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A B S T R A C T   

Purpose: This study was developed to create computer software for performing the gamma index comparison 
between measurement and Monte Carlo (MC) simulation for the percentage depth dose (PDD) and beam off- 
center ratio profile (OCR). 
Materials and methods: The gamma software was built in the matrix laboratory (MATLAB) software environment. 
The developed software was compared with ScanDosematch and Bistromath software’s gamma evaluation to 
assess its accuracy. A set of reference and evaluated dose distribution, which were obtained from measurement 
and MC simulation, was input to the software to calculate the 1D gamma index using different criteria (i.e. 3%/3 
mm, 2%/3 mm, and 2%/2 mm). 
Results: We compared the two results of gamma index at 3%/3 mm, 2%/3 mm, and 2%/2 mm criteria, one 
calculated by the proposed software and one manually. The comparison showed high agreement between the 
proposed software and theoretical calculation. 
Conclusions: Based on the results, we concluded that our developed software has high accuracy, compared to 
theoretical calculation. This software could serve as a non-commercial and open-source tool for researchers and 
students.   

1. Introduction 

The clinical use of Monte Carlo (MC) simulation techniques is 
developing rapidly due to its ability in providing a great accuracy in the 
radiation dose calculations, beam modelling, and patient geometry. 

Those are critical components for an efficacious patient treatment 
planning verification. MC simulation of a clinical linear accelerator are 
difficult and time-consuming task and has numerous challenges to be 
encountered to improve the accuracy of MC calculations for patient 
treatments (Seco and Verhaegen 2013). The current challenges include 
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precise development of interactions, radiobiological modelling, im-
provements of treatment planning (TP) tools based on the MC simula-
tion, and developments of fast MC codes (Seco and Verhaegen 2013, 
Mauraro et al., 2020). Once the simulation is complete, the results are 
compared together to measured data. There are many ways to evaluate 
the result of simulation like as point to point difference, 1D, 2D, and 3D 
gamma index (Tai et al., 2017). 

The gamma index is among the most popular methods used in 
evaluating MC simulation (Low 2010). It has traditionally been used to 
compare a 2D measured plane against a 2D or 3D dose distribution. It 
combines dose difference and distance difference to calculate a dimen-
sionless metric for each point in the evaluated distribution. (Hussein 
et al., 2017) It is being used increasingly at oncological facilities as well 
as educational institutions for radiation therapy verification (Al Sa’d et. 
al 2013, Low and Dempsey 2003). However, because of a lack of non- 
commercial and open-source software, the application of gamma 
index evaluation for educational purposes is still limited. Although there 
is some free software for gamma testing method (Tabrizi et al., 2020, 
Scherman 2009) they may not be fully capable of calculating one- 
dimensional (1D) gamma index. BistroMath software (Bistromath.nl) 
can compare the measurement and simulation data by using gamma 
index. However, this software is not easy for beginners and only read *. 
txt input files. ScanDosematch software (QXRay Consulting) can also be 
used for gamma evaluation purpose but the result of comparison has not 
showed the percentage of gamma passing rate. 

To solve the issue, we developed a free-of-charge and open-source 
software which enables calculating 1D gamma index from measure-
ment and simulating data. The proposed software is implemented in 
MATLAB (The MathWorks Inc.). Our software provides an analysis 
interface accepting Digital Imaging and Communications in Medicine 
(DICOM) images or simulated three-dimensional depth dose (3ddose 
files) as well as *.txt input files. This software is supposed to serve stu-
dents and researchers as a non– commercial and open-source tool for 
calculating of 1D gamma index. 

2. Materials and methods 

2.1. The gamma index 

The gamma index (Γ) is defined as the minimum Euclidean distance 
between reference dose (Dr) and evaluated (or simulated) dose (De) in 
the reference and evaluated dose distributions, respectively. A particular 
De is compared to all Dr and Γ is calculated as follows: 

Γ = min

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(Dr − De)
2

δD2 +
(dr − de)

2

δd2

√

(1)  

where dr and de are the position of the reference and evaluated doses Dr 
and De respectively, and δD (%) and δd (mm) are the percentage dose dif-
ference and distance-to- agreement (DTA), respectively (Anetai et al 
2022). δD and δd are often reported as δD/δd. The most common used 
value of this form is 3%/ 3 mm (Das et al., 2022, Al Sa’d et al., 2013). 
The given De could be accepted if its Γ is less than 1. The δD and 
δd criteria could be visualized as an ellipsoid of tolerance centered each 
reference point Dr (Fig. 1). A De is considered acceptable if it locates 
within the ellipsoid of tolerance (shown as solid circles in Fig. 1). 

2.2. Workflow of the proposed software 

The proposed software in this study can accept inputs (i.e. reference 
and evaluated dose distributions) of three types (*.txt, *.dcm, or 
*.3ddose). The gamma index is calculated using two main steps: inter-
polation and calculation. Fig. 2 illustrate of the flowchart of calculating 
gamma index in this software. The software is available at: https://gith 
ub.com/thanhtaiphys/An-open-Source-Software-for-Calculati 
ng-1D-Gamma-Index-in-Radiation-Therapy 

2.2.1. Interpolation 
In the case of dose comparison between simulation and measure-

ment, it is possible that the number of points of the two distributions is 
not the same. To solve that problem, this software applies a linear 
interpolation for the two datasets before further calculations. 

2.2.2. Calculation of gamma index 
When conducting a gamma index calculation, the value of δd and δD 

can be chosen flexibly (e.g. δD/δd = 3%/3 mm). Low et al (Low et. al 
1998) recommend that the pixel spacing should be 1/3δd, and Wendling 
et al (Wendling et al. 2007) concluded that the spacing should be of the 
order of 1/10δd. Hence, in this software, we designed so that δD and 
δd can be input arbitrarily by users, instead of some fixed values. 

3. Results 

3.1. Validation of the proposed software 

The accuracy of this software was investigated by using two math-
ematical tests (namely two horizontal parallel lines with known distance 
and two inclined parallel lines with known distance tests) and one self- 
validated test. 

Fig. 1. Schematic representation of the gamma index method in 1D (Low and 
Dempsey, 2003). 

Fig. 2. Flowchart of calculating gamma index in the proposed software.  
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3.2. Two horizontal parallel lines with known distance test 

In this test, one reference dose distribution was chosen arbitrarily as 
(Dr = 2). Another evaluated dose distribution De was created by the 
formula Dr + 0.01Dr (De = 2.02). The two datasets were generated in 
such a way that for each point in Dr there exists a corresponding point in 
De. These two dose lines were used to simulate a uniform profile region. 

Gamma index can be calculated using Eq. (1). Moreover, because the 
difference between Dr and De is 1%, Eq. (1) can be rewritten as follow. 

Γ = min

⎧
⎨

⎩

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(Dr − De)
2

∂D2 −
(dr − de)

2

∂d2

√ ⎫
⎬

⎭
=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(Dr − De)
2

∂D2

√

=
1%
∂D

(2) 

From Eq. (2), it can be seen that the gamma index only depends on 
δD. 

3.3. Two inclined parallel lines with known distance test 

This test was used to simulate the PDD or OCR. In this test, reference 
and evaluated dose distributions are described Dr = (100 – d) and De =

(100 – d) + s, respectively, where s is the percentage separation of the 
two distributions. 

At every point d, let us define l = d − di as a real shift around d but 
small enough compared to 100 − d. As a result, Dr can be expressed as 
follow: 

Dr = 100 − d = 100 − l − di ≈ 100 − di (3) 

The above assumption is valid for points with di lower than 90 and l 
in the order of one or two DTAs which is a practical condition. In this 
test, Eq. (1) can be rewritten as follow. 

Fig. 3. Gamma results.  

Fig. 4. Interface of the proposed software in this study.  
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Γ = min
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For di ∕= 100 and s ∕= 0, Γ has a first derivative and it is zero for the 
following lmin 

lmin =
s

1 +
∂D2(100− di)

2

(100∂d)2

(5)  

3.4. Validation using a self-validated test 

In this test, the experiment and simulated profiles were chosen to be 
the same. Because the same file was input, there are no dissimilarity, and 
the results of gamma test should be zero. The gamma result of our 
software in this test is exactly zero (Fig. 3). The agreement between 
mathematical calculation and the result of this software can be 
observed. 

Fig. 4 exhibits the interface of the proposed software in this study. By 
observing Fig. 4, it can be seen that dose difference (δD) and DTA (δd) 
could be freely adjusted. A graph showing reference dose, simulated 
(evaluated) dose, and gamma index is available. 

In the two horizontal parallel lines with known distance test, the 
calculated gamma index is only depending on dose difference as in Eq. 
(2). The results of this test with the simulated dose distributions at three 
value of δD/δd (3%/3 mm, 2%/3 mm, and 2%/2 mm) are shown in 
Fig. 5. 

Fig. 6 summarizes the results. According to Fig. 6, it can be seen that 
the gamma index calculated by the proposed software only correlated 
with δD, the same the prediction of Eq. (2). 

In the two inclined parallel lines with known distance test, a refer-
ence point at position di together with an evaluated point at position di 
+ lmin will give the minimum gamma index. The result of this test with 
the simulated dose distributions at 3 criteria of δD/δd (3%/mm, 2%/3 
mm, and 2%/2 mm) is illustrated in Fig. 7. 

Fig. 5. Analysis results of the two horizontal parallel dose lines at (δD/δd) of a) 3%/3 mm, b) 2%/3 mm, c) 2%/2 mm.  

Fig. 6. Summary of gamma index analysis at (δD/δd) of (3%/3 mm, 2%/3 mm, 
and 2%/2 mm). 

Fig. 7. Gamma analysis results of the two inclined parallel dose lines at (δD/δd) of a) 3%/3 mm, b) 2%/3 mm, and c) 2%/2 mm.  
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Fig. 8 summarizes the results. According to Fig. 8, the agreement 
between the mathematical gamma index calculation and the results of 
this software can be observed. To test the accuracy of our proposed 
sofware, it was compared to the gamma evaluations of ScanDosematch 
and Bistromath software. Figs. 9 and 10 show gamma index comparison 
of our Software with other Software for PDD and OCR respectively. It 
can be seen that our proposed software not only show the gamma his-
togram but also the average gamma passing rate. 

4. Discussion 

Gamma index method is one of the standard validations for quality 
assurance in radiation therapy, and its usage is increasing at oncological 
facilities as well as institutions. At schools and universities, the lack of 
non-commercial and open-sourced software may limit the application of 
gamma-evaluation test for educational purposes. In this work, a free and 
modifiable software for conducting gamma test is proposed. 

This software is expected to be a reliable toolkit which can facilitate 
educational as well as research purposes. There are commercial codes 
for the calculation of gamma evaluation for instance myQA software 
(IBA Dosimetry, Schwarzenbruck, Germany). Verisoft software (PTW, 
Frieburg, Germany) is commonly used for patient-specific quality 
assurance, not use for the analysis of profiles and depth dose curves. 
Therefore, the free program was introduced. (Tabrizi et al. 2020) 

introduced three software for the calculation of the gamma index. They 
used the measured and calculated dose profiles provided by (Low, 2010) 
to calculate the gamma index. The input type of their programs is still 
not easy to use. The new thing in our program is three types (*.txt, *. 
dcm, or *.3ddose) are supported. Snyder et al. (Snyder et al., 2019) used 
the Scandosematch software to perform gamma analyses between 
modeled and measured data. Like as Bistromatch software, the limita-
tion of Scandosematch has not shown the percentage of gamma passing 
rate in interface of software. 

As we can see in Fig. 9 and Fig. 10, we solved this issue. Our software 
is easy to use, support three types of input file, and efficient. However, 
there are some limitations to the present study. First, although this 
proposed software was carefully tested, the validation tests are purely 
theoretical calculation, and no other commercial software were used. 
Second, the structure of this software is very simple and only 1D gamma 
calculation is applicable. In the future, more development (2D and 3D 
gamma) and validated tests with other commercial software would 
further improve the reliability of this software. Jayamani et al. (Jaya-
mani et al., 2022) used 2D gamma index to determine and quantify the 
dose delivery accuracy between dose measurements and calculation for 
the whole brain radiotherapy using pencil beam PB and Collapsed Cone 
CC algorithms. 

Dose delivery accuracy in brain treatment is very crucial due to the 
presence of critical organs in the proximity of a treatment region that has 

Fig. 8. Summary of gamma analysis at (δD/δd) of 3%/3 mm, 2%/3 mm, and 2%/2 mm.  

Fig. 9. Gamma index comparison of the PDD from Software with other Software for PDD.  
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irregular features with sharp density gradients. 

5. Conclusions 

The current study presented a development and validation of a non- 
commercial and modifiable software for conducting 1-D Gamma test. 
The developed software can be used to perform gamma analyses be-
tween modeled and measured data. The current software is a reliable, 
easy to use, has ability to support three types of input file, and efficient 
tool to be used at educational facilities and institutions for research 
purposes. 
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