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Abstract

Purpose: The utilization of lonizing Radiation (IR) in diag
are exposed to it repeatedly. Therefore, it is crucial
individuals from the potentially harmful effects of io
advancements made in recent years regarding ig

poses inherent risks, especially when patients
evaluate and improve the measures taken to protect
in dental radiology. This study desires to assess the

Materials and Methods: A thorough revi ohducted using prominent databases such as PubMed, Science Direct, and
Dentistry and Oral Sciences Source (via EE . primary conclusions and relevant units of measurement are also
included. According to the predefi nd exclusion criteria, a total of 26 articles were systematically reviewed for
this study.

Results: Recent data reveals the ur eed to update radiation protection guidelines to accommodate newer technologies like
Cone Beam Computed Tomography (€BCT) and digital imaging. Digital intraoral X-ray technology has shown promising
results in significantly reducing radiation exposure. To ensure standardized practices, Diagnostic Reference Levels (DRLS) have
been defined for CBCT and must be established for different clinical indications. Moreover, advancements in nanotechnology
provide potential opportunities for the production of radiation shielding supplies that are lighter and customizable. These
innovative materials can prove invaluable for everyday use, offering enhanced protection during extended periods of physical
activity. The review findings suggest that samples with nanostructures are more efficient at reducing X-ray energy. The research
findings indicate that the implementation of a nanocomposite shield leads to a notable reduction in radiation dose, with a range
of 15 to 35%. Given the increasing frequency of dental CBCT imaging and the unmatched dose levels compared to conventional
dental radiography, it is imperative to set DRLs in this domain.

Conclusion: This literature review focuses on the most common types of radiation protection in dental radiology, aiming to
demonstrate improved techniques for individual protection.

Keywords: Dental Radiography; Radiation Safety; X-Ray Shielding; Cone Beam Computed Tomography; Diagnostic
Reference Levels.
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1. Introduction

X-ray imaging is utilized in various medical fields to
identify different ailments. These fields comprise skeletal,
vascular, digestive, urinary, neurological, and dental
system examinations [1-5]. Radiological exams are
commonly utilized in dentistry for a variety of diagnostic
and treatment-planning purposes [6]. The two primary
types of dental X-ray radiography apparatus are: By
inserting an X-ray film within the patient's mouth,
intraoral equipment creates an image that contains
extensive information about the condition of the patient's
teeth, jawbones, and tooth roots as well as the presence of
cavities [7, 8]. Dental practices use various extraoral X-ray
systems, such as Cone Beam CT (CBCT), panoramic, and
cephalometric [9, 10].

The latest advancement in dental radiology is CBCT,
which was initially created for the maxillofacial region in
1995 and has been commercially available since 1999. Its
widespread use is mainly due to its affordability as a
diagnostic technology, allowing for treatment planning
and image-guided surgical and operative procedures [
Intraoral radiographs are the prevailing method of d
X-ray investigations, with a substantial number of
recorded globally. For instance, in the Unitgg

100 million, while in Canada, it amot
million. Similarly, in Europe, the

million. These statistics highlig
dental radiography for diag
Depending on the imaging tech , each type of
equipment is capable of delivering a variety of radiation
dosages.

This type of radiation has the potential to trigger the
generation of free radicals within the body, which can
subsequently lead to the formation of cytotoxic
monomers, tissue hurt, swelling, and other physiological
processes [13]. It is important to note that DNA damage
can occur through both the impact of free radicals and
direct interactions with DNA and these types of damage
can give rise to deterministic and stochastic effects
resulting from Radiation Exposure (RE) [14, 15].
According to the National Radiation Protection Board
(NRPB) and the International Commission on Radiation
Protection (ICRP), it is widely reinforced that there is no
edge dose below which radiation can be considered
entirely safe. In other words, exposure of any tissue to
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radiation holds the potential to induce malignant changes,
further emphasizing the importance of radiation protection
measures in dental radiography [16, 17].

Furthermore, protective shielding is one of the most
naive ways to avoid unneeded RE to the patient's other
organs or the radiologist or technician. Lead has received
a lot of attention in X-ray protection since the beginning
due to its high atomic number and significant density [18].
Lead can be used alone, in combination with polymers, or
as flexible lead aprons and lead sheets for walls. These
aprons are quite heavy, making prolonged use
uncomfortable. When worn repeatedly, they may
potentially cause back pain [19]. These flaws motivate
scientists to design eco-friendly nano-composites or look
for lead-free shielding materials. In general, binders and

collimation significantly lowers the
adiography compared to round
-dose protocols in CBCT can reduce
ithout compromising image quality. A

nostic Reference Levels (DRLs) has not yet been
developed for CBCT and should be modified for various
imcal purposes [21]. Making sure diagnostically
appropriate radiographic pictures are obtained on the first
try without the need for a second try is another strategy to
protect the patients. Additionally, proper formal training
in dental radiography could lower the frequency of
radiological errors [10].

The primary objective of this paper is to offer a
comprehensive overview of radiation protection in dental
radiology, with a specific emphasis on the introduction of
novel X-ray techniques in recent times such as CBCT,
digital imaging, and other innovative modalities.

2. Materials and Methods

The process of article selection for this
comprehensive review was guided by specific
inclusion criteria. These criteria ensured that the
chosen articles met rigorous standards and contributed
to the research objectives. The criteria involved the
following aspects:

The articles had to be original, quantitative papers,
review papers, theses, conference papers, or ongoing
papers written in English. This diverse selection aimed
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to encompass a broad range of research sources and
perspectives in the field of oral radiology. The studies
included in this review encompassed both
experimental procedures and simulations, utilizing
advanced methods such as the Monte Carlo, Geant 4,
and Gate methods. This inclusion criterion aimed to
incorporate studies that explored various approaches
to dose reduction in oral radiology. To ensure a
comprehensive search, multiple reputable databases
were systematically explored. These databases
included PubMed/Medline, Embase, ProQuest,
Scopus, Cochrane, and Google Scholar. The search
strategy in each database involved the utilization of
Mesh keywords and suitable synonyms. The search
terms used were as follows: ((radiation protection
[Title/Abstract]) AND ((("radiation shielding"[Mesh])
OR dose reduction in oral radiology [Title/Abstract])
OR dental radiology [Title/Abstract])) AND
((Nanocomposite shields [Title/Abstract])). The
search was conducted within the time frame of March
2015 to March 2022. In addition to the database
search, a manual search was conducted on the
reference lists of the identified articles. This approz
aimed to identify any relevant articles that may
been missed during the database search. It is impotte
to note that the search was limited to article i

in English, as the review focused on Eg @

literature to ensure consistency and
adhering to these rigorous article
employing a comprehensi

review aimed to provide an e and up-to-date
analysis of the approaches to d@se reduction in oral
radiology, incorporating a wide Yamge of research
sources and perspectives. According to the predefined
inclusion and exclusion criteria, a total of 26 articles
were systematically reviewed for this study.

3. Results

3.1. Shielding
3.1.1. Lead-Based Shielding

The use of shields is a crucial factor in radiation
protection in radiology. It is essential to employ
shielding for sensitive organs like the gonads, eye lens,
breast, and thyroid. Customizing the use of shields
based on individual patient requirements is of utmost
importance. Proper positioning of these devices on the
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patient is critical to prevent artifacts and avoid
disruption of the X-ray machine's automatic exposure
control. Neglecting these precautions can have severe
consequences for the patient's well-being [21-23].
Various common radiation protection tools such as
rolling shields, ceiling-suspended shields, lead aprons
for operators, collars, and lead glasses effectively
block a significant portion of scattered radiation [24].
In a recent study conducted in 2022, Anna Kelaranta
et al. examined the impact of lead shields on reducing
absorbed radiation dose in the fetus and breast during
dental X-ray examinations. In their study, the

researchers employed an anthropomorphic female
phantom as a means to assess the levels of RE
associated with various dental procedures, namely

Gy while the estimated doses for fetuses ranged
0.009 to 6.9 uGy. When lead shields were used,
e fetal doses varied between 0.005 and 2.1 mGy, and
the breast doses ranged from 0.002 to 10.4 pGy. In
another study conducted by Lifeng Yu et al., they
conducted a comprehensive investigation to determine
the precise reduction in dose achieved by utilizing lead
aprons during pediatric chest CT scans. The
researchers assertively emphasized the crucial role
played by the distance between the apron and the
bottom of the scan range in achieving this decrease
[26].

To simulate the RE encountered by a 5-year-old
child, the researchers positioned  semi-
anthropomorphic phantoms representing the head,
abdomen, and pelvis near the chest phantom.
Following this, a CT scan of the chest region was
conducted, and a point dosimeter was employed to
measure the radiation dose both within and outside the
scanning range. To examine the impact of radiation, a
lead apron was placed at varying distances (1, 5, and
10 cm) from the lower boundary of the CT scanning
range, and the measurements were repeated
accordingly. Subsequently, the researchers calculated
the weighted average dose for each measurement
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Figure 1. The shields were designed for three specific areas: (a) the thyroid

and (c) the breast and upper abdomen [20]

position. This meticulous experimental setup allowed
for a comprehensive evaluation of the radiation dose
and its distribution about the placement of the
apron, providing valuable insights into radi
protection strategies for young children
CT scans.

Based on the findings of the
discovered that the weighted aye
CT scan range was determi
contrast, outside the scanni :
dropped significantly to a 0.067 mGy. The
introduction of a lead apron prowed to be highly
effective in reducing the mean dose outside the
scanning range. When the apron was positioned at
distances of 1, 5, and 10 cm from the bottom of the
scan range, the mean dose reduction percentages were
calculated as 19.1%, 10.1%, and 4.3%, respectively.
These results highlight the importance and
effectiveness of utilizing lead aprons in minimizing
RE to areas beyond the scanning range, thereby
enhancing radiation protection for pediatric patients
undergoing CT scans. Taking into account the primary
scan, the total percentage dose reduction was 0.7%,
0.4%, and 0.2%, respectively. These findings
underscore the importance of employing a lead apron
to minimize RE outside the scan range.

e average dose

It is indeed important to acknowledge the potential
health hazards associated with the use of lead as a
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2ast and abdominopelvic region,

orders, as it is not efficiently eliminated [27].
Furthermore, understanding the various pathways
through which lead can enter the human body is
crucial in addressing these concerns.

With the advent of nanotechnology, there is a
growing demand for innovative radiation shielding
materials that are not only effective but also safe,
environmentally friendly, lightweight, and reliable.
This has sparked a rapid expansion in radiation-related
sectors, including healthcare (such as radiotherapy and
medical imaging), nuclear power plants, and
industries. As a result, there has been significant
progress in the development of fabrication and
characterization techniques for novel lead-free
composite materials. Polymer micro-composites and
nanocomposites, in particular, have emerged as
promising options due to their numerous advantages
[28]. These materials offer the potential for enhanced
radiation shielding capabilities while addressing the
drawbacks associated with lead-based alternatives.

The ongoing research and development in the field
of nanocomposites for radiation shielding purposes
highlight the importance of finding alternative
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materials that can effectively protect against RE. By
exploring and harnessing the potential of these new
materials, we can contribute to the creation of safer
and more sustainable radiation shielding solutions for
various applications, ultimately benefiting both
individuals and the environment.

3.1.2. Nanocomposites-Based Shielding

To address the limitations of lead sheets,
researchers turned to the use of nano-composite sheets
[29]. In 2023, Asadpor et al. utilized Geant4 Monte
Carlo simulation to evaluate the shielding
performance of multi-metal nanoparticle composites
in the field of diagnostic radiology. The results may
have demonstrated that the multi-metal nanoparticle
composites effectively attenuated radiation, thereby
reducing the dose received by the surrounding
environment. This would suggest that these
composites have the potential to be used as effective
shielding materials in diagnostic radiology settings.
The comparison included highly hydrogenous
substances like polyethylene and hydrides, as well
substances like aluminum and complex hydrides
high Z metals that have minimal hydrogen [30].
study revealed that LiBH. exhibited high
shielding efficiency, being 1.2 times
than polyethylene. LiH and
outperformed polyethylene i
effectiveness. Composite
Fiber Reinforced Plastic (
(SiC) composite plastic, have
favorable choices for spacecra ponents. This
preference is primarily attributed to their exceptional
mechanical strength and remarkable shielding
effectiveness, which surpasses that of traditional
metals. Studies have indicated that CFRP and SiC
composite plastic exhibits a shielding effectiveness
that is 1.9 times higher than that of metals. The
superior mechanical properties of CFRP, including its
high tensile strength and stiffness, make it an ideal
choice for structural components in spacecraft. Its
lightweight nature also contributes to fuel efficiency
and overall spacecraft performance. Moreover, CFRP
offers excellent resistance to corrosion, which is
crucial for prolonged space missions. On the other
hand, SiC composite plastic possesses exceptional
thermal and mechanical properties, including high-
temperature resistance, strength, and stiffness. These
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characteristics make it suitable for applications in
extreme environments, such as space. Additionally,
SiC composite plastic has demonstrated superior
radiation shielding effectiveness compared to metals,
offering enhanced protection against cosmic radiation
and other forms of space-based radiation [31].

Furthermore, a study conducted in Turkey in 2022
explored the incorporation of Graphene Oxide (GO)
as a nanomaterial into various fabrics, enabling the
fabrication of radiation-shielding constituents that
could potentially replace lead. The study described the
creation of a nano-GO composite material for
protection against X-rays. The material in question
exhibits crucial characteristics that are essential for
daily usage in clipical textiles. These include air and

s clinical settings. In comparison
aprons, the utilization of nano-
ide (GO)-composite fabrics as
ial offers a practical and reliable

e study conducted by Nurul Z et al. focused on
stigating the impact of Bi.Os particle sizes and the
ddition of starch to Bi,O3 -PVA complexes for X-ray
guarding purposes across various X-ray energy series.
The research findings indicated that the presence of
starch helped mitigate the dependency of the Bi,O3
particle size effect on the density of the PVA
background. This improvement in the comparability
of particle sizes enhanced the efficiency of X-ray
shielding [32, 33]. In a separate study, Le Yu et al.
explored the development of cutting-edge Pb-Free X-
ray shielding using insubstantial bismuth titanate
(BisTi3012) nanocomposite. The researchers adopted
an eco-friendly material engineering and processing
approach to create the BTO-ER composite, which
exhibited promising characteristics as a novel,
lightweight, free-toxic, and high-performance X-ray
protection material. The D-65BTO-ER composite
demonstrated remarkably low X-ray transmission
tenets of only 2.55% and 5.65% at X-ray energies of
80 and 100 kVp, in turn. Growing the number of BTO
particles in the composite led to enhanced X-ray
attenuation capabilities due to increased densities,
thicknesses, and the narrow size effect on the polymer.
Notably, the 2 mm thick BTO-ER composite, with a
low mass per unit area of 0.004 g/mm?, provides 0.35
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mm Pb comparable attenuation at X-ray energies of 80
and 100 kVp, making it a promising lead-free material
for X-ray protection applications. These significant
findings emphasize the potential of BTO-based
composites as a leading alternative for X-ray
shielding, replacing hazardous Pb-based materials
with safe, reasonable, and environmentally friendly X-
ray protective clothing [20, 34].

3.2. Digital Imaging and Dose Reduction

The implementation of digital imaging in oral
radiology has greatly advanced the experimental
training of dentists. Digital imaging, particularly for
intraoral radiography, offers numerous advantages
such as improved X-ray handling, enhanced storage
capabilities, time savings, and reduced radiation
dosage. Contemporary education indicates that as
digital receptor equipment continues to evolve, the
image quality and spatial resolution are becoming
comparable to, and even surpassing, that of film
imaging. Consequently, patient doses are expected to
decrease as digital detectors necessitate shorie
exposure periods [21].

When film is used for imaging, it is recomme

higher. The development of dig echnology allows
for a 50% reduction in RE comparéeto conventional
screen-film systems, without compromising image
guality. Digital systems offer equivalent or improved
diagnostic performance, along with other advantages.
However, there is a possibility of overexposure
without a detrimental effect on image quality.
Technologies for digital radiography imaging can
produce satisfactory image quality across a wide range
of exposure limits and are suitable for various clinical
applications [35].

According to a 2020 study conducted in the United
States, around 85% of dental offices have adopted
digital intraoral X-ray equipment, significantly
reducing exposure. Although digital panoramic X-
rays still expose certain anatomical regions
continuously as the machine rotates around the
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patient's head, they still contribute to reduced RE.
Meanwhile, CBCT, which combines multiple images
to create a 3D perspective, has been steadily making
its way into general dental practices [36].

To demonstrate the notable variations in radiation
dosages, it is worth noting that a complete mouth
series consisting of 18 intraoral images taken with
digital receptors or E- and F-speed film, utilizing
rectangular collimation, is equivalent to an exposure
of 4.3 days of background radiation. However, in the
USA, where circular collimation is more commonly
employed, a full-mouth series corresponds to an
exposure of 21 days of background ionizing radiation.
It is important to mention that for dentists who do not
utilize digital technology and opt for the slower D film

f background radiation. These
the substantial differences in
ased on the type of imaging
ation technique used in dental

onducted by Khaled Al Khalifa et al.,
& kesearchers aimed to identify the optimal mixtures
pal and filter resources for different X-ray tube
age sets, taking into consideration their impact on
Image quality and radiation dose. For this
investigation, various Digital Mammography (DM)
imaging methods were utilized, along with breast-
equivalent phantoms. The results of the study
indicated that for compressed breast thicknesses of 6
cm with 20% glandular tissue and 80% adipose tissue,
the Tungsten (W)/Rhodium (Rh) combination yielded
the most favorable outcomes. This particular
combination offered good image quality while
minimizing RE. Therefore, it is strongly
recommended to implement this mixture whenever
feasible. In situations where the W/Rh combination is
not possible, the Rh/Rh or Molybdenum (Mo)/Rh
combinations are the next best alternatives. It is
important to note that the imaging machine
automatically selects the appropriate filter based on
the thickness and density of the breast, ensuring
optimal results in terms of image quality and radiation
dose [38].

Another study by Simabuguro et al. compared the
equivalent and effective dosages of various digital
radiography  techniques  (panoramic, lateral
cephalometric, and periapical) with CBCT. The
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researchers found that the doses generated by digital
radiography in orthodontic settings were lower than
the effective doses delivered by CBCT. However, the
radiation output of the orthodontic set was higher in
certain areas during periapical evaluations. It is
important to adhere to the ALARA principle and to
use tomographic images instead of radiography only
under very limited circumstances. For restricted areas,
it is preferable to use a single periapical radiograph
rather than a full periapical examination [39].

In a study conducted by Praskalo et al., intraoral X-
ray radiography was performed in Bosnia and
Herzegovina for the extraction of adult patients'
incisors, premolars, and molars, both maxillary and
mandibular. The results indicated that devices with
digital image receptors had lower dose descriptor
values compared to devices with film-based image
receptors. The average air kerma values for film-based
intraoral devices ranged from 0.98 mGy for
mandibular incisors to 2.9 mGy for maxillary molar
examinations. On the other hand, average dosimetric
guantity values for digital systems ranged from 0.38
mGy for mandibular incisors to 0.96 mGy
maxillary molars, which were significantly lower
those for analog systems [40]. These finding

To optimize radiological ices and reduce
radiation dose, both the European'and International
Basic Safety Standards define DRLSs. It is essential to
conduct a local review if a patient receives an
unusually high or low dose of radiation during an X-
ray procedure. While there are published DRLs for
different X-ray modalities, recent literature has not
established any for CBCT and dental Multi-Detector
Computed Tomography (MDCT) examinations.
Given the increasing use of CBCT in dental radiology
and the potential for high patient radiation doses, it is
crucial to establish CBCT DRLs. Ideally, DRLs
should be set for numerous experimental signs to
ensure patient safety [21].

In a study conducted in 2021, the surface-absorbed
dosages of crucial organ regions, specifically the
thyroid and parotid glands, were studied. The
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researchers, Zamani et al., assessed Dose Area
Product (DAP) values and constructed a local DRL for
panoramic radiography. The study included data from
201 patients, comprising 141 adults and 60 children
(5-10 years old), from six radiology clinics in the
Yazd province. TLD dosimeters (GR-200) were
implemented to determine the surface absorbed
dosage in the thyroid and parotid gland regions for
each patient. The DRL values were computed using
DAP wvalues in accordance with the ICRP
recommendation. The local DRL values for the adult
and child groups were measured as 99.7 and 73.4
mGy.cm2, respectively. The study found that the use
of higher radiation parameters resulted in higher
surface absorbed dose values in the adult group [41].

etermining the regional DRLs
raphy in Tamil Nadu. The
ved examining the impact of
re to various types of X-ray
luding intraoral, panoramic,

e DRLs by considering two parameters:
ent air kerma (Ka, i) and Kerma Area Product
A). To measure air kerma, a calibrated RTI black
ranha 557 dosimeter was utilized for all dental units.
The study calculated the third quartile values for adult
intraoral (mandibular molar), panoramic,
cephalometric, and CBCT radiation based on the
median, resulting in values of 1.5 mGy, 116 mGycm?,
40 mGycm?, and 532 mGycm?, respectively. These
values represent the recommended upper limit of RE
for each type of dental radiography procedure. It is
noteworthy that the DRLs proposed in this study align
with those reported in other countries such as
Germany, Greece, the UK, Japan, and Korea. This
consistency suggests a global understanding and
agreement on the acceptable levels of RE in dental
radiography. By establishing regional DRLs, this
study provides valuable guidelines for dental
practitioners in Tamil Nadu to ensure that radiation
doses are kept within safe limits while maintaining
diagnostic image quality. These findings contribute to
the ongoing efforts to promote radiation safety and
optimize dental radiographic procedures for the
benefit of patients and healthcare professionals. The
findings indicate a requirement for effective dose
management and optimization of radiation dosage in
dental facilities across the state. Additionally, the
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study discovered that the use of digital detectors in
dental facilities does not necessarily lead to reduced
exposure levels [42].

A study conducted by Zamani et al. in 2019
investigated the DRLs in CT of adults based on the
criteria of volume average CTDI and Dose Length
Product (DLP) in the Yazd province. The study
included six multi-layer CT scanners and seven
standard techniques spread over the province. At least
20 patients who were at least 18 years old were
sampled for each approach at each facility. The
suggested DRLs for CT scans were given in terms of
the CTDI and the DIP. The proposed DRLs for
different parts of the body were slightly lower than
those recommended for other medical investigations.

In a study conducted by Praskalo et al. in 2019, data
was presented to support the adjustment of the
currently valid DRL for intraoral dental X-ray
radiography in Bosnhia and Herzegovina. The study
encompassed the measurement of 41 intraoral X-ray
systems, including 20 systems with digital image
sensors and 21 film-based systems. To assess patig
dosage, incident Ki and PKA were utilizeg
descriptors. The findings of the study revealed th
third quartile values for both types of dewi

existing national DRL. Specifically,
values were 3.5 mGy for film-basee

without compromising diagnostic quality (Figure 3).
Furthermore, the study emphasizes the importance of
establishing national DRLs for other dental
radiographic  procedures such as panoramic
radiography and dental cone beam computed
tomography. These procedures, along with intraoral
X-ray radiography, play a vital role in dental
diagnostics and involve  patient  exposure.
Implementing national DRLs in these areas would be
crucial for future research and for ensuring that
radiation doses are optimized while maintaining
diagnostic accuracy. The data presented in this study
provides valuable insights and highlights the need for
regular assessment and adjustment of DRLs to
promote radiation safety and improve patient care in
dental radiography [43].
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In another study, Asgharzadeh et al. measured
Dose-Width Product (DWP) amounts for dental
panoramic radiography and developed a local DRL.
The study involved five panoramic equipment in five
radiography clinics in Kashan, Iran. Exposure
parameters for each patient were extracted to
investigate the DWP values. The dose received by the
thyroid gland and the lens of the eye was calculated
using thermoluminescent dosimeters. The local DRL
for panoramic radiography was determined to be 250
mGycm?. The study also found that there was a
significant variation in the DWP values among the
different panoramic equipment, indicating the need for
standardization and optimization of radiation doses in
dental radiography. In summary, the establishment of
DRLs is cruci@l” in ensuring patient safety and
optimizing r, es in dental radiology. Studies
have been to determine DRLs for various
dentalggin odalities, including panoramic
nd intraoral radiography. These

|) PKA, CTDI, and DLP. The findings of these
es highlight the importance of effective dose
anagement and the need for standardization and
optimization of radiation doses in dental radiography
[44].

3.4. Cone-Beam CT (CBCT)

To overcome some limitations of traditional CT
scanning technology, cranial CBCT was developed. In
craniofacial CBCT scans, the object being examined
is captured as the radiation passes through a two-
dimensional retractor. This small distinction allows
for the entire region of interest to be recorded with just
one rotation of the radiation source, unlike a standard
CT device that requires stacking multiple slices to
create a complete image (Figure 2). Additionally,
compared to traditional fan-shaped CT machines, cone
beam technology produces a more focused beam and
significantly reduces scatter radiation. This leads to a
lower requirement for X-ray tube power during
volumetric scanning, while still maintaining high-
quality imaging [45]. The scope of the Field Of View
(FOV) plays a crucial role in determining the patient
dose in CBCT and is directly associated with image
quality due to X-ray dispersion. Therefore, when

FBT, Vol. 12, No. 1 (Winter 2025) XX-XX



S. Sadeghi, et al.

selecting a CBCT machine, it is important to consider
the various FOVs offered by the vendor [21]. In a
study accompanied by Yeung et al. in 2021 [10], the
rejection rates of radiographic images in Dentom-
axillofacial radiology were examined. The study
found that the mean CBCT reject rate was lower at
2.77% (223/8060) compared to intra-oral and extra-
oral imaging methods.

In a study conducted by Beatrice Feragalli et al., the
researchers aimed to evaluate picture quality and RE
in dental and maxillofacial imaging examinations
using CBCT. The study involved the use of five
alternative acquisition protocols to assess image
quality and RE. One of the protocols involved
lowering the kiloyolt peak (kVp) from 95 to 80 kVp,
resulting in a déCrease in the DAP from 1556 to 1013
ig a reduction of approximately

protocol utilized a large FOV,
ges, 95 kVp, 5 mA, and an

smaller FOVs. Two scans were performed
FOVs of 160 x 140 mm and 120 x 90 mm,
spectively. By analyzing the different acquisition
protocols, the study aimed to optimize CBCT imaging
techniques, ensuring high-quality images while
minimizing RE to patients. The findings of this
Figure 2. lllustration of Extrag research contribute to the ongoing efforts to enhance
cone b_eam cT (Up)’. Cone "@ : the safety and effectiveness of dental and
right impacted canine reveals ption  of  the
neighboring incisors, not seen onghépanoramic image maxillofacial imaging examinations using CBCT [46].
(Bottom) [41] In situations where a thorough assessment of the
maxillofacial region is necessary to determine the
appropriate cure, CBCT conducted with a low-dose

Figure 3. Seven-year-old patients underwent CBCT examination with a low-dose protocol with the following parameters:
FOV 240 x 190 mm, images with normal resolution, 5 mA, absorption time 15 seconds, and 80 kV: notice the good quality
of the panoramic (a), images (b), and 3D (c) cephalometric [43]
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protocol has actual small RE and produces high-
quality images [47].

Recently, Kuramoto et al. conducted a quantitative
evaluation of the impact of additional Copper-filters
(Cu-filters) on the radiation dose and Contrast-to-
Noise Ratio (CNR) in dental CBCT. They acquired
CBCT images of a phantom containing aluminum, air,
and bone equivalent material with homogeneous
properties. The researchers calculated the CNRs based
on the voxel values of each homogeneous material and
measured the CTDlvo using standard polymethyl
methacrylate CTDI test objects. The findings
indicated a trend of higher CNR with increasing tube
voltage and tube current across all homogeneous
materials. However, the CNR decreased as the
thickness of the Cu-filter increased. The study also
observed that the CTDIvo increased with higher tube
voltage and tube current, while it decreased with
increasing Cu-filter thickness. When the CNR was
fixed at 9.23 of BEM with an exposure setting of 90
kV/5 mA without a Cu-filter, the CTDIlvo at 90 kV
with Cu-filters was found to be 8.7% lower compared
to that without a Cu-filter. These results highligh
potential of incorporating Cu-filters to reduce p
dose while maintaining image quality.

ent

In a-2019 study condu Shokri et al., the
researchers investigated the effe¢tS of CBCT exposure
factors, specifically mA and FO metal artifacts
of dental implants in different bone densities. This
experimental study was carried out in vitro and
included a total of 27 bone blocks with varying
densities. These bone blocks were categorized into
nine type 1, nine type 2 and 3, and nine type 4,
representing different levels of bone density. These
bone blocks were incorporated into wax models of the
mandible. The blocks were scanned using a Cranex3D
imaging system with FOVs of 4x6 cm? and 6x8 cm?,
and mA settings of 4 and 10 during hole preparation
and after implant insertion. The gray values of the
bone blocks were recorded before and after
implantation. Results showed that regardless of bone
density, narrow FOVs generally exhibited fewer
artifacts compared to larger FOVs (P> 0.05). Metal
artifacts were not affected by changes in mA (P>

XX

0.05). Type 4 bone demonstrated more artifacts
compared to other bone types (P < 0.05), while no
substantial differences were experiential between type
1 and types 2 and 3 (P > 0.05) [49]. Another study
assessed the optimization of effective dose and its
impact on image quality and diagnostic efficiency in
dental CBCT. The study concluded that although
CBCT exposes patients to higher doses of radiation,
traditional radiography remains a more sensitive
diagnostic method. Therefore, there is a risk of
overexposure unless the benefit to the patient is
proven. Furthermore, concerns have been raised that
increased diagnostic sensitivity may lead to a loss of
specificity, resulting in an overrepresentation of

diseases. This underscores the importance of
developing a icated CBCT "natural atlas" to
accurately pathological  conditions.
Moreover, ons of traditional radiography in
depictiing -dimensional anatomy of teeth and

when traditional radiography fails to
e diagnostic information [50]. In a
y conducted at the Sweden Faculty of
istry in 2020, researchers aimed to evaluate a
dose strategy for CBCT imaging of the
poromandibular Joint (TMJ). A group of 34 adult
patients who required TMJ CBCT imaging
participated in the study. These patients underwent
two examinations using two different scanning
protocols: the manufacturer's suggested protocol and a
low-dose procedure where the tube current was
decreased to 20% of the default protocol. For each
scanning protocol, three sets of images were
reconstructed: the default protocol, the low-dose
protocol, and the processed low-dose protocol which
utilized a noise reduction method. The results of the
study indicated that the low-dose CBCT protocol for
TMJ assessment using the specific CBCT device
employed in this investigation was diagnostically
equivalent to the manufacturer-recommended
protocol. However, the low-dose protocol delivered a
significantly lower radiation dosage, which was
approximately five times lower than that of the default
protocol. These findings highlight the potential of
implementing a low-dose strategy in TMJ CBCT
imaging, as it maintains diagnostic accuracy while
significantly reducing patient exposure to radiation.
Such an approach can contribute to the overall efforts
aimed at optimizing radiation doses in dental imaging,
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ensuring patient safety without compromising the
quality of diagnostic information obtained [51].

4. Conclusion

In conclusion, the discussion highlighted the recent
advancements in technology, particularly CBCT and
digital imaging, along with the associated concerns
regarding radiation protection. It is evident that existing
radiation protection rules for dental radiology need to be
revised to accommodate these modern technologies.
Looking ahead, the establishment of CBCT Dose
Reference Levels (DRLs) for various clinical purposes is
imperative in the near future. Furthermore, the
introduction of new X-ray shielding materials with
nanocomposite coatings offers promising solutions.
These materials maintain important properties alike air
and water permeability, lightweightness, and flexibility.
The nano-coating provides practical and reliable
shielding decreasing 15-35% radiation, serving as a
viable substitute for Pb-aprons. The findings of this
discussion emphasize the importance of regular training
for all personnel in correct positioning techniques.
training is crucial to improve patient care in o
radiography. Moreover, the implementationge

outcomes, leading to reduced patient d
highly recommended that the depta
embraces these advancemen

@ .
establishing CBCT DRLs, ut g innovative X-ray

into practice. By revising

shielding materials, and providing ‘@hgoing training, the
field can enhance patient care, minimize radiation
exposure, and achieve better outcomes.
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