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1 Abstract 
 

In modern radiation therapy the radiation field is delivered in several small segments, formed by a 

multileaf collimator. Along the segments joints so called “cold spots” or “cold stripes” appear in the 

dose across the radiation field. 

It is important that these cold spots are accounted for in the dose planning system, because if a 

tumorous region receives less radiation than intended it will influence the treatment outcome. 

 

The aim of this project was to investigate if the modelling of the multileaf collimators MLCi2 in the 

treatment planning system Oncentra could be improved by tweaking the parameter controlling the 

size of the protrusion of the tongue of the multilieaf collimator MLCi.  

 

The model in the Oncentra dose planning system for the MLCi2 is currently the same model as for 

the MLCi but with parameter set to near zero. This thesis will explore the possibility of setting 

another value for the parameter. 

2 Introduction 

2.1 Physics Background 
 

When radiation is used in the medical field it is known as radiation therapy. Radiation is mostly used 

in cancer treatment as a mean to either kill or control tumorous cells. Other uses of radiation is for 

example before a bone marrow transplantation to knock-out the recipient’s immune system and 

minimize rejection. Radiation is also used in diagnostics. 

The radiation comes in form of photons, electrons or protons. Photons are made by allowing rays of 

electrons to hit a target before reaching the patient. The electrons will interfere with the molecules 

in the target material and photon beams will be created. 

Radiation from protons is more elaborate and expensive. The size of the linear accelerator for 

protons is magnitudes larger than those used for electron- or photon beams. 

The radiation kills the cells either in a direct or indirect way. The absorbed energy can kill a cell 

directly or by forming highly reactive substances called free radicals. The charged particles break 

molecular bonds and when the DNA is not able to repair itself the cell dies 

There are two kinds of radiation:  ionizing- and non-ionizing radiation. The ionizing radiation has 

energy high enough to create ions in the irradiated material. For treatment of tumors only ionizing 

radiation is used. 

Radiation treatment is divided into two categories: External radiation and brachytherapy (internal). 

During external radiotherapy the radiation source is outside the body, during brachytherapy the 

radiation source is placed inside the body into or near the tumor, usually in a cavity.  

 

Ionizing radiation can be divided into direct and indirect radiation. When a photon hits a target, three 

things can happen to the atoms in the target, the photoelectric effect (absorption), Compton 
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scattering or pair production. In photoelectric absorption the incoming photon collides with a bound 

electron of the target. The energy of the photon releases the electron and gives it kinetic energy. The 

amount of kinetic energy is given by the equation: Ek = E -Eb, where E stands for the photon’s entire 

energy and Eb stands for the electron’s binding energy. This means that the entire energy of the 

photon is absorbed by the electron, and the energy that remains after the electron has been released 

is the kinetic energy (Ek). For the photoelectric effect to happen the photon energy must be at least 

equal to the binding energy of the electron.  The released electron leaves a hole in one of the inner 

shells and this hole will be filled by an electron from an outside shell. When this occurs, characteristic 

x-ray radiation is released. A second effect is that this characteristic effect is absorbed by another 

electron which is in turn released; this electron is known as an Auger electron.  

 

During Compton scattering energy from the photon is absorbed simultaneously with the change of 

direction of the photon. The incoming photon collides with a loosely bound electron of the target 

atom. The electron gains kinetic energy and the photon loses energy and changes direction.  

 

During par production the photon interacts with the electrical field near the nucleus of the target 

atom. The photon transforms to an electron and a positron. The resting mass of an electron/positron 

is 0.511 MeV hence the photon must have energy no less than 1.022 MeV for pair production to 

occur. This shows that photon radiation can be transformed into mass. If the Incoming photon 

energy is greater than 1.022 MeV the rest of the energy will be distributed evenly between the 

electron and the positron as kinetic energy. The positron loses its energy through collisions and when 

it slows down it will attract an electron and annihilate. This annihilation radiation is composed of two 

photons emitted in opposite directions each with an energy corresponding to the electron/positron. 

Multi-leaf collimators (MLC) define the shape of the radiation field from the treatment head of the 

linear accelerator in radiation therapy. There are two main kinds of designs for the appearances of 

the leaves regarding minimizing the inter-leaf leakage, with some variations depending on the 

manufacturer. There is the tongue-and groove design, MLCi, and the tilted (unfocused) design, 

MLCi2, figure 1. 

 

2.1.1 Dosimetry 

Dosimetry is the calculation of the absorber dose in matter and tissue from the direct – or indirect 

ionizing radiation. The dose is measured in Gray (Gy) and 1 Gray is equivalent to 1 Joule/kg. The 

absorbed dose is given in Gray but the so-called dose equivalent is given in Sievert (Sv). The bridge 

between Gy and Sv is the weighing factor for the radiation type (Wr) and the organ/tissue weighing 

factor (WT). These two factors compare the relative biological effect of a certain type of radiation and 

the susceptibility of different organs/tissues.  

The possibility to optimize the radiation field has improved a lot over the years. The optimization is 

made by changing various parameters in the linear accelerator such as, field shapes, beam qualities, 

wedges and multileaves design. These parameters influence the dose characteristics, and this makes 

the dosimetry more complicated. Oncentra is the dose planning system that will be evaluated in this 

thesis. 



 
 
 

4 
 

In dosimetry one wants to know how many rays of radiation passes through a given point. But no 

rays can pass a point; they can only pass an area or volume. This problem is tackled by imagining an 

infinitesimal sphere centered at the point of interest. The number of rays observed follows a Poisson 

distribution, for a large number of events this is approximated using a Gaussian (normal) distribution.  

Fluence is the number of rays passing this infinitesimal sphere in a given time,	��,	 divided by its 

infinitesimal area,	�� :  

 
��

��
= ∅ 

 

The flux density or fluence rate is the fluence derived against the time.  The integral of the fluence 

rate gives the fluence. The energy fluence (J/m2) is the summed energy of the rays over an 

infinitesimal area da, also known as planar fluence.  

Kerma is the energy deposited by indirectly ionizing radiation. The energy transferred to the 

infinitesimal sphere is given by the equation; Ɛ=(R)in –(R)out +∑Q , where (R)in is the radiant energy 

entering the sphere, (R)out is the radiant energy leaving the sphere, energy from radiative losses 

(bremstrahlung) of the charged particles while inside the sphere are exclusive. ∑Q is the energy 

derived from the rest mass in the sphere. 

K= 
�Ɛ

��
 where dƐ is the expectation value transferred to the volume of the sphere under some time 

interval dt and mass dm. Kerma is related do energy fluence by the mass energy-transfer coefficient, 

which depends on photon energy and the atomic number of the material.  

Absorbed dose is the energy deposited in the matter by any form of radiation. D= dƐ /dm.  The dose 

is the energy per unit mass at a point which remains in the material and produces effects caused by 

the radiation.   

 

2.1.1.1 Small field dosimetry 

 

The dose is not uniform anywhere in the field and this is a problem for the detectors and hence the 

calculation of dose. The main problem with small fields are that the lateral charged particle 

equilibrium does no longer exist, meaning that the charge particles exiting a field are not 

compensated for by charged particles entering the field from an adjacent side, like it is for large 

fields. Inserting a measuring device in a large field has little effect on the delivered dose, but in a 

small field the effect cannot be neglected because much of the field is now replaced by the detector.  

 

2.2 Clinical background 
 

In IMRT (Intensity modulated radiation therapy), the radiation field is delivered in several small 

segments, formed by the MLC. Along the segments joints so called “cold spots” or “cold stripes” 

appear in the dose across the radiation field for both kind of multileaves design. This phenomenon 
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Ftgwid/Btgwid 

has previous been analyzed for the tongue-and-groove leaves (Yut, X Cedric) 1 and is referred to as 

the tongue and groove effect. The under dosage is about 10%-25% (Salari, Ehsan et al)2. The under 

dosage is due to blocking or scattering of beamlets by the exposed leaf sides. These cold spots vary in 

depth both along each segment and in different depth of the target.  

The article “Dosimetric characteristics of commercial multileaf collimator”3 shows that the interleaf 

transmission is higher for higher energy photon beams compared to photon beams with lower 

energy. This is also shown in the article “The design characteristics of a multileaf collimator4. 

The inverted result can be seen in the book “Intensity modulated radiation therapy: a clinical 

perspective“5 p. 188. The dark lines show the transmission between the leaves. This indicates that 

there is a gap between the leaves. The test is called the “picket fence”. They also describe a test 

made with gantry angle of the linear accelerator set to 90/270 to study the gravitational force on the 

leaves.  

 

Figure 1  

The picture above portrays the two kinds of collimator leaves seen from the front where the 

radiation source is pictured as an oval dot. The MLCi2 is not focused toward the source due to 

minimize radiation leakage between the leaves. 

                                                           
1 Yut, X Cedric. (1998). Design considerations for sides of multileaf collimator leaves. Published by physics in medicine and Biology 1998. 

2 Salari, Ehsan. Men, Chunhua & Romeijn, Edwin H. Accounting for the tongue-and-groove effect of a robust direct aperature optimixation 

approach. Published by Medical Physics March 2011. 

3Huq MS, Yu Y, Chen Z P & Suntharalingam N. Dosimetric characteristics of commercial muktileaf collimator. Published in Med. Phys 1995. 

4 Jordan & Williams. The design characteristics of a multileaf collimator 

5 Arno J. Mundt, John C. Roeske . Intensity modulated radiation therapy:a clinical perspective, 

  volyme 1. Published on google books Mars 2011. 
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It is important that these cold spots/stripes are accounted for in the dose planning system, because if 

a tumorous region receives less radiation than intended it will influence the treatment outcome. 

These cold spots or cold stripes are unaccounted for in the current version of Oncentra for the tilted 

leaves (MLCi2). For Tongue and grove leaves (MLCi) these cold stripes do show in the dose planning. 

 

 

2.3 Scope 

 
This thesis analyzes these cold spots for the MLCi2 (tilted) leaf design in the linear accelerator ELEKTA 

40. The result can only be used to improve the Oncentra dose planning system and is not applicable 

on any other dose planning system. 

 

2.4 Objective 
 

To address this problem, measurements of the cold spots depths (drop) and widths (FWHM) were 

done. I tried to recreate the cold spots created by the MLCi2 using the current model for the tongue- 

and-groove MLC in Oncentra. This was done by changing the parameter controlling the size of the 

protrusion of the tongue (Ftgwid/Btgwid ). The measurements were performed at the Akademiska 

Hospital in Uppsala using a clinical photon beam.  

The model in the Oncentra dose planning system for the MLCi2 is currently the same model as for 

the MLCi but with the front and back width parameter (Ftgwid/Btgwid ) set to near zero. This thesis 

will explore the possibility of setting another value for the parameter. 

 This was only possible for the depth of the cold spot, it is not possible to make the FWHM of the cold 

spot using the MLCi model to correspond to the FWHM of the actual measurements using MLCi2. 

3 Method 

 
The measurements where made both in-air to measure the fluence and in a water phantom to 

measure the actual dose. Both gafchromic film and a diode were used. 

In order to be able to model the MLCi2 using the current Oncentra model for the MLCi, 

measurements were done for different fields using a linear accelerator with MLCi2. The exact same 

fields, distances and energies were simulated in Oncentra but with the use of the model for MLCi. By 

changing the Ftgwid/Btgwid  parameter it was possible to make the calculated line curves (using 

Oncentra) resemble the measured ones. 

Figure 2 shows one line curve with the MLCi (lower) and one with the MLCi2 (upper) for the same 

field calculated by Oncentra. The cold spots can clearly be seen with the MLCi model but are not 
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apparent with the MLCi2 model. As seen the choice to simulate the MLCi2 with the Ftgwid/Btgwid  of 

the MLCi set to near zero is not the ultimate, since it lacks the cold spots. 

 

Figure 2 

 

Figure 3 shows what happens when the  Ftgwid/Btgwid  parameter was decreased from the standard 

0.2 cm for the MLCi down to 0.0001 cm. The reason it was not set to zero was because of not 

knowing how the program would respond to this and therefore avoid an infinite loop or something 

alike.  From the figure it can be seen that the drop of the cold spots decreases when the parameter 

decreases. The curve with the deepest drop is the 0.2 cm and the one with the shallowest 0.001 cm. 

When the parameter is 0.0001 the curve resembles the curve for the current model of the MLCi2. 

 

Figure 3 

 

This test shows that it might be possible to model the MLCi2 by changing the Ftgwid/Btgwid  

parameter of the successfully modeled MLCi. 
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3.1 Mesurements using film 
 

Before the actual in-water measurement was made, a similar measurement was conducted using 

film.  The measurement was an in-air measurement. The result was recorded on gafchromic film 

(EBT2). A 2mm plate made from tungsten was placed upon the film. The film was placed in isocenter, 

which is the point of rotation of the gantry, 100cm from the source. The appearance of the fields is 

illustrated Figure 4 and Figure 5.  

 

                             
 

Figure 4    Figure 5 

    

  

The film used was silver halide. When the photons hitting the film interacts with the electrons of the 

film material, the molecules change indefinitely, these changes can be detected, and a darkening of 

the film can be recorded. From the grade of darkness, the fluence can be measured. 

At low exposure too few grains are developed and the emulsion is underexposed, at high exposure 

too many grains are developed and the emulsion is overexposed. Between these two extremes the 

curve is practically linear, and this is the region of normal operation. There is the possibility to 

enhance the sensitivity of the emulsions. This is done by placing a foil between the radiation and the 

film. The foil is made from a material with a high atomic number (tungsten A=74). The photoelectric 

effect or the Compton effect within the foil then gives secondary electrons that ads to the electrons 

created in the film itself. Three line doses per film where taken, one along the midline and one from 

a 2 cm distance on each side of the midline. To be able to see the cold spot the line dose curves are 

taken in the direction perpendicular to the direction of movements of the multileaves.  

 

The multileaves were set as shown in figure 4 and the film was irradiated, then the leaves were 

changed as seen in figure 5 and the film was irradiated again. Between the leaves the cold spots will 

appear. 

The dose was set to 2 Gy and the energy was 6 MV, 150 MU was used. Three measurements were 

made. One where the gantry angle and the collimator angle were both 0o, one where the gantry 

angle was 270o and the collimator angle was 90o and one where the gantry was 0o and the collimator 

angle was 90o. 
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 Measurement 1 Measurement 2 Measurement 3 

Gantry angle 0o 270o 0o 
Collimator angle 0o 90o 90o 

     

Table 1 

 

The reason why the collimator angle was measured at 90o when the gantry was 270o was because it 

was the impact of the gravitational force on the leaves that was to be measured. 

 

 

 
Figure 6 

 

Figure 6 pictures the leaves seen when looking from the BEV (bean eye view). 

The source is not a perfect circle, but instead has an elliptical form and when the leaves were rotated 

to 90o; this changes the direction of the source. The following figures depict the shape of the source 

as seen from the BEV. 

 

 
   Figure 7 

 

The first figure was for measurement 1 and so on. This is important because it affects the amount of 

blurriness of the beam.  
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3.2 Mesurements using diode 
   

To get a more accurate reading than using film, two measurements using a diode were made. The 

diode was silicon based with effective radii of 0.6 mm. It was manufactured by IBA dosimetry and 

distributed by C-RAD. Both measurements were made in a water phantom to be able to get a dose 

read-out. The water phantom was a 48x48x48 cm3 water tank. It was filled with deionized water. The 

radiation fields depicted in figure 8 and 9 were used for the first measurement. This was done for 

6MV and 10MV. The result of the first measurement was used to improve the second. We learned 

from the first measurement that we needed a larger open area to get a reliable result for the dose 

measurement. 

 

   

Figure 8    Figure 9 

The second measurement used the same fields as for the first, except that the open field has been 

enlarged to 9 cm for one of the fields and 6 for the other. And the collimator angel was set to 900 

(Field1 and Field2 in Figure 10). The purpose of enlarging the open area was to be certain that a 

plateau would be formed. The collimator angel was changed because, between scans, the gantry will 

be rotated 550 and then back to 00 to estimate if a field will look the same after the gantry has been 

moved. The linedoses for the first measurements showed every other pattern. To further investigate 

this matter, a second set of fields were used (Field3 and Field4 in Figure 10). These fields where 

formed using the same leafbank. Notice that the appearances of the sum of Field1 and Field2, and 

Field3 and Field4 are the same. The difference is that Field3 and Field4 are made by the same 

leafbank.  This is to be able to measure the amount of (if any) misalignment. The total irradiated field 

formed by leafs from the same bank should not get any misalignment. Two measures of each field 

were done with the gantry angle 0o, -55o and 55o. That is, every field at each energy was measured six 

times. All fields can be seen I figure 10. 
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Field1    Field2 

 

                           

 

Field3    Field4 

                         

Figure 10 

 

At position x=12; y=0 (the red dot in Figure 10), a measurement of the output value was done both 

by using a diode and an ion-chamber. The ion-chamber was used to be able to convert the diode 

reading to absolute dose. All measurements were done in an RFA-tank. Both the diode and the ion 

chamber were placed in the open area of the four fields, at position x=12 and y=0. This reading 

would then be normalized to a 10x10 cm2 measurement made at the origin using an ion chamber and 

hitting it with an output of 100 MU. When the ion chamber measurement is normalized, this value 

can be used to convert the diode reading into absolute dose. The measurements were made for both 

6MV and 10MV. The line dose was taken in the cross-plane direction i.e.  perpendicular to the leaf’s 

direction of motion. 
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In comparison with the film measurements where the fluence was measured, the so-called picket 

fence field for the dose measurements was constructed by letting three leaves make up one 

blockage. This is because the need to have a plateau at each peak to be able to calculate an absolute 

height. The plateau is due to the equilibrium between incoming and outgoing electrons in a volume, 

∆V. The delta volume must be smaller than the range of the electrons. The diode was mounted onto 

a mechanically moving arm inside of the tank. The arm was able to move in x-, y- and z-direction. We 

were only interested in the y-direction, that is, the direction perpendicular to the direction of 

movement of the MLC leaves. To be able to compare the calculated line dose curves using Oncentra 

with the measured ones using a diode in the RFA-water tank, the over response of the diode had to 

be accounted for. Since silicone diode has a higher density than water, the diode output will show a 

greater response to the radiation than the actual water. This is due to the photoelectric effect being 

dominant for energies below 100 MV. The measured line dose curves were run through a diode 

correction program (diodeCorrection) developed by Robert Vorbau and Arthur Omar. The program 

considers that the diode’s response depends on the energy spectra in each measuring point.  

The measurements had to be normalized, before running it through the diodeCorrection program. 

This was done by doing a reference measurement at the midpoint of the open area of each field (see 

the red mark in all fields in Figure 10) and one at the origin of a 10x10 cm2. The same reference 

measurements were done with an ion chamber. To minimize the noise, a second-degree polynomial 

was fitted to the curve in the open area of the scan. Each scan was then divided by the value at the 

point x=12 and y=0.  After this, the scans were multiplied with the ratio of the above two reference 

values and then put through the diodeCorrection program. After this the scans were normalized in 

the same way but in reference with the ion chamber. A second-degree polynomial was fitted and the 

scans were divided by the value at x=12 and y=0, and then multiplied with the ration of the ion 

chamber read-out at the same point and at the origin of a 10x10 cm2 field.  All these values can be 

seen in table 11 and 12 in annex A.  

The size of the cold spots was calculated by taking the average of the highest value from the two 

peaks on either side of a valley and subtract with the lowest value given in the valley, independent of 

the position (see Figure 20). 
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4 Results 

4.1 Result from film measurement 
 

I calculated the average value for the three curves in each plot. The depth and the full width half 

maximum (FWHM) were determined for each valley of the average curves. The size of the valleys 

where calculated by taking the difference of the highest and lowest value of each peak.  

Since the values in the graphs are discrete, The FWHM was calculated by taking the values closest to 

the point halfway up the peaks.  

 

Measurement 1: Gantry angle=0o and collimator angle=0o 

 

Figure 11 
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 Depth (drop) FWHM 

1 1024-683.3=340.7 Half maximum (HM)=1024-(340.7/2)=853.65 
Width of valley at approximately half maximum:  
FW[852.7-854.3]=│(-4.24)-(-3.92)│=0.32 cm 

2 1033-660.7=372.3 HM=1033-(372.3/2)=846.85 
FW[854.7-837.3]=│(-3.22)-(-2.9)│=0.32 cm 

3 1007-645.7=361.3 HM=1007-(361.3/2)=826.35 
FW=[814-815.7]=│(-2.18)-(-1.89)│=0.29 cm 

4 1027-633.7=393.3 HM=1027-(393.3/2)=830.35 
FW=[842.7-820.7]=│(-1.19)-(-0.87)│=0.32 cm 

5 1029-659=370 HM=1029-(370/2)=844 
FW=[832.3-840.7]=│(1.87)-(2.19)│=0.32 cm 

6 1014-635.7=378.3 HM=1014-(378.3/2)=824.85 
FW=[815.7-825.7]=│(2.88)-(3.18)│=0.3 cm 

7 1012-672.7=339.3 HM=1012-(339.3/2)=842.35 
FW[830.7-844]=│(3.9)-(4.42)│=0.34 cm 

 

Table 2 

The effect of the gravitational force on the leaves (measurement 2 and 3 together with the 

calculations for their cold spot size and FWHM) can be seen in figure 31 and 32 and table 9 and 10 

respectively in Annex A. 

 

The drop varied quite a lot between valleys, but the FWHM was relatively the same. Measurement 2 

and 3 are more similar compared to measurement 1. Their average drop in the cold spot is not as big 

as for measurement 1 and their average FWHM is larger. This shows that the gravitational force is 

not that pronounced.  

The large peak in the middle is not symmetric about its midpoint. This can be due to the difference in 

edge form of the opening, as seen in Figure 12. 

 
Figure 12 
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The line dose for measurement 1 was compared to a calculated line doses by Oncentra. The same 

fields and beams where used and the Ftgwid/Btgwid  parameter was changed to 0.1 cm, 0.11 cm, 

0.12 cm, 0.13 cm, 0.14 cm and 0.15 cm. From the measured line dose the valleys showed an average 

of 36% drop and the average FWHM was 0.32 cm. See table 3 for comparison. For every change of 

the parameter a line dose for the following field was done: 

 

 
Figure 13 

 

The reason for this was to see if the change in the parameter would change the penumbra. See figure 

33 Annex A.  It is clearly seen that this does not happen. This was also done for a 2x2 cm2 field, to 

analyze the impact of the parameter change on a small field. See figure 34 in Annex A. The size of the 

penumbra decreases when the parameter value is increased. This is because the lower part of the 

tongue and groove increases and cover more of the field. See figure 12. 

 

 

Ftgwid/Btgwid  
(source size x=0.288; y=0.17) 

Cold spot drop FWHM 

0.1 27% 0.35 
0.11 28% 0.36 
0.12 29% 0.38 
0.13 40% 0.31 
0.14 41% 0.36 
0.15 41% 0.34 
Measurement 1 36% 0.32 

 

Table 3 

 

 

 

To get the same cold spot size using Oncentra as for the measurement the parameter must be set to 

somewhere between 0.12 cm and 0.13 cm. It is clearly seen that there is a massive jump between 

these values. The size of the cold spot goes from 29% to 40%, this jump can also be seen in the 

FWHM. This jump is most likely originated from the code and not a physical phenomenon. 
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4.2 Result from diode measurement 
 

Two diode measurements where done. This following is the result of the first one. The diode began 

its read-out position -180mm and stopped at position 180mm, where the origin (0) was at the center 

of the field. Figure 14 and Figure 15 are the plots of the measurements. The y-values are just the 

diode’s response signal, not dose. The plots have been normalized by setting the highest value to 

100%. 

 

 

 
 

Figure 14 

 

 

 

 

Figure 15 
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A periodicity can clearly be seen, where one valley is shallower and one deeper in comparison with 

each other. The order of the shallow and deep valleys is switched between the 6MV and 10 MV. This 

is an indication that the valleys are random and not reproducible. 

This every-other pattern is most like caused by a misalignment in the diode. Because when the same 

measurements were done multiple times this pattern is not seen again. But if one field was displaced 

with as little as 0.1 cm with regard to the other, this every other pattern will be seen after 

summation. Depending on which field is displaced the first valley will be bigger or smaller. 

 

The line doses were plotted from a measurement done in the hospital in Vejle, Denmark, using iview, 

a commercial product in radiotherapy.  Their measurements also showed the every-other pattern. 

But despite this, the pattern is most likely originated from misalignment of the diode and iview.  

 

The measured line doses are pushed approximately 0.25 cm to the right compared with the Oncentra 

line dose. The fact that the measurement was used with an MLCi2 and the Oncentra calculations 

used MLCi must be remembered. The normal setting for the Ftgwid/Btgwid  parameter in Oncentra is 

0.1 cm. In Figure 16 a line does from Oncentra, and two measured line doses can be seen, one after 

the diode correction and one after the diode correction and ion chamber normalization. The line 

doses from Oncentra were calculated using the MLCi with Ftgwid/Btgwid  0.1 cm and the same 

source size as in the actual measures . The measured line doses did not lay perfectly on top of the 

calculated line dose. Before ion chamber normalization, the measured line doses gave higher values 

at every point of the curve. After the ion chamber normalization, the peaks gave lower values than 

the calculated data but the valleys were still showing a higher response. This is due to the sensitivity 

of the diode. The valleys represent the area under the leaves and the radiation hitting the diode is 

primarily scattered radiation. 

 

Figure 16 
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The solid line represents the calculated line dose using Oncentra, the dotted line is the measured 

data normalized to the diode and run through the diode correction program and dashed line is the 

data normalized to the diode run through the diode correction program and then normalized to the 

ion chamber measurements. 

6MV: Field1 

 

figure 17 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

19 
 

6MV: Field2 

 

Figure 18 

 

6MV: Field1+Field2 

 

Figure 19 
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For the graphs of Field3 and Field4 and their summation for 6MV see Figures 35, 36 and 37 in annex 

A. For the graphs of Field1, Field2 and Field4 for 10MV see figures 38, 39 and 41 in annex A. For the 

summation see figure 40 and 42. Since field1 is identically the same as Field3, and the every-other 

pattern was merely due to the diode response, Field3 for 10 MV was never measured and instead 

field1 is used together with Field4. As seen in Figure 19 there are 7 cold spots. Only the first six 

where used in the calculations since it was not possible to calculate the highest value of the seventh 

“peak” and therefore not possible to get a FWHM value of the seventh cold spot.  

To be able to compare the measured value with the calculated ones, both the cold spot drop and 

FWHM were calculated for different settings of the Ftgwid/Btgwid  parameter. For the results see 

Table 13 to 23 in annex A. 

 

4.2.1 Comparison between measured line dose and calculated line dose 

 

4.2.1.1 Unmanipulated data 

To calculate the drop of the cold spot the average value of the highest points on two consecutive 

tops and the lowest value in a cold spot independent of position were calculated. See Figure 20. The 

difference between these values was divided by the average highest value. The valley before the 

open control area was left out from the calculation. The valleys used were the first six seen from the 

left in every measurement, see Figures 17, 18 and 19. The data used was the one that had been 

normalized to the diode and run through the diode correction program and after normalized to the 

ion chamber.  The width of the valleys was calculated by finding the position value half way down the 

valley on both sides. The half way value was simply the difference between the average highest value 

and the lowest value divided by two. I found the position values by drawing two straight lines on 

either side of the valleys. See figure 20. 

 

Figure 20 
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The results of the drop and FWHM of each valley for each summarized measurement are presented 

in Table 4 and 5. 

This reason for the amount of measurements was due to the every-other-pattern seen for the first 

measurement. Comparison of the six graphs shows that they do not differ remarkably from each 

other. Because of this, the line doses hereafter are the average values of the six measurements.  

The line doses hereafter are the average values of the six measurements mentioned in ch. 3.1 

 

source size: x=0.288 cm; y=0.17 cm (6MV); x=0.233cm; y=0.146cm (10 MV) 

Numbering of 
valley seen from 
the left 

Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 15.27% 13.25% 16.38% 14.12% 

2 15.45% 13.35% 14.29% 12.17% 

3 15.5% 13.23% 15.67% 13.3% 

4 14.5% 12.49% 14.01% 11.23% 

5 14.24% 12.64% 15.03% 13.07% 

6 14.9% 12.92% 14.57% 12.29% 

Average valley 
drop 

14.98% 12.98% 14.99% 12.7% 

Table 4 
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 source size: x=0.288 cm; y=0.17 cm; (6MV); x=0.233cm; y=0.146cm (10 MV) 

Numbering of 
valley seen from 
the left 

Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 0.5072 cm 0.5380 cm 0.5199 cm 0.5425 cm 

2 0.5081 cm 0.5383 cm 0.5188 cm 0.5379 cm 

3 0.4723 cm 0.5029 cm 0.4937 cm 0.5021 cm 

4 0.4993 cm 0.5205 cm 0.5007 cm 0.5105 cm 

5 0.5355 cm 0.5486 cm 0.5223 cm 0.5458 cm 

6 0.4997cm 0.5297 cm 0.5039 cm 0.6008 cm 

Average valley 
FWHM 

0.5037 cm 0.5287 cm 0.51 cm 0.54 cm 

 

Table 5 

 

4.2.1.2 Manipulated data 

 

The diode has an over response at low energies. Which could be seen when it passed under a 

collimator leaf. To try and overcome this over-response the curves were lowered mathematically at 

these places to make them coaline with the calculated line doses from Oncentra, where the over-

response had been accounted for. The calculated line dose that were used for the comparison was 

calculated using the current MLCi2 model in Oncentra The measured curves were lowered simply by 

multiplying these areas with a number lower than one. The number was found by dividing the lowest 

value in the calculated curves with the value at the same position in the measured curves for each 

field. An average was then calculated between the different valleys. The number was set to 0.82 for 

Field1+Field2. The same number was used on all the valleys of the same plot. After doing this for 

every field the manipulated curves were added together. See Figure 21. The dashed curve for the 

summarized fields shows the result. The values of the tops have been lowered, which is not 

surprising since the data in the valleys were lowered, but the data at the tops were not increased. 

The difference between the top value for the measured and the calculated line dose is much smaller 

than the same difference at the valleys. So, it´s not possible to increase the top values as much as it is 

necessary to lower the valleys. The cold spots increased. I compared the measured field to the 

oncentra field using the MLCi model and the Ftgwid/Btgwid  =0.1 cm. Notice that the source size is 

not the same for 6MV and 10MV. These numbers were the same used in the Linac machine during 

the measurements. 
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Figure 21 

 

 

source size: x=0.288 cm; y=0.17 cm (6MV); x= 00.233cm; y=0.146cm (10 MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 21.22% 21.98% 22.79% 23.24% 

2 24.98% 26.7% 24.56% 26.38% 

3 24.28% 25.58% 24.95% 26.01% 

4 23.49% 24.98% 23.61% 24.76% 

5 23.6% 25% 24.3% 25.79% 

6 23.39% 25.06% 23.51% 25.06% 

Average cold 
spot drop 

23.95% 25.46% 24.19% 25.9% 

Table 6 

 

 

When the mean drop in the valleys were calculated the first valley was not used. 
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 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 0.4575 cm 0.424 cm 0.4443 cm 0.4243 cm 

2 0.4167 cm 0.3724 cm 0.4060 cm 0.3546 cm 

3 0.4378 cm 0.3838 cm 0.4369 cm 0.3834 cm 

4 0.4281 cm 0.3852 cm 0.419 cm 0.3629 cm 

5 0.4459 cm 0.3966 cm 0.4495 cm 0.3964 cm 

6 0.4327 cm 0.3829 cm 0.4189 cm 0.3735 cm 

Average FWHM 0.4381 cm 0.3842 cm 0.4261 cm 0.3542 cm 

Table 7 

  

In Table 8 the measured average cold spot drop and FWHM can been seen in red and the calculated 

ones in black. 

 

 FWHM Cold spot drop 

Field1+Field2 6MV 0.4381 cm 23.95% 

Oncentra(0.05) -* 8.22% 

Oncentra(0.1) 0.551 cm 12% 

Oncentra(0.15) 0.5744 cm 15.7% 

Oncentra(0.2) 0.4849 cm 23.62% 

Oncentra(0.25) 0.5538 cm 26.63% 

   

Field3+Field4 6MV 0.4261 cm 24.19% 

Oncentra(0.05) -* 8.17% 

Oncentra(0.1) 0.5507 cm 11.47% 

Oncentra(0.15) 0.575 cm 15.73% 

Oncentra(0.2) 0.4838 cm 23.64% 
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Oncentra(0.25) 0.5528 cm 26.66% 

   

Field1+Field2 10MV 0.3842 cm 25.46% 

Oncentra(0.05) - 7.7% 

Oncentra(0.1) 0.5043 cm 12.29% 

Oncentra(0.15) 0.6262 cm 15.2% 

Oncentra(0.2) 0.5218 cm 23.18% 

Oncentra(0.25) 0.6184 cm 25.23% 

Oncentra(0.3) 0.5761 cm 32% 

Oncentra(0.35) 0.6391 cm 33.26% 

   

Field1+Field4 10MV 0.3542 cm 25.9% 

Oncentra(0.05) - 7.68% 

Oncentra(0.1) 0.5049 cm 12.29% 

Oncentra(0.15) 0.6074 cm 15.2% 

Oncentra(0.2) 0.52 cm 23.17% 

Oncentra(0.25) 0.6177 cm 25.27% 

Oncentra(0.3)  31.87% 

Table 8 

 

It is clearly seen that the FWHM of the calculated line doses are larger than the measured ones and 

that the cold spots are shallower.  
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Figure 22 

As seen in Figure 22 above, it is not possible to calculate the FWHM when the parameter is set to 

0.05 cm. This double drop is seen for values less than 0.1 cm. 

 

 

 

With the assumption of straight lines between the points, to get the same drop of the cold spots in 

the measurements (MLCi2, 6MV, Field1+Field2) using the Oncentra MLCi model, the Ftgwid/Btgwid  

parameter must be set to approximately 0.2068 cm. See figure 23. 

 

Figure 23 
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With the same assumption as before the Ftgwid/Btgwid parameter for Field3+Field4 should be set to 

0.2094 cm for the MLCi model to correspond to the MLCi2 measurements as seen in Figure 24. Since 

Field1+Field2 in theory should look the same as Field3+Field4, this small difference is likely due to 

uncertainties in the MLC leaf positioning rather than differences between the two opposing leaf 

banks. 

 

 

Figure 24 
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Figure 25 shows the FWHM of the cold sports for the measurements (MLCi2, 6MV, Field1+Field2) and 

the calculated FWHM.  

 

Figure 25 

Figure 26 shows the FWHM of the cold sports for the measurements (MLCi2, 6MV, Field3+Field4) and 

the calculated FWHM.  

 

 

Figure 26 
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Figure 27 shows the drop of the cold sports for Field 1+Field 2 for the measurements (MLCi2, 10MV) 

and the calculated drop.  

Using the straight line assumption, the Ftgwid/Btgwid  parameter should be 0.2518 cm 

 

Figure 27 

Figure 28 shows the drop of the cold sports for Field 1+Field 4 for the measurements (MLCi2, 10MV) 

and the calculated depth. Using the straight line assumption the Ftgwid/Btgwid parameter should be 

0.2548 cm 

 

 

Figure 28 
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Figure 29 shows the FWHM of the cold sports for Field 1+Field 2 for the measurements (MLCi2, 

10MV) and the calculated FWHM.  

 

 
Figure 29 

Figure 30 shows the FWHM of the cold sports for Field 1+Field 4 for the measurements (MLCi2, 

10MV) and the calculated FWHM.  
 

 

Figure 3 
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5 Summary and discussion 

 
The aim was to investigate if the modelling of the multileaf collimators in the treatment planning 

system Oncentra could be improved by tweaking the parameter that describes the tounge-and-

groove effect. A series of measurements was designed to study the under-dosage, seen as cold 

stripes, caused by this effect 

 

As seen it might be possible to mimic the size of the drops on the MLCi2 measurements by increasing 

the Ftgwid/Btgwid , but not the FWHM.  

 

For Field1 and Field2 (6MV) the Ftgwid/Btgwid parameter should be set to 0.2068 cm. However, this 

will not make the calculated FWHM correspond to the measured one since the straight line in Figure 

25 never crosses any of the calculated FWHM. 

 

For Field3 and Field4 (6MV) the Ftgwid/Btgwid parameter should be set to 0.2094 cm. The same 

problem for the FWHM appears for these fields as well as seen in Figure 26. 

For Field1 and Field2 (10MV) the Ftgwid/Btgwid parameter should be set to 0.2518 cm. The same 

problem for the FWHM appears for these fields as well as seen in Figure 29. 

For Field3 and Field4 (10MV) the Ftgwid/Btgwid parameter should be set to 0.2048 cm. The same 

problem for the FWHM appears for these fields as well as seen in Figure 30. 

 

As seen there is no obvious connection between Ftgwid/Btgwid parameter and cold spot size and 

that it is not possible to fit the MLCi model to the MLCi2 measurement by changing the parameter 

because the cold spot size can never be the same as the measurement. 

The difficulties in the project were the difficult calibration procedure of a film, the limited spatial 

resolution of a diode detector, and the setup accuracy requirements needed to get reliable data.  
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Annex A 
 

Film Measurement 2:  Gantry angle=270o and collimator angle=90o 

 

Figure 31 

 

 Depth (drop) FWHM 

1 981.3-760.3=221 HM=981-(221/2)=870.8 
FW[867.7-864]=│(-2.15)-(-1.73)│=0.42 cm 

2 983.3-784.7=198.6 HM=983.3-(198.6/2)=884 
FW[888.3-883]=│(-1.16)-(0.71)│=0.45 cm 

3 981.7-718.7=263 HM=981.7-(263/2)=850.2 
FW[852.7-847]=│(-0.15)-(0.27)│=0.42 cm 

4 1007-802.3=204.7 HM=1007-(204.7/2)=904.65 
FW[902-3-909.7]=│(2.84)-(3.27)│=0.43 cm 

5 969-726.7=242.3 HM=969-(242.3/2)=847.35 
FW[847-843.3]=│(3.85)-(4.27)│=0.39 cm 

6 979.3-786=193.3 HM=979.3-(193.3/2)=882.65 
FW[883-7-884.7]=│(4.84)-(5.29)│=0.45 cm 

7 990.7-776.7=214 HM=990.7-(214/2)=883.7 
FW[879.3-840]=│(5.87)-(6.3)│=0.43 cm 

   

 

Table 9 
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Film Measurement 3: Gantry angle=0o, collimator angle=90o 

 

Figure 32 

 

 Depth (drop) FWHM 

1 1109-844.7=264.3 HM= 1109-(264.3/2)=976.85 
FW[975.3-975.7]=│(-3.77)-(-3.36)│=0.41 cm 

2 1086-899=187 HM=1086-(187/2)=992.5 
FW[993-999.3]=│(-2.78)-(-2.4)│=0.54 cm 

3 1122-859.3=262.7 HM=1122-(262.7/2)=990.65 
FW[997-987]=│(-1.79)-(-1.32)│=0.47 cm 

4 1093-840.7=252.3 HM=1093-(252.3/2)=966.85 
FW[963.3-967.3]=│(-0.76)-(-0.33)│=0.43 cm 

5 1071-835=236 HM=1071-(263/2)=953 
FW[949.3-949.3]=│(0.24)-(0.61)│=0-37 cm 

6 1067-824.7=242.3 HM=1067-(242.3/2)=945.85 
FW[953.3-945.7]=│(3.22)-(3.62)│=0.4 cm 

7 1061-811.7=249.3 HM=1061-(249.3/2)=936.35 
FW[939.7-941.7]=│(4.2)-(4-63)│=0.43 cm 

 

Table 10 
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Figure 33 

 

 

 

Figure 34 
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Diode 6MV 10MV 

10x10 cm2 6.086 nC 5.937 nC 

 

Field size 10x10 

x=0; y=0 

Field1 

x=12 ; y=0 

Field2 

x=12 ; y=0 

Field3 

x=12 ; y=0 

Field4 

x=12 ; y=0 

Diode 6MV     

Output value 6.086 nC 6.85 nC 6.584 nC 6.86 nC 6.593 nC 

Normalized 
value 

 6.85

6.086
= 1.13 

6.584

6.086
= 1.08 

6.86

6.086
= 1.13 

6.593

6.086
= 1.08 

      

 10 MV     

Output value 5.937 nC 6.608 nC 6.375 nC 6.608 nC 6.368 nC 

Normalized 
value 

 6.608

5.937
= 1.113 

6.375

5.937
= 1.074 

6.608

5.937
= 1.113 

6.368

5.937
= 1.073 

 

Table 11 
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Ion chamber 6MV 10MV 

10x10 cm2 -4.5*10-10 -4.54*10-10 

 

Field size 10x10 

x=0; y=0 

Field1 

x=12 ; y=0 

Field2 

x=12 ; y=0 

Field3 

x=12 ; y=0 

Field4 

x=12 ; y=0 

Ion chamber 6MV     

Output value -4.5x10-10 C -4.78 x10-10 C -4.65 x10-10 C -4.78 x10-10 C -4.64 x10-10 C 

Normalized 
value 

 −4.78

−4.5
= 1.06 

−4.65

−4.5
= 1.03 

−4.78

−4.5
= 1.06 

−4.64

−4.5
= 1.03 

      

 10 MV     

Output value -4.54x10-10 C -4.83 x10-10 C -4.7 x10-10 C -4.84 x10-10 C -4.7 x10-10 C 

Normalized 
value 

 −4.83

−4.54
= 1.06 

−4.7

−4.54
= 1.04 

−4.84

−4.54
= 1.07 

−4.7

−4.54
= 1.04 

 

Table 12 

 

 

 

 

 

 

 



 
 
 

38 
 

 

 

Ftgwid/Btgwid =0.05 cm source size: x=0.288 cm; y=0.17 cm (6MV); 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 9.1% 8.1% 9.06% 8.05% 

2 8.11% 7.81% 7.81% 7.78% 

3 8.11% 7.32% 8.08% 7.29% 

4 7.73% 7.36% 7.78% 7.28% 

5 8.24% 7.92% 8.21% 7.94% 

6 8.07% 7.7% 8.05% 7.71% 

Average cold 
spot drop 

8.22% 7.7% 8.17% 7.68% 

Table 13 

 

Ftgwid/Btgwid =0.1 cm source size: x=0.288 cm; y=0.17 cm(6MV); 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field3+Field4 
10MV 

1 12.98% 12.77% 12.84% 12.79% 

2 11.99% 12.46% 11.93% 12.48% 

3 12% 11.95% 11.84% 11.94% 

4 11.49% 11.95% 11.56% 11.94% 

5 11.95% 12.44% 11.97% 12.44% 

6 11.73% 12.15% 11.71% 12.15% 

Average cold 
spot drop 

12% 12.29% 11.97% 12.29% 

Table 14 
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Ftgwid/Btgwid =0.1 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 0.5597 cm 0.5024 cm 0.5574 cm 0.5049 cm 

2 0.5425 cm 0.5034 cm 0.5457 cm 0.5041 cm 

3 0.5504 cm 0.4939 cm 0.5488 cm 0.4938 cm 

4 0.5437 cm 0.5001 cm 0.5427 cm 0.5004 cm 

5 0.5558 cm 0.5166 cm 0.5586 cm 0.5166 cm 

6 0.5520 cm 0.5096 cm 0.5509 cm 0.5096 cm 

Average FWHM 0.5510 cm 0.5043 cm 0.5507 cm 0.5049 cm 

Table 15 

 

 

Ftgwid=0.15 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
 x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 16.74% 15.85% 16.78% 15.85% 

2 15.76% 15.44% 15.82% 15.46% 

3 15.64% 14.9% 15.66% 14.91% 

4 15.24% 14.84% 15.26% 14.85% 

5 15.5% 
15.23% 

15.54% 15.16% 

6 15.33% 14.93% 15.32% 14.95% 

Average cold 
spot drop 

15.7% 15.2% 15.73% 15.2% 

Table 16 
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Ftgwid/Btgwid =0.15 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 0.5769 cm 0.6205 cm 0.5782 cm 0.5988 cm 

2 0.5677 cm 0.6222 cm 0.5692 cm 0.6231 cm 

3 0.5754 cm 0.6362 cm 0.5743 cm 0.6458 cm 

4 0.5702 cm 0.6198 cm 0.5701 cm 0.6203 cm 

5 0.5805 cm 
0.6329 cm 

0.5811 cm 0.6302 cm 

6 0.5757 cm 0.6276 cm 0.5772 cm 0.6266 cm 

Average FWHM 0.5744 cm 0.6265 cm 0.575 cm 0.6074 cm 

Table 17 

 

Ftgwid/Btgwid =0.2 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field3+Field4 
10MV 

1 25.05% 24.2% 25.04% 24.22% 

2 23.88% 23.53% 23.92% 23.55% 

3 23.56% 22.93% 23.59% 22.92% 

4 23.07% 22.74% 23.11% 22.73% 

5 23.21% 22.98% 23.25% 22.98% 

6 22.97% 22.7% 22.97% 22.67% 

Average cold 
spot drop 

23.62% 23.18% 23.64% 23.17% 

Table 18 
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Ftgwid/tgwid=0.2 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field3+Field4 
10MV 

1 0.5296 cm 0.5193 cm 0.4884 cm 0.5216 cm 

2 0.4764 cm 0.5213 cm 0.4757 cm 0.5101 cm 

3 0.4864 cm 0.5139 cm 0.4829 cm 0.5132 cm 

4 0.4777 cm 0.5192 cm 0.4769 cm 0.5192 cm 

5 0.4947 cm 0.5313 cm 0.4928 cm 0.5313 cm 

6 0.4895 cm 0.5257 cm 0.4863 cm 0.5243 cm 

Average FWHM 0.4849 cm 0.5218 cm 0.4838 cm 0.52 cm 

Table 19 

 

Ftgwid/Btgwid =0.25 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field3+Field4 
10MV 

1 28.17% 26.32% 28.16% 26.33% 

2 26.94% 25.61% 27% 25.69% 

3 26.58% 25% 26.62% 25.06% 

4 26.1% 24.81% 26.1% 24.85% 

5 26.17% 25% 26.18% 25% 

6 25.85% 24.65% 25.9% 24.69% 

Average cold 
spot drop 

26.635% 25.23% 26.66% 25.27% 

Table 20 
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Ftgwid/Btgwid =0.25 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 0.5552 cm 0.6176 cm 0.5490 cm 0.614 cm 

2 0.5487 cm 0.5174 cm 0.5484 cm 0.6179 cm 

3 0.5532 cm 0.6113 cm 0.5533 cm 0.6115 cm 

4 0.5502 cm 0.6165 cm 0.5512 cm 0.6156 cm 

5 0.5593 cm 0.6273 cm 0.5598 cm 0.6271 cm 

6 0.5562 cm 0.6203 cm 0.5549 cm 0.6198 cm 

Average FWHM 0.5538 cm 0.6184 cm 0.5528 cm 0.6177 cm 

Table 21 

 

Ftgwid/Btgwid =0.3 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 - 33.19% - 33.21% 

2 - 32.3% - 32.39% 

3 - 31.64% - 31.71% 

4 - 31.89% - 31.41% 

5 - 31.89% - 31.42% 

6 - 31% - 31.06% 

Average cold 
spot drop 

- 32% - 31.87% 

Table 22 
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Ftgwid/Btgwid =0.3 cm source size: x=0.288 cm; y=0.17 cm (6MV) 
x=0.233 cm; y=0.146 cm (10MV) 

 Field1+Field2 
6MV 

Field1+Field2 
10MV 

Field3+Field4 
6MV 

Field1+Field4 
10MV 

1 - 0.5523 cm - - 

2 - 0.6524 cm - - 

3 - 0.5499 cm - - 

4 - 0.5676 cm - - 

5 - 0.5772 cm - - 

6 - 0.5574 cm - - 

Average FWHM - 0.5761 cm -  
 

Table 23 
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6MV: Field3 

 

Figure 35 

 

6MV: Field4 

 

Figure 36 
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6MV: Field3+Field4 

 

figure 37 

 

10MV: Field1 

 

Figure 38 
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10MV: Field2 

 

figure 39 

 

10MV: Field1+Field2 

 

figure 40 
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10MV: Field4 

 

Figure 41 

 

10MV: Field1+Field4 

 

Figure 42 
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