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Evaluation of a two-dimensional small field measurement 
array for stereotactic radiotherapy plan quality assurance 

INTRODUCTION 

Ensuring the efficacy and safety of radiation 
therapy has always been a crucial concern in 
radiotherapy to decrease the severity and frequency 
of incidents. Implementing sophisticated radiation 
therapy techniques for patients while guaranteeing 
their precision and accuracy has important clinical 
consequences. The technicalities of radiation therapy 
have dramatically increased; While radiotherapy 
technology has advanced rapidly, supporting 
resources have not kept pace with rising workflow 
complexity (1). 

Volumetric modulated arc treatment (VMAT) has 
become more prominent in delivering SRT (2 ,3). SRT 
techniques involve providing precise targeted high 
dose treatment for small field dosimetry. The 
American Association of Physicists in Medicine 
(AAPM) Task Group No. 135 stated that “inaccurate 
estimates of accumulated dose as well as inaccurate 
estimates of the steepness” (4). Dosimetric 
measurements for SRT, stereotactic radiosurgery 

(SRS), and stereotactic body radiotherapy (SBRT) are 
challenging due to small target volumes, which 
demand high precision and high-resolution QA 
devices (5, 6). 

Quality Assurance (QA) is a fundamental process 
designed to ensure the accurate deliverability of 
radiotherapy plans, serving as a critical safeguard for 
treatment safety and effectiveness (7, 8). Pretreatment 
patient specific quality assurance (PSQA) is a core 
component of treatment verification, and its 
importance has grown alongside the increasing 
complexity of modern radiotherapy, which requires 
stricter checks to reduce potential errors (9). In 
clinical practice, 2D detector arrays are increasingly 
preferred for planar dose verification due to high 
efficiency and real‑time readout (10,11). However, their 
widespread application remains constrained by 
inherent limitations: point‑dose measurements, often 
used with arrays, fail to capture full dose 
distributions, especially in regions with steep 
gradients (1, 5). Radiochromic films offer superior 
spatial resolution but require specialized handling 
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ABSTRACT 

Background: This study aimed to assess a two dimensional (2D) small field detector 
array for quality assurance (QA) in stereotactic radiotherapy (SRT), verify its key 
dosimetric properties, and evaluate its clinical performance for patient specific SRT 
plan verification. Materials and Methods: The myQA® SRS system comprises a 140 × 
120 mm CMOS detector matrix with 400μm resolution, housed in a cylindrical ABS 
phantom. Tests included dose linearity, field size dependence, and beam angular 
response; clinical utility was validated via patient specific measurements. The 
detector’s sensitivity to deliberately introduced MLC positional shifts was also 
examined by simulating systematic MLC offsets and comparing measured doses with 
planned values. Results: The basic characteristic test of the detector met the 
recommended specifications. The maximum deviation in detector signal relative to 
baseline readings was 0.5 %. The detector exhibited excellent dose linearity (R² = 1). 
Output factors agreed within 1.5 % compared with ionization chamber (IC) 
measurements for field sizes above 1 cm. Angular dependence was evaluated by 
comparing calculated and measured relative doses, and a lookup table (LUT) was 
established and validated. For clinical patient plans, the detector yielded an average 
gamma pass rate of 97.8 % ± 1.3 % under the 3 %/1 mm criterion. The detector was 
sensitive to systematic MLC offsets larger than 0.2 mm at 3 %/1 mm. Conclusion: The 
myQA® SRS detector is validated as a reliable tool for stereotactic radiotherapy plan 
QA, capable of providing high resolution real time dosimetric results. 
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and lengthy processing, limiting their convenience in 
routine clinical workflows (5, 12). There remains a 
strong clinical need for a QA device that combines 
high spatial resolution, a continuous active detection 
area, and accurate dose‑map comparison, addressing 
limitations of current verification tools (13,14). 

The myQA® SRS detector (IBA Dosimetry GmbH, 
Schwarzenbruck, Germany) is a high‑resolution 
device designed for small‑field PSQA. This study 
describes a comprehensive evaluation of the myQA® 
SRS detector to confirm its suitability for SRT plan QA 
and provide a practical reference for related clinical 
applications. 

 
 

MATERIALS AND METHODS 
 

This study includes a series of phantom 
measurements to determine the reliability of the 
myQA® SRS detector. We first performed tests of 
basic detector performance to confirm consistency 
with manufacturer specifications and clinical 
requirements. After commissioning, patient‑specific 
plan verification was carried out. In addition, an MLC 
sensitivity study was performed to evaluate the 
array’s ability to detect dose changes associated with 
MLC positional shifts. 

 

The myQA SRS detector 
Measurements were performed using a 2D 

myQA® SRS array, with data acquired and processed 
using myQA Patients software. The array uses a 
Complementary Metal‑Oxide‑Semiconductor (CMOS) 
solid‑state design with 10,500 sensing elements, each 
measuring 0.4 mm × 0.4 mm, providing a spatial 
resolution of 0.4 mm. The active detection area is 12 
cm × 14 cm. The array is embedded in an 
Acrylonitrile Butadiene Styrene (ABS) phantom 
(electron density = 1.06 g/cm³) with a diameter of 
19.3 mm. The myQA® SRS detector and cylindrical 
ABS phantom are shown in figure 1. Accurate 
phantom positioning was ensured using a precision 
digital level and alignment to the linac isocenter via 
the laser system. Acquired On‑Board Imager (OBI) 
images were registered with the corresponding 
phantom CT images to confirm positioning accuracy. 

Treatment unit and planning system 
The plans were calculated in Eclipse version 15.6 

(Varian Medical Systems, California, USA) treatment 
planning system using VMAT techniques with a 1 mm 
calculation grid. The number of arcs was based on the 
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actual situation in individual treatment plans. The 
number of arcs was determined by the requirements 
of individual clinical plans. Radiation was delivered 
using a Varian Trilogy linear accelerator with a 6 MV 
flattening‑filter (FF) beam. A dedicated CT scan of the 
myQA® SRS detector in its phantom was also 
acquired. The phantom was centered on the CT couch 
to ensure alignment between the measurement 
isocenter and the CT image center. 

 

Basic characteristic test 
Detector warm up and noise compensation 

A precise protocol was followed to set up the 
system configuration and execute accurate exposure 
measurements under the manufacturer’s guidelines 
(15). A 30‑minute warm‑up period was applied before 
measurements to ensure stable output, as 
recommended. A background acquisition was 
performed before dose measurements to reduce 
residual electronic noise. Warm‑up and noise 
compensation were applied at the start of every 
measurement session in preparation for plan 
verification. 

 

Absolute dose calibration 
The AAPM Task Group No. 218 recommended a 

dose calibration verification before each 
measurement session to factor in the daily variation 
of linac output (7). Detector calibration was performed 
at the beginning of the study. The acquired CT images 
were imported into the TPS. The plan isocenter was 
matched to the center of the detector plane. Linac 
parameters were set as follows: gantry angle 0°, field 
size 10 cm × 10 cm, SAD = 100 cm, and 100 monitor 
units (MU). A fixed dose rate of 600 MU/min was 
used, consistent with routine clinical settings. The 
linac was calibrated and quality‑checked before 
experiments. The detector was replaced with an 
ionization chamber insert for cross‑calibration, and 
array readings were normalized against ionization 
chamber measurements. 

 

Dose linearity and reproducibility test 
The MU values were delivered from a minimum of 

100 to a maximum of 600 to evaluate the linearity of 
myQA SRS dose response (gantry angle of 0°). The 
signal within the central 10 cm × 10 cm pixel region 
was recorded, and an MU-dose scatter plot was fitted 
to determine the coefficient of determination (R²). 
For dose reproducibility, 100 MU was delivered five 
times under identical conditions, and the central 
signal was recorded each time. 

 

Output factors 
The linear accelerator parameters were set as 

follows: the gantry angle of 0° and 100 MU. The Field 
sizes ranged from 1 cm × 1 cm to 10 cm × 10 cm. Five 
repeated measurements were made for each field 
size, and the average value was used for output factor 
analysis. Identical measurements were repeated 
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Figure 1. Overview of the myQA SRS detector: (a) myQA SRS 
detector array, (b) detector inserted in the cylindrical ABS 

phantom, (c) angle sensor unit. 
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using an ionization chamber insert, and detector 
results were compared with ionization chamber 
measurements (after cross calibration). 

 
Beam angular dependence 

Obliquely incident beams passing through a 2D 
array travel different paths through diode structures 
and associated electronics, which can noticeably alter 
recorded signals. For myQA® SRS to be reliably used 
for VMAT plan verification, its angular response must 
be accurately characterized and corrected. A 
preliminary evaluation of angular dependence was 
performed, and an angular dependence lookup table 
(LUT) was generated. The procedure was as follows: 
doses at isocenter were calculated for various gantry 
angles and measured with myQA® SRS under 
identical conditions (10 cm × 10 cm field, 100 MU). 
Results were imported into myQA Patients to 
generate the LUT. An anglse sensor remained 
connected during measurements to enable real‑time 
gantry angle registration and correction. 

 

Plan QA verification 
The practical application in clinical cases included 

both square field plans and patient specific treatment 
plans (including four head stereotactic radiosurgery 
plans and 3 lung tereotactic body radiation therapy 
plans), sample planning images is shown in figure 2. 
Clinical plans delivered to patients were verified by 
delivering the same beam geometry and MU values to 
the detector array. Measurements were performed in 
the coronal plane. Treatment plans were registered 
to the myQA® SRS phantom following routine 
procedures used with other pretreatment QA 
detectors, so that the isocenter of the patient plan 
coincided with the array center. The TPS recalculated 
and exported dose distributions. The AAA algorithm 
was used for single‑field plans, and AcurosXB was 
used for VMAT plans, both with a 1‑mm dose grid. 
Measured dose distributions were compared with 
TPS calculations to generate fluence maps and 
absolute dose differences. The evaluation was 
performed a global gamma analysis (threshold = 10 
%) (7, 16).  

Sensitivity test of MLC offsets 
Moreover, this study evaluated the sensitivity of 

the device to detect MLC systematic offsets that 
incorrect in the position of MLC. Systematic MLC 
opening or closing was simulated by symmetrically 
shifting both MLC banks (± 0.2 mm, ± 0.5 mm, ± 0.7 

mm). Reference doses (no offsets) were compared 
with doses measured by the myQA® SRS detector 
with introduced offsets to assess dosimetric impact. 
All statistical analyses were performed using SPSS 
20.0 (IBM, USA). 

 
 

RESULTS 
 

Basic characteristic test 
As shown in figure 3, the results of the detector’s 

performance showed dose linearity (R2 = 1). 
Moreover, the dose reproducibility test showed that 
the maximum deviation of the detector readings was 
within 0.5 %. Figure 4 reports the output factors (OF) 
measurement of the detector. Diodes showed an over 
response with increasing beam field size, a behavior 
that was more significant for field size lower than 2 
cm × 2 cm. The factors were within 1.5 % of the 
commissioning data acquired doses at 1000 mm SAD 
for field sizes from 2 cm to 10 cm, and factors were 
within 5% for 1 cm field size. 

 
 
 

 
 
 

 

 
 

Figure 5 shows the variation of the detector 
response as a function of the incident beam angle. 
The data of all angles were found to have a mirror 
symmetry. The maximum difference at close to 90° / 
270° that required significant corrections. Figure 6 
presents the resulting plot of LUT as a function of 
gantry angle. Figure 7 reports the comparison of the 
relative dose calculated and measured with LUT 
correction as a function of the gantry angle (couch = 
45°).  

 

Plan QA verification 
The single field (5cm×5 cm) results demonstrated 

the average gamma pass rates for calculated and 
measured dose comparison, were 100.0 % and 99.9 
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Figure 2. Representative treatment planning images for head 
and lung radiotherapy. 

Figure 3. Dose            
linearity                  

performance of the 
myQA SRS detector. 

Figure 4. Output 
factors for different 

field sizes: measured 
values using the 

myQA SRS detector 
compared with       
TPS-calculated        

doses. 
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% for 3 % /2 mm and 3 % /1 mm, respectively. 
Figure 8 demonstrates a dose distribution with a size 
of 4cm×4cm radiation field. Figure 8a is the field size 
set by the jaw (4cm×4cm), while figure 8b is the field 
size set by MLC (4cm×4cm) with a jaw size of 
20cm×20cm, indicating the leakage dose distribution 
in the closed gap of the MLC. Figures 8c and 8d are 
obtained by zooming in figures 8a and 8b 
respectively, indicating the edge dose distribution of 
the MLC. 

Figures 9 and 10 show an example of the gamma 
analysis for a patient. Figure 9 shows the real time 
MLC movement during the plan measurement 
process. Figure 10a shows the dose distribution 
measured by myQA SRS detector, and Figure 10b 
demonstrates the dose distribution calculated. Figure 
10c is the profile of calculated and measured, which 
shows a good agreement. Figure 10d presents the 
dose distribution difference of calculated and 

measured, and the gamma pass rates were 99.7 % for 
3 % /1 mm by comparing calculated and measured. 

 
MLC 

offsets sensitivity tests 
Table 1 and figure 11 show the mean gamma 

function results were obtained from the comparison 
the reference dose (without offsets) calculated and 
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Figure 5. Beam angular dependence of the myQA SRS detector 
response. 

Figure 6. Look-up table (LUT) as a function of gantry angle. 

Figure 7. Comparison of calculated and measured relative 
doses with LUT correction at a couch angle of 45°. 

Figure 8. Dose distribution maps for a 4 cm × 4 cm square 
field: (a) field defined by jaws, (b) field defined by MLC, (c) 

magnified view of (a), (d) magnified view of (b). 

Figure 9. Real-time motion status of MLC during patient-
specific plan measurement. 

Figure 10. Results of patient-specific plan verification: (a) dose 
distribution measured by myQA SRS detector, (b) TPS-

calculated dose distribution, (c) dose profiles of measured 
(green) and calculated (orange) distributions, (d) dose             

difference between calculation and measurement under the 
3%/1 mm γ-analysis criterion. 
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the measured dose introduced systematic MLC 
offsets for all plans. The mean gamma pass rates for 
all plans were 100 % ± 0.1 %, 99.8 % ± 0.15 % and 
97.8 % ± 1.3 % for 3 % /3 mm, 3 % /2 mm, and 3 
% /1 mm, respectively. 1 mm by comparing 
calculated and measured. The detector was sensitive 
to the greater than 0.5 mm introduced systematic 
MLC offsets using 3 % /3 mm and 3 % /2 mm gamma 
parameter, and it was sensitive to the greater than 
0.2 mm using 3 % /1 mm gamma parameter. The 
gamma passes rates decreased significantly with 
increasing systematic MLC offsets. 

 

 

 

DISCUSSION 
 

Patient plan verification is commonly performed 
using films, ionization chambers, or solid‑state point 
arrays, each with distinct advantages and limitations 
for stereotactic radiotherapy QA (12, 17). Stereotactic 
plans feature small targets and steep dose gradients, 
imposing strict requirements on QA detector 
accuracy and resolution (16). Radiochromic films can 
achieve high-resolution dose measurements but are 
hindered by complicated, time-consuming operations 
and a high risk of errors (12), whereas the myQA SRS 
detector (a continuous high-spatial-resolution 
measurement detector developed by IBA) overcomes 
these limitations via efficient operation and real‑time 
results, with no need for inter‑element dose 
interpolation. This aligns with previous studies that 
have demonstrated 2D arrays as viable alternatives 
to films for dose verification (10, 11), as the myQA® SRS 
improves clinical efficiency while eliminating the 
practical drawbacks of film‑based QA. 

The myQA® SRS detector exhibited satisfactory 
basic dosimetric properties, including dose linearity, 
reproducibility, and output factors, all consistent 

with manufacturer specifications. These findings 
agree with published literature [18-20], which also 
reported reliable performance of the myQA® SRS 
detector and similar high‑resolution devices for SRS/
SBRT QA. Angular dependence is a key concern for 
2D arrays in radiotherapy verification, but this issue 
was effectively managed using the manufacturer’s 
recommended protocol: an angle sensor mounted on 
the gantry provides real‑time angle and dose data 
during rotation. In terms of baseline performance, 
the myQA® SRS detector performed comparably to 
the widely used SRS Mapcheck array, as reported by 
the previous study (10), confirming its reliability as a 
QA tool. Gamma analysis is a standard method for 
patient‑specific radiotherapy QA. 

AAPM TG‑218 recommends universal tolerance 
limits (gamma pass rate > 95 % at 3 % / 2 mm, 10 % 
threshold) for pretreatment PSQA of VMAT and IMRT 
plans using 2D arrays (7, 16). For SRT plans, which are 
more sensitive to errors from MLC misalignment or 
setup uncertainty, some studies suggest using stricter 
3 % / 1 mm criteria (13), a position supported by the 
present work. Our findings on gamma criteria for SRT 
QA are consistent with those studies that emphasize 
tighter tolerances to ensure stereotactic delivery 
accuracy (16, 21–23). The myQA® SRS detector reliably 
identified discrepancies between delivered and 
calculated dose distributions, further supporting its 
clinical value for SRT plan verification. 

Small MLC offsets can strongly affect plan 
delivery, making a QA detector’s sensitivity to MLC 
shifts (particularly systematic offsets) a key 
performance metric for SRT QA. This study focused 
on the myQA® SRS detector’s sensitivity to such 
offsets, with tests designed to reflect clinical 
conditions independent of plan complexity. The 
previous studies (10) confirmed that the comparable 
SRS Mapcheck 2D array could detect systematic MLC 
offsets ≥ 1 mm. Our results extend this observation: 
the myQA® SRS detector can detect systematic MLC 
offsets greater than 0.5 mm using 3 % / 1 mm 
criteria. This improved sensitivity is notable because 
many prior studies of MLC offset detection with 
commercial QA devices reported thresholds near 1 
mm or larger (24–27), highlighting the improved ability 
of myQA® SRS to identify subtle MLC errors. 

Consistent with Stepanek et al. (20), our study also 
suggests that the detector’s ability to detect 
significant MLC positional deviations may depend on 
individual plan characteristics. Furthermore, we 
found that MLC offset sensitivity can be further 
improved by raising gamma pass thresholds (e.g., 
from 90 % to 95 %) or using stricter gamma criteria, 
consistent with optimization strategies in prior QA 
investigations (13,21). The myQA® SRS detector’s 
ability to visualize MLC error maps provides a useful 
tool for locating MLC positional errors, in agreement 
with the previous study (20), reinforcing its practical 
utility in clinical QA workflows. 
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Figure 11. Mean γ 
pass rates between 

TPS-calculated            
reference dose 

(without offsets) and 
measured dose with 

systematic MLC  
positional offsets for 

all plans. 

Table 1. Mean γ pass rates between TPS-calculated reference 
dose (without MLC offsets) and measured dose with                 

systematic MLC positional offsets for all plans. 

Plan types 3 % /3 mm 3 % /2 mm 3 % /1 mm 
0.0 mm 100.0 % 99.8 % 97.8 % 

- 0.2 mm 99.5 % 98.4 % 93.4 % 
- 0.5 mm 95.6 % 91.6 % 79.2 % 
- 0.7 mm 81.3 % 75.3 % 60.3 % 
+ 0.2 mm 99.9 % 99.6 % 97.3 % 
+ 0.5 mm 98.2 % 96.9 % 89.7 % 
+ 0.7 mm 96.7 % 92.6 % 75.6 % 
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This study has limitations, including a relatively 
small number of patients and limited tumor sites. 
Future work will include a wider range of tumor sites 
and plan types (such as multi‑target and 
non‑coplanar plans) for more systematic analysis. 
Additional measurements will also be performed to 
investigate detector performance relative to target 
volume and plan complexity. 

 
 

CONCLUSIONS 
 

This study validates that the myQA® SRS detector 
is suitable and reliable for QA of SRT VMAT plans and 
supplies a practical reference for future clinical 
implementation. The detector also shows clear 
sensitivity to systematic MLC offsets that could 
produce clinically relevant dose deviations. 
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