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Aim: This study focused on evaluating the sensitivity of integral quality monitoring (IQM
®
)

system and MatriXX detectors. These two detectors are recommended for radiotherapy pre-

treatment quality assurance (QA).

Background: IQM is a large wedged-shaped ionisation chamber mounted to the linear accel-

erator (linac) head in practice. MatriXX consists of an array of ionisation chambers also

attached to the linac head.

Materials and methods: In this study, the dosimetric performance and sensitivity of MatriXX

and  IQM detectors were evaluated using the following characteristics: reproducibility, lin-

earity, error detection capability and three-dimensional conformal radiotherapy (3D-CRT)

plans of the head and neck, thorax and pelvic regions.

Results: This study indicates that the signal responses of the large ionisation chamber device

(IQM) and the small pixel array of ionisation chambers device (MatriXX) are reproducible,

linear and sensitive to MLC positional errors, backup jaw positional errors and dose errors.

The local percentage differences for dose errors of 1%, 2%, and 3% were, respectively, within

0.35–8.23%, 0.78–16.21%, and 1.10–24.41% for the IQM device. While for the MatriXX detec-

tor,  the ranges were between 0.24–3.19, 0.57–6.43 and 0.81–12.95, respectively. Since IQM is

essentially a double wedge-shaped large ionisation chamber, its reproducibility and detec-

tion  capability are competitive to that of MatriXX. In addition, the sensitivity of the two QA

systems increases with an increase in escalation percentage, and the signal responses are

patient plan specific.
Conclusions: The two detectors response signals have good correlations and they are accurate

for  pre-treatment QA. Statistically, (P < 0.05) there is a significant difference between the IQM

and MatriXX response to dose errors.

er Po
© 2019 Great

1.  Background
The evolution of conformal treatment techniques, such
as intensity modulated radiotherapy (IMRT), has optimised
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radiation treatment by delivering an effective dose to a tumour
while sparing normal tissue.1,2 However, it is a norm to verify
this advanced RT technique, which has accompanied com-

3,4
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plexities in their pre-treatment quality assurance (QA).
Two-dimensional (2D) detector arrays are now more  use-
ful than film measurements during radiotherapy verification
due to their fast, automated readout with high efficiency.5–9
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QM10,11 MatriXX12,13 are two of such detectors available at our
linic for pre-treatment QA procedures.

Several studies have evaluated the sensitivity of IQM and
atriXX devices separately by altering the multi-leaf col-

imator (MLC) positions, but none has evaluated the QA
ystems in terms of dose-variation errors.14–16 Some arti-
les, such as Chung et al., evaluated the signal-response of

 MatriXX detector, Gafchromic EBT film, and MapCHECK
evice using patient-specific treatment plans.3 Also, Li et al.
ompared the dose response of open fields using MatriXX
nd MapCHECK detectors.14 While Deshpande compared the
ensitivity response of MatriXX and ArcCHECK to systematic
ffsets of backup Jaws and open MLC  positions of head and
eck treatment plans.17 Elsewhere, Oderinde and Du Plessis
valuated the sensitivity of IQM to MLC  positional error using
onte Carlo simulation while Saito et al. studied the IQM

esponse to MLC  positional errors of patients’ plans.18,19

.  Aim

n this study, IQM and the MatriXX detectors were ini-
ially evaluated based on their responses (performance) to
ose-rates, monitor units (MUs), photon energy beams, and
inimal alterations of jaws and multi-leaf collimators (MLCs)

f considered segments. Then, the sensitivity of the two
ommercial QA systems was evaluated by modifying the
hree-dimensional conformal radiotherapy (3D-CRT) patients’
lanning target volume (PTV) dose at 1%, 2%, and 3%.

.  Materials  and  methods
.1.  IQM  and  MatriXX  QA  detectors

he commercially available IQM (iRT Systems GmbH, Koblenz,
ermany) was prototyped by Islam et al.10 It is a double

ig. 1 – Linac setup with (a) IQM detector mounted on the head (
late on top of the array.
therapy 2 4 ( 2 0 1 9 ) 462–471 463

wedge-shaped open ionisation chamber with a large volume.
Its polarising 1.5 mm aluminium electrode plates are angled
relative to the central electrode along the multileaf collimator
(MLC). The double wedged ionisation chamber has a sensitive
area of 26 × 26 cm2 which makes it suitable for 40 × 40 cm2 field
measurement at the isocenter. The electronic signal (numeric
values) of IQM is a function of the photon fluence distributed
on the surface of the detector’s plate which is of the order of
nC (nano Coulomb). Previous articles have discussed explicitly
the design, setup, calibration, and considerable factors of the
IQM system.16,10,20

MatriXX (IBA Dosimetry, Scanditronix Wellhofer GmbH,
Germany) is a 2-dimensional (2D) array of 1020 vented ionisa-
tion chambers arranged in a 32 × 32 matrix. Each chamber has
a sensitive volume of 0.08 cc, a diameter of 4.5 mm,  and height
of 5 mm.  The spacing between the two chambers measured
from their centres is 7.62 mm.  The active point of measure-
ment is 3.6 mm from its surface. It operates at a potential of
500 V and has a sensitive area of 24 × 24 cm2.13,21 A MatriXX
detector can be mounted on a linac head to have 90% of the
irradiated beam on the surface of the detector or positioned
at isocentre when in use.

3.2.  IQM  and  MatriXX  measurement

IQM was mounted to the linac head, as shown in Fig. 1a, and
its readout signals were transferred through the dosimetry
controller to the IQM manager (computer) either for initial
recording or for verification of patient’s plans. It measures
the photon beam output as it traverses the chamber vol-
ume  and reports a signal to the computer. The checksum

function of the IQM system permits the recording of each
signal for every beam and segment during measurement.
IQM has no chamber warm-up time and the signal has no
unit.

b) MatriXX detector placed on the couch with 5 cm Perspex

https://doi.org/10.1016/j.rpor.2019.07.007
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The MatriXX device underwent a 15-min pre-measurement
warm-up time as recommended by the manufacturers. The
measurements of MatriXX were obtained using the OmniPro-
I’mRT v.1.7 software (IBA dosimetry GmbH, Germany). In this
study, the measurements were obtained from the four central
chambers of the 2D array positioned at 100 cm source-to-
detector distance (SDD) as utilised in related articles.3,12,14

MATLAB code (Mathwork, Inc., Natick, MA)  was used to auto-
matically generate an average absolute signal (mGy) for each
of the four chambers from the exported ASCII format files from
the OmniPro-I’mRT software. Using manufacturers’ specified
values, a 5 cm thick Perspex-slab was placed on the MatriXX
detector as shown in Fig. 1b.

3.3.  Ionisation  measurement

All measurements were performed on an Elekta Synergy linac
(Elekta instrument AB Stockholm, Sweden). The linac oper-
ates at 6, 10 and 15 MV  photon beams and is equipped with
a low transmission (<0.5%) Agility head of 160 interdigitating
leaves (width = 0.5 cm at isocenter). The linac output consis-
tency was verified with a PTW farmer chamber (sensitive
volume of 0.6 cm3). The consistency of the ionisation chamber
was verified using a radioactive Sr-90 check source. The PTW
signals were corrected by standard environmental conditions
(pressure and temperature) of the clinic. The temperature of
the PTW farmer chamber was measured in the check source,
as was the pressure. Afterwards, the calculated values of the
environmental conditions were multiplied by the ionisation
chamber readings.

The radioactive check source signal was consistent after
30 minutes’ warm-up of the PTW UNIDOS

®
E Universal elec-

trometer. The ionisation chamber was inserted to the depth
of 5 cm depth a Perspex phantom to verify the linac consis-
tency at 100 cm SSD. The coefficient of variation of the Elekta
Synergy equipped with Agility 160-MLC leaves linac setup was
within 0.06% (48.15 ± 0.03) when verified with a PTW farmer
chamber for 3 × 3 and 10 × 10 cm2 fields. This chamber and
electrometer were also used to measure the dose linearity
and dose-rate dependence of the linac between 10 and 600 MU

2
and 50 (1 MU = 1 cGy for 10 × 10 cm fields at 100 cm SSD), and
800 MU/min at 300 MU  dose rate setting, respectively. Also, the
beam quality was set to 6 MV  at zero degree for both the gantry
and collimator angle.

Fig. 2 – Definition of field errors: (a) diaphragm modification with
10 × 10 cm2 field.
iotherapy 2 4 ( 2 0 1 9 ) 462–471

3.4.  Performance  tests

3.4.1.  Reproducibility
The signal response of the IQM and MatriXX detectors was
calibrated, and their reproducibility was tested over a usage
period of three months, whereby, the QA systems were irradi-
ated by open fields of 3 × 3 and 10 × 10 cm2 at 6 MV  for 300 MU.
The weekly measurements were repeated ten times in a batch
to calculate the coefficient of variation (CV) for each week.
Variation should be approximately zero (CV ≈ 0%) to avoid
inherent uncertainties from the linac that could skew the
detector’s response signal.

3.4.2.  Dose  linearity  and  dose  rate  dependence
For dose linearity and dose-rate dependence, the detectors
were exposed to an open field of 10 × 10 cm2 at 6 MV. The dose
linearity of the detectors was tested by measuring their signals
between 10 and 600 MU five times. The open field signals for
dose rates between 50 and 800 MU/min at a fixed monitor unit
(300 MU) set on the console were recorded over five readings
for both detectors.

3.4.3.  Photon  energy  beam  dependence
For the photon beam dependence test, the response of each
detector was investigated as a function of field sizes for 6, 10
and 15 MV photon beams at 300 MU. Open field sizes rang-
ing from 3 × 3 to 20 × 20 cm2 were measured five times, while
10 × 10 cm2 field was set as the baseline measurement for each
photon beam.

3.4.4.  Error  detection  capability
To evaluate the sensitivity of the IQM and MatriXX detectors,
3 × 3 and 10 × 10 cm2 fields were utilised. The signals for the
two segments were measured with and without alterations.
The altered segments were defined by systematic offset of
the; (a) jaw positions within ±0.5, ±1 and ±2 mm and (b) MLC
opened leaf positions within ±0.5, ±1 and ±2 mm as graph-

2
ically shown in Fig. 2 for a 10 × 10 cm field. To evaluate the
error detection capability, chamber readings were quantified
using a percentage change (Pc) with reference to the unaltered
readings as calculated in Eq. (1) . In this equation, Rerr and

in ±1 mm;  (b) MLC  modification within ±1 mm for

https://doi.org/10.1016/j.rpor.2019.07.007
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Fig. 3 – Patients treatment plans used in this stu

ref are the chamber readings of the altered segment and the
naltered segment, respectively.

c (%) =
(

Rerr − Rref

Rref

)
× 100 (1)

he quantified Pcs were correlated with the segment errors
or both the IQM and MatriXX data using Pearson correlation
oefficient (R2). The Mann–Whitney test was used to compare
he IQM with MatriXX correlations for jaws and MLC offsets at

 × 3 and 10 × 10 cm2 fields. A P-value (P < 0.05) is considered as
 statistically significant difference between the two detector
esponse signals.

Error detection capability for both ionisation chambers
as analysed for the cases of 3D-CRT treatment plans (Head

nd Neck, Thorax, and Pelvis plans). The patient plans were
xecuted using Elekta’s XiO

®
planning system; afterwards,

he plans were transferred to MOSAIQ Radiation Oncology
nformation system. Fig. 3 shows examples of the treatment
lans used in this study. The prescribed doses in Table 1

ere escalated by 1%, 2% and 3% for fixed patient treatment
lans. To measure the altered beam output, the IQM device
as mounted to the linac head surface while the MatriXX
etector was attached to the gantry using the gantry holder.

Table 1 – Patient’s treatment plan parameters used for this stud

Treatment site Field #no Precribed dose (cGy) MU Beam

H&N1 F1 40.00 175.70 15.00 

F2 44.00 189.50 15.00 

Thorax F1 86.00 109.40 6.00 

F2 86.00 111.00 6.00 

F3 86.00 170.30 6.00 

Pelvis F1 143.00 167.60 6.00 

F2 143.00 162.40 6.00 

F3 15.00 20.70 15.00 

H&N2 F1 8.00 8.20 15.00 

F2 8.00 9.50 6.00 
 and 3 head and neck), (4 thorax), and (2 pelvis).

The Mann–Whitney test was used to compare the IQM with
MatriXX response signals for the altered plans.

4.  Results

In this study, the sensitivity of two different detectors
was investigated. We  initially evaluated the dosimetric
performance of the two QA systems using the following char-
acteristics: dosimetric reproducibility, dose linearity, dose rate,
and photon dependence.

Fig. 4 shows the dose and dose-rate dependence for the
linac using the PTW Farmer ionisation chamber for 10–600 MU
and 50–800 MU/min, respectively, at 6 MV. The correlation
coefficient for the linear fit on dose dependence was R2 = 1. The
PTW response was linear over the range of MU  considered. For
dose-rate dependence, the ionisation chamber response was
normalised at 300 MU/min, and it shows an independent cor-
relation with an increase in dose-rate values. The first test was
performed to verify the accuracy of the accelerator beam out-
put as a function of increasing MUs. The second test verified
that the beam output of the linear accelerator was indepen-

dent of the dose rate at which the dose was delivered. It was
important to verify that at first to evaluate the linear accelera-
tor stability regarding beam output as scaled by monitor units
and, additionally, delivering a constant output at different

y.

 quality (MV) Gantry (◦) Collimator (◦) Field size (cm2)

75.00 270.00 14.5 × 8.5
285.00 90.00 14.5 × 8.5
90.00 0.00 14.4 × 14.5
270.00 0.00 14.4 × 14.5
0.00 180.00 25.2 × 8.0
0.00 0.00 23.7 × 26.5
180.00 0.00 22.5 × 26.5
90.00 0.00 9.9 × 23.4
90.00 0.00 12.4 × 15.9
270.00 90.00 11.3 × 12.0

https://doi.org/10.1016/j.rpor.2019.07.007
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Fig. 4 – The signal of PTW farmer ionisation chamber for (a) dose linearity and (b) dose-rates at 6 MV  photon beams.

Fig. 5 – Linearity test for the two detectors and uncertainties. The reading is plotted as a function of MU from 25 to 600 MU
XX d
for 6 MV  photon beams (A) for IQM detector and (B) for Matri

dose rates. These tests show that the linear accelerator is very
stable in terms of linearity and dose rate since the beam output
for the three-month period fluctuated within 0.06%.

4.1.  Reproducibility

Table 2 shows the CVs (Mean ± Standard Deviation) for the
IQM output signal and the average value of the four cen-
tral pixels output signal of the MatriXX ionisation chamber
response when tested for three months. The measurements
were repeated 10 times in a batch for each month. The CVs
were calculated for each batch per month for the two com-
mercial detectors considered.

The two detectors are reproducible over the period tested
for fixed field sizes over three months. CVs for the IQM sig-
nals range between 0.07% and 0.11% and the MatriXX signal
ranges from 0.75% to 1.08%. The CVs show that the IQM sig-
nals are more  consistent when compared with the MatriXX
signals for 3 × 3 and 10 × 10 cm2 field sizes considering 6 MV
photon beams. A slight inconsistent response in the MatriXX

signal will generate a higher CV compared to the IQM signal.
This is an expected fact since the IQM is a large ionisation
chamber compared to the central four 0.08 cc ionisation cham-
bers of MatriXX. The MatriXX detector could have intrinsic
etector.

discrepancies up to 4%.22 However, the CVs of MatriXX are
within the acceptable limits of ±3% according to the IEC 61674
standard.23

4.2.  Dose  linearity  and  dose-rate  dependence

The results of the linearity tests are shown in Fig. 5. Both IQM
and the four central pixels of the MatriXX reading showed lin-
earity with MU. The IQM and MatriXX signals increase with
an increase in MU. The correlation coefficients show that the
linear relationship between the MU and the 2D array ionisa-
tion chamber response is good, with the IQM and MatriXX
devices having coefficients of 1.00 and 0.99, respectively. The
detectors’ response signals were definitely influenced by the
inherent uncertainties of individual detectors accompanied
by systematic uncertainties from the beam output. Influence
of uncertainties in the IQM and MatriXX signal responses
are within 1% and 3%, respectively. Fig. 6 presents the dose-
rate dependence test for the two detectors and uncertainties.

The reading is plotted as a function of MU/Min from 50 to
800 MU/min considering 6 MV photon beams. It is observed
that IQM and MatriXX detectors’ signals are independent of
the dose rates considered.

https://doi.org/10.1016/j.rpor.2019.07.007
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According to AAPM reports, it is recommended that an ion
chamber detector is used for MU  checks, which is a standard
practice to verify advanced RT plans.24 In this study, the detec-
tors’ linearity was considered for convectional MUs, and it
showed that the IQM and MatriXX detectors are independent
of dose-rate ≤800 MU/min.

4.3.  Photon  energy  beam  dependence

Fig. 7 presents the beam energy dependence of the IQM and
the MatriXX chamber devices according to the square field
areas varying from 3 × 3 to 20 × 20 cm2 for 6, 10 and 15 MV
photon beams. An increase in photon energy beam causes an
increase in signal responses. Both large (IQM) and small array
(MatriXX) ionisation chamber devices do not have the same
energy response curves over the field sizes investigated. The
IQM signal response to field sizes shows a similar response
curves as those produced in related articles.11,16,20 The PTW
ionisation chamber and MatriXX response signals increase
with an increase in field sizes. MatriXX uses the four central
detectors, and the signal is equivalent to the familiar beam
output trend for an ionisation chamber measurement in a
large phantom. At large fields, the signals in the four central
chambers will reach a saturation value since the scattering sig-
nals will not contribute much more  at larger fields. Secondary
electrons reaching the ionisation chambers will have a limited
range, mainly at a larger energy.

The IQM signal shows an increase that is higher at an
increased field size. Effect of energy fluence and contaminant
electron at large field for a high photon beam is pronounced
in the IQM response signal. This effect causes significant vari-
ations in output signal at large fields of different incident
beams. Furthermore, not only an increased scattering from the
radiation head accounts for the higher signal but also the fact
that IQM has a wedge shape; therefore, relatively more ionisa-
tion events take place in its sensitive volume contributing to
increased signals.

In addition, calibration of the detector plays an integral
role in the beam output signals. Since the calibration factors
were supplied by the manufacturers, users can demand for
re-calibration of the device to suit dose distribution in a water
phantom/Monte Carlo calculation which is the gold standard
for clinical dosimetry. It is advisable for users to calibrate the
detectors response signals and compare them with their water
phantom measurements, and validate the calibration factors
over time, which is in line with Annual QA procedures.24 How-
ever, the IQM output signals show a similar output curve to the
water phantom measurements and Monte Carlo simulations
in AAPM TG 74 report.25

4.4.  Error  detection  capability

Fig. 8 shows the error detection capability of IQM and MatriXX
for systematic errors of ±0.5, ±1 and ±2 mm in the back-
up diaphragm (jaw) and MLC settings of the Elekta Synergy
linac. In Fig. 8a, the percentage change in the IQM signal

to jaw modification for 3 × 3 and 10 × 10 cm2 fields ranges
between 0.62–9.58% and 0.05– 3.84%, respectively, while the
percentage change in the MatriXX signals for the two  fields
considered was within 0.11–4.62% for 3 × 3 cm2 and 0.03–1.35%

https://doi.org/10.1016/j.rpor.2019.07.007
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Fig. 6 – Dose-rate dependence test for the two detectors and uncertainties. The reading is plotted as a function of MU/min
from 50 to 800 MU/min considering 6 MV  photon beams (A) for IQ

Fig. 7 – Output signals for the two detectors with their
uncertainties. The reading is plotted as a function of the
side of a square field from 3 to 20 cm at 6, 10 and 15 MV
photon beams (A) for IQM detector and (B) for MatriXX

0.24–3.19%, 0.57–6.43% and 0.81–12.95%, respectively. The two
detector.

for 10 × 10 cm2 field. Fig. 8b shows the percentage change in
the IQM and MatriXX signal for modifications of MLC to 3 × 3
and 10 × 10 cm2 fields which ranges between 1.48–8.67% and
0.61–4.44% for the IQM signals and 0.37–4.74% and 0.23–1.55%
for the alteration in the MatriXX signals.
Table 3 shows the correlation coefficients and P-values
(for the jaws and MLC  errors at 3 × 3 and 10 × 10 cm2 fields.
The IQM and MatriXX response signals show significant
M detector and (B) for MatriXX detector.

correlations (R2 > 0.95) with the systematic errors for the seg-
ments. The two detectors response signals generated large
P-values (P > 0.05) which show that there is no compelling
evidence that there are statistically significant differences
between the IQM and MatriXX response signals.

5.  Discussion

An efficient QA device can detect small misalignment in mea-
surements. This study shows that the two  QA devices are
sensitive to intentional misalignment in the MLC leaves and
jaws of segments considered. From this study, error detection
capability is more  pronounced in the IQM response signal than
in that of MatriXX. This does not mean that the IQM system
is more  sensitive than the MatriXX device. The fact that they
both have a significant correlation to positional errors shows
that the difference could be due to issues with calibration
of the detectors and large chamber size of the IQM detec-
tor, which can extrapolate its response signals. The response
signal of the detectors shows that they are both sensitive to
alterations in the x-axis (MLC modification) and y-axis (jaw
modification). However, a related study has stated that the
sensitivity of the IQM varies slowly along the non-gradient
direction (y-axis),10 but is inconspicuous in this study since
10 × 10 cm2 is the maximum field size considered.

Table 4 shows the IQM and MatriXX responses to dose
escalation of 3D-CRT patients’ treatment plan. As shown in
the table, an increase in dose escalation causes an increase
in signal response. For IQM response signals, Pc values were
within the ranges of 0.35–8.23%, 0.78–16.21%, and 1.10–24.41%
for dose errors of 1%, 2%, and 3%, respectively, of the origi-
nal plan dose. In addition, for MatriXX response signals, Pc of
intentional dose errors at 1%, 2% and 3% of the patients’ plan
dose to head and neck, thorax and prostate regions fall within
detectors are sensitive to dose escalation. Comparison of the
IQM and MatriXX response signal (P < 0.05) is segment specific,
a majority showed statistically significant differences while

https://doi.org/10.1016/j.rpor.2019.07.007
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Fig. 8 – Error detection capability for IQM and MatriXX detector s

Table 3 – Correlation coefficient and P-values for back-up
jaw and MLC  error analysis.

Offsets Field size
(cm2)

Correlation R2 ± err P-value

IQM MatriXX

Jaw positions 3 × 3 0.968 ± 1.002 0.942 ± 0.674 1.000
10 × 10 0.971 ± 0.364 0.981 ± 0.112 0.798

o
w
t
i

t
t
t
b
i
c
t
w
a
b
s

a
v
l
l
t
e
p

p

MLC positions 3 × 3 0.988 ± 0.746 0.947 ± 0.661 0.898
10 × 10 0.993 ± 0.235 0.973 ± 0.181 0.898

thers showed similarities. Uniqueness of each plan alongside
ith different inherent uncertainties, resolution and calibra-

ion of IQM and MatriXX detectors could have caused the
nconsistency.

Previous articles have lucidly stated that the array of detec-
ors have a low spatial resolution (typically > 7 mm),  which
ends to limit their sensitivity.24 The large ionisation volume
ends to generate low sensitivity to dose in the active region,
ut IQM has not shown any inherent snag in the sensitiv-

ty of the detector compared to small arrays of ionisation
hambers of the MatriXX detector. In addition, at this stage,
he IQM system cannot calculate the dose in the patient as
ith the MatriXX compass system. Both systems have their

dvantages. The IQM can measure real-time beam output and
enchmark the treatment quality against a set baseline mea-
urement.

Conventionally, 3D-CRT planning is manually optimised
nd can be validated by scanning the ionisation chamber and
erifying MU  calculations. These plans (3D-CRT) are relatively
arge, low fluence gradient with few segments and they are
ess affected by patients’ motion in real-time treatment. Ini-
ial test of this study scanned the two ionisation chambers and
valuated their performance. IQM and MatriXX show adequate

otential for pre-treatment verification of 3D-CRT plans.

Ionisation chambers are widely used in pre-treatment
lan verification since their signal responses are stable with
ignals to error in (A) back-up jaw errors and (B) MLC  errors.

independent beam quality response, low directional depen-
dence, linear, and can be calibrated to a water phantom
dosimetry. This study has shown that detectors’ (ionisation
chamber) huge geometrical difference has little influence on
their response signals if they are calibrated to the same scale.
Exception is the underestimation of the measured output for
a small static field due to the volume averaging effect which
is solvable by using a small pixel with high-spatial resolu-
tion detector.24 Having both small pixel and large chamber
detectors will definitely complement their limitations.

We have shown that the double wedge-shaped and arrays
of small pixel ionisation chambers using 3D-CRT patient treat-
ment plans are sensitive to planar dose errors. In addition, the
large chamber of the IQM has not caused any known position-
ing inaccuracies in the sensitivity study of our 3D-CRT plans
since average dose calculation in the active chamber region is
not our concern at this point. It is still an on-going study on
how to correlate the IQM signal with dose.

Our comparison of the sensitivity of the IQM and MatriXX
QA systems using the Mann–Whitney test has shown that
positional errors versus response signals have good correla-
tion coefficients. This shows similarities in response signals of
the QA systems. Inherent uncertainties and other differences
related to each detector alongside with patient specific plans
have caused inconsistency between the IQM and MatriXX
detectors. Even with increasing dose errors, patient’s plan of
the same treatment site has dissimilar P-values.

Also, our study has shown that the detectors are sensitive
to dose error of 1%. This alteration could be of clinical irrele-
vance, especially in immoveable tumour site and when organs
at risk (OARs) are minimally exposed to irradiated beams. For
clinical usage, the purpose of planar verification will definitely
influence our focus. For example, if our focus is on what kind
of error we want to see, both detectors will generate a differ-

ent response signal, but with the MatriXX detector, we can
see the source of error. IQM generates a numerical value for
each segment unlike MatriXX that generates a dose map  in

https://doi.org/10.1016/j.rpor.2019.07.007
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2D, 3D and beam profiles. It is easy to see the source of error
either in the penumbra or the flat panel of the MatriXX reading
display on the OmniPro-I’mRT software. Institutional QA pro-
cedure should focus on their planar geometric and treatment
sites in order to design an efficient QA procedure. A single QA
device may not be capable of obtaining an optimum accuracy
for all treatment sites and tumour sizes. This study has eval-
uated the sensitivity of the IQM and MatriXX detector and it
has discovered that the planar dose error detection is patient
specific.

6.  Conclusion

In this work, the IQM and MatriXX detectors are sensitive to
minimal MLC and Jaws positional errors of 0.5 mm and 1% dose
escalation in 3D-CRT patient treatment plans. The dosimet-
ric performance of the two commercial ionisation chambers
in this study was accurate for pretreatment QA and sensitive
to photon beams. We found in the stability analysis for both
detectors that they are suitable for pretreatment QA having
satisfied the required characteristics of a clinical dosimetry
detector.
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