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Introduction
Three-dimensional conformal radiotherapy (3DCRT) was 

made possible by the development of computed tomography (CT). 
According to this procedure, the 3DCRT plan is created manually 
with beam parameters such as the number of beams, the direction 
of the beams, the shape of the beams, the angle of the wedge, the 
weight of the beams, etc. [1]. However, for radiation therapy using 
this technique, it is difficult to adjust the dose for normal organs 
close to the target volume. On the other hand, intensity-modulated 
radiation therapy (IMRT) is an advanced type of 3DCRT. The IMRT 
technique is optimized for the protection of the healthy tissue and 
the improvement of dose coverage for complex target volumes. This 
technique has supplied results superior to those of 3DCRT in terms 
of target coverage, homogeneity, and conformity for various lesions 
[2-5]. Meanwhile, the volumetric-modulated arc therapy (VMAT) 
technique, which involves gantry rotation, can reduce the treatment 
time and intrafractional error because of mean monitor unit (MU) less 
than that of the IMRT technique [6]. The treatment plans using the 
IMRT or VMAT techniques are automatically established through an 
optimization process. Therefore, these techniques are able to control 
the dose constraint of the target volume and normal tissue in the 
optimization process and this process improves the target coverage and 
dose distribution for normal tissue. The fluence of the treatment plan 
using IMRT or VMAT depends on the accuracy of the position of the 
gantry, collimator, and multileaf collimator (MLC) and reproducibility 
of their movement. Therefore, it is recommended that the IMRT and 
VMAT plans be verified before treatment in some studies [7,8]. The 
goal of pretreatment verification is to confirm the state of treatment 
machine and the accuracy of optimized treatment plan. 

In the past, the verification of radiation treatment plan was 
performed by using an ionizing chamber and a film dosimetry [9]. 
However, recent two-dimensional array systems such as MatriXX 
(IBA Dosimetry Schwarzenbruck, Germany) and ArcCHECK (Sun 
Nuclear Corporation, Melbourne, FL, USA) dosimetry systems were 
produced for pretreatment quality assurance (QA). Portal dosimetry 
system that uses an electronic portal imaging device (EPID) is also 
very simple method for obtaining dose information of the verification 
plan. However, these devices simply measure and evaluate the 2D dose 
distribution through gamma analysis; but the controversial issue at 
hand is to verify the dose for the target volume and some organ at risk 
(OAR). 

Nelms et al. proposed the evaluation of the dose-volume histogram 
(DVH)-based metric for patient-specific QA [10]. The 3DVH 
software (Sun Nuclear Corporation) was developed to evaluate the 
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Abstract
Objectives: The purpose of this study is to investigate the comparison of 3DVH software and two-dimensional 

array systems (MatriXX, ArcCHECK, and portal dosimetry system) on pretreatment verification for volumetric-
modulated arc therapy.

Methods: Dosimetric measurements were performed using the verification for 20 treatment plans. Measured 
dosimetric differences were evaluated by gamma pass rate and percentage dose difference. Dose-volume 
histograms (DVHs) calculated by the treatment planning system were also compared with those predicted by the 
3DVH software. 

Results: The mean gamma pass rates were more than 95% for the 3%/3 mm criterion, except for 3D evaluation 
using the 3DVH (3DVH (3D)) software in prostate cancer cases. In the cases of head-and-neck (HN) cancer, the 
mean gamma pass rates by ArcCHECK and 3DVH 2D evaluation (3DVH (2D)) were estimated to be lower than those 
of MatriXX, EPID, and 3DVH (3D) for the 2%/2 mm and 1%/1 mm criteria. The percentage dose differences were 
within 4% for all structures, and correlated with the mean gamma pass rate for the planning target volume (PTV) and 
the Dmean of the spinal cord (p < 0.05). On the other hand, the mean gamma pass rates of prostate cases presented 
similar results for all criteria. The percentage dose differences for structure volumes in the cases of prostate cancer 
(from 2.76% to 12.58%) were larger than those in the cases of HN cancer, and there was no statistical significance 
except for the Dmax of the bladder.

Conclusion: Judging from our results, the three dosimetric devices showed similar results for pretreatment 
verification and portal dosimetry can be replaced as the verification system. However, the use of 3DVH software 
remains to be a matter for further discussion.
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dose distribution for each organ volume through comparison of the 
DVHs. Keeling et al. subsequently reported the correlation between 
DVH-based QA metrics and the gamma passing rate using the 3DVH 
software and the MapCHECK2 detector [11]. The 3DVH software 
was evaluated in terms of the correlation between the percentage dose 
difference (%DD) and the gamma pass rate by Infusino et al., and the 
evaluation of the accuracy of this software was performed by Olch 
[12,13]. They established the grade of correlation using the correlation 
coefficient, and their results showed weak-to-moderate correlation for 
all structures. Song et al. then reported that the 3D gamma pass rate 
using the 3DVH software is influenced by the target size [14]. However 
the 3DVH software should be more investigated for various dosimetric 
and clinical benefits, and this advanced software should be evaluated 
for various lesions with heterogeneous structures. The purpose of this 
study is to investigate the comparison of 3DVH software and two-
dimensional array systems on pretreatment verification for cases of 
head-and-neck (HN) and prostate cancer.

Method
Pretreatment verification was carried out for 20 VMAT plans, whose 

treatment regions corresponded to HN and prostate cancer. Beam delivery 
was performed in a Varian linear accelerator with 6-MV and 10-MV. The 
dose distributions of all VMAT plans were obtained by MatriXX 2D ion 
chamber array, ArcCHECK 2D diode array and EPID. 

Firstly, verification plans were created using the MatriXX 2D 
ion chamber array and slab phantom in Eclipse v11 (Varian Medical 
Systems, Palo Alto, CA, USA). The MatriXX detector consists of 
1020 ionization chambers distributed in throughout active area of 24 
× 24 cm2. Each chamber has a diameter of 4.5 mm and a height of 5 
mm. The center-to-center distance between two adjacent detectors is 
7.62 mm. The manufacturer recommends a warm-up time of more 
than 15 min. Furthermore, 1000 MU of pre-irradiation is needed 
before acquiring the dose distribution of the verification plan. The 
correction factor (kuser) for the energy should be measured because 
the MatriXX detector depends on the selected treatment machine, 
energy type, pressure, and temperature. The kuser factor is obtained 
at the maximum depth and 100 cm source-to-surface distance for used 
energy. The MatriXX detector was positioned within solid water slabs 
of backup and build-up material to acquire the dose distribution. The 
measured dose distributions for each verification plan were evaluated 
using gamma analysis with OmniPro-I’mRT software (IBA Dosimetry 
Schwarzenbruck, Germany). 

Secondly, verification of VMAT plans was performed with the 
EPID (aS1000) that was installed on the linear accelerator with arrays 
of light-sensitive amorphous silicon photodiodes arranged in an active 
detector area of 40 × 30 cm2 (1024 × 768 pixels). Therefore, the dose 
distribution was acquired without the use of another device. Images 
were acquired using a frame-averaging method with a fast frame-
grabbing rate of 30 frames per second. The dose normalization was 
performed in calibration unit (CU), with 1 CU being equal to 1 Gy 
(i.e., 1CU = 1Gy), before obtaining the dose distribution. Last but not 
least, verification plans were generated by the ArcCHECK diode array, 
a cylindrical array that consists of 1386 diode detectors. The measured 
dose distribution was analyzed by using SNC patient application (Sun 
Nuclear Corporation, Melbourne, FL, USA) and 3DVH software. 

3DVH software evaluated the dosimetric difference with the 
ArcCHECK planned dose perturbation (ACPDP) calculator (Figure 
1). The ACPDP algorithm is a novel method for estimating the dose 
distribution and DVHs for a contoured structure [15]. 

The software requires the patient plan DICOM files (RT Plan, RT 
Dose, RT Structure, and planning CT images), an ArcCHECK movie 
lite (*.acml) file, and a planned file with ArcCHECK to compare 
the dose difference between the ArcCHECk measurement and the 
treatment planning system calculation. The dose predicted by the 
ACPDP was calculated from the patient plan DICOM files and the 
phantom plan DICOM files. These dose distributions could then be 
compared in terms of the DVH of each structure with the measured 
dose distribution. Furthermore, the gamma pass rate was used to 
quantify the agreement between the calculations and measurements 
(Figure 2). 

AAPM TG 119 and many studies have investigated acceptance 
levels of patient QA, and they have suggested a 3% dose difference and 
3 mm distance-to-agreement criterion [16]. In this paper, measured 
dose distributions were evaluated with 1%/1 mm, 2%/2 mm, and 3%/3 
mm criteria. The percentage dose difference (%DD) was calculated 
for the planning target volume (PTV) and normal organs with 3DVH 
software. For each PTV, the mean dose (Dmean), maximum dose (Dmax), 
as well as the dose received by 2%, 95%, and 98% of the volume (D2%, 
D95%, and D98%)–which were predicted by ACPDP–were compared 
with those of the treatment planning system. Normal organs were 
evaluated according to the values of their Dmean and Dmax. The %DD is 
defined as follows:

%DD = (D3DVH-DTPS)/DTPS × 100.                                   (1)

D3DVH represents the dose by 3DVH, whereas DTPS represents the 
dose calculated by Eclipse v11. The correlations between the gamma 
pass rate (3%/3 mm criterion) and %DD were examined with SPSS v18 
(SPSS Inc., Chicago IL).

Results
Obtained dose distributions were evaluated with gamma index, 

and 3DVH software provides the 2D and 3D gamma index (3DVH 
(2D) and 3DVH (3D)). Table 1 shows the mean gamma pass rates and 
standard deviations. The mean gamma pass rates were above 95% for 
the 3%/3 mm criterion, except for the gamma value of 3DVH (3D). In 
the HN cancer cases, The mean gamma pass rates of ArcCHECK and 
3DVH (2D) were estimated to be lower than those of MatriXX, portal 

 
Figure 1: ArcCHECK planned dose perturbation (ACPDP) calculation in 3DVH 
software (Sun nuclear).
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dosimetry, and 3DVH (3D) with 2%/2 mm and 1%/1 mm criteria. 
Whereas, the mean gamma values presented similar tendencies in each 
criterion for the cases of prostate cancer. 

Table 2 shows the %DD for both ACPDP and eclipse v11, as well 
as the correlation between the %DD and the mean gamma pass rate 
as evaluated by 3DVH (3D). We also analyzed the dose difference and 
correlation for target and normal organs of HN and prostate cancer 
cases. In HN cases, the percentage dose difference was less than 2% 
for target volume, and 4% for normal organs. The percentage dose 
difference was correlated with the gamma pass rate for Dmean, Dmax, 
D2%, D95%, and D98% of PTV and Dmean of the spinal cord (p < 0.05). 
These results showed a strong correlation (i.e., r > 0.7) according to 
the magnitude determined by Infusino et al., whereas other structures 
corresponded to weak and moderate correlation. On the other hand, 
percentage dose differences in the cases of prostate cancer were larger 
than those of HN cases. There was no statistical significance, except 
for the maximum dose difference of the bladder. Weak and moderate 
correlation was shown for all target and structure volumes of in the 
case of prostate cancer, in accordance with the previous study. Figures 
3 and 4 show the relation between percentage dose difference and the 
gamma pass rate for each volume. It can be seen that the percentage 
dose difference for the mean dose of PTV decreases with the increasing 
the gamma pass rate. However, there was no apparent correlation for 
other volumes.

Discussion 
Patient-specific QA is essential for confirming the machine 

status and accuracy of dose delivery before radiation treatment, and 
it has been accomplished with various devices such as the ionizing 
chamber, film, and 2D array detectors. In this study, pretreatment 
QA was performed with three dosimetric devices, and analyzed using 
each softwares. Moreover, percentage dose difference and correlation 
with the mean gamma pass rates were evaluated for target and organ 
volumes by 3DVH software. To this end, the portal dosimetry system 
that uses EPID provides a very simple approach, as well as and it has 
high resolution. 

Sharma et al. evaluated the efficiency of portal dosimetry using the 
gamma index, and compared these results with the MatriXX 2D ion 
chamber array. They reported that the portal dosimetry can be used as 
an alternative process [17,18]. The portal dosimetry system provided 

by VARIAN was also compared with EPIDose and MapCHECK (Sun 
Nuclear Corporation, Melbourne, FL, USA) according to dosimetric 
characteristics [19]. They reported that the PD algorithm shows similar 
results to those of EPIDose and MapCHECK for absolute dose gamma 
evaluation. However, it shows different results for items of off-axis 
field in comparison with EPIDose and MapCHECK. It is necessary 
to demonstrate for various items of IMRT QA. The MatriXX 2D ion 
chamber array was compared with the film, PTW Seven29 array and 
the Delta4 array for RapidArc and IMRT plan [20]. In the study, they 
determined that all commercial devices can be used for routine patient-
specific QA. 

On the other hand, the ArcCHECK 2D diode array is a detector 
array specifically designed for VMAT treatment.  Li et al. evaluated 
for dosimetric characteristics of the IMRT and VMAT verification 
plans [21]. Their study reported that the ArcCHECK detector suitably 
functions for plan verification. The dose distribution measured with the 
ArcCHECK array was investigated for VMAT plan on 3DVH software 
[22]. They evaluated the correlation between the percentage dose 
difference and gamma pass rate for cases of nasopharyngeal cancer and 
esophageal cancer. They concluded that a high dose difference error 
was observed for some DVH-based metrics. However, 3DVH software 
still provides useful information. Furthermore, the Compass system 
(IBA Dosimetry, GmbH, Germany) is able to reconstruct the 3D dose 
distribution such as 3DVH software. This system offers accurate dose 
calculation for phantom studies as well as IMRT QA [23].

The purpose of this study is to confirm the IMRT QA with 
various 2D array detectors, and to compare the results with those of 

Figure 2: An example of a dose-volume histogram (DVH) for the target and structures. Dotted lines represent DVHs using the ArcCHECK planned dose perturbation 
(ACPDP) algorithm, and solid lines represent DVHs calculated in eclipse v11. Left: Head-and-Neck (HN) Cancer Cases; Right: Prostate Cancer Cases.

Table 1: Gamma pass rates and standard deviations. HN: Head and Neck; SD: 
Standard Deviation.

3mm / 3% SD 2mm / 2% SD 1mm / 1% SD

HN

MatriXX 98.51 0.96 93.44 2.80 70.63 5.24
PD 99.56 0.34 97.11 1.74 80.11 5.13

ArcCHECK 98.35 1.13 84.64 8.01 42.01 9.07
3DVH(2D) 97.97 1.76 82.37 9.70 36.90 6.80
3DVH(3D) 98.79 2.38 94.80 8.05 77.56 17.90

Prostate

MatriXX 98.00 1.89 91.74 3.90 60.14 6.15
PD 97.72 0.75 89.01 2.36 59.27 5.65

ArcCHECK 97.85 1.41 89.57 3.97 53.11 4.22
3DVH(2D) 96.46 2.07 86.06 4.74 50.14 3.24
3DVH(3D) 94.50 0.72 86.66 1.95 53.00 4.24
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Figure 3: Correlation between percentage dose difference and gamma pass rate for each structure in the cases of head and neck (HN) cancer.

HN Prostate

Structure Parameter %DD r p-value Structure Parameter %DD r p-value

PTV

Dmean 1.20 0.915 0.001

PTV

Dmean 4.47 0.606 0.063
Dmax 0.52 0.708 0.033 Dmax 12.58 0.419 0.228
D2% 0.79 0.971 0.000 D2% 8.80 0.471 0.170
D95% 1.55 0.830 0.006 D95% 2.76 0.532 0.114
D98% 1.54 0.797 0.010 D98% 3.04 0.576 0.082

Spinal cord
Dmean 0.76 0.911 0.001

Penile bulb
Dmean 6.17 0.140 0.700

Dmax 0.98 0.481 0.190 Dmax 12.08 0.036 0.922

Rt parotid
Dmean 1.04 0.052 0.895

Bladder
Dmean 5.71 0.100 0.783

Dmax 2.48 0.544 0.130 Dmax 11.32 0.688 0.028

Lt parotid
Dmean 3.99 0.190 0.624

Rt femur
Dmean 3.37 0.603 0.065

Dmax 2.18 0.171 0.660 Dmax 5.30 0.229 0.525

Lt femur
Dmean 3.18 0.145 0.690
Dmax 5.12 0.034 0.926

Rectum
Dmean 5.63 0.027 0.940
Dmax 8.20 0.030 0.935

Table 2. Percentage dose difference and correlation between %DD and gamma pass rate. r=Pearson correlation coefficient.

the 3DVH software. The gamma passing rate evaluated with 2D array 
detectors corresponded to more than 95% for the 3%/3 mm criterion. 
Although the results for the cases of HN cancer matched well, large 
dose differences were observed in the case of prostate cancer. So we 
think that we should investigate the correlation between the %DD and 
gamma pass rate in further studies.

Conclusion

In this study, we evaluated various dosimetry systems for VMAT 
verification plans. The dosimetry systems yielded similar results for the 
gamma pass rate using the 3%/3 mm criterion. Using 3DVH software, 
we were able to estimate the accuracy of dose distribution through the 
DVH for target and normal organ volumes. The mean gamma pass 
rates exceeded 95% for the 3%/3 mm criterion, except for the value 
of 3DVH (3D). In the cases of HN cancer, the mean gamma pass 
rates of ArcCHECK and 3DVH (2D) were estimated to be lower than 
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Figure 4: Correlation between percentage dose difference and gamma pass rate for each structure in the cases of prostate cancer.

those of MatriXX, PD, and 3DVH (3D) with 2%/2 mm and 1%/1 mm 
criteria. The mean gamma values presented similar results with each 
criterion for the cases of prostate cancer. In HN cases, the percentage 
dose difference was less than 4% for all structures, and the percentage 
dose difference was correlated with the gamma pass rate for PTV and 
Dmean of the spinal cord (p < 0.05). The percentage dose difference 
was larger for cases of prostate cancer than for cases of HN cancer. 
Furthermore, there was no statistical significance found, except for the 
Dmax of the bladder. Additionally, we found large differences for the 
cases of prostate cancer by comparing the DVH results using 3DVH. 
Judging from our results, the use of 3DVH software requires further 
investigation and discussion.
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