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Abstract
Objective:  This study aimed to evaluate the comparative suitability of four widely available radiation detectors: the CC13 ionization 
chamber, Matrixx Evolution, Electronic Portal Imaging Device (EPID), and IBA DQA, for small-field output factor measurements, using the 
CC01 ionization chamber as the reference standard. 
Methods:  The output factors were measured for asymmetric field sizes ranging from 1 × 1 cm² to 10 × 10 cm². The collected OF data for 
each detector was then used to independently configure five separate beam models in the Eclipse TPS (version 17.0), ensuring that all other 
configuration parameters, such as the PDDs and profiles, remained constant. To assess the clinical impact of the differences in detector-
based beam modeling, a retrospective cohort of 20 patient SRS treatment plans was recalculated using each of the five beam models. 
Comparative dosimetric analyses focused on dose-volume histogram parameters for planning target volumes, organs at risk, high- and 
intermediate-dose spillage, and total number of monitor units. 
Results:  The results showed high consistency across all beam models, with no statistically significant differences observed between the 
CC01-based configuration and those derived from alternative detectors. Deviations in all dosimetric and treatment delivery parameters 
were minimal and clinically acceptable, indicating a negligible impact on treatment delivery. 
Conclusion:  These findings suggest that despite the known limitations in small-field dosimetry, the CC13, Matrixx Evolution, EPID, and IBA 
DQA detectors can reliably derive output factors for TPS commissioning in the SRS context. This provides flexibility in detector selection, 
particularly in clinics, where access to CC01 may be limited. The dosimetric equivalence demonstrated supports their integration into the 
clinical workflow for small-field radiotherapy applications.
Keywords:  CC01, CC13, matrixx evolution, IBA DQA, eclipse TPS, stereotactic radiosurgery

Introduction 
Accurate dose delivery is crucial in modern radiotherapy, 
especially with the growing use of highly conformal tech-
niques like stereotactic radiosurgery (SRS), stereotactic body 
radiotherapy (SBRT), and intensity-modulated radiotherapy 
(IMRT), which frequently utilize small radiation fields. These 
small fields, typically defined as those with dimensions less 
than 3 × 3 cm², present unique dosimetric challenges due to 
the absence of lateral charged particle equilibrium, volume- 
averaging effects, and detector perturbations. These challenges 
have spurred significant research efforts and clinical guidance, 
including the IAEA TRS-483 Code of Practice and AAPM 
Task Group 155 recommendations.1,2 

Precise measurement of output factors is essential in small-
field dosimetry because these values are primary inputs for 
configuring treatment planning systems (TPS), such as Eclipse. 
According to AAPM Task Group 155 and IAEA TRS-483 recom-
mendations, detectors used in small-field measurements must 
have high spatial resolution and minimal perturbation effects. 
Chamber detectors like Razor (CC01) are widely accepted as 
reference tools for such applications due to their small active 
volume and water-equivalent response. However, these detec-
tors are not always readily available in all clinical settings. They 
serve as a reference in many TPSs, including Eclipse, where their 
output factor data are often preconfigured for commissioning.3,4

Various detectors have been used for small-field dosim-
etry, each with its own advantages and disadvantages. Both IBA 
CC01 and CC13 detectors experience errors and inaccuracies 
in high-dose gradient areas, which are characteristic of SRS. 
CC13 chambers were designed specifically for these applica-
tions. CC01, with its small volume (0.01 cm³), effectively 
reduces volume averaging effects and aligns more closely with 
calculated dose profiles compared to the larger CC13. How-
ever, correction factors are necessary to account for the poten-
tial perturbations. In contrast, the CC13 chamber tended to 
overestimate the dose in the penumbral regions while underes-
timating the output factors in small fields, primarily because of 
their larger volume. In comparative studies, alternative detec-
tors, such as plastic scintillation detectors (e.g., Exradin W1) 
and micro diamond detectors, have demonstrated superior 
performance, exhibiting excellent concordance with Monte 
Carlo simulations. This was attributed to their minimal pertur-
bation effects and improved water equivalence, enabling them 
to serve as reference measurements for benchmarking the per-
formance of CC01 and CC13 under stereotactic conditions.5–12

Nevertheless, Razor chambers are not always accessible 
in all clinical settings due to cost, fragility, and procurement 
limitations. In contrast, detectors such as the CC13 ioniza-
tion chamber, Matrixx Evolution 2D array, Electronic Portal 
Imaging Devices (EPID), and IBA DailyQA (DQA) tools are 
more commonly integrated into the clinical workflow and are 
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often used for routine quality assurance (QA). While these 
tools are convenient and easy to use, their suitability for pre-
cise small-field dosimetry and output factor measurement 
remains under scrutiny. The volume averaging effect, lack of 
energy-dependence correction, and geometry-related artifacts 
can lead to systematic errors when these detectors are used 
outside their recommended clinical applications.13,14 

Previous studies have compared these detectors for rel-
ative dosimetry and QA purposes, but there is a notable gap 
in research evaluating their feasibility for directly substituting 
chamber detectors in output factor measurement, particu-
larly when percent depth doses (PDDs) and beam profiles 
remain constant in the TPS configuration. This study aims 
to fill this gap by evaluating the dosimetric behavior of the 
CC13, Matrixx Evolution, EPID, and DQA detectors relative 
to CC01.7,8 The goal was to determine their suitability for con-
figuring the output factors within the Eclipse TPS for small-
field applications. Therefore, this study investigates whether 
commonly available detectors such as CC13, Matrixx Evolu-
tion, EPID, and DQA can provide clinically acceptable output 
factor measurements for small fields (≤ 10 × 10 cm²), using the 
CC01 detector as a benchmark. By isolating output factors as 
the only variable configuration parameter in the Eclipse TPS 
(with consistent PDDs and beam profiles), this work evaluates 
the feasibility of substituting CC01 data with measurements 
from clinically available devices for TPS commissioning or QA 
purposes.

Materials and Methods

Detectors and Output Factor Measurements
This study was designed to evaluate the clinical impact of 
output factor variations derived from five different radiation 
detectors with the aim of assessing the feasibility of substituting 

commonly available clinical detectors for the CC01 detector 
in small-field dosimetry. The detectors included in the study 
were the CC01, CC13 ionization chamber, Matrixx Evolution 
2D ion chamber array, EPID, and DQA multidetector array. 
Table 1 summarizes the key technical characteristics of all five 
detectors used in this study. It includes details such as detector 
type, active volume, spatial resolution, and material compo-
sition, enabling a comparative understanding of their design 
and functional parameters relevant to small-field dosimetry.

CC01 is an ion chamber detector with an active volume 
of 0.01 cm³, widely regarded as a reference standard for small-
field output factor measurements because of its minimal 
volume averaging and high spatial resolution. The CC13, in 
contrast, is a 0.13 cm³ cylindrical ionization chamber typically 
used for standard field dosimetry but is often challenged by 
volume averaging effects in small fields. The Matrixx Evolu-
tion, as shown in Figure 1, is a 2D ionization chamber array 
comprising 1020 vented ion chambers with an active volume 
of 0.08 cm3 spaced at 7.62 mm intervals, designed primarily 
for patient-specific QA, but evaluated here for its performance 
in field size-specific output measurements. The EPID aS1200 
(Varian Medical Systems, Palo Alto, California, USA), shown 
in Figure 2, is a high-resolution amorphous silicon panel com-
monly used for portal imaging and in vivo dosimetry. DQA, 
as shown in Figure 3, is a daily QA device that houses multiple 
solid-state detectors and is primarily used for linear acceler-
ator performance checks. 

All output factor measurements were conducted using a 
Varian TrueBeam linear accelerator operating at a 6 MV FFF 
photon energy. The measurements were performed under 
standard reference conditions. A fixed source-to-surface dis-
tance (SSD) of 100 cm was used, and the detectors were placed 
at a depth of 10 cm within the phantom. Output factors were 
measured for asymmetric field sizes ranging from 1 × 1 cm² to 
10 × 10 cm², in 1 cm increments, totaling 100 measurements 

Table 1.  Technical specifications of the detectors (CC01, CC13, Matrixx Evolution, EPID, IBA DQA)

Specification IBA CC01 IBA CC13 Varian aS1200 EPID IBA Matrixx Evolution IBA DQA

Detector Type Vented cylindrical 
ionization chamber

Vented cylindrical 
ionization chamber

Amorphous silicon 
(aSi) flat-panel 

detector

2D array 1020 ion 
chambers

2D array 125 ion 
chambers

Sensitive Volume 0.01 cm³ 0.13 cm³ N/A 0.08 cm³ 0.016 cm³

Detector Dimensions Radius: 1.0 mm; 
Length: 3.6 mm

Radius: 3.0 mm; Length: 
5.8 mm

43 × 43 cm²; Pixel: 
0.336 mm

24 × 24 cm²; Spacing: 
7.62 mm

20 × 20 cm²; Varies by 
location

Material PMMA wall with 
graphite; Al electrode

PMMA wall with 
graphite; Al electrode

aSi with lead 
shielding Air-filled ion chambers Air-filled ion chambers

Recommended Field 
Size ≥ 1 × 1 cm² ≥ 3 × 3 cm² ≥ 1 × 1 cm² ≥ 2 × 2 cm² ≥ 2 × 2 cm²

Spatial Resolution Very high Moderate High Low to moderate Moderate  
(~5 mm spacing)

Typical Sensitivity 0.5 nC/Gy 3.6 nC/Gy N/A N/A N/A

Polarizing Voltage ± 300 V (max. ± 500 V) ± 300 V (max. ± 500 V) N/A N/A N/A

Leakage Current ≤ 3 fA ≤ 3 fA N/A N/A N/A

Temperature Range 15°C – 35°C 15°C – 35°C N/A N/A N/A

Key Features

High resolution; 
minimal averaging; 
ideal for small-field 

dosimetry

General-purpose; 
limited for fields  

<2 × 2 cm²

High-resolution; 
integrated calibration 

and shielding; 
supports FFF

Quick QA; limited 
resolution for small 

fields

Fast setup; real-time 
output verification
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Fig. 2  The EPID (Varian Medical Systems, version 2.7, Palo Alto, California, USA).

Fig. 1  The 2D array Matrixx (Evaluation, version 2.15, IBA, Germany).

per detector. Each measurement was normalized to the reading 
obtained for a 10 × 10 cm² field, which served as the reference 
field size. All readings were repeated three times and averaged 
to minimize random errors. The CC01 detector served as the 
benchmark against which the output factors from the other 
detectors were compared.

 Both the CC01 and CC13 ionization chambers were 
calibrated and corrected according to the field output 
correction factors (FOCFs) provided in the IAEA TRS-483 
protocol. These detectors served as reference instruments for 
small-field dosimetry. The MatriXX Evolution, EPID, and 
DQA detectors were then cross-calibrated against the CC01 
and CC13 under identical beam conditions. Although FOCFs 

were not directly applied to the alternative detectors, this 
cross-calibration approach enabled consistent output factor 
measurements across all devices.

Eclipse TPS Configuration and Machine Modeling
To evaluate how detector-specific output factors influence 
clinical dose calculations, each detector was modeled as a 
unique virtual linear accelerator within the Eclipse Treat-
ment Planning System (TPS), version 17.0 (Varian Medical 
Systems, Palo Alto, CA). The beam configuration for each 
machine was kept identical in all aspects, except for the 
output factor table, which was customized using the meas-
urements acquired with each respective detector. All other 
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beam modeling parameters, including PDD curves, dose 
profiles, off-axis ratios, and energy spectra, were held con-
stant across all the machine models. This approach ensured 
that any variations in the calculated dose distributions could 
be attributed solely to differences in the output factors. Each 
machine model was configured using the photon-beam 
configuration module of Eclipse. Customized output factor 
data were imported manually for each machine to ensure 
consistent data formatting and normalization. Following 
a successful configuration, each machine was subjected to 
internal TPS consistency checks to validate the integrity of 
the beam model.

Patient Selection and Treatment Prescription
Twenty patients diagnosed with brain astrocytomas were ret-
rospectively selected for inclusion in the study. All patients 
had been previously treated and had complete simulation CT 
datasets, contouring, and planning. The plans were selected 
to represent a typical clinical population receiving hypofrac-
tionated radiotherapy for primary or recurrent astrocytomas. 
All patients were prescribed a total dose of 30 Gy delivered 
in five fractions (6 Gy per fraction), consistent with hypof-
ractionated protocols for brain tumors. Target volumes were 
delineated according to the institutional guidelines. The Gross 
Tumor Volume was defined based on MRI fusion and contrast 
enhancement, whereas the Clinical Target Volume (CTV) 
encompassed a margin for subclinical disease extension. The 
Planning Target Volume (PTV) was created by expanding 
the CTV by a uniform 3–5 mm margin to account for setup 
uncertainty and intra-fraction motion.

Organs-at-risk (OARs), including the brainstem and 
bilateral cochleae, were contoured based on standardized ana-
tomical landmarks. The cochleae were contoured on axial CT 
images using bone windows, and the brainstem was delineated 
from the most inferior to the superior extent. These structures 
were included in the plan optimization with institutional dose 
constraints.

Treatment Planning and Dose Recalculation
For each patient, a reference treatment plan was generated 
using volumetric modulated arc therapy (VMAT) with one 
full arc and collimator rotation of 0°. The plan was initially 
created and optimized using a machine configuration corre-
sponding to the CC01 detector. This reference plan was then 
duplicated for each of the other four machine configurations 
(CC13, Matrixx Evolution, EPID, and DQA), and the dose was 
re-optimized and recalculated without any further modifica-
tion to the beam geometry, weights, or optimization parame-
ters. By recalculating the same optimized plan using different 
detector-specific output factor data, we isolated and quantified 
the dosimetric differences introduced solely by variations in 
the output factor configuration. This method preserves the 
clinical validity of the original plan and ensures a fair basis for 
comparison across detector types.

Dosimetric Analysis
The dosimetric parameters for each plan were extracted using 
the Eclipse dose-volume histogram (DVH) analysis tool.  
For the PTV, the evaluated metrics included the maximum 
point dose (Dmax), dose covering 107% of the PTV volume 
(D107), and dose covering 95% of the PTV volume (D95). OARs 
were assessed by analyzing the maximum dose (Dmax) and the 
dose to the hottest 0.5 cc volume (D0.5cc) for the brainstem, 
along with the maximum dose to both the ipsilateral and 
contralateral cochleae. Additionally, treatment efficiency was 
evaluated based on the total monitor units (MUs) required for 
plan delivery. These metrics were selected to evaluate both the 
effectiveness of target coverage and the preservation of OAR 
dose limits as well as to determine the impact of output factor 
differences on treatment delivery time and machine workload.

Statistical Evaluation
Statistical analyses were conducted using IBM SPSS Statistics 
(version 20.0), with the results reported as mean values and 

Fig. 3  The DQA (IBA, version 2.15, Germany).
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standard deviations. The initial step involved assessing data for 
normality. When the data met this criterion, parametric repeat-
ed-measures ANOVA was employed; otherwise, the nonpara-
metric Friedman test was utilized. A paired test was selected, 
because the same patients were evaluated for each beam energy. 
Statistical significance was set at the 95% confidence level.

Results
In this study, we experimentally investigated the dosimetric 
consequences of configuring small-field output factors in the 
Eclipse TPS using various clinically available detectors, namely 
the CC13 ionization chamber, MatriXX Evolution, EPID, and 
DQA systems, compared with the CC01 ionization chamber 
detector, which served as the reference standard. Importantly, 
only the output factor values were varied in the TPS configura-
tion, whereas the PDDs and beam profiles were kept constant. 
This approach allowed us to isolate the impact of detector-de-
pendent output factor variations on the dosimetric accuracy 
of the plans, particularly for stereotactic applications where 
small-field effects are pronounced.

The dosimetric assessment revealed that the Dmax 
within the PTV was minimally influenced by the choice of  
the detector. The CC01 detector reported a mean Dmax of 
108.61% ± 1.45%, while the CC13, MatriXX Evolution, EPID, 
and DQA yielded values of 108.95% ± 1.39%, 109.12% ± 
1.33%, 108.49% ± 1.45%, and 108.84% ± 1.53%, respectively. 
Although these differences were not statistically significant 
(P-value = 0.10), the MatriXX Evolution exhibited a slight 
numerical elevation in Dmax, potentially attributable to its 
finite detector spacing and volume-averaging effects that may 
amplify peak dose estimations. In contrast, EPID showed a 
marginally lower Dmax, likely owing to its integrated smoothing 
algorithms and its response characteristics in high-gradient 
regions, as illustrated in Tables 2 and 3.

The dose that covered 95% of the PTV (D95%) was con-
sistent across the detectors. The Razor detector showed a D95% 

of 98.63% ± 1.48%, while CC13, MatriXX Evolution, EPID, 
and DQA reported 99.15% ± 1.41%, 98.80% ± 1.38%, 98.76% 
± 1.45%, and 98.89% ± 1.61%, respectively. These results sug-
gest a negligible impact on PTV coverage, with no statistically 
significant differences (P = 0.12), reinforcing the robustness 
of D95% to small variations in output factors when beam mod-
eling is otherwise identical. The hotspot dose (D107%) within 
the PTV showed a slightly higher variability. While Razor 
recorded a mean D107% volume of 2.08% ± 0.85%, MatriXX 
Evolution yielded a slightly higher value of 2.24% ± 1.02%, 
and EPID had the lowest at 1.41% ± 0.71%. CC13 and DQA 
presented intermediate values of 1.79% ± 0.70% and 1.68% ± 
0.73%, respectively. Although these differences were not sta-
tistically significant (P = 0.42), the under-response of EPID 
in capturing small-volume hot spots may be attributed to its 
detector design and internal processing algorithms, which 
smoothen out peak intensities. Conversely, the MatriXX Evo-
lution showed a minor trend toward overestimation, likely due 
to its larger active volume, as shown in Figure 4.

The CI and HI remained largely unaffected by the choice 
of detectors. The CI values were consistently close to 0.97–0.98 
across all configurations (P = 1.000), indicating a stable spa-
tial dose conformation, regardless of the output factor source. 
Similarly, the homogeneity index hovered around 1.08 for all 
detectors, with a slight increase to 1.09 in the MatriXX-based 
configuration, again reflecting the small influence of the 
variance of the output factor on dose uniformity (P = 0.19). 
With respect to the spatial dose fall-off, as quantified by the 
GD, the Razor detector yielded a mean GD of 0.87 cm ± 0.04. 
The other detectors showed slightly lower GD values, with 
CC13, MatriXX Evolution, EPID, and DQA reporting 0.83 ± 
0.04 cm, 0.83 ± 0.04 cm, 0.85 ± 0.03 cm, and 0.83 ± 0.03 cm, 
respectively. These results suggest a minimal but observable 
narrowing of the penumbra region when using alternative 
detectors, although the differences were not statistically sig-
nificant (P = 0.27), as demonstrated in Tables 2 and 3.

Table 2.  Mean and standard deviation of dosimetric and treatment delivery parameters for five detectors calculated using the Eclipse TPS

Parameters
Mean ± SD

CC01 (A) CC13 (B) MATRIXX (C) EPID (D) DailyQA (E)

PTV

Dmax (%) 108.61 ± 1.45 108.87 ± 1.78 109.12 ± 1.42 108.49 ± 1.64 108.58 ± 1.68

D95 (%) 98.63 ± 1.67 99.15 ± 1.47 99.04 ± 1.58 99.02 ± 1.69 99.14 ± 1.48

D107 (%) 2.08 ± 2.79 1.94 ± 2.29 2.24 ± 2.13 1.41 ± 2.23 1.87 ± 2.34

High and 
intermediate 
dose spillages

CI 0.97 ± 0.11 0.97 ± 0.13 0.97 ± 0.11 0.98 ± 0.11 0.97 ± 0.13

HI 1.08 ± 0.01 1.08 ± 0.02 1.09 ± 0.01 1.08 ± 0.02 1.07 ± 0.01

GD (cm) 0.87 ± 0.11 0.83 ± 0.06 0.84 ± 0.07 0.83 ± 0.06 0.83 ± 0.06

Brainstem
Dmax (Gy) 26.28 ± 0.67 26.24 ± 0.44 26.35 ± 0.45 26.37 ± 0.26 26.36 ± 0.39

D0.5cc (Gy) 22.33 ± 1.19 21.63 ± 1.75 21.44 ± 1.60 21.42 ± 1.68 22.28 ± 0.88

Cochlea Dmax (Gy) 21.56 ± 4.85 22.72 ± 5.10 22.19 ± 4.91 21.72 ± 4.98 21.97 ± 5.00

Treatment 
delivery MU 1214 ± 199 1197 ± 203 1176 ± 195 1246 ± 195 1202 ± 212

HI: heterogeneity index; CI: conformity index; MU: monitor unit; GD: gradient distance.
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The dosimetric differences remained small in terms of 
the OAR sparing. The maximum dose to the brainstem was 
26.24 ± 1.52 Gy with the Razor detector and closely mirrored 
by CC13 (26.30 ± 1.53 Gy), MatriXX Evolution (26.34 ± 1.51 
Gy), EPID (26.37 ± 1.50 Gy), and DQA (26.32 ± 1.51 Gy), with 
a non-significant P-value of 0.63. For the brainstem D0.5cc, a 
parameter more sensitive to localized dose differences, Razor 
recorded 22.33 ± 1.74 Gy, while CC13, MatriXX Evolution, 
EPID, and DQA produced 21.88 ± 1.91 Gy, 22.05 ± 1.97 Gy, 
21.42 ± 1.84 Gy, and 21.66 ± 1.84 Gy, respectively. Although 
these differences approached statistical significance (P = 
0.09), particularly with EPID showing a 0.9 Gy underestima-
tion compared to CC01, they were within clinically acceptable 
margins. The cochlea Dmax also showed consistent results, with 
CC01 reporting 21.56 ± 6.53 Gy and the remaining detectors 
yielding values within ± 1.2 Gy of this reference: CC13 (22.72 ±  
6.42 Gy), MatriXX Evolution (22.03 ± 6.13 Gy), EPID (21.90 ±  
6.31 Gy), and DQA (22.21 ± 6.45 Gy), with no significant dif-
ferences observed (P = 0.49), as represented in Tables 2 and 3.

Finally, an evaluation of the MUs required to achieve 
equivalent dose distributions across different output factor 
configurations revealed no statistically significant differences 
(P = 0.13–0.49). The Razor-based plan required an average of 
1214 ± 99 MUs. The MatriXX Evolution required the fewest 

Table 3.  Comparison between five detectors measurements in 
the dosimetric and treatment delivery parametrs using P–value 
analysis

Parameters
P-value

A vs B A vs C A vs D A vs E

PTV

Dmax (%) 0.09 0.10 0.45 0.87

D95% (%) 0.28 0.12 0.36 0.20

D107% (%) 0.43 0.57 0.54 0.77

High and 
intermediate 
dose spillages

CI 1.00 1.00 0.56 1.00

HI 1.00 0.19 0.28 0.53

GD (cm) 0.31 0.38 0.27 0.31

Brainstem
Dmax (Gy) 0.82 0.82 0.61 0.70

D0. 5cc (Gy) 0.20 0.10 0.09 0.73

Cochlea Dmax (Gy) 0.21 0.45 0.82 0.58

Treatment delivery MU 0.49 0.22 0.13 0.22

HI: heterogeneity index; CI: conformity index; MU: monitor unit; GD: gradient 
distance.

Fig. 4  Box-whisker plots comparing (a) D95 (%) of the PTV, (b) Dmax (%) of the PTV, (c) Dmax (%) of the brainstem, and (d) total monitor units 
(MUs) across plans generated using output factors measured with different detectors: CC01, CC13, MatriXX, EPID, and DQA. Boxes represent 
the interquartile range, with the horizontal line indicating the median. Whiskers denote the range excluding outliers.
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MUs (1176 ± 93), while EPID-based planning resulted in 
the highest MU requirement (1246 ± 106), potentially due to 
subtle underestimation of field output leading to compensa-
tory increases in beam-on time, as shown in Tables 2 and 3.

Discussion
Accurate dosimetry in small radiation fields is challenged 
by the loss of lateral charged-particle equilibrium, steep 
dose gradients, and partial occlusion of the primary photon 
source.15 This study addressed these challenges by experi-
mentally comparing the dosimetric accuracy of widely avail-
able clinical detectors, namely the CC13 ionization chamber, 
MatriXX Evolution, EPID, and DQA systems, against the 
CC01 detector, which is recommended by IAEA TRS-483 for 
small-field dosimetry because of its high spatial resolution and 
minimal perturbation effects.

Our results confirm that large-volume detectors such as 
CC13 and Matrixx Evolution overestimate small-field output 
factors owing to volume averaging and perturbation effects, 
as documented in earlier literature.16,17 This did not trans-
late into an increased PTV Dmax, D95%, and D107% when these 
detectors were used to configure the Eclipse TPS, potentially 
leading to overtreatment. From a clinical implementation 
perspective, the ability to substitute the CC01 detector with 
more accessible tools such as CC13 or MatriXX is appealing, 
particularly in settings where specialized small-field detec-
tors are not readily available. The Matrixx Evolution 
detector, with its 7.62 mm ion chamber spacing and sensi-
tive volume of approximately 0.08 cm³, tends to average the 
dose across high gradient regions, leading to inflated output 
factor values. In contrast, CC13, although relatively smaller 
than Matrixx Evolution, still lacks the resolution necessary 
for sub-centimeter fields and has been shown to overestimate 
doses in several studies when used without appropriate cor-
rection factors.18,19

The MatriXX Evolution showed good agreement with 
CC01 for most high-dose parameters and was supported in 
small-field dosimetry when properly calibrated. The EPID 
slightly underestimated the dose compared to CC01, although 
not significantly, with prior studies supporting its use in small-
field QA with appropriate calibration. DQA showed excellent 
agreement with CC01 across all parameters, consistent with 
previous findings. DQA showed the largest discrepancies and 
least consistency, which is consistent with its intended use for 
routine QA rather than dosimetric commissioning. The CI 
and HI showed no significant differences across detectors, 
suggesting a stable spatial dose distribution when the PDDs 
and profiles are constant. However, Dmax%, D107%, and D95% 
were more sensitive to OF changes, particularly with EPID 
and Daily QA, leading to increased MUs during planning. 
The EPID and Daily QA showed clinically relevant underes-
timations in PTV coverage parameters, consistent with prior 
studies citing energy dependence and volume averaging. 
Increased MUs reflect Eclipse compensation for underesti-
mated OFs, which can impact efficiency and dose accuracy in 
hypofractionated treatments.20–25

Subsequent studies have further examined the perfor-
mance of CC01, CC13, and diode detectors in small-field 
dosimetry and their implications for commissioning Eclipse 
TPS. Notably, Eclipse often excludes OF data for fields smaller 
than 1 × 1 cm², which results in increased uncertainty. A 

recent investigation revealed MU deviations as high as 
6–7.5% when the Eclipse models lacked output data for  
1 × 1 cm² fields, underscoring the importance of extending 
the OF table and incorporating measured values. Other 
studies have explored the performance of CC01, CC13, and 
diode detectors in small-field dosimetry and their implica-
tions for the commissioning of the Eclipse TPS. For example, 
Eclipse frequently omitted OF data for fields smaller than  
1 × 1 cm², which can lead to increased uncertainties. A 
recent study revealed that MU deviations could be as high as 
6–7.5% when Eclipse models lacked output data for 1 × 1 cm² 
fields. This finding underscores the need to extend the OF 
table and incorporate measured values. A study conducted 
in 2020 revealed that Eclipse’s beam models, when com-
missioned using CC01 and diode detectors, are capable of 
producing clinically acceptable outcomes for fields as small 
as 1.5 × 1.5 cm². However, it was noted that discrepancies 
increase for fields smaller than this size.26–29 To overcome 
the limitations of single-point detectors, two-dimensional 
array devices, such as the IBA MatriXX Evolution, are often 
used for QA purposes. This detector consists of a grid of ion 
chambers that provide real-time insights into dose distri-
bution. It has shown exceptional performance in standard 
QA protocols, achieving gamma pass rates of over 97% in 
various clinical studies. However, concerns have been raised 
regarding its angular dependence and limited spatial resolu-
tion, especially in very small fields. While the IBA MatriXX 
Evolution is invaluable for standard IMRT QA, its limitations 
become more pronounced in stereotactic conditions.30–32

A key methodological strength of this study was that the 
consistent PDDs and beam profiles across all detector config-
urations ensured that any variations in dose distributions were 
attributable solely to differences in the output factor measure-
ments. This design effectively isolates the influence of each 
detector on the output factor configuration. Although slight 
variations were observed in plan quality metrics such as Dmax%, 
D95%, and D107%, as well as in OARs doses including Dmax% 
and D0.5cc% for the brainstem and Dmax% for the cochlea, and 
treatment delivery parameters such as MUs, these differences 
were not clinically significant. These findings support the  
conclusion that alternative detectors can be reliably used for 
output-factor commissioning when properly calibrated.

While FOCFs were not explicitly applied to the MatriXX 
Evolution, EPID, and DQA detectors, it is important to note 
that the CC01 and CC13 chambers were calibrated and cor-
rected in accordance with the IAEA TRS-483 protocol. These 
reference detectors were used to cross-calibrate the alternative 
detectors under the same beam conditions. This approach 
ensured that all measurements were traceable to detectors 
corrected with FOCFs. Despite the lack of direct FOCF appli-
cation for the alternative detectors, their output factor meas-
urements remained within clinically acceptable limits, with 
no statistically significant deviations observed. These findings 
support the feasibility of using commonly available clinical 
detectors as substitutes for the CC01 when proper calibration 
procedures are followed. These findings support the feasibility 
of using commonly available clinical detectors for output 
factor commissioning in stereotactic applications, provided 
that they are carefully calibrated or validated through collab-
oration with institutions that have access to CC01 detectors.
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Conclusion
Alternative detectors such as the CC13 chamber, MatriXX 
Evolution, EPID, and DQA can effectively replace the CC01 
when appropriate calibration methods are applied to ensure 
accurate output factor measurements. Radiotherapy centers 
without access to CC01 detectors should either validate alter-
native devices or collaborate with other institutions for proper 
commissioning support. Although different detectors may 
show slight variations in measured dose metrics, these are 

generally not statistically significant and remain within clin-
ically acceptable limits. Overall, the CC13, EPID, DQA, and 
MatriXX Evolution detectors closely align with the Razor 
detector’s dosimetric output, making them suitable alternatives 
for commissioning output factors in stereotactic applications.
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