identifying and locating anatomy of patients and the machine parameters to simulate the actual treatment [6]. We intended to increase the efficiency of the radiation therapy by applying mathematical and computational tools not only to verify the measured dosimetric data but also to aid in rapid machine commissioning.

			Material and Method

			In the process of treatment planning many methods have been adopted to calculate variation of dose in the patients. Percentage Depth Dose (PDD) and Tissue Phantom Ratio (TPR) are among the two methods used for photon beams. First method devised for the calculation of dose was PDD but it has restriction that it depends on Source to Surface Distance (SSD) and this limitation was overcome by introducing a simpler quantity TPR [7]. Although dependence of PDD on Source to Surface Distance can be overcome by the use of quantity Tissue Air Ratio (TAR) but its usefulness is only for beams having low X-ray energies i.e. in gamma beam radiotherapy, so this quantity was in use when high-energy beams were not common. 

			The quantity TAR can be defined as the quotient of absorbed dose with a certain depth in phantom to the absorbed dose at the same depth in free space [8].

			[image: ] ……………….. (1)

			Where [image: ] is the absorbed dose at certain point d in phantom and [image: ] is the absorbed dose in free space at the same point. The limitation of TAR for megavoltage units is because of the fact that at high beam energies it becomes cumbersome to make measurements in air [9]. With high energy beams it become difficult to make measurements in air so we can say that Tissue Phantom Ratio TPR and Tissue Maximum Ratio TMR are the alteration of Tissue Air Ratio, which makes them acceptable to be used for high energies. Tissue Phantom Ratio is defined as the quotient of absorbed dose at a given depth d to the absorbed dose at fixed reference depth in water phantoms [10,11]. 

			[image: ] ………………..(2)

			Where t0 is taken to be the reference depth. Although TPR can be normalized to any reference depth but for most clinical purposes, 5cm is taken to be the reference depth. TMR is the special case of TPR in which reference depth is taken to be the depth of maximum dose [image: ] [12]. 
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			Because of insensitivity of TMR on SSD, it has been found useful for isocentric treatments whereas for any variation in SSD inverse square correction must be applied for dose calculation by PDD [13]. TAR and TMR should be measured with great care as they vary with varying field sizes and increasing depths. This entire commissioning process must be performed methodically and steadily which may require several months. Dosimetric data is obtained for certain depths and field sizes in phantom. However, it is time consuming to generate dosimetric values for all depths and field sizes. As it is desirable to save time and improve the efficiency of radiotherapy process, so values of TAR and TMR are calculated for some field sizes and depths with discrete step size and the rest of data is obtained by interpolation. This work aimed at enhancing the efficiency of treatment plan and for this purpose Newton Divided Difference Interpolation method had been used to calculate absorbed doses at various depths first by keeping field size constant and then at various field sizes by keeping depth constant. Newton divided difference method is the polynomial interpolation technique used for obtaining intermediate values and is based on difference tables [14,15]. This method was preferable because it finds no difficulty in calculating interpolated values for those data points that neither are in definite sequence nor are equally spaced. Important characteristics of this method are as follows.

			
					In interpolation, the values of x may or may not be equally spaced.

					The x values used in interpolation can be randomly selected i.e. increasing suffix of x does not mean that values of x are also increasing.

			

			For pictorial understanding of this method, table for five data points is shown in Table 1. This work aimed at calculating, interpolating, and analyzing Tissue Air Ratio for Cobalt-60 Gamma ray beams and Tissue Maximum Ratio for 4 MV and 6 MV photon beams at different depths and field sizes. 

			Table 1: Difference Table for five data points.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Sr. no.

						
							
							x

						
							
							f

						
							
							Zeroth difference

						
							
							First difference

						
							
							Second Difference

						
							
							Third Difference

						
							
							Fourth Difference

						
					

					
							
							0

						
							
							x0

						
							
							y0

						
							
							f[x0]

						
							
							f[x1,x0]

						
							
							
							
					

					
							
							1

						
							
							x1

						
							
							y1

						
							
							f[x1]

						
							
							f[x2,x1]

						
							
							f[x3,x2,x1]

						
							
							f[x3,x2,x1,x0]

						
							
					

					
							
							2

						
							
							x2

						
							
							y2

						
							
							f[x2]

						
							
							f[x3,x2]

						
							
							f[x3,x2,x1]

						
							
							f[x4,x3,x2,x1]

						
							
							f[x4,x3,….,x0]

						
					

					
							
							3

						
							
							x3

						
							
							y3

						
							
							f[x3]

						
							
							f[x4,x3]

						
							
							f[x4,x3,x2]

						
							
							
					

					
							
							4

						
							
							x4

						
							
							y4

						
							
							f[x4]

						
							
							
							
							
					

				
			

			Results and Discussion

			One of the most important factors in the process of treatment using radiation beams was to determine dose characteristics such as TAR and TMR. Interest was to determine these characteristics mainly because aim of this work was to use this data in treatment planning process and also to study physics behind radiation beams. The main objective of this work was to evaluate, measure and calculate dosimetric characteristics using Newton Divided Difference interpolation technique.

			Calculation of TAR and TMR at Constant Field Size and Varying Depths

			The data presented in this work was of Tissue Air Ratio for Cobalt-60 Gamma ray beams. Tables 2 & 3 represented values of TAR and TMR at constant field size and varying depth respectively. Tables were drawn with depths varying from 1 cm to 26 cm. Step size was taken from 1 cm to 20 cm depths and after that only even numbered depths are taken i.e. 22 cm, 24 cm and 26 cm. The depth of 1 cm had been assigned depth of maximum dose i.e. dm [16]. With increasing depth, values of TAR decreased as was clearly depicted in Table 2. For the purpose of interpolation, separation was chosen to be 5 cm. In Table 2, depths were varied keeping field sizes constant. Field sizes were selected from 4 x 4-cm2 to 75 x 75-cm2, and field size represented in Table 2 was 7 x 7-cm2. 

			In Table 2, Tissue Air Ratio was interpolated at certain depth. The calculated TAR data showed the same trend as the measured data. Similar results were observed for TMR, as represented in Tables 3 & 4, proving that it is possible to interpolate any value between given measured values. Minor variation was observed in measured and interpolated values of TAR and TMR. Percentage difference between interpolated and measured values of two basic dosimetric quantities were calculated. Interpolation was done using Newton Divided Difference Method and measured values were taken from British Journal of Radiology (BJR) supplement 25, and calculated results was found to be within limits of accuracy i.e. percentage difference was less than 2%. So interpolated TAR values were consistent when compared with standard data. It was to be noted that there was no general rule in the variation of percentage difference of calculated Tissue Air Ratio. They varied randomly at different depths but remain within the boundaries of accuracy. The results between percentage difference and depth for TAR values were also presented graphically in Figure 1. The figure was plotted between depth on x-axis and percentage difference on y-axis. 

			Table 2: Calculation of TAR for Field Size 7 x 7-cm2 for Co-60 Gamma Ray Beams.

			
				
					
					
					
					
				
				
					
							
							Depth(cm)

						
							
							Measured TAR

						
							
							Interpolated TAR

						
							
							Percentage Difference

						
					

					
							
							1

						
							
							1.034

						
							
							1.034

						
							
							0

						
					

					
							
							2

						
							
							1.006

						
							
							1.004

						
							
							0.2

						
					

					
							
							3

						
							
							0.97

						
							
							0.97

						
							
							0

						
					

					
							
							4

						
							
							0.931

						
							
							0.932

						
							
							0.11

						
					

					
							
							5

						
							
							0.892

						
							
							0.892

						
							
							0

						
					

					
							
							6

						
							
							0.85

						
							
							0.851

						
							
							0.12

						
					

					
							
							7

						
							
							0.809

						
							
							0.809

						
							
							0

						
					

					
							
							8

						
							
							0.768

						
							
							0.768

						
							
							0

						
					

					
							
							9

						
							
							0.728

						
							
							0.727

						
							
							0.14

						
					

					
							
							10

						
							
							0.688

						
							
							0.688

						
							
							0

						
					

					
							
							11

						
							
							0.651

						
							
							0.65

						
							
							0.15

						
					

					
							
							12

						
							
							0.614

						
							
							0.614

						
							
							0

						
					

					
							
							13

						
							
							0.579

						
							
							0.58

						
							
							0.17

						
					

					
							
							14

						
							
							0.549

						
							
							0.547

						
							
							0.37

						
					

					
							
							15

						
							
							0.516

						
							
							0.516

						
							
							0

						
					

					
							
							16

						
							
							0.486

						
							
							0.487

						
							
							0.21

						
					

					
							
							17

						
							
							0.458

						
							
							0.458

						
							
							0

						
					

					
							
							18

						
							
							0.433

						
							
							0.432

						
							
							0.23

						
					

					
							
							19

						
							
							0.406

						
							
							0.406

						
							
							0

						
					

					
							
							20

						
							
							0.382

						
							
							0.382

						
							
							0

						
					

					
							
							22

						
							
							0.339

						
							
							0.337

						
							
							0.59

						
					

					
							
							24

						
							
							0.3

						
							
							0.297

						
							
							1.01

						
					

					
							
							26

						
							
							0.266

						
							
							0.266

						
							
							0
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			Table 3: Calculation of TMR for field size 4 x 4-cm2 for 4 MV X-ray beams.

			
				
					
					
					
					
				
				
					
							
							Depth(cm)

						
							
							Measured TMR

						
							
							Interpolated TMR

						
							
							Percentage difference

						
					

					
							
							1

						
							
							1

						
							
							1

						
							
							0

						
					

					
							
							2

						
							
							0.98

						
							
							0.975

						
							
							0.51

						
					

					
							
							3

						
							
							0.946

						
							
							0.943

						
							
							0.32

						
					

					
							
							4

						
							
							0.907

						
							
							0.907

						
							
							0

						
					

					
							
							5

						
							
							0.868

						
							
							0.868

						
							
							0

						
					

					
							
							6

						
							
							0.825

						
							
							0.828

						
							
							0.36

						
					

					
							
							7

						
							
							0.786

						
							
							0.788

						
							
							0.25

						
					

					
							
							8

						
							
							0.748

						
							
							0.748

						
							
							0

						
					

					
							
							9

						
							
							0.709

						
							
							0.71

						
							
							0.14

						
					

					
							
							10

						
							
							0.673

						
							
							0.673

						
							
							0

						
					

					
							
							11

						
							
							0.639

						
							
							0.638

						
							
							0.16

						
					

					
							
							12

						
							
							0.607

						
							
							0.605

						
							
							0.33

						
					

					
							
							13

						
							
							0.576

						
							
							0.575

						
							
							0.17

						
					

					
							
							14

						
							
							0.547

						
							
							0.546

						
							
							0.18

						
					

					
							
							15

						
							
							0.518

						
							
							0.518

						
							
							0

						
					

					
							
							16

						
							
							0.492

						
							
							0.492

						
							
							0

						
					

					
							
							17

						
							
							0.464

						
							
							0.467

						
							
							0.64

						
					

					
							
							18

						
							
							0.441

						
							
							0.443

						
							
							0.45

						
					

					
							
							19

						
							
							0.418

						
							
							0.42

						
							
							0.48

						
					

					
							
							20

						
							
							0.397

						
							
							0.397

						
							
							0

						
					

					
							
							21

						
							
							0.376

						
							
							0.375

						
							
							0.27

						
					

					
							
							22

						
							
							0.356

						
							
							0.355

						
							
							0.28

						
					

					
							
							23

						
							
							0.339

						
							
							0.335

						
							
							1.19

						
					

					
							
							24

						
							
							0.32

						
							
							0.318

						
							
							0.63

						
					

					
							
							25

						
							
							0.304

						
							
							0.304

						
							
							0

						
					

				
			

			Table 4: Calculation of TMR for Field Size 12 x 12-cm2 for 6 MV X-ray beams.

			
				
					
					
					
					
				
				
					
							
							Depth(cm)

						
							
							Measured TMR

						
							
							Interpolated TMR

						
							
							Percentage difference

						
					

					
							
							1.5

						
							
							1

						
							
							1

						
							
							0

						
					

					
							
							2

						
							
							0.998

						
							
							0.993

						
							
							0.5

						
					

					
							
							3

						
							
							0.98

						
							
							0.976

						
							
							0.41

						
					

					
							
							4

						
							
							0.956

						
							
							0.955

						
							
							0.1

						
					

					
							
							5

						
							
							0.931

						
							
							0.931

						
							
							0

						
					

					
							
							6

						
							
							0.905

						
							
							0.905

						
							
							0

						
					

					
							
							7

						
							
							0.877

						
							
							0.879

						
							
							0.23

						
					

					
							
							8

						
							
							0.851

						
							
							0.851

						
							
							0

						
					

					
							
							9

						
							
							0.823

						
							
							0.824

						
							
							0.12

						
					

					
							
							10

						
							
							0.796

						
							
							0.796

						
							
							0

						
					

					
							
							11

						
							
							0.768

						
							
							0.769

						
							
							0.13

						
					

					
							
							12

						
							
							0.741

						
							
							0.742

						
							
							0.13

						
					

					
							
							13

						
							
							0.715

						
							
							0.715

						
							
							0

						
					

					
							
							14

						
							
							0.689

						
							
							0.689

						
							
							0

						
					

					
							
							15

						
							
							0.664

						
							
							0.664

						
							
							0

						
					

					
							
							16

						
							
							0.638

						
							
							0.639

						
							
							0.16

						
					

					
							
							17

						
							
							0.614

						
							
							0.615

						
							
							0.16

						
					

					
							
							18

						
							
							0.59

						
							
							0.592

						
							
							0.34

						
					

					
							
							19

						
							
							0.568

						
							
							0.568

						
							
							0

						
					

					
							
							20

						
							
							0.546

						
							
							0.546

						
							
							0

						
					

					
							
							21

						
							
							0.525

						
							
							0.524

						
							
							0.19

						
					

					
							
							22

						
							
							0.504

						
							
							0.503

						
							
							0.2

						
					

					
							
							23

						
							
							0.484

						
							
							0.483

						
							
							0.21

						
					

					
							
							24

						
							
							0.466

						
							
							0.464

						
							
							0.43

						
					

					
							
							25

						
							
							0.447

						
							
							0.447

						
							
							0
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			For carrying out interpolation of TMR values, 4 MV & 6 MV photon beams were used. In Table 4, TMR values were calculated for field size of 12 x 12-cm2 while varying the depth from 1 cm to 25 cm. Calculations were carried out at depths with 5 cm separation and divided difference method was used to calculate TMR in between these depths. The field sizes were set from 4 x 4-cm2 to 40 x 40-cm2. It was further observed that for 4 MV X-ray beams, the calculated results were in close agreement with the measured data. Considering Table 3, by keeping the separation to be 5 cm, the interpolation of TMR data was performed for 6 MV X-ray beams. The calculated data was then compared with measured data and percentage difference between interpolated and measured data was found. Percentage differences of interpolated TMR from measured TMR were almost 2% or even less, which is the limit of accuracy requirement. The results between percentage difference and depth for TMR values were also presented graphically in Figure 2. These results can further be extended by applying interpolation method for varying field sizes and constant depths to prove the robustness of this technique.

			Calculation of TAR and TMR at Constant Depth and Varying Field Size

			Table 5: Calculation of TAR for Co-60 Gamma Rays at Depths of 10 cm.

			
				
					
					
					
					
				
				
					
							
							Sq field size(cm2)

						
							
							Measured TAR

						
							
							Interpolated TAR

						
							
							Percentage Difference

						
					

					
							
							4

						
							
							0.631

						
							
							0.631

						
							
							0

						
					

					
							
							5

						
							
							0.654

						
							
							0.652

						
							
							0.31

						
					

					
							
							6

						
							
							0.671

						
							
							0.671

						
							
							0

						
					

					
							
							7

						
							
							0.688

						
							
							0.688

						
							
							0

						
					

					
							
							8

						
							
							0.704

						
							
							0.704

						
							
							0

						
					

					
							
							9

						
							
							0.719

						
							
							0.718

						
							
							0.14

						
					

					
							
							10

						
							
							0.731

						
							
							0.731

						
							
							0

						
					

					
							
							12

						
							
							0.751

						
							
							0.752

						
							
							0.13

						
					

					
							
							15

						
							
							0.779

						
							
							0.779

						
							
							0

						
					

					
							
							20

						
							
							0.809

						
							
							0.805

						
							
							0.5

						
					

					
							
							25

						
							
							0.831

						
							
							0.819

						
							
							1.47

						
					

					
							
							30

						
							
							0.845

						
							
							0.833

						
							
							1.44

						
					

					
							
							35

						
							
							0.856

						
							
							0.856

						
							
							0

						
					

				
			

			Table 6: Calculation of TMR for 6 MV X-ray Beams at Depth of 5 cm.

			
				
					
					
					
					
				
				
					
							
							Sq field size(cm2)

						
							
							Measured TMR

						
							
							Interpolated TMR

						
							
							Percentage Difference

						
					

					
							
							4

						
							
							0.904

						
							
							0.904

						
							
							0

						
					

					
							
							5

						
							
							0.91

						
							
							0.91

						
							
							0

						
					

					
							
							6

						
							
							0.915

						
							
							0.914

						
							
							0.11

						
					

					
							
							7

						
							
							0.919

						
							
							0.919

						
							
							0

						
					

					
							
							8

						
							
							0.922

						
							
							0.922

						
							
							0

						
					

					
							
							9

						
							
							0.926

						
							
							0.925

						
							
							0.11

						
					

					
							
							10

						
							
							0.928

						
							
							0.927

						
							
							0.11

						
					

					
							
							12

						
							
							0.931

						
							
							0.931

						
							
							0

						
					

					
							
							15

						
							
							0.935

						
							
							0.935

						
							
							0

						
					

					
							
							20

						
							
							0.939

						
							
							0.942

						
							
							0.32

						
					

					
							
							25

						
							
							0.942

						
							
							0.958

						
							
							1.67

						
					

					
							
							30

						
							
							0.945

						
							
							0.992

						
							
							4.74

						
					

					
							
							35

						
							
							0.948

						
							
							0.948

						
							
							0
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			For TAR, depths were kept constant at 5 cm and 10 cm while field sizes varied from 4 x 4-cm2 to 35 x 35-cm2. Interpolation points were kept at field sizes 4 x 4-cm2, 8 x 8-cm2, 15 x 15-cm2 and 35 x 35-cm2. The maximum percentage difference in Table 5 was 1.47% at the field size of 25 x 25-cm2. There was no percentage difference at the field sizes 6 x 6-cm2, 7 x 7-cm2 and 10 x 10-cm2. Results were also graphically plotted in Figure 3 taking field size at x-axis and percentage difference at y-axis. 

			For TMR, the variation for field sizes from 4 x 4-cm2 to 35 x 35-cm2. The points of interpolation were set at field sizes 4 x 4-cm2, 8 x 8-cm2, 15 x 15-cm2, and 35 x 35-cm2. Table 6 represented TMR values for 6 MV X-ray beams at constant depth of 5cm and the interpolated results were observed to be quite satisfactory. Percentage difference was zero for field sizes 5 x 5-cm2, 7 x 7-cm2 and 12 x 12-cm2. The differences were close to zero for field sizes 6 x 6-cm2, 9 x 9-cm2 and 12 x 12-cm2. The maximum percentage difference was noted at the field sizes of 30 x 30-cm2 and it was found to be 4.74%. Results were also graphically plotted in Figure 4 taking field size at x-axis and percentage difference at y-axis. 

			By analyzing the results thoroughly it was established that Newton Divided Difference method could be used as an efficient method for interpolating accurate values both for varying depths and varying field sizes and also data calculated using this method was accurate enough to be used as an input data in the process of radiotherapy, thus increasing the effectiveness of radiotherapy process while reducing time period.

			[image: ]

			Conclusion

			This work mainly focused on finding the ways to improve the treatment planning process. This work suggested an efficient numerical method to calculate dosimetric parameters Tissue Air Ratio TAR and Tissue Maximum Ratio TMR that could be useful for medical physicists in increasing the accuracy of radiotherapy treatment practice. The Divided Difference method was applied in this work to calculate TAR and TMR at different depths and field sizes with the reasonable step size and remaining values were interpolated to obtain continuous data set. The results obtained in this technique were in agreement with measured data and hence could be used as input data in radiotherapy treatment planning process. To facilitate the radiotherapy treatment planning process, further it was recommended to interpolate different dosimetric quantities by using different methods of numerical analysis and to compare those results. Additionally, different interpolation techniques could be explored to find the best one, which will be helpful in reducing the error.
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Figure 4: Sq Field Size VS Percentage Difference for Depth 5 cm for 6 MV X-ray Beams.
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Figure 1: Depth vs. percentage difference for field size 7 x 7-cn* for Co-60 Gamma ray beams.
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Figure 3: Sq Field Size vs. Percentage Difference for Depth 10 cm for Co-60 Gamma Ray Beams
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Figure 2: Depth vs. Percentage Difference for Field Size 12 x 12- cm? for 6 MV X-ray Beams.
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