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Abstract
Cone beam computed tomography can be used in pediatric population when a 
tridimensional analysis of dental and maxillofacial bone structures is required. Even 
though CBCT is considered a low dose radiological examination, ionizing radiation 
is a known human carcinogenic factor. Furthermore, biological effects are more 
important in young patients because of their higher radiosensitivity. Orthodontic 
treatment is typically initiated at young ages and the most common radiographs 
at this age are dental. This makes it important to quantify the effects of diagnostic 
radiographs, in particular of CBCT, due to the fact that the radiation doses are 
higher compared to conventional radiological methods. So far, the carcinogenic 
response after low dose radiation exposure is not fully understood in the scientific 
literature. The aim of our review was to emphasize the main indications of CBCT 
in orthodontics and to evaluate the radiation doses and potential risks of CBCT 
irradiation of pediatric patients. 
Keywords: cone beam computed tomography, ionizing radiation, dosimetry, 
orthodontics, pediatric population

Introduction
Cone beam computed tomography 

(CBCT) can be used in pediatric 
population when a tridimensional (3D) 
representation of dental and maxillofacial 
bone structures is required [1]. CBCT 
has several advantages compared to two-
dimensional (2D) radiographs for the 
diagnosis and treatment planning in the 
field of orthodontics and dento-facial 
orthopedics [2], but the resulting radiation 
doses are also higher. The use of CBCT 
is increasing more and more, with some 
orthodontists completely replacing 2D 
radiographic images with 3D ones. For 
this reason, the clinical indications for this 
investigation, but also the irradiation doses 
are becoming intensely debated in the 
scientific literature. Stochastic effects, such 
as genetic mutations and carcinogenesis, 
resulting from low doses of radiation may 
occur many years after irradiation if the 
harmful effects are not properly repaired 
by the human body. Furthermore, young 
patients are more susceptible to ionizing 
radiation (IR) because of the increased 
number of young cells that are strongly 

affected at the level of the DNA and cell 
division. This problem raises the need to 
investigate the effects of low dose IR, such 
as CBCT exposure, especially because of 
the increased proportion of children in the 
orthodontic practice. The evaluation of the 
effects of irradiation remains an important 
issue to solve in order to understand the 
benefits and risks of radiological exposure 
in the orthodontic field.

The purpose of our review was 
to summarize evidence-based guidelines 
regarding the acquisition of CBCT scans 
for orthodontic treatment; to evaluate the 
CBCT radiation doses in orthodontics and 
to discuss the potential harmful effects of 
CBCT radiation. 

Indications for CBCT use in 
orthodontics 

The objective of orthodontics and 
dento-facial orthopedics is the treatment 
of dental and skeletal disharmony in 
order to improve aesthetic aspects and 
function [1]. The initial orthodontic 
documentation includes typically 2D 
images, such as intraoral, panoramic or 
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lateral cephalometric radiograps [2]. CBCT was introduced 
in various branches of dentistry for clinical situations 
requiring the representation of anatomical structures in the 
third dimension [3]. CBCT has several advantages over 
2D imaging, such as an increased image quality, a short 
exposure time, and a lower radiation dose compared to 
traditional computed tomography [4]. However, although 
the use of CBCT is increasing steadily, the effects of 
additional irradiation associated with its frequent indication 
are also becoming a controversial topic.

The routine use of CBCT for all orthodontic patients 
is currently not supported by strong evidence, leading 
to an intense debate in the scientific literature. Some 
practitioners advocate its routine use for all orthodontic 
patients, while others are more reluctant because of the 
increased radiation burden to the pediatric patients. For 
example, a debate on this subject was published in 2012 
by the American Journal of Orthodontics and Dentofacial 
Orthopedics (AJO-DO) [5,6].

Multiple international organizations have tried to 
review the available literature and to offer guidelines for a 
judicious use of CBCT in this field. The American Academy 
of Oral and Maxillofacial Radiology (AAOMR) and 
the British Orthodontic Society recommend it only for 
specific clinical cases where 2D radiological imaging cannot 
provide sufficient diagnostic information, such as cleft palate 
cases, impacted or supernumerary teeth and orthognathic 
surgery planning [1,7]. In other situations, such as 
evaluation of the alveolar bone quantity, airway assessment, 
temporomandibular joint pathology and for placement 
of temporary anchorage devices, the benefits of CBCT 
examination have to be compared to the risks of IR [1]. 

The European evidence-based guidelines based 
on a systematic review and published in 2012, known as 
SedentexCT Project, have concluded that there is a lack of 
evidence of significant clinical impact regarding the use of 
large volume CBCT for the routine orthodontic diagnosis 
and treatment planning [8]. Another group of specialists 
in the field of radiology and orthodontics, the European 
DIMITRA project (dentomaxillofacial paediatric imaging: 
an investigation towards low-dose radiation induced risks), 
is focused on optimizing pediatric doses. In its report from 
2018, the main CBCT indications in pediatric dentistry, such 
as impacted/supernumerary teeth, dentoalveolar trauma, 
orofacial clefts, dental anomalies, surgical planning of 
autotransplantation and syndromes have been provided [9].

One more recent report about clinical considerations 
and potential liability associated with the use of IR in 
orthodontics has been published in AJO-DO, aiming 
to discuss guidelines for radiographic acquisition at 
different points along the orthodontic treatment timeline. 
The conclusion of this article was to prescribe necessary 
radiographs only after clinical examination and only if 
justified and to consider CBCT imaging when it is expected 
to offer a benefit or change to the treatment result of the 
patient as compared to 2D radiographs [10].

Radiation doses of 2D and 3D diagnostic 
imaging in orthodontics 

In order to compare radiation doses of different 
diagnostic imaging techniques and to estimate the risk of 
radiation to the human body, the effective dose of radiation 
exposure is utilized and measured in milisieverts (mSv)/
microsieverts (µSv). The effective dose is calculated by 
multiplying the absorbed organ dose with a weighting factor 
for a specific tissue or organ. The tissue/organ weighting 
factor depends on several factors, such as the type and 
sensitivity of the irradiated tissue and is provided and 
updated by the International Commission on Radiological 
Protection (ICPR) [11]. For the calculation of the effective 
dose for imaging of the head, the dose to the thyroid 
contributes the most due to its increased radiosensitivity. 
In 2007, an update of the ICPR report considered also the 
salivary glands separately due to their location in the field 
of view of the head and neck region. By receiving their 
own weighting factor, the salivary glands contributed to a 
considerable increase of the effective dose [12]. 

Some studies on the role of medical radiological 
diagnosis in head and neck cancers do not take into account the 
dental sources of diagnostic irradiation. The average annual 
effective dose from natural sources for all humans on Earth 
is estimated to be 2400 µSv. A panoramic radiograph may 
be associated with an effective dose the same as 1 to 5 days 
additional background radiation, while the dental CBCT risk 
could result in an effective dose equivalent to a few days up 
to a couple of months of background radiation, depending 
on the type of the machine and clinical protocol used [13].

CBCT radiation doses presented in the literature vary 
widely, depending on the type of the used CBCT machine 
and the exposure factors. Among them, imaging parameters 
(kilovoltage (kV), milliampere seconds (mAs)); voxel size 
(spatial resolution); field of view (FOV; limited or full); and 
exposure time influence the radiation dose [14]. 

A larger FOV or a higher spatial resolution when 
other exposure parameters (kV and mAs) are kept the same 
lead to a higher patient radiation dose [15]. The mandibular 
FOV has a larger dose than the maxillary [16], because the 
salivary glands, thyroid, and esophagus are more irradiated 
in this examination approach. Selection of different technical 
factors for a higher or lower image quality can result in up to 
seven fold differences in dose [17,18]. The challenge posed 
by CBCT is to reduce radiation doses but without decreasing 
the image quality or diagnostic information. Therefore, this 
can be done either by reducing the FOV or by reducing 
exposure parameters for clinical situations where there is no 
need for a very detailed image quality, such as for checking 
the angulation of the roots [19].

When radiographing children, it is important to take 
into account the radiation protection principles: justification, 
optimization and dose limitation. Regarding optimization 
and dose limitation, it is important to know the technical 
aspects of the CBCT machines that are used. Some of them 
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have exposure parameters, such as kV, mA, and exposure 
time established by the manufacturer and they cannot be 
adjusted for every patient [20]. If the irradiation parameters 
are not reduced for a pediatric exposure, the radiation doses 
for children may exceed typical adult radiation levels due 
to differences in organ sizes and susceptibility to radiation. 
If CBCT is utilized, the smallest possible FOV that shows 
the region of interest should be chosen for children in order 
to reduce the radiation doses [21]. 

Published dosimetry data are available only for 
some of the CBCT machines available on the market. There 
is a need of studies regarding irradiation dose optimization 
that consider patient factors, image quality and acceptable 
dose levels in controlled settings. The majority of studies 
for radiation dose calculation and radiation risk estimation 
are based on thermoluminescent dosimetry (TLD) 
techniques using anthropomorphic phantoms and present 
a variety of methodology, especially regarding the type 
of phantom used (child, adolescent or adult) and TLD 
number and positioning. Measurements on child and adult 
anthropomorphic phantoms give different results because 
of differences in the size of the subjects, the location of 
organs and the exposure protocol. For instance, the thyroid 
in a child is exposed directly during CBCT irradiation 
because the distance between the thyroid and the lower 
border of the mandible in a child is reduced. Furthermore, it 
has been shown that effective doses for the salivary glands 
are approximately 30% higher for young children than for 
adolescents [22]. Different exposure protocols showed that 
child phantom effective doses were approximately 36% 
greater than adult phantom doses [19]. Due to the increased 
radiosensitivity of children, the risks of harmful health 
effects are an additional 2 to 5 times higher compared to 
adults [23].

A software alternative for calculating organ doses 
are Monte Carlo (MC) dose simulation studies using 
computational phantoms. Efforts are focused on the 

calculation of radiation doses depending on the age of the 
patients, especially for the pediatric population, which 
cannot be represented by only one average phantom like 
adults, because their organs change in size and shape with 
age. Andreas et al. have developed adatabase of pediatric 
head voxel models that covers the age range from 2 
months to 14 years in order to calculate doses using MC 
simulations. Their simulation study showed absorbed organ 
dose differences larger than 50% among the 5, 8 and 12 
years old models when exposed to the same parameters 
[24]. Oenning et al. described the development of age-
specific phantoms for age specific CBCT image quality 
assessment and optimization [25].  

The range of effective doses of small, medium and 
large FOV using the ICPR 2007 recommendations are 
presented in Table I. A small FOV is defined by an area 
≤10 cm that captures most of one or both arches, but not 
all of the anatomy of the maxilla; a medium FOV by an 
area of 10-15 cm that captures the entire dentition and 
temporomandibular joints, while a large FOV by an area 
>15 cm that captures the maxillofacial complex, chin and 
nose. The studies have showed that the dose ranges have 
a considerable variation from one CBCT examination and 
from one CBCT machine to another. 

A direct comparison between the effective doses of 
2D and 3D radiological examinations have been studied 
[28-30]. The results showed an effective dose for panoramic 
radiography of about 22.0 µSv, for a lateral cephalometric 
examination about 4.5 µSv and for a CBCT examination 
61 to 134 µSv. Another study have showed that a typical 
panoramic and cephalometric orthodontic examination will 
expose the patient to 7.5 to 25.4 µSv effective dose (with 
salivary glands) [14]. Other studies that analyzed just the 
effective dose of conventional dental radiography estimated 
the dose for a panoramic radiograph ranging from 3.85 to 
38.0 µSv and for a lateral cephalometric examination from 
1.1 to 5.6 µSv [31,32].

Table I. Effective dose ranges for small, medium and large FOVs, for adult and children 
anthropomorphic phantoms.

FOV Effective dose
for adult patients (µSv)

Effective dose
for children (µSv)

Large

68-1073 [18]
68-368 (average 131) [26]
46-1073 (average 212) [27]

68-1073 [4] 13-769 (average 175) [27]
114-282 (10 years old model) [22]

81-216 (adolescent model) [22]
Medium

69-560 [18]
28-265 (average 88) [26]
9-560 (average 177) [27]

48-560 [4]

Small

189-652 [18]
19-44 (average 34) [26]
5-652 (average 84) [27]

28-674 [4]

5-582 (average 103) [27]
<35 [22]
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Even though CBCT is considered a low dose 
radiological method [27], the effective dose of CBCT 
is several to hundreds of times higher compared with 
conventional dental radiography [33]. A study by Signorelli 
et al. showed that although one CBCT scan may replace all 
conventional orthodontic records, the irradiation is still 2 
to 4 times higher with CBCT. Depending on the scanning 
parameters, the radiation dose of a CBCT is about 3 to 6 
times a digital panoramic radiograph and 15 to 26 times 
a lateral cephalogram [34]. Ludlow et al. stated that the 
irradiation dose with a NewTom3G CBCT machine is 2 to 
4.5 higher than doses of a conventional ortopantomography 
or lateral cephalometry. In sum, it was estimated that the 
radiation doses for a large FOV CBCT scan are 3 to 7 times 
greater than the radiation doses from panoramic radiographs 
[35]. Table II presents CBCT doses with different FOVs 
as multiples of dental panoramic examinations with an 
effective dose of 24.5 µSv, days of per capita background 
dose based on an annual full body exposure of 3 µSv, 
and probability of fatal cancer with the ICRP 2007 tissue 
weighting factors [32].

Table II. Detrimental effects of CBCT doses related to different 
field of views (FOVs).

FOVs
Dose as multiple

of typical 
panoramic dose

Days of per capita
background 
radiation,
ICRP 2007

Probability of
x in a million
fatal cancer

Large 3-44 8-131 4-59
Medium 4-35 9-105 4-47
Small 8-27 23-79 10-36

Risks of low dose CBCT irradiation
IR can induce harmful biological effects, depending 

on radiation dose, age at exposure, the radiosensitivity of 
the organ or genetic factors [36]. IR produces single or 
double strand breaks in the DNA helix, the latter being 
the principal lesion that can lead to cell death. Another 
mechanism of damage are the residual double strand breaks 
after inefficient repair mechanisms that may result in 
mutations or genomic disturbances in a cell that survives. 
Over time, these could lead to genomic instability and 
result in malignant cell transformation [37]. 

Studies of individuals exposed to IR showed two 
potential types of radiation damage. Deterministic effects 
occur after high doses of radiation and only after a threshold 
has been reached. After that, the effects are proportional 
to the dose of radiation. On the other hand stochastic 
effects can be a consequence of lower levels of radiation. 
These occur without a threshold for radiation damage, but 
the probability of an effect increases proportional to the 
radiation dose. Thus, there is a probability that an unrepaired 
damage to the cell nucleus will lead to carcinogenesis at 
later times during life after exposure [38]. 

Taking the effective dose of dental sources of 
diagnostic irradiation into consideration is necessary 
because young patients have a higher risk of developing 
cancer than adults. The young age at which orthodontic 
treatment is typically initiated and the fact that the most 
common radiographs at this age are dental makes it 
important to quantify the effect of diagnostic radiographs 
[2]. The pediatric population, consisting of patients under 
18 years, shows increased radiosensitivity compared to 
adults due to the higher rates of cell growth and organ 
development. Children’s susceptibility to mutagenic factors 
is increased due to differences in assimilation, metabolism 
and excretion. Also, children have a longer lifespan to 
express the radiation induced effects [39].	

In the last years, several studies evaluated the 
risk related to low dose radiation exposure, the most 
investigated being the epidemiological Life Span Study of 
Japanese atomic bomb survivors [40]. The results indicated 
that the greatest risk of thyroid cancer was found among 
those exposed before the age of 10 years, and the highest 
risk was seen 15 to 29 years after exposure and was still 
increased 40 years after exposure [41]. A study published in 
2010 concluded that exposure to dental X-rays, particularly 
multiple exposures, may be associated with an increased 
risk of thyroid cancer [42]. 

For a long time, the linear no-threshold model (LNT) 
model was adopted for the estimation of the effects of low 
doses of radiation. According to this model applied for 
stochastic effects, all doses regardless of how low they are 
must be considered potential carcinogenic [38]. The standards 
used for protection against low levels of IR were decided 
by extrapolating from cancer risks observed following 
exposure to intermediate or high doses. The LNT model 
used in radioprotection for the quantification of the 
radiation exposure at high doses was considered by many 
authors not being suitable for the estimation of the effects 
at low doses of radiation [43] and the validity of this model 
is intensely debated in the literature. However, there is not 
yet another suitable model that analyzes the effects of low 
doses of IR.

The CBCT irradiation dose is greater than doses from 
a panoramic or cephalometric radiological examination, 
even with the lowest radiation dose CBCT machine used. 
The excess risk of cancer is tried to be estimated by using 
the effective dose, but most of the calculations are made on 
adults. The risk of carcinogenesis or development of other 
stochastic effects using the ICRP probability coefficient of 
6.0 x 10–2 Sv–1 are: 0.3 to 1.3x10–6 for a dental panoramic 
radiograph, 0.1-0.2x10-6 for cephalometric radiography and 
3.5 to 61.5x10-6 for full FOV CBCT exposure [11,14]. It is 
estimated that children may be at least 3 times more sensitive 
to radioinduced malignancies compared to adults, but there 
are limited studies examining the radiation dose/exposure in 
dentomaxillofacial area of pediatric patients [44].
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There is no scientifically proven risk of cancer 
development following CBCT exposure in the pediatric 
population, due to the fact that most of the studies on 
radiation related risks are performed on an adult population. 
Therefore, because stochastic effects increase with the 
irradiation dose and are expressed over many years, the 
”as low as reasonably achievable’’ (ALARA) principle is 
recommended also for the use of CBCT in orthodontics [33]. 

Conclusion
Ionizing radiation is a known human carcinogenic 

factor and its biological effects are more important in young 
patients because of their higher radiosensitivity. The effects of 
ionizing radiation in pediatric patients after CBCT exposures 
and the cumulative risk of radiation needs to be further 
studied and all the indications for CBCT in orthodontic 
procedures should be very well justified by strong scientific 
evidence. By evaluating the advantages and risks of CBCT 
and based on specialized and updated literature, this article 
aimed to discuss CBCT use in orthodontics and to emphasize 
the responsibility of the orthodontist towards a discerning 
use of CBCT in daily practice.
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