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ABSTRACT

Aim: This study aims to imaging an anthropometric phantom and a quality
assurance (QA) phantom with cone-beam computed tomography (CBCT)
in three different dose protocols and to compare the quantitative image
quality test values calculated with the anthropometric phantom with the QA
phantom results in selected slices. Thus, it is aimed to produce information
regarding the validity of image quality tests performed with anthropometric
phantom slices.

Materials and Method: Alderson-Rando® phantom (Radiology Support
Devices, Long Beach, CA) and QA phantom (QR Verona, ltaly) were
imaged with a MyRay Hyperion X9 Pro (Cefla, Imola, Italy) KIBT device. The
field of view was chosen as 13x10 cm and three different imaging modes
(Low Dose, Normal, High Quality) were implemented while keeping other
parameters constant. Three slices were selected from the anthropometric
phantom volumes (paranasal sinus, maxilla, mandible) and one slice from
the QA phantom. A total of 12 image samples were imported into ImageJ
software for signal-to-noise ratio and contrast-to-noise ratio calculations.
Differences between three or more variables (Low Dose, Normal, High
Quality, or paranasal sinus, maxilla, mandible and QA phantom slices)
were evaluated by Kruskal-Wallis test, while the relationship between pairs
of variables was analyzed by Spearman and Kendall's rank correlation
coefficient. The statistical significance threshold was set as p<0.05.

Results: The differences between the selected slices (paranasal sinus,
maxilla, mandible, QA) and imaging modes (Low Dose, Routine, High
Quality) were both statistically insignificant. According to Spearman’s p,
the correlation between QA phantom and maxillary and mandibular slices
was statistically significant. SNR values for maxillary and mandibular slices
were calculated between 12.6 and 23.1 for anthropometric phantom slices
and between 16.2 and 23.3 for QA phantom slices. The CNR values were
between 13.2 and 88.5 for the respective anthropometric phantom slices
and 15.5 and 20.6 for the QA phantom.

Conclusion: The results of this study support that the measurements
made with anthropometric phantom slices for image quality testing in CBCT
are similar to those made with the QA phantom in the maxilla and mandible
regions. Future studies with different phantom types, imaging systems and
radiographic parameters may be considered to produce information about
the advantages and disadvantages of the two phantom types in image
quality testing.
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OzZET

Amag: Bu calismanin amaci, bir antropometrik fantom ve bir kalite
glivence (KG) fantomunun konik-iginli bilgisayarli tomografi (KIBT) ile ¢
farkli doz protokoliinde gériintilenmesi ve segilen kesitlerde antropometrik
fantom ile hesaplanan kantitatif goérintl kalitesi testi degerlerinin KG
fantomu sonuglariyla kiyaslanmasidir. Bdylece, antropometrik fantom
kesitleriyle yapilan goéruntl kalitesi testlerinin gegerliligi hakkinda bilgi
Uretimi hedeflenmektedir.

Gere¢ ve Yontem: Alderson-Rando® fantomu (Radiology Support
Devices, Long Beach, Kaliforniya) ve KG fantomu (QR Verona, Italya)
MyRay Hyperion X9 Pro (Cefla, Imola, italya) KIBT cihazi ile gériintiilendi.
Gorus alani 13x10 cm olarak segildi ve diger parametreler sabit tutulurken
g farkl goriintileme modu (Dlsiik Doz, Normal, Yiksek Kalite) uygulandi.
Antropometrik fantom hacimlerinden Uger kesit (paranazal sinus, maksilla,
mandibula) ve KG fantomundan bir kesit segildi. Toplam 12 goriintl 6rnegi
sinyal-gUrdlti orani ve kontrast-guriltd orani hesaplamalari igin ImageJ
yazilimina aktarildi. Ug ve daha fazla degisken (Diisiik Doz, Normal,
Yiksek Kalite, veya paranazal sinus, maksilla, mandibula ve KG kesitleri)
arasindaki farklar Kruskal-Wallis testi ile dederlendirilirken siirekli degisken
ciftleri arasindaki iliski Spearman ve Kendall'in sira korelasyon katsayisi ile
analiz edildi. Istatistiksel anlamlilik esigi p<0.05 olarak belirlendi.

Bulgular: Segilen kesitler (paranazal sinus, maksilla, mandibula, KG) ve
gorintileme modlar (Duslk Doz, Rutin, Yiksek Kalite) arasindaki farklarin
her ikisi de istatistiksel olarak anlamsiz bulundu. Spearman’s p gore, KG
fantomu ile maksiller ve mandibular kesitler arasindaki iligki istatistiksel
olarak anlamli bulundu. Maksilla ve mandibula kesitleri icin SNR degeri,
antropometrik fantom kesitlerinde 12.6-23.1 arasinda, KG fantomda ise
16.2-23.3 arasinda hesaplandi. CNR degeri ise, ilgili antropometrik fantom
kesitlerinde 13.2-88.5 arasinda, KG fantom igin ise 15.5-20.6 arasinda
bulundu.

Sonug: Bu calismanin sonuglar, KIBT'de goérintlu kalitesi testi igin
antropometrik fantom kesitleri ile yapilan Olglimlerin KG fantomu ile
yapilanlara maksilla ve mandibula bolgelerinde benzer oldudunu
destekler. Ileride farkli fantom tipleri, gériintiileme sistemleri ve radyografik
parametrelerle yapilacak calismalarla, gorintl kalitesi testlerinde iki
fantom tipinin avantaj ve dezavantajlari hakkinda bilgi Gretimi disunulebilir.

Anahtar Kelimeler: Kalite kontrol; Konik-iginli bilgisayarli tomografi;
Radyoloji
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INTRODUCTION

Cone-beam computed tomography (CBCT) is a
technique commonly used in dentistry for diagnosis
and treatment planning, as well as in interventional
radiology and radiotherapy. For image quality tests
on the relevant devices, common tests can be ap-
plied for different device types, and specific tests
may be required depending on the device type and
purpose.” Quality assurance (QA) guidelines for
CBCT include recommendations on principles of
use, indications, dose optimization, commissioning,
and periodic testing. Specific QA phantoms are often
required for quantitative image quality testing. How-
ever, the need for improvement in QA phantoms for
CBCT imaging is discussed in the literature. Although
phantoms produced for computed tomography (CT)
are commonly used in image quality assessment,
this has limitations in tests requiring higher resolu-
tion and simulation of metal artifacts. In addition, CT
phantoms for soft tissue have limited utility in CBCT.
Overall, there is a need for a universal CBCT QA
phantom that can be used in different CBCT devices
and with which test results can be compared.™

Recent studies have assessed various image qual-
ity parameters such as artifacts, spatial resolution,
image uniformity, and geometric accuracy using dif-
ferent types of phantoms, including water phantoms,
manufacturer-provided phantoms, and phantoms
developed by researchers. Polymethyl methacrylate
(PMMA) phantoms, in particular, have been rec-
ognized as effective tools in image quality testing.
However, not all developed phantoms meet the strict
criteria required for comprehensive quality assess-
ment, highlighting the ongoing need for innovation in
phantom design.*®

An anthropometric phantom is made of synthetic ma-
terial that simulates the human anatomy and tissue
composition in slices. It is used in dose calculations
in radiation practices by placing dosimetry equip-
ment in the holes formed in the slices. After phys-
ically simulating the relevant radiation application
using phantoms, the measurements of dosimetry
equipment are calculated, and these data are eval-
uated for risk calculation and dose optimization.”°
In diagnostic imaging studies, radiographic data ac-
quisition, which represents the internal composition
of the anthropometric phantom, is performed during

the experiment." Although QA phantoms are rou-
tinely used for image quality testing, the question
of whether the volumes acquired with an anthropo-
metric phantom can be used in similar image testing
may be worth investigating.

This study aims to compare the quantitative image
quality tests conducted with anthropometric and QA
phantom in dental CBCT imaging. The null hypoth-
esis is that the difference between the quantitative
image quality tests performed with anthropometric
phantom and QA phantom is statistically significant.
Rejection of the null hypothesis can be considered
to support the suggestion that the two phantoms are
interchangeable in CBCT for image quality tests with
limitations of each type.

MATERIAL AND METHOD

In this study, an anthropometric phantom and a QA
phantom were imaged with a dental CBCT device
in three different imaging protocols, namely “Low
Dose,” “Regular” and “Best Quality” modes, and
quantitative image quality tests were performed on
selected slices to be compared. Ethics committee
approval was not obtained as this study did not in-
volve human subjects.

Preparing the Samples

The Alderson-Rando® phantom (Radiology Support
Devices, Long Beach, CA) simulating an average
adult female (155 cm, 50 kg) was used to imitate
soft and hard tissues (Figure 1). The first twelve of
the horizontally oriented slices (2.5 cm thick) repre-
senting the head and neck region were fixed with
nylon rods passing through the edges of the center
section. Dosimetry equipment was not placed, and
the top aluminum plate was not attached to avoid
the metal artifacts. During imaging, a natural spine
posture in phantom position and a Frankfort horizon-
tal plane parallel to the ground were verified. Chin
and head fixation apparatus were used to stabilize
the phantom’s head, whereas the bite stick was
not employed. The QA phantom (QR Verona, Italy)
which contains aluminum cylinder inside (Figure 2)
was used as the control phantom. Both the anthro-
pometric phantom and the QA phantom were placed
on a BS-500 adjustable monitor stand (Millenium,
Treppendorf, Germany) to reach the gantry. The QA
phantom was raised for an extra ten cm with a card-
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Figure 1. The Alderson-Rando® phantom (Radiology Support
Devices, Long Beach, CA) is molded of tissue-equivalent material
and routinely used for organ dosimetry measurements. In this
study, slices selected from the volume reconstructed with CBCT
irradiation were used for quantitative image quality tests.

board box to move away from the metal surface of
the supporting platform. The position of the phan-
toms was visually checked using the Class | (IEC
60825-1:2014) laser.

Radiographic Volume Acquisition

The MyRay Hyperion X9 Pro (Cefla, Imola, ltaly)
CBCT machine with tele-radiographic/cephalomet-
ric arm was operated with 230V and 50 Hz electri-
cal input (CEI OPX/105-12, IEC 60336). The X-ray
was generated at 90 kVp (£<5%) fixed pulsed beam,
and mA was modulated in real-time with Automatic
Morphology Recognition Technology (MRT) during
volume acquisition. Field of View (FOV) was set to
13x10 cm (diameter x height) in all volume acqui-
sitions, and vertical stitching was not required. The
anthropometric phantom and QA phantom were im-
aged by using three different protocols: “Low Dose”

!’hantom A SN :

Figure 2. The QA phantom (QR Verona, ltaly) which contains
aluminum cylinder inside was used as the control phantom.

as 12.96 s (2.4 s exposure time), “Regular” as 14.4
s (3.6 s exposure time) and “Best Quality” as 16.8
(5.2 s exposure time) rotation time. The amorphous
silicon/cesium iodide flat panel detector was used
for radiation acquisition. The signal was transferred
to the HP Z2 Tower G4 Workstation (Intel® Xeon®
E-2174G, 16 GB RAM, AMD Radeon Pro WX3100
(4 GB GDDRS5, 10-bit) GPU) after 16-bit (65.535 gray
levels) analog-to-digital conversion and volumes are
reconstructed with the iRYS v15.0 software. For the
three different imaging protocols, three axial slices
representing the mandible, maxilla, and paranasal
sinus regions were selected in the anthropometric
phantom volumes, whereas in the QA phantom, a
single slice with a clearly visible radiopaque layer
was selected (Figure 3). Selected slices were ex-
ported in. DICOM format and prepared for image
quality tests.

ADO Kinsdimaidses 103
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Figure 3. CBCT slices selected for image quality tests. I
Paranasal Sinus, II: Maxilla, Ill: Mandible, 1V: Quality Assurance
Phantom. A: Low Dose, B: Regular, C: Best Quality

Quantitative Image Quality Tests

The samples were imported to the Imaged software,
and three circular regions-of-interest (ROls) 3x3 mm
in size were selected to represent two contrast re-
gions: the bone and the soft tissue. The size of the
ROI was determined as the largest possible area,
excluding other tissues when sampling bone and
soft tissue regions in all slices. The ROls were jointly
selected by two dentomaxillofacial radiologists with
nearly 10 years of experience, while randomly and
equally distributed samples were validated by more
experienced experts in dentomaxillofacial radiolo-
gy, radiation oncology medical physics and nuclear
medicine and medical imaging. The mean gray val-
ue in each ROI was combined with two other ROls
representing the relevant site to calculate the mean
and standard deviations for bone and soft tissue for
three different imaging protocols, at three different
vertical heights on anthropometric phantoms, and
on a single slice of the QA phantom. Signal-to-noise
(SNR) and contrast-to-noise (CNR) values were cal-
culated using the following formulas in MS Excel.?®

SNR= (MGV (b.one) )
SD (soft tissue)

MGV (bone)-MGV (soft tissue)
CNR= - 2)
SD (soft tissue)

MGV: Mean gray value, SD: Standard deviation

Statistical Analysis

The fit to normal distribution was assessed by the
Shapiro-Wilk test. Non-parametric tests were cho-
sen when the normality assumption was not met.
The Wilcoxon Signed Rank Test was used to assess
whether the mean ranks of SNR and CNR differ sig-
nificantly. The Kruskal-Wallis test was performed to
compare the median scores of three or more inde-
pendent groups (Low Dose, Regular, and Best Qual-
ity; or Paranasal Sinus, Maxilla, Mandible, and QA
Phantom). The Friedman Test was used to compare
the measures of scores across three anatomical
regions (Paranasal Sinus, Maxilla, and Mandible).
Spearman’s rank correlation coefficient (p) was used
to assess the strength and direction of the monotonic
relationship (2-tailed) between two variables: phan-
tom and anthropometric phantom slices. Kendall's
rank correlation coefficient (1) was also performed
to further validate the association between the QA
phantom and the anatomical slices. Statistical signif-
icance threshold was determined as p<0.05.

RESULTS

According to the MRT results, for anthropometric
phantom experiments, the mAs value was deter-
mined as 7 (3 mA) in “Low Dose”, 11 (3 mA) in “Reg-
ular” and 24 (4 mA) in “Best Quality” modes. For the
QA phantom, the mAs value was determined as 7 (3
mA) in “Low Dose”, 14 (4 mA) in “Regular” and 36 (7
mA) in “Best Quality” modes.

The Wilcoxon Signed Rank Test showed that the
differences between SNR and CNR values were
statistically significant (p=0.03). The Kruskal-Wallis
test revealed that differences in SNRs and CNRs
among paranasal sinus, maxilla, mandible, and QA
slices (p=0.39) or imaging protocols (p=0.37) were
not statistically significant (Table 1). According-
ly, the lowest measurements calculated on the QA
phantom (SNR=16.2, CNR=15.5) were obtained
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in the “Low Dose” protocol, while the highest val-
ues (SNR=23.3, CNR=20.6) were calculated in the
“Best Quality” mode. “Regular” mode was found to
be in between (SNR=19.1, CNR=17.6) the other two
protocols. In the anthropometric phantom slices, a
gradual increase was observed in the maxillary slic-
es (SNR=12.6, 37.6, 97.0; CNR=13.2, 35.3, 88.5),
while measurements in other regions showed an in-
crease or decrease in different variables depending
on the imaging protocol.

The Friedman test showed that the differences in
SNRs or CNRs among anthropometric slices (pa-
ranasal sinus, maxilla, and mandible) for each im-
aging protocol were statistically significant (p=0.05).
Among the anthropometric phantom slices, the low-
est SNR (8.1-8.6) and CNR (8.0-8.7) values were
calculated in paranasal slices, while the highest cal-
culations were obtained in maxilla slices, except for
the “Low Dose” protocol. In the “Low Dose” protocaol,
the highest SNR (19.1) and CNR (19.3) values were
calculated in mandible slices.

Spearman’s p revealed that the pairwise relation-
ships between the QA phantom and the maxillary
(p=0.01), and mandibular (p=0.05) slices were sta-
tistically significant for both the SNR and CNR val-
ues, while it was found not statistically significant for
QA phantom and the paranasal slices (p=0.17). Ken-
dall's T revealed that only the pairwise relationship
between the QA phantom and maxillary (p=0.02)
slices was statistically significant, however, correla-
tions between the QA phantom and paranasal sinus
(p=0.13) or mandibular (p=0.06) slices did not reach
statistical significance threshold. Among the anthro-
pometric phantom slices, the maxilla region showed
the greatest change by imaging protocol (p<0.05),
while the relationships between the maxillary slices
(SNR: 12.6 - 97, CNR: 13.2 - 88.5) and QA fantom
(SNR: 16.2 - 23.3, CNR: 15.5 - 20.6) were found to
be statistically significant (p<0.05) (Table 1).

Table 1. Signal-to-noise (SNR) and contrast-to-noise ratios (CNR) calculated using three slices of the
anthropometric phantom (paranasal sinus, maxilla, and mandible) and a single slice of the quality assurance

(QA) phantom.

Sample

i Signal-to-Noise Ratio Contrast-to-Noise Ratio p’
Image Slice
Low Dose Regular Best Quality p? Low Dose Regular Best Quality p?
Paranasal N~ N~ &
o . 8.1 8.6 @ 8.0 8.6 8.7 “ S
2 Sinus o =
k]
£ 5
O =
a €
S g ;
£ 0o N N @
= Maxilla 12.6 37.6 @ 13.2 35.3 88.5 “ g
N~ ~ o
Mandible 191 19.4 g 19.3 19.2 231 g 8
o
p® 0.046* 0.046* 0.046* 0.046* 0.046* 0.046*
[}
o
c
©
5 E "
n 9 ~ ~ o)
2 c Single 16.2 191 @ 15.5 17.6 20.6 @ S
< o o g
> £ IS
£ o
©
=1
o
p? 0.39 0.39 0.39 0.39 0.39 0.39

p': Wilcoxon Signed Rank Test, p% Kruskal-Wallis Test, p3: Friedman Test
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DISCUSSION

In this study, an anthropometric phantom and a QA
phantom were imaged with the CBCT system in
three different protocols (Low Dose, Regular, and
Best Quality), and a total of six volumetric data sets
were acquired. Three axial slices (paranasal sinus,
maxilla, and mandible) were sampled from the an-
thropometric phantom volume, while a single axial
slice was taken from the QA phantom volume for
each imaging protocol. In each slice, three ROls rep-
resenting bone and soft tissues were identified, and
SNR and CNR values were calculated by combining
the mean gray values.

According to the results of this experiment, the dif-
ferences in slices of paranasal sinus, maxilla, man-
dible, and QA were found to be statistically insignifi-
cant, while the association between QA and maxilla
slices was statistically significant. The relationship
between the QA and mandible slices was statisti-
cally significant with Spearman’s test. There was no
relationship between QA and paranasal sinus slices.
Results of this study support the suggestion that the
SNR and CNR values calculated in CBCT imaging
using anthropometric and QA phantoms may be
considered similar, but testing whether anthropomet-
ric phantom measurements can completely replace
the quality control phantom was beyond the scope
of the present study. Each phantom type is designed
for its own purpose, and outlier measurements can
be considered a secondary finding.

A study evaluated the effective dose and image
quality of horizontal CBCT in comparison with multi-
slice spiral CT (MSCT) in scans of the head, cervical
spine, ear, and dental arches, which used a head
and neck Alderson-Rando® phantom for effective
dose calculation, while a CATPHAN® 504 phantom
(The Phantom Laboratory, New York, USA) for quan-
titative image quality assessment concluded that in
ear and dental arch imaging, CBCT was preferable
to MSCT due to its lower radiation dose, and MSCT
should be recommended when a high contrast res-
olution is required.” Another study compared the
effective dose and subjective image quality of tem-
poromandibular joint examinations with a dental
CBCT device, a MSCT device, and an anthropo-
metric phantom. Four dentomaxillofacial radiologists
assessed the image quality on a one to three scale,

and the dose is optimized based on the scores. The
authors reported a 50% dose reduction when com-
pared to the manufacturer’s standards. In the pres-
ent study, radiation dose was not calculated and only
CBCT was used as the imaging technique.

Ten clinically applied protocols were investigated in
a study using the CS 9300 (CareStream SM 749,
Rochester, NY) CBCT scanner and the CBCT QAT
phantom (Kodak, Rochester, NY). The authors re-
ported that increasing kVp results in an increase in
both SNR and CNR values.™

In the present study, an increase in SNR and CNR
values with increasing dose was observed in QA
phantom and maxillary slices, while for paranasal
and mandibular slices, minimal decreases in image
quality test values were noted with increasing dose
in specific conditions.

In a study evaluating image quality, segmentation
accuracy, and radiation dose of four CBCT scanners,
Accuitomo 3D (Morita, Kyoto, Japan), MercuRay
(Medico Technology Corporation, Kashiwa, Japan),
NewTom 3G (Quantive Radiology, Verona, ltaly),
i-CAT (Imaging Sciences International, Hatfield, PA),
and a Sensation 16 (Siemens, Erlangen, Germany)
multidetector computed tomography (MDCT) de-
vice, a skull phantom (scanned by laser scanner),
and contrast phantom (PMMA cylinder with cylindri-
cal inserts of air, bone, and PMMA) was used. The
authors reported that the lowest radiation dose was
found for the Accuitomo 3D, with the smallest im-
age area, and the best segmentation accuracy was
found for the i-CAT."™ In that study, CBCT volumes
obtained with different devices were analyzed for pa-
tient dose and 3D model generation, whereas in our
study, different acquisition modes on a single device
were utilized.

Another study investigated the effect of mAs reduc-
tion on clinical and technical image quality using a
polymethyl methacrylate (PMMA) phantom and an
anthropometric skull. The PMMA phantom was used
to calculate the CNR, and eight axial and one coro-
nal slice of skull phantom was scored by six dento-
maxillofacial radiologists. The authors reported that
the reduction in mAs often resulted in image quality
remaining within acceptable limits.'® In the relevant
study, anthropometric phantom and image quality
assessments were conducted by subjective scoring
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of observers and QA phantom was used for quanti-
tative tests. In the present study, both phantom types
were used only for image quality estimation.

In a study, the impact of different exposure parame-
ters on image quality and radiation dose CT system
was evaluated using cadaver forearm and an ortho-
pedic cone-beam device. Subjective and objective
image quality tests were performed, and the authors
reported a dose reduction of 18.9% compared to
the manufacturer’'s recommended protocol.'”” An-
other study investigated the image quality at differ-
ent cone-beam computed tomography settings and
three FOVs. CBCT scans of a cadaver head and a
dry skull were scored by at least 30 observers, and
results showed that the images taken at lower mA
settings showed good diagnostic quality.'® While the
cadaveric arm and head used in that study can be
considered superior to QA or anthropometric phan-
toms in simulating the real patient, there are limita-
tions regarding the repeatability and reproducibility
of the imaging performed, in addition to supply and
storage limitations. The two phantom types used in
our study are both static and offer advantages in
terms of mass production, transportation, and stor-
age conditions.

There are numerous studies evaluating different
CBCT protocols for image quality. High-dose proto-
cols have been found to improve spatial resolution,
reduce artifacts, and enhance SNR. However, de-
spite their superior image quality, high-dose proto-
cols are not recommended due to the associated
increase in effective dose. On the other hand, low-
dose protocols, when combined with noise reduction
filters, are considered more beneficial for clinical
applications, balancing image quality with radiation
safety. 1920

QA phantoms, anthropometric phantoms, and ca-
daveric specimens are used in studies with image
quality elements in CBCT. While the primary role
of QA phantoms is for image quality testing, dental
CBCT devices are reported to require specialized
QA phantoms due to their unique characteristics.
However, it can be argued that an anthropometric
phantom or cadaveric specimen is superior to a QA
phantom in simulating a real patient. Indeed, cadav-
eric specimens have limitations in terms of storage
and transportation. In contrast to previous anthropo-

metric phantom and image quality testing studies,
quantitative calculations were made in the present
study, not subjective observer scores. According
to the results of this study, within its limitations, the
measurements performed on anthropometric phan-
tom slices were, to some extent, similar to the image
quality tests performed with the QA phantom. How-
ever, our findings were not sufficient to fully support
the use of one type of phantom over another, and
future studies can be considered for more informa-
tion on the subject.

One of the limitations of this study is that the imaging
was performed with a single device. Moreover, this
study could be improved with different FOV and oth-
er parameters. In this study, the largest FOV (13x10
cm) that does not require a vertical stitch procedure
was selected. Among the slices corresponding to the
three vertical heights in the anthropometric phan-
tom, the strongest correlation with the QA phantom
was found in the maxilla slice located in the center.
However, the paranasal sinus and mandible regions
were selected from slices closer to the upper and
lower boundaries of the FOV area. Although the de-
vice supports a height of 16 cm, this is only possible
with a vertical stitching procedure. In imaging with
the largest FOV (13x16 cm), such centers in the
vertical height will be two, not a single one, and the
upper part of the lower volume and the lower part
of the upper volume will overlap with one another.
The vertical stich procedure was not required for the
FOV size selected in our study, and future studies
can be performed with a different FOV size that re-
quire such procedure. The QA phantom utilized in
this study is not the recommended QA phantom to
be used in this CBCT system, and the difference in
size can be considered as another limitation of this
study. The relevant QA phantom is designed for use
with devices that support a larger FOV, and its posi-
tioning within the device was suboptimal. This may
have an impact on the results.?' Future studies with
different QA and anthropometric phantoms that sup-
port various dental CBCT devices may be beneficial.

CONCLUSION

The development of new phantoms may address
the limitations of QA phantoms, which may not meet
all the criteria for assessing the quality of CBCT im-
ages. It is essential for clinicians and radiologists to
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have access to cost-effective, user-friendly phan-
toms suited for both small and large FOVs. Results
of this research support that the measurements with
anthropometric phantom slices may be worth study-
ing/considering. However, the results should be in-
terpreted with caution. The impact of changing the
imaging mode (Low Dose, Regular and Best Quali-
ty) in developing quantitative machine learning tools
or additive manufacturing applications could be the
subject of future research.
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