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ABSTRACT: The aimof this literature review was to analyze the evidence andinternational recommendations
on the use of thyroid shield (TS) in cone-beam computed tomography (CBCT) examinations. The search
was conducted in three electronic databases (PubMed, Scopus, and Web of Science) in English from
2010 to date. This search included articles that provided recommendations or benefits of TS use in
CBCT, as well as those that discouraged its use. A complementary search was conducted by reviewing
guidelines, recommendations, or articles from international organizations and globally recognized
journals, published on their official websites. Of the 23 articles reviewed, 19 indicate that using TS in
CBCT reduces radiation doses in patients or recommend its use in these examinations, as it provides
a benefit to the patient. However, some note specific cases where its use is not advised. On the other
hand, two articles, from the British Institute of Radiology and the UK Health Security Agency, do not
recommend the use of TS in CBCT examinations, except in specific cases. Finally, two articles, both from
the American Dental Association, oppose TS use in all maxillofacial radiographic examinations, including
CBCT. Although there is no consensus among the reviewed articles regarding recommendations or
benefits of TS use in CBCT examinations, most articles indicate that it reduces ionizing radiation doses
or recommend its use. However, in some cases, TS use may interfere with image quality, making deciding
whether to use TS in CBCT examinations challenging for the operator.

KEYWORDS: Radiation protection; Cone-beam computed tomography; Guideline; Radiation, lonizing;
Thyroid gland; Radiography, Dental; Radiation dosage.
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RESUMEN: EI objetivo de la presente revision narrativa fue analizar la evidencia y recomendaciones
internacionales sobre el uso de protector tiroideo (PT) en examenes con tomografia computarizada de haz
conico (TCHC). La busqueda se realizo en tres bases de datos electronicas (PubMed, Scopus y Web of
Science) enidiomainglés desde el afio 2010 en adelante. Esta busqueda incluyd articulos que contuvieran
recomendaciones o beneficios del uso de PT en TCHC, asi como aquellos que desaconsejaran su uso. La
busqueda complementaria se baso en la revision de guias, recomendaciones o articulos de organismos
internacionales y de revistas de referencia mundial, publicados en su pagina oficial de internet. De los
23 articulos revisados, 19 indican que el uso del PT en TCHC reduce las dosis de radiacion ionizante en
los pacientes o0 recomiendan su uso en estos examenes, ya que proporciona un beneficio al paciente.
Sin embargo, algunos articulos sefialan casos especificos en los que no se aconseja su uso. Por otro
lado, dos articulos, del Instituto Britanico de Radiologia y la Agencia de Seguridad Sanitaria del Reino
Unido no recomiendan el uso del PT en examenes con TCHC, excepto en casos especificos. Finalmente,
dos articulos, ambos de la Asociacion Dental Americana, se oponen al uso de PT en todos los examenes
radiograficos maxilofaciales, incluyendo TCHC. No existe consenso entre los articulos revisados con
respecto a las recomendaciones o beneficios del uso de PT en exdmenes con TCHC. Sin embargo, la
mayoria de los articulos reportan una reduccion en las dosis de radiacion o bien recomiendan su uso. En
algunos casos, el uso de PT puede disminuir la calidad de la imagen, lo que representa un desafio para
el operador al momento de decidir su aplicacion en estos examenes.

PALABRAS CLAVE: Proteccion radioldgica; Tomografia computarizada de haz conico; Guia; Radiacion
ionizante; Glandula tiroides; Radiografia dental; Dosis de radiacion.

INTRODUCTION

Cone-beam computed tomography (CBCT)
is a widely used radiological technology in dentis-
try that provides three-dimensional information of
the maxillofacial region (1-3). Despite this benefit,
there are concerns regarding the ionizing radiation
doses associated with its use (4). This radiation,
in addition to reaching the anatomical structures
of interest, also affects nearby organs, some of
which are radiosensitive (5). The thyroid gland is
one of the most radiosensitive organs in the head
and neck, and it is exposed to ionizing radiation
during CBCT examination (6-8).

Children and young patients, especially
girls, are groups of particular concern (4, 9-11). In
children and young patients, the thyroid is smaller
and positioned higher than in adults, resulting
in higher radiation doses (4, 9, 10). Additiona-

lly, these patients have a longer life expectancy
compared to adults (12), increasing the risk of
long-term adverse radiation effects. Women have
a 5.5 times higher risk of radiation-induced thyroid
cancer than men from birth to age 10; however,
this disparity decreases after this age (7, 11).

To establish guidelines and standards for
ensuring the safety of individuals exposed to
ionizing radiation, the International Commission
on Radiological Protection has established three
fundamental principles in radiological protection
(10). One of these is the principle of optimiza-
tion, also known as ALARA (As Low As Reasonably
Achievable). This principle emphasizes the need
to obtain images with radiation doses as low as
reasonably possible, or as low as diagnostically
acceptable (ALADA) (13). Due to variations among
patients and exam indications, the acronym
ALADAIP (As Low As Diagnostically Acceptable
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being Indication-oriented and Patient-specific) has
also been proposed (14).

There are different strategies to reduce
radiation doses, including the use of protective
devices for the patient, such as a thyroid shield
(TS) (7). When using a TS, it should not compro-
mise the diagnostic quality of the image in the
region of interest (7, 15).

There is global controversy regarding the
use of TS during dental radiographic examinations
(7,9, 16-18). On one hand, some authors empha-
size the benefits of using TS in CBCT examina-
tions to reduce patient radiation doses (7, 9, 19);
however, it is not recommended if the region of
interest lies within the area covered by the TS or
is close to its upper axial level, as it can interfere
with image quality (7). On the other hand, recent
American guidelines advise against the use of TS
in dentistry (16, 17).

The aim of this review was to analyze the
evidence and international recommendations regar-
ding the use of TS in CBCT examinations.

METHODS
SEARCH STRATEGY

A systematic primary search was conduc-
ted in PubMed, Scopus and Web of Science on 20
October 2024, including articles in English from
2010 to date. The MeSH terms “Radiation Protec-
tion”, “Cone-Beam Computed Tomography” and
“Thyroid Gland” and the free terms “Shielding”,
“Cone-Beam CT” and “Thyroid” were used, related
to the Boolean operators AND and OR in PubMed
as follows: ("Thyroid" OR "Thyroid Gland"[Mesh])
AND ("Radiation Protection"[Mesh] OR "Shielding")
AND ("Cone-Beam Computed Tomography"[Mesh]
OR "Cone-Beam CT"). The search was adapted for
the other databases. \Weekly alerts were program-
med in the three databases to keep the search

updated and new articles were included using the
same article selection strategy as the main search.

INCLUSION AND EXCLUSION CRITERIA

This search included articles that contained
recommendations or benefits of using TS in CBCT,
as well as those that advised against its use.
Article selection was performed in two stages: title
and abstract, and full text. Narrative reviews were
excluded; systematic reviews were included, and
the articles cited in these reviews were also analy-
zed to assess the inclusion of these articles in the
present review, incorporating them in the comple-
mentary search. The complementary search was
based on the review of guidelines, recommenda-
tions or articles from international organizations
and world-renowned journals, published on their
official website (Table 1).

DATA EXTRACTION

The main reviewer (AC), a specialist in Oral
and Maxillofacial Imaging with more than five
years of experience, recorded the identified articles
in an Excel spreadsheet (Microsoft Corporation,
Redmond, WA, USA), indicating first author, year of
publication, title of the article, name of journal and
whether there are recommendations or benefits of
using TS in GBCT, or whether its use is discoura-
ged. Duplicated articles were manually eliminated.
The main reviewer evaluated the articles at the title
and abstract stages. In case of doubts about inclu-
ding an article at this stage, it was included for
evaluation in the next stage. The full-text articles
included were independently evaluated by the main
reviewer and a second reviewer (LB), a specialist in
Oral and Maxillofacial Imaging with more than five
years of experience. In case of disagreement with
a full-text article, a third reviewer (AH), a specialist
and PhD in Oral and Maxillofacial Radiology, with
more than 10 years of experience, was consulted.
The article selection process was represented by
a diagram (Figure 1).
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RESULTS

A total of 64 articles were identified across
the three databases, of which 13 were ultimately
included in this review. Additionally, 10 articles were
selected by complementary search, which included
three international guidelines on radiation protec-
tion (6, 20, 21) and seven expert recommendations
(17, 22-27). This process resulted in a total of 23
articles included in the present review (Table 2).

Of the 23 articles reviewed, 19 indicate that
the use of TS in CBCT reduces radiation doses in

patients or recommend its use in these examina-
tions, as it provides a benefit to the patient (6, 7,
9,19, 20, 22-26, 28-36). However, some of these
articles highlight that there are specific cases
where its use is not advised. On the other hand,
two articles, from the British Institute of Radiology
(21) and the UK Health Security Agency (27), do
not recommend the use of TS in CBCT examina-
tions, except in specific cases. Finally, two articles,
both from the American Dental Association (ADA)
(16, 17), oppose the use of TS in all maxillofacial
radiographic examinations, including CBCT, and in
any circumstances.

Table 1. International organizations and scientific journals included in the complementary search with

their links.

International organization/journal

Official website

European Commission

National Council on Radiation Protection and Measurements
International Atomic Energy Agency

American Thyroid Association

UK Health Security Agency

European Society of Radiology

Image Gently

British Institute of Radiology

American Dental Association

Thyroid

https://commission.europa.eu/index_en

https://ncrponline.org/

https://www.iaea.org/

https://www.thyroid.org/

https://www.gov.uk/
https://www.eurosafeimaging.org/

https://www.imagegently.org/

https://www.bir.org.uk/

https://www.ada.org/

https://www.liebertpub.com/loi/thy/
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Figure 1. Flow diagram of the article selection process.
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DISCUSSION

This review analyzed the international
evidence and recommendations on the use of TS in
CBCT examinations, evaluating the different crite-
ria that exist worldwide, to guide better practices
in dentistry. Most of the articles reviewed describe
a decrease in radiation doses associated with the
use of TS in CBCT or recommend its use for the
same reason. This group includes, in addition to
renowned researchers, world-leading international
organizations, such as the European Commission,
the National Council on Radiation Protection and
Measurements of the United States, the Interna-
tional Atomic Energy Agency, the American Thyroid
Association, among others.

The ADA communicated its position in favor
of the use of TS in dental radiographic examina-
tions in a guideline published in 2012 (37), covering
regulatory and radiographic safety aspects. This
guideline stated that all precautions should be
taken to minimize radiation exposure, and there-
fore recommended the use of TS whenever possi-
ble. In 2023, the ADA published a new guideline
based on the recommendations of the American
Academy of Oral and Maxillofacial Radiology (16).
In this new guideline, the ADA advises against
the use of TS in dental radiology, including CBCT
examinations, as it could generate artifacts that
negatively affect the diagnosis quality in extraoral
images. Additionally, they highlight that exposure
to ionizing radiation in the general population from
intraoral radiographic examinations has an insig-
nificant impact on thyroid carcinogenesis. In this
regard, the ADA also indicates that thyroid radia-
tion doses in examinations with CBCT are within
the range of those obtained with intraoral radiogra-
phs, suggesting comparability in terms of thyroid
radiation doses between both modalities. Another
argument of the ADA to advise against the use of
TS is also that there are more effective strategies

than the use of TS for reducing radiation doses
in the patient, such as a correct indication of the
radiographic examination, adequate collimation,
and the use of digital equipment.

In 2024, the ADA published another article
with clinical recommendations and regulatory
considerations in the context of optimizing radia-
tion safety in dentistry (17), based on the analy-
sis of 95 documents. In this latest publication, the
ADA again advises against TS in dental radiology,
including CBCT examinations. However, the only
citation supporting their recommendation is the
article previously published by them (16), with the
same justifications. Therefore, the ADA is the first
and only organization worldwide that promotes the
disuse of TS in dentistry.

Considering the ADA's rationale for formu-
lating its recommendations, it is recognized that
both radiation doses in dental radiology and the
risk of radiation-induced cell damage are low
(10). However, epidemiological studies have provi-
ded evidence of an increased risk of damage to
the brain, salivary glands, and the appearance
of thyroid tumors (6, 38) because of exposure to
ionizing radiation in dental radiographic examina-
tions. It should be noted that radiation doses in
dental radiology are associated with stochastic
effects, i.e. those that occur without a threshold
dose level, whose probability of occurrence is
proportional to the dose and its severity is indepen-
dent of the dose (39). For this reason, strategies to
reduce doses must be maximized, since the higher
the radiation dose, the greater the probability of
suffering cell damage. As noted by the ADA, it is
accepted that there are more effective strategies
than the use of TS to reduce radiation dose to the
patient. However, based on the second principle
of radiation protection, optimization or ALARA
(10), radiographic images should be obtained with
radiation doses as low as reasonably achieva-
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ble. This second principle promotes the use of all
strategies that minimize radiation doses, and not
only those considered most effective.

In the present review, two other articles
were found advising against the routine use of TS
in GBCT examinations (21, 27), however, both were
not as categorical in their recommendation as the
ADA. In one of them, from the British Institute of
Radiology (21), the use of TS is not recommended,
except for large field of view, where there may be
some benefit. The other article, from the UK Health
Security Agency (27), although it does not recom-
mend the routine use of TS, suggests evaluating
the need for TS on a case-by-case basis.

The European Consensus (24) advises
against the use of TS in all dental radiographs,
when the TS is within the primary beam, stating
that it can be used in those cases where the TS
is outside the primary beam, except in cephalo-
metric radiographs. Despite this recommendation,
the European Consensus does not recommend the
use of TS for examinations such as mammogra-
phy, multidetector CT examinations, among others.
However, the radiation dose that the thyroid could
receive with these examinations would be similar
to or higher than with CBCT (16). This situation
could be due to the closer proximity of the thyroid
to the primary beam during maxillofacial radiogra-
phic examination. Therefore, applying the inverse
square law (5) and given the beam divergence, TS
would fulfill its function in examinations with CBCT,
but not in other radiographic examinations such as
chest or breast, where the primary beam is not
oriented towards the thyroid, and at the same time
would be further away from it. For the use of TS to
be effective, correct positioning of it in the patient
is essential, since it has been shown that a poorly
positioned TS decreases protection (31), and at the
same time could alter the quality image, leading to
the repetition of the examination (6).

It is widely accepted that, in some cases,
the use of TS during CBCT examinations can alter
image quality by generating artifacts (7). Regarding
the interference of TS in the image, in the present
review, several authors agree that TS should not
be used when the region of interest corresponds to
that covered by TS or that immediately adjacent to
its upper axial level, since it could make diagnosis
difficult (6, 7, 20, 33, 34). In this regard, some
of the experimental investigations to determine
radiation doses associated with the use of TS
did not analyze the image quality obtained (19,
29-32, 35, 36), this being a primary factor in the
decision-making regarding its use.

Some articles analyzed in the present review
recommend the use of TS “where feasible” (28),
“when it does not interfere with the examina-
tion” (22), or suggest "reducing thyroid radiation
exposure as much as possible” (25), however, they
do not specify which these situations are, so the
recommendation could be ambiguous.

Regarding those articles that highlight the
benefits of using TS in children in CBCT examina-
tions (7, 9, 26, 32-34), the recommendations are
addressed from different points of view, depending
on the methodology used in each investigation.
However, all these articles agree on the benefits
of using TS in pediatric patients concerning the
associated dose reduction. Even two of them (7,
33) recommend the use of TS in children routinely,
except in those cases where the region of inter-
est corresponds to that covered by the TS or that
closest to its upper axial level.

The use of TS in CBCT may interfere with
estimating the x-ray tube current settings in
equipment equipped with an Automatic Exposure
Control (AEC) system. In such systems, the x-ray
tube current is automatically adjusted based on
the scout views acquired during patient positio-
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ning. In this regard, the articles that mention this
function (7, 9, 33) recommend placing the TS
after acquiring the preliminary images to prevent
interference with the x-ray tube current estima-
tion, thereby avoiding an unnecessary increase
in radiation dose. There is a second type of AEC
system during scanning, corresponding to Tube
Current Modulation (TCM). This is a real-time
feedback system, which regulates the x-ray tube
current based on the attenuation or reduction of
the primary beam intensity (7). If part of the TS is
within the primary beam, a counterproductive effect
occurs, since the CBCT equipment overestimates
the density of the patient, increasing the intensity of
the beam, and generating greater radiation. In this
case, the recommendation is to avoid the use of TS
unless it is outside the primary beam with absolute
certainty (7, 33).

In addition to the use of TS, some articles
from the present review highlight other strate-
gies to reduce radiation dose to the thyroid. If an
adult patient is carefully positioned during CBCT
examinations, the thyroid should be exposed only
to secondary radiation (9). Also, one method to
distance this gland from the primary beam is to
position the patient with the chin elevated and the
lower edge of the mandible parallel to the floor
(12, 19). On the other hand, some of the recom-
mendations analyzed also guide the selection of
a field of view as small as possible, covering the
region of interest with the lowest possible dose
without compromising the diagnostic image quality
(19, 29, 30, 34), to avoid irradiating unnecessary
regions. Also, some articles claim that the effecti-
veness of TS increases with the use of larger field
of view sizes or when the primary beam is closer
to the thyroid (20, 32, 36).

It is essential to correctly identify those
cases where TS should or should not be used, to
avoid repeat examinations due to artifacts genera-
ted using TS. The TS models available are varied

and not standardized (40); in addition, a wide
range of CBCT equipment can be found on the
market (4), each with varied fields of view and
exposure parameters, which poses the challenge
of identifying when the use of TS will interfere with
the examination, so adequate operator training
and education is essential (17).

In conclusion, although the reviewed articles
do not agree on the recommendations or benefits
of using TS in CBCT examinations, most studies
indicate that TS usage reduces ionizing radiation
doses. However, its use is not recommended when
the region of interest is covered by the TS or is
immediately adjacent to its upper axial level, as
this can compromise image quality by generating
artifacts, thereby hindering diagnosis. Given the
varied and sometimes conflicting recommenda-
tions regarding the use of TS in CBCT examina-
tions, further research is needed to achieve greater
clarity and to unify criteria regarding TS use in
CBCT examinations. Additionally, it is crucial to
provide more explicit recommendations to address
potential ambiguities, particularly in guidelines
from international organizations. Clear guidance
could help more professionals adopt better practi-
ces in radiation protection in dentistry.
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