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Abstract— Introduction: Dosimetric verification of intensity 

modulated radiotherapy (IMRT) and volumetric modulated 
arc therapy (VMAT) before treatment is necessary due to the 
complexity of delivery beams. This work aims to evaluate the 
performance of 2D planar and 3D cylindrical diode arrays for 
patient specific QA in IMRT and VMAT.  

Methods: MapCHECK and ArcCHECK were studied for 
their properties before clinical use. The clinical performance 
was demonstrated with IMRT and VMAT plans, the measured 
results were compared with the calculation from Eclipse 
treatment planning. The gamma index of 3% /3mm with 10% 
threshold dose were the criteria of agreement between 
measured and calculated. 

Results: MapCHECK and ArcCHECK showed linearly 
dose response and demonstrated a short term and long term 
reproducibility within ±0.2 and ±2%, the repeatability rate 
effect was within ±0.1 and ±0.25 %, respectively. The dose rate 
response was within ±1% for both detectors. The field size 
dependence was the same as ionization chamber response. The 
variation in energy response was within ±4.5% for 
MapCHECK and ±2% for ArcCHECK. The measured beam 
profile of open and 30° of hard and enhance dynamic wedge 
showed good agreement with calculated dose. Both detectors 
showed the excellent percentage passing for all 15 IMRT and 
VMAT plans. For IMRT, The average of the % pass of 
MapCHECK was 97.31 with the mean gamma of 0.45. The 
average number of detector was 344.80, while the average of 
the % pass of ArcCHECK was 97.21 with the mean gamma of 
0.46. The average number of detector was 1049.31. For 
VMAT, The average of the % pass of MapCHECK was 98.55 
with the mean gamma of 0.37. The average number of detector 
was 410, while the average of the % pass of ArcCHECK was 
97.04 with the mean ɣ of 0.43. The average number of detector 
was 1054. Discussion: The more detectors of ArcCHECK 
than MapCHECK make more dose measurement points that 
increase the chance of dose difference. In addition, 
MapCHECK is a planar geometry which cannot detect high 
dose gradient in the sensitive area in some gantry angle, while 
ArcCHECK is a cylindrical geometry which can measure dose 
distribution for all gantry angles, so less point missing 
attributed to more dose difference.     
 Conclusions: Both detectors have excellent performance for 
IMRT and VMAT verification, however, the characteristics of 
the devices should be studied before clinical used.  
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I. INTRODUCTION 

Treatment of advanced techniques such as IMRT and 
VMAT require the dosimetric verification before treatment 
due to the complexity of delivery beams. Patient specific 

QA is required to ensure that the intensity map pattern 
matches with the TPS and the MU specified by the TPS will 
in fact deliver the intended dose. [1] 

In addition, patient planning parameters and MLC 
movement should be verified. As part of the process, one 
should scan the dose measurement device, transfer it to the 
planning computer, crate verification plan to the devices, 
pass the treatment data to the record and verification 
system, schedule this dose measurement device for 
treatment, and finally deliver the treatment plan for the test 
dose measurement device in full clinical mode [2]. So the 
dose measurement device is treated in the same parameters 
of beam energy, field size, dose, dose rate, MLC setting and 
MU as the patient and then compare with the calculated 
dose.                   
 For the dose measurement device, two dimensional (2D) 
detector arrays have become increasingly popular due to 
their ease of use and immediate readout of the results for 
dose verification. The newly available 3 dimensional (3D) 
cylindrical detector arrays are designed specifically for 
rotational dosimetry by arranging detector on a cylindrical 
plane. The 2D and cylindrical diode arrays are from Sun 
Nuclear Corp., Melbourne, Florida, USA.   
  MapCHECK and ArcCHECK, are the example of 
dosimetric verification tools for IMRT and VMAT. 
MapCHECK and ArcCHECK have been studied in some 
detail but no direct comparison between the two kinds of 
detector arrays was made under the same conditions. 
 This work aim to study the performance of two types of 
diode arrays detector: MapCHECK and ArcCHECK. The 
linearity of detector response, short term and long term 
reproducibility, dose rate response, repeatability rate effect, 
field size effect and energy response are examined. The 
efficiency to measure dose distributions with conventional 
technique and advanced technique, IMRT and VMAT 
techniques, of both detector arrays are evaluated by 
comparing the measurement with the treatment planning 
system (TPS). 

II. MATERIALS AND METHODS 
 

 MapCHECK is 2D dose measurements which consist of 
445 diode detectors. The 221 detectors concentrated in the 
critical 10x10 cm field. The detector spacing is 7.07 mm 
with the active detector area of 0.8x0.8 mm. ArcCHECK is 
3D dose measurements of 1386 diode detectors, arranged in 
spiral pattern, with 10 mm sensor spacing. The 
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measurements in this study were done with x-ray photon 
beam from Varian Clinac iX (Varian Medical Systems, Palo 
Alto, CA, USA.)  The fifteen IMRT and VMAT from 
Eclipse planning system version 8.6.17 (Varian Medical 
Systems, Palo Alto, CA, USA) were selected. 

A. Study of detector properties 
 

MapCHECK and ArcCHECK were studied for the 
response of detectors in terms of linearity for delivered dose 
of 3–300 cGy. Reproducibility, measurements were taken 
every 10 minutes over 90 minutes for short term 
reproducibility and every week over 3 months for long term 
reproducibility. The repetition rate ranging from 100 to 600 
MU/min were selected. The various s field sizes ranging 
from 3 x 3 to 20 x 20 cm2 were considered. The relative 
output factors derived from these measurements were 
compared to the measurements made with an ionization 
chamber (CC13) in the same conditions. The dose rate 
effects of the diode were evaluated by measuring its dose 
rate of 220–630 MU/min. The measurements parameters 
were kept at 6 MV photon beams with 100 MU, constant 
repeatability rate of 400 MU/min and 10x10 cm2 field size, 
except the parameter studied. The different response for 6 
and 10 MV was also evaluated as dependence on beam 
energy.  

B. Clinical Application  

The performance of the diode for basic clinical 
application was also investigated. Dose profiles of 5x5, 
10x10 and 20x20 cm2 open, static and enhance dynamic 
wedge of 30⁰ modulated fields have been measured with 
MapCHECK and ArcCHECK for 6 MV photon beam.  
 For advance clinical application, the detector abilities 
were evaluated by measuring dose distribution of IMRT 
plans and VMAT plans from the same patient. Fifteen plans 
for each type of treatment were selected for head and neck 
cases. The methods are shown in the figure 1. 

 

Figure 1 Diagram of treatment verification 

The agreement between the measurement devices with 
treatment planning fluence maps were evaluated by gamma 

value which should not be greater than 1 for dose difference 
within 3% and DTA within 3 mm, 10% threshold. The 
minimum radial distance between the measurement point 
and the calculation points is termed the gamma index. 
Regions where gamma > 1 correspond to locations where 
the calculation does not meet the acceptance criteria, the 
percent pass of the diodes agreement with calculation from 
the treatment planning of more than 95% was set to be an 
acceptable criteria.[3] 

 
III. RESULTS 

 

A. Study of detector properties 
 

The MapCHECK and ArcCHECK dose response over 
the delivered dose from 3 to 300 cGy was linear (R2=1) for 
both detectors. The %CV of MapCHECK and ArcCHECK 
were within 0.49 and 0.36, respectively. The short term 
reproducibility of MapCHECK and ArcCHECK signal 
values were normalized to average signal over 90 minutes. 
The short term reproducibility of MapCHECK and 
ArcCHECK were within ±0.2%. The long term 
reproducibility of MapCHECK and ArcCHECK 
measurement signal values were normalized to average 
signal over 3 months. The long term reproducibility of 
MapCHECK and ArcCHECK were within ±2%. 
MapCHECK and ArcCHECK energy dependence were 
within ±4% and ±2%, respectively. The ratio for 6 and 10 
MV showed that the energy response of the detectors was 
independent to the dose. The repeatability rate effects were 
normalized to 400 MU/min. which were within ±0.1% for 
MapCHECK and within ±0.25% for ArcCHECK. The 
response of both detectors and CC13 ionization chamber for 
field size effect, vary field size from 3x3 to 20x20 cm2 were 
within 1.39% and 1.48 %, respectively. For small field size, 
the ionization chamber overestimated the output factor due 
to the volume averaging effect. The ratios of the relative 
doses measured with MapCHECK and ArcCHECK for SSD 
of 80 to 120 cm. were within ±1% for both detectors.This 
change in SSD corresponded to a change in dose rate from 
278 to 625 MU/min.  

B. Clinical Application 
 

The measurement devices were studied in basic clinical 
application in open and wedge field. The measurement 
showed good agreement to calculated dose in TPS with 
gamma evaluation in the criteria of 1% dose different and 1 
mm DTA. 

MapCHECK and ArcCHECK were used for advance 
clinical application for IMRT and VMAT pre-treatment 
verification, the result of percentage passing for IMRT is 
shown in figure 2. 
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Figure 2 Percentage passing for IMRT  

 For MapCHECK, the percentage passing ranged from 
94.00 to 97.70, the average percentage passing was 97.31 ± 
1.49. The average number of detector was 344.80 ± 56.50.  
For ArcCHECK, the percentage passing ranged from 94.00 
to 99.20, the average percentage passing was 97.21 ± 2.21. 
The average number of detector was 1049.31 ± 124. The 
results in IMRT showed that, the percentage passing of 
MapCHECK was slightly higher than ArcCHECK. 

The mean and SD gamma value showed the distribution 
of gamma value in IMRT QA plan, the results are shown in 
table 1.  
 

Table 1 The comparison of mean and SD gamma value between 
MapCHECK and ArcCHECK of IMRT technique. 

Case No. 
IMRT 

MapCHECK ArcCHECK 
Mean ɣ SD  Mean ɣ SD  

1 0.43 0.23 0.36 0.28 
2 0.46 0.29 0.56 0.34 
3 0.51 0.29 0.46 0.29 
4 0.50 0.30 0.48 0.29 
5 0.49 0.29 0.44 0.29 
6 0.45 0.28 0.49 0.31 
7 0.53 0.32 0.41 0.28 
8 0.45 0.30 0.35 0.25 
9 0.37 0.26 0.52 0.27 
10 0.42 0.30 0.42 0.27 
11 0.48 0.28 0.49 0.26 
12 0.40 0.28 0.44 0.35 
13 0.38 0.28 0.55 0.36 
14 0.48 0.28 0.42 0.28 
15 0.35 0.24 0.49 0.34 

Average±SD 0.45±0.05 0.28±0.02 0.46±0.06 0.30±0.03 

 
The average of mean gamma value was 0.45 ± 0.05 and 

0.46 ± 0.06 for MapCHECK and ArcCHECK, respectively. 
The mean gamma value ranged from 0.35 to 0.53 and 0.35 
to 0.56 for MapCHECK and ArcCHECK, respectively. The 
mean gamma value of ArcCHECK was higher than 
MapCHECK. The average of SD gamma was 0.28 ± 0.02 
and 0.30 ± 0.03 for MapCHECK and ArcCHECK, 
respectively. The SD gamma ranged from 0.23 to 0.32 and 
0.26 to 0.34 for MapCHECK and ArcCHECK, respectively. 

 

The percentage passing for fifteen VMAT cases verified 
by MapCHECK and ArcCHECK is shown in figure 3. 

 

 

Figure 3 Percentage passing for VMAT  

The same cases as IMRT were replaned to VMAT. The 
result for fifteen VMAT cases verify by MapCHECK. For 
MapCHECK, the percentage passing ranged from 96.00 to 
100, the average percentage passing was 98.55 ± 1.12. The 
average number of detector was 410 ± 35.22.  For 
ArcCHECK, the percentage passing ranged from 94.00 to 
99.30, the average percentage passing was 97.04 ± 2.13. 
The average number of detector was 1064.53 ± 134.  

The mean and the SD gamma value showed the 
distribution of gamma value in VMAT QA plan, the results 
are shown in table 2. 

 
Table 2 The comparison of mean and SD gamma value between 

MapCHECK and ArcCHECK of VMAT technique. 

Case No. 
VMAT 

MapCHECK ArcCHECK 
Mean ɣ SD  Mean ɣ SD  

1 0.38 0.29 0.38 0.28 
2 0.40 0.31 0.45 0.36 
3 0.38 0.27 0.42 0.29 
4 0.30 0.22 0.36 0.20 
5 0.38 0.25 0.40 0.27 
6 0.47 0.29 0.53 0.33 
7 0.39 0.29 0.40 0.29 
8 0.36 0.23 0.36 0.30 
9 0.33 0.25 0.41 0.26 
10 0.32 0.24 0.35 0.26 
11 0.31 0.24 0.42 0.25 
12 0.32 0.23 0.43 0.32 
13 0.38 0.30 0.49 0.36 
14 0.41 0.30 0.50 0.37 
15 0.39 0.28 0.56 0.37 

Average±SD 0.37±0.05 0.27±0.03 0.43±0.06 0.30±0.05 

  
The average of mean gamma was 0.37± 0.05 and 0.43 ± 

0.06 for MapCHECK and ArcCHECK, respectively. The 
mean gamma value ranged from 0.30 to 0.47 and 0.36 to 
0.56 for MapCHECK and ArcCHECK, respectively. The 
mean gamma value of ArcCHECK was higher than 
MapCHECK. The average of SD gamma was 0.27 ± 0.03 
and 0.30 ± 0.05 for MapCHECK and ArcCHECK, 
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