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Highlights

What are the main findings?

• There is a consistent and significant gap between guidelines on radiation protection
and their clinical application in dental medicine, especially regarding justification and
optimization of dental X-ray imaging.

• Dentists demonstrate a heterogeneous, often insufficient level of knowledge regarding
ALARA/ALADA principles, technical device parameters, and the correct use of
protective measures (collimation, FOV, exposure parameters, protective equipment),
with marked variability between countries and levels of practice.

What are the implications of the main findings?

• Implementation of regulatory and professional guidelines (including DRLs) should
be strengthened, quality control and equipment maintenance should be improved,
and actions for reducing potentially unjustified use of dental X-ray imaging in daily
practice should be implemented.

• Radiation protection education should be increased and possibly included in the basic
dental curriculum, along with systematic, standardized, and continuous education
for dentists in this field, emphasizing the clinical application of justification and
optimization principles, including appropriate imaging indications and rational use
of CBCT.

Abstract

Background/Objectives: Radiation protection in dental medicine is based on the principles
of justification and optimization, yet available evidence indicates inconsistent application
of these principles in everyday practice. The aim of this systematic review was to assess
dentists’ understanding of radiation protection and their adherence to guidelines for
justification and optimization of dental X-ray procedures. Methods: A systematic search
of the PubMed and Scopus databases was conducted from January 2010 to April 2026,
following PRISMA guidelines. The systematic review included surveys and cross-sectional
studies that examined dentists’ knowledge of radiation protection, as well as justification
and optimization practices. The quality of the included studies was assessed using the
Newcastle–Ottawa scale adapted for cross-sectional studies. Results: The systematic review
included 22 original scientific articles that assessed knowledge of radiation protection,
justification, and optimization practices among 5277 dentists from 12 countries. The
findings indicate a high theoretical understanding of the basic rules of radiation protection,
but a lower level of understanding of the technical and optimization factors of dental
X-ray devices. A relevant inconsistency was observed in the justification process, with
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frequent referral for X-ray imaging without clinical indication and inconsistent adherence
to guidelines. The optimization of X-ray imaging varied, especially in failing to adjust
exposure parameters and in the restricted use of rectangular collimators. Inadequate quality
control of X-ray devices and insufficient continuous professional training in radiation
protection and imaging optimization are examples of organizational and infrastructural
factors that lead to higher radiation exposure. Conclusions: Although many guidelines
exist, there remains a noteworthy disparity between theoretical understanding and clinical
practice in dental radiation protection. To reduce patients’ and dentists’ exposure to ionizing
radiation, it is important to include radiation protection education in the basic dental
curriculum, establish and improve continuous training, standardize clinical procedures,
and enable broader application of systems for optimization and quality control.

Keywords: ALARA; dentist; guidelines; knowledge; radiation protection

1. Introduction
Dental radiology is an integral component of modern dental medicine, and the use of

dental imaging continues to increase globally. Studies in different countries have confirmed
increases in dental X-ray equipment in private dental practices, as well as the adoption of
newer imaging modalities, among which cone-beam computed tomography (CBCT) has
seen a substantial increase in recent years. It is estimated that the number of annual dental
X-ray images increased by about 41% from 1988 to 2008, accounting for about 15% of all
radiological procedures in medicine [1,2]. National data from various countries confirm
this trend. Thus, in the USA, an increase in intraoral and panoramic dental X-ray imaging
has been observed [3], while in Switzerland, dental X-ray imaging accounts for almost half
of all radiological examinations [4]. However, this trend is not present in all countries. In
Finland, the Radiation and Nuclear Safety Authority reported an increase in the number of
dental X-ray units. However, the number of dental X-ray images decreased from 2018 to
2021. For intraoral X-ray imaging, a decrease of 0.2% was recorded; for panoramic X-ray
imaging, a decrease of 9.2%; and for CBCT imaging, a decrease of 18% in the mentioned
period [5].

Dental X-ray imaging often increases cumulative exposure to ionizing radiation, which
can have stochastic or deterministic effects on patient health [6]. For this reason, dentists
must adhere to the ALARA (As Low As Reasonably Achievable) or, even better, the ALADA
(As Low As Diagnostically Acceptable) principles to reduce exposure to ionizing radiation
while still obtaining diagnostic benefit. Additionally, some states have developed their own
national guidelines for patient referral and the safe use of dental X-rays [7–13]. However,
despite the existence of those guidelines and dentists’ familiarity with them, many do not
apply them in clinical practice [14]. Specifically, the justification for dental X-ray indications
is often insufficient, exposure parameters for dental X-ray devices are not adjusted, and
the devices’ effective doses are unknown [15,16]. Although the literature indicates that
regulatory frameworks and guidelines for dental radiology are continually updated to
enhance protection against ionizing radiation and reduce effective doses, their inconsistent
application in clinical practice persists [17], especially due to a lack of understanding of the
principles of dental X-ray devices and their optimization.

Today, dentists often use one of the three dental X-ray modalities to diagnose, plan,
and monitor treatment procedures [18,19]. Intraoral X-ray is the most widely used, enabling
morphological assessment of individual teeth and periapical tissues with relatively low
effective radiation doses. On the other hand, the panoramic X-ray provides complete
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insight into the dentoalveolar system and the jaw’s anatomical structures, but at a slightly
higher effective dose. CBCT is the most recent modality in dental radiology, providing 3D
imaging of dental and maxillofacial structures and offering high resolution. However, it
also has a higher effective radiation dose than the two most commonly used 2D modalities.
For the above reasons, a strict personalized clinical indication is required to justify CBCT
imaging [20,21].

The starting point of dental radiology is the justification for referring patients for dental
X-rays, which must be based on a clear clinical indication, and the benefit of exposure to
ionizing radiation during the diagnostic procedure must significantly outweigh the risk
to the patient [22,23]. Referral guidelines are a primary tool for rational clinical decision-
making, but their availability and implementation in daily practice vary significantly across
countries [17]. In European and Central Asian countries, such guidelines are available in
55–70% of countries, which directly contributes to inconsistent clinical practice [24]. As a
result, a significant proportion of dental X-ray imaging remains clinically unjustified. In
Germany, dental X-ray imaging was justified in only 70.5% of cases, while almost one-third
of all dental X-rays were performed without a valid indication [16].

Data from clinical studies further illustrate the high variability in dental X-ray referral
practices for new patients. In Sweden, 6% of dentists performed complete-mouth X-
ray imaging at the first examination of each new patient, while 64% routinely indicated
bitewing imaging regardless of individual clinical assessment [25]. Additionally, dental
X-rays are often performed according to established routine protocols, without systematic
analysis of the risk-benefit ratio for each patient. This practice is especially pronounced in
countries with limited regulatory frameworks [23], as seen in clinical practice in developing
countries [24]. Particular emphasis should be placed on the use of CBCT imaging, which
has a significantly higher effective dose than 2D modalities and should be reserved for
patients who do not provide sufficient diagnostic data with 2D modalities [26,27]. In CBCT
imaging, justification is more stringent than in intraoral or panoramic radiography because
the higher radiation dose and 3D data acquisition demand a clear expectation of additional
diagnostic benefits that cannot be obtained with lower-dose 2D modalities [28].

Furthermore, an important part of dental radiology is optimizing radiation doses in
accordance with the ALARA and ALADA principles. This implies that X-ray imaging
is of sufficient quality for treatment procedures while keeping the patient’s exposure to
ionizing radiation as low as possible. In intraoral X-ray imaging, an effective way to
reduce dose is to use a rectangular collimator. Namely, a rectangular collimator reduces
the area of irradiated tissue, which can reduce the dose by up to 60% compared to a
circular collimator [29]. Despite the overall increase in dental X-ray imaging systems, the
transition to digital systems has reduced cumulative ionizing radiation dose, and the use
of rectangular collimation has contributed significantly to this reduction.

Furthermore, adjusting exposure parameters, such as the X-ray tube voltage (kV),
current (mA), and exposure time (mAs), based on an individual patient’s age and body
composition can further reduce the patients’ effective dose. In panoramic X-ray, the
dose can be further reduced by proper patient positioning and selecting an appropriate
imaging program based on the referral diagnosis [30]. CBCT optimization is somewhat
more complex because it requires greater technical knowledge and familiarity with the
equipment’s operation. Namely, for optimal radiation dose in CBCT imaging, it is necessary
to adjust the field of view (FOV), voxel, and exposure parameters [26,27], which is why there
is a large variability in effective doses between CBCT devices, but significant variations
in doses depending on the people using them [30]. Optimization in CBCT is tailored
to the clinical task, whereas in conventional dental radiography it primarily focuses on
minimizing dose while maintaining adequate image quality [28]. Therefore, it is difficult to

https://doi.org/10.3390/oral6040092

https://doi.org/10.3390/oral6040092


Oral 2026, 6, 92 4 of 21

create standardized CBCT imaging protocols because, in addition to the many technical
parameters that need to be adjusted for each patient, there is a wide range in dentists’
knowledge of CBCT use.

Diagnostic reference levels (DRLs) are a well-established method for dose optimiza-
tion and monitoring of ionizing radiation exposure in dental radiology [31,32], and enable
comparisons of radiation doses across devices and institutions, thereby contributing to
optimization. However, despite the existence of DRLs, their application in clinical practice
remains inconsistent [33–36], and significant variability in typical values used for den-
tal radiology has been reported, depending on the device and imaging protocol [31,32].
This inconsistency in implementation has been associated with higher cumulative patient
doses [37]. Various studies have shown that knowledge of DRLs and their values across
dental radiology modalities is limited. A study of dental students in the United Arab Emi-
rates found that 53.8% were familiar with the quality control of dental X-ray equipment [37].
However, 73.8% were familiar with techniques for optimizing dental X-ray imaging [37].
Moreover, testing 119 intraoral units in Serbia showed that 60% of users are not adequately
trained to handle such devices [32]. This indicates shortcomings in the education of future
dentists and in the application of acquired knowledge in clinical practice.

Although guidelines exist to optimize radiological procedures, data from various
studies indicate that their implementation in practice is inadequate [38,39]. A major
problem is that many dentists independently operate diagnostic dental X-ray equipment
without formal education in radiation safety or protection against ionizing radiation [40].
A study in Jordan found that about one-third (34.7%) of dentists take their own patients’
X-ray imaging [41]. This can lead to increased exposure to ionizing radiation for both the
patient and the dentist performing such imaging, because most dentists are not familiar
with the technical side of dental X-ray devices and do not adjust the exposure parameters
for each patient or correctly position patients during imaging, and often do not apply
the recommended radiation protection protocols [37,41–43]. Furthermore, in many dental
offices, there are no separate rooms for radiological equipment, and dental X-ray devices
are located in the same working area [41,44], leading to increased unjustified occupational
exposure to ionizing radiation, especially when dentists image a large number of patients
and the workload is high [45,46].

A special part of the optimization is the regular maintenance and quality assurance
of the dental X-ray device. This mainly refers to regular technical services and device
calibration, as well as regular confirmation of the consistency of exposure parameters [47].
Namely, implementing quality assurance can detect technical deviations, prevent uncon-
trolled increases in radiation dose, and maintain the quality of the X-ray image [21,48].
However, many do not comply with the assigned regulations, and equipment maintenance
and calibration are reduced to being done only when necessary, most often when the quality
of the X-ray image declines. Thus, in Brazil, even 90% of intraoral X-ray devices do not
meet national radiation protection regulations [42], while 53% of Turkish dentists do not
conduct regular checks of their X-ray devices [49]. Due to such a systematic lack of quality
assurance, significant technical deviations in the device itself can occur, increasing the
effective radiation dose and decreasing the quality of the X-ray image.

An important part of radiation protection in dental radiology is the level of profes-
sional knowledge of all healthcare professionals involved in the dental X-ray imaging
process. However, dentists bear the greatest responsibility because they conduct the initial
assessment and justify the indication for dental X-ray imaging. However, despite education
and available guidelines, there is a significant gap between formal knowledge and its
application in everyday work. Namely, although dentists know the basic principles of
radiation protection and that a clinical indication is required to justify dental X-ray imaging,
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practice varies significantly and often deviates from all recommendations [44,50–52]. The
largest deviations were recorded for the indication for CBCT imaging, knowledge and
application of DRLs, and adaptation of exposure parameters to the patient’s personalized
needs [37], which can lead to unnecessary radiation and/or increased patient exposure to
ionizing radiation.

The above shows that knowledge, radiation dose optimization, and justification for
referring patients for dental X-rays are interconnected and functionally integrated parts
of the overall radiation protection system in dental medicine. Inadequacy of any of these
components inevitably compromises the overall effectiveness of the system. Therefore,
this systematic review aims to collect and critically integrate current scientific evidence
on dentists’ knowledge of three aspects of ionizing radiation protection in dental radiol-
ogy: justification of dental X-rays, optimization of ionizing radiation dose, and ionizing
radiation protection.

2. Materials and Methods
The databases Scopus and PubMed were searched for studies on dentists’ knowledge

of radiation protection, justification, and optimization from January 2010 to April 2026. The
search strategy is described in Supplementary Table S1. The database search was conducted
in accordance with PRISMA guidelines (Supplementary Files S1 and S2), and the study
protocol is registered in PROSPERO (CRD420261389498).

All retrieved articles were screened for studies that met specific criteria: cross-sectional
or survey studies focused on dentists’ knowledge of radiation protection, justification, and
optimization practices. Exclusion criteria were duplicate records, review articles, guidelines,
case reports, editorials, surveys involving dental patients, studies on the knowledge of
dental or radiography students regarding radiation protection, and studies involving other
dental professionals, such as dental hygienists, dental assistants, and radiographers. No
language restrictions were applied.

Two authors (I.Š. and D.F.) independently screened the studies and collected data on
the author, year of publication, study design, number of dentists included, knowledge
of the ALARA principle, ICRP (International Commission on Radiological Protection),
NCRP (National Council on Radiation Protection and Measurements), referral guidelines,
or national referral guidelines and the safe use, DRL, radiation protection measures used
(such as lead aprons, thyroid collars, distance rule), and knowledge of equipment operation
and maintenance. Any disagreements during screening or regarding the interpretation
of the eligibility criteria were resolved by consensus, with a third author consulted when
necessary to address inconsistencies. The quality of the studies was assessed using the
Newcastle–Ottawa Scale (NOS) adapted for cross-sectional studies, which ranges from one
to ten stars and includes three components: selection, comparability, and ascertainment of
outcomes [53,54]. Studies with more stars are considered higher quality. Studies scoring
9–10 stars were classified as very good quality, those scoring 7–8 stars as good quality, those
scoring 5–6 stars as satisfactory, and those scoring 0–4 stars as unsatisfactory (poor) quality.

3. Results
A total of 161 articles were retrieved after duplicates were removed. One hundred and

seven articles were excluded after screening titles and abstracts. An additional 32 articles
were excluded based on the inclusion and exclusion criteria. Ultimately, 22 articles were
included in the qualitative analysis, assessing the knowledge of 5277 dentists. The study
selection process is shown in Figure 1. The quality scores of the selected studies ranged
from six to nine (Supplementary Table S2). Of the 22 included studies, nine were rated very
good (9 points out of a maximum 10), 11 were rated good (four with 8 points and seven
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with 7 points), and two were rated satisfactory (6 points) on the Newcastle–Ottawa quality
assessment scale adapted for cross-sectional studies.

Figure 1. Flowchart of the review on justification, optimization, and knowledge in radiation protection
among dentists.

The characteristics of the included studies are shown in Table 1. Most studies were
conducted in India (n = 9), followed by Turkey and Korea (n = 2 each), and one study
each in Australia, Iran, Iraq, Jordan, Malaysia, Morocco, Singapore, the United Kingdom,
and the USA. All studies used a cross-sectional survey design among dentists, and some
included dental specialists such as oral surgeons, periodontists, orthodontists, pediatric
dentists, and endodontists, in addition to general dentists.
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Table 1. General characteristics of studies included in qualitative analysis.

No. Author Year Country Study Type Participants No. of Dentists Age of Dentists
Gender

M (%) F (%)

1. Shahab et al. [55] 2012 Iran cross-sectional survey dentists 700 n/a 56 44

2. Orafi and Rushton [56] 2012 United Kingdom cross-sectional survey dentists 735 n/a 68 32

3. Lee and Ludlow [57] 2013 Korea cross-sectional study dentists 267 n/a n/a

4. Sheikh et al. [58] 2014 India cross-sectional survey dentists 343 29.98 ± 4.06 n/a

5. Aravind et al. [59] 2016 India cross-sectional study dentists 300 n/a 17.7 82.3

6. Chaudhry et al. [60] 2016 India cross-sectional study dentists 353 n/a 59 41

7. Buchanan et al. [61] 2017 USA cross-sectional study
dentists (general, oral

surgeons, and
periodontists

120 n/a n/a

8. Binnal et al. [62] 2017 India cross-sectional study dentists 87 78.2% under
40 years 51.7 48.3

9. Kasat et al. [63] 2017 India cross-sectional study dentists 127 25–66 years 54.4 45.6

10. An et al. [64] 2018 Korea cross-sectional survey dentists 207 n/a n/a

11. Kumar et al. [65] 2018 India cross-sectional study dentists 86 31% above
35 years 59.3 40.7

12. Javali and Dantu [66] 2018 India cross-sectional study oral surgeons 200 n/a n/a

13. Yasa and Sadik [67] 2018 Turkey cross-sectional study dentists 47 43.28 ± 10.23 n/a

14. Ihle et al. [68] 2019 Australia survey dentists 63 25.4% between
30–39 years 69.8 30.2

15. Yurt et al. [69] 2022 Turkey cross-sectional survey dentists 66 43.2 ±9.5 39.4 60.6

16. Alnuaimy and
Alhamdani [70] 2022 Iraq cross-sectional study dentists (general

and specialists) 322 n/a 55.6 44.4

17. Anushya and
Jayaraman [71] 2022 India cross-sectional survey dentists 100 n/a n/a
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Table 1. Cont.

No. Author Year Country Study Type Participants No. of Dentists Age of Dentists
Gender

M (%) F (%)

18. Elmorabit et al. [72] 2024 Marocco cross-sectional study dentists 325
34.4% under 29,
36.3% between

30–39 years
35.9 64.1

19. Ng et al. [73] 2025 Singapore cross-sectional study dentists 305 n/a 47.5 52.5

20. Alshbool et al. [74] 2025 Jordan cross-sectional study

dentists (orthodontists,
oral surgeons,

pediatric dentists,
endodontists)

158 34.7 ± 8.23 49.4 50.6

21. Giri et al. [75] 2025 India prospective
cross-sectional study dentists 249 n/a n/a

22. Meundi et al. [76] 2025 Malaysia cross-sectional survey oral surgeons 117 44.4% between
31–40 years 36.8 63.2

M—male; F—female; n/a—not available.
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The level of knowledge about indications for radiological examinations and re-
ferral guidelines varies across populations and geographic regions. However, fre-
quent use of dental X-ray imaging during initial examinations has been reported in
Korea [64], indicating insufficient application of the principle of justification. Only one
study in Korea examined adherence to referral guidelines (FDA-ADA, Food and Drug
Administration and American Dental Association) for referring patients for dental
X-rays, and only 1.9% of dentists followed the recommended referral criteria [57]. In
contrast, one-third of dentists (34.1%) used predetermined routine examinations [57].
Dental X-ray imaging of new patients before clinical evaluation ranged from 1.2% in
India [75] to 99% in Korea [64] (Table 2). Although pregnancy is not a contraindication
for dental X-rays, the rate of acceptable dental imaging among pregnant women varied
significantly, ranging from 17% among dentists in India [60] to 95.2% in emergency
cases in Australia [68] (Table 2). Most studies do not mention that pregnant women can
undergo dental X-rays in emergencies. However, dentists believe that pregnant women
are more sensitive to radiation [59] and that, if exposed to dental X-rays, they must
wear a lead apron [63]. In Australia, dentists believe the best approach for a pregnant
woman who requires a dental X-ray is an emergency intraoral scan [68]. Many dentists
in Turkey (62%) still ask women if they are pregnant before referring them for a dental
X-ray [69], while 62.4% of dentists in Iraq believe that dental X-rays are contraindicated
in pregnant women [70].

Table 2. Dentists’ practices regarding radiographic imaging of new patients and pregnant women.

No. Author Imaging of
New Patients

Acceptable Imaging for
Pregnant Women

1. Shahab et al. [55] 44% 61%
2. Aravind et al. [59] n/a 22%
3. Chaudhry et al. [60] n/a 17%
4. Binnal et al. [62] 5.7% n/a
5. Kasat et al. [63] n/a 62.2%

6. An et al. [64] 99% of adults,
93% of pediatric n/a

7. Javali and Dantu [66] 1.5% n/a
8. Yasa and Sadik [67] n/a 5%
9. Ihle et al. [68] 33.3% 95.2% if urgent
10. Yurt et al. [69] n/a 13.6%
11. Alnuaimy and Alhamdani [70] n/a 37,6%
12. Elmorabit et al. [72] n/a n/a
13. Ng et al. [73] 11.4% n/a
14. Giri et al. [75] 1.2% n/a
15. Meundi et al. [76] n/a n/a

n/a—not available.

https://doi.org/10.3390/oral6040092

https://doi.org/10.3390/oral6040092


Oral 2026, 6, 92 10 of 21

There is significant variability in practice across countries and a notable gap be-
tween knowledge and the implementation of protective measures. Dentists’ awareness
of the ALARA principle ranged from 35% in Morocco [72] to 84.3% in India [59] (Table 3).
Protective equipment, such as lead aprons and thyroid collars, is often used inconsis-
tently and sometimes in ways that contradict current guidelines. Infrastructure, such as
separate rooms for X-ray equipment, remains limited in many practices. Thirty percent
of dentists in Iran reported that panoramic exposure delivers a higher radiation dose to
patients than full-mouth periapical radiography [55], a finding similar to that of 45.6%
of dentists in Iraq [70]. In contrast, in 2016, 69.1% of dentists in India reported that
panoramic radiography results in less patient radiation exposure than full-mouth radio-
graphy [60]. In 2016 in India, 80.3% of dentists had a separate section for radiographic
equipment, 14.7% were aware of the annual whole-body radiation limit for radiation
workers, and 21% knew about DRLs for patients [59]. In Korea, 61% of dentists knew the
definition of DRL [64], while other studies did not measure knowledge of DRL. Dentists’
knowledge of radiographic equipment, its maintenance, and the adjustment of imaging
parameters for patients based on age and body weight is shown in Table 3. Sixty to
seventy percent of dentists in Malaysia had a satisfactory level of knowledge about the
basic principles of radiation protection. However, fewer than 50% correctly applied all
protective measures in daily practice [76]. Similar results were found in Turkey, where
more than 70% of dentists recognized the importance of protection, but fewer than 40%
consistently used all recommended protocols [69].

In contrast, research in Morocco showed that only 35–45% of dentists had adequate
knowledge of radiation doses for different diagnostic methods [72]. Rectangular collimation
can reduce the radiation dose, but it is used in fewer than 50% of cases, ranging from 3.5%
in India [65] to 42% in the UK [56]. However, a rectangular collimator is required for all
intraoral devices in the EU [77]. A circular collimator is more common, with usage ranging
from 38% [66] to 96.5% in India [65] (Table 3).

Although the use of protective equipment for either the dentist or the patient, including
thyroid collars, is not mandatory, its usage varies significantly among dentists in different
countries. In 2016, 90.3% of dentists in India did not provide any radiation safety measures
for their patients [59]. The percentage of dentists educated on radiation protection in
the past five years ranged from 38.1% in Australia [68] and 46% in Singapore [73] to 83%
in Korea [64] and 89% in the USA [61]. In India, only 2% of dentists used dosimeters
to measure occupational radiation exposure [59], compared to 83.7% in Iraq [70]. The
use of lead aprons or thyroid collars varies significantly, from 2% in India [60] to 100%
in Korea [64] (Table 4). Among dentists in India who perform imaging themselves, the
percentage of X-ray rooms with lead-covered walls ranges from 4.7% [65] to 37.9% [58].
Awareness of the distance rule of 2 m and an angle of 90–135◦ to the central X-ray beam
ranges from 33.3% [62] to 55.8% [65] among dentists. For intraoral imaging, dentists in
Singapore most often use film holders (85.6%) [73], in Iraq, patients usually hold the film
themselves (79.3%) [70], and in Korea, dentists most often hold the film (60%) [57]. Dentists’
knowledge of radiation protection (such as the distance rule, film holders, and collimators)
and the frequency of use of protective equipment, such as lead aprons and thyroid collars,
are shown in Table 4.
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Table 3. Dentists’ awareness of the operation and maintenance of imaging equipment.

No. Author
Awareness of

ALARA or
ALADA (%)

Regular
Equipment

Maintenance (%)

Adjustment of
Exposure

Parameters (%)

Collimator Use
and Type (%)

Knowledge of Equipment
(Tube Voltage (kVp) and

Current (mA)) (%)

Dentists Perform
X-Rays (%)

1. Shahab et al. [55] n/a 49 49 6 rectangular n/a n/a

2. Orafi and Rushton [56] n/a n/a n/a 42 rectangular n/a n/a

3. Lee and Ludlow [57] n/a n/a n/a 14.6 rectangular n/a n/a

4. Sheikh et al. [58] n/a 25.9 n/a 20.6 rectangular 17.7 53.9

5. Aravind et al. [59] 84.3 n/a n/a n/a n/a n/a

6. Chaudhry et al. [60] n/a 19 26 96 circular n/a n/a

7. Buchanan et al. [61] n/a n/a 7.5 n/a n/a n/a

8. Binnal et al. [62] n/a 69 60.9 52.9 circular n/a 70.2

9. Kasat et al. [63] n/a 67.2
42 based on weight,
52 tooth position,

62.2 age
n/a n/a 81.1

10. An et al. [64] n/a n/a n/a 19 rectangular n/a n/a

11. Kumar et al. [65] n/a 7 n/a 3.5 rectangular,
96.5 circular 58.1 86

12. Javali and Dantu [66] n/a 60 n/a 43 rectangular,
38 circular n/a n/a

13. Yasa and Sadik [67] n/a 77.5 n/a 10.5 rectangular,
82.5 circular 25 n/a

14. Ihle et al. [68] 80.3 92.1 n/a 95.1 cylindrical 68.5 n/a

15. Yurt et al. [69] 53 n/a 18.5 9.1 rectangular n/a 6.1
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Table 3. Cont.

No. Author
Awareness of

ALARA or
ALADA (%)

Regular
Equipment

Maintenance (%)

Adjustment of
Exposure

Parameters (%)

Collimator Use
and Type (%)

Knowledge of Equipment
(Tube Voltage (kVp) and

Current (mA)) (%)

Dentists Perform
X-Rays (%)

16. Alnuaimy and
Alhamdani [70] 46.1 n/a n/a n/a n/a n/a

17. Anushya and
Jayaraman [71] n/a n/a n/a n/a n/a n/a

18. Elmorabit et al. [72] 35 n/a n/a 11.3 rectangular,
54.7 circular 11 n/a

19. Ng et al. [73] n/a n/a 43.8 5.6 rectangular,
89.2 circular n/a 83.3

20. Alshbool et al. [74] n/a n/a n/a 25 rectangular n/a n/a

21. Giri et al. [75] 81.1 n/a n/a 90 knew about it n/a n/a

22. Meundi et al. [76] 71.8 n/a n/a 60.7 useful n/a n/a
ALARA—As Low As Reasonably Achievable, ALADA—As Low As Diagnostically Acceptable; n/a—not available.

Table 4. Dentists’ knowledge of radiation protection and the frequency of use of protective equipment.

No. Author Use of Lead
Aprons (%)

Use of Thyroid
Collars (%)

Dentists’ Protection
(%) Film Holders (%)

Compliance with
the Distance

Rule (%)

The Thyroid Gland Is
a Radiosensitive

Organ (%)

1. Shahab et al. [55] 34 34 70.5 protective barrier 12 36 66
2. Orafi and Rushton [56] n/a n/a n/a 79.5 n/a n/a
3. Lee and Ludlow [57] 21.7 21.7 n/a 60 dentists n/a n/a
4. Sheikh et al. [58] 19.2 4 n/a n/a n/a n/a
5. Aravind et al. [59] 16 n/a 33.3 71 patients 28.3 n/a
6. Chaudhry et al. [60] 2 2 n/a n/a 28.8 64.8
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Table 4. Cont.

No. Author Use of Lead
Aprons (%)

Use of Thyroid
Collars (%)

Dentists’ Protection
(%) Film Holders (%)

Compliance with
the Distance

Rule (%)

The Thyroid Gland Is
a Radiosensitive

Organ (%)

7. Buchanan et al. [61] 75 n/a n/a n/a n/a n/a
8. Binnal et al. [62] 11.5 5.7 n/a 49.4 33.3 n/a
9. Kasat et al. [63] 23.6 n/a n/a 39.4 14.7 n/a
10. An et al. [64] 100 100 n/a n/a n/a n/a
11. Kumar et al. [65] 20.9 n/a 67.4 55.8 n/a
12. Javali and Dantu [66] 41 34 70.5 17.5 dentists 74 n/a
13. Yasa and Sadik [67] 45 n/a 67.5 protective barrier 20 dentists 67.5 n/a
14. Ihle et al. [68] 50.8 n/a n/a n/a 58.7 75.8
15. Yurt et al. [69] 37.8 n/a 23.8 lead aprons 37.2 patients n/a 9.1
16. Alnuaimy and Alhamdani [70] 12.8 27.3 n/a 79.3 patients 44.5 68.3
17. Anushya and Jayaraman [71] 63 82 n/a n/a 85 n/a
18. Elmorabit et al. [72] n/a n/a n/a 62.1 patients 40.7 67
19. Ng et al. [73] n/a n/a n/a 85.6 n/a n/a
20. Alshbool et al. [74] 86.1 24.1 n/a n/a n/a n/a
21. Giri et al. [75] 36.9 n/a 41.8 44.6 dentists 63.4 n/a
22. Meundi et al. [76] 85.5 49.6 n/a 50.4 patients 41 n/a

n/a—not available. Distance rule: 2 m between the radiation source and the patient, and an angle of 90–135◦ to the central X-ray beam.
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4. Discussion
This study conducted a systematic review to integrate current scientific evidence

on dentists’ knowledge of the justification for dental X-rays, optimization of ionizing
radiation dose, and radiation protection in dental radiology. Considerable variability
was observed in the justification of dental X-ray procedures and in the optimization of
imaging techniques. Various factors, such as national regulations and additional education
in radiation protection or the handling of certain dental X-ray modalities, influence all
of this.

A contradiction was observed in the justification for dental X-rays. Although most
dentists are familiar with referral guidelines [7–13], few follow them in practice. According
to these guidelines, dentists should not refer new patients for a dental X-ray without first
conducting a clinical examination and providing medical justification. In certain studies in
India, almost all dentists take a medical history and perform a clinical examination before
referring patients for dental X-rays: 98.5% [66] and 98.8% [75], respectively. However, in
Korea, slightly more than one-third of dentists (34.1%) routinely refer patients for dental
X-ray imaging, and very few (1.9%) adhere to the guidelines [57] (Table 2). A similar
observation was made in Australia, where one-third of dentists request a panoramic X-ray
or existing images without a clear clinical indication [68]. Moreover, a study in Saudi
Arabia found that 68% of dentists were familiar with guidelines for dental X-ray referrals;
however, about 28% did not follow them [78]. Pregnancy is not a contraindication for dental
X-rays, and a pregnant woman should be referred for imaging when the estimated benefit
outweighs the potential harm to the fetus that could result from delaying imaging until
after delivery. This mainly applies to emergencies such as dental trauma and toothache [7].
However, analysis of the articles included in the systematic review shows that only a small
proportion of dentists are willing to refer pregnant women for dental X-rays. Most dentists
believe it is not safe to perform dental X-rays on pregnant women, with rates ranging from
62.4% in Iraq [70] to 86.4% in Turkey [69]. All this indicates that justification is only formally
satisfied. At the same time, there is no clear clinical indication, and almost one-third of
dental radiographic imaging is unjustified [16], further confirming the inconsistency in
the application of the guidelines [17]. A major issue is the referral to CBCT, which should
be reserved for special cases or when the resolution of the 2D modality is insufficient for
appropriate treatment [79,80]. However, some studies demonstrate good practice in CBCT.
In Singapore, CBCT was performed only after a clinical examination in 88.6% of cases [73].

Variability in the optimization of dental X-ray procedures is even more noticeable,
especially in technical and organizational factors. A large proportion of dentists, as many
as 74%, do not adjust the exposure time for each patient or according to the anatomical
region being imaged [60]. Similarly, almost two-thirds of dentists do not adjust exposure
parameters based on tooth position [62]. In contrast, 42% of dentists reported adjusting
exposure parameters based on patient body weight [63] (Table 3).

Today’s digital dental X-ray technologies have reduced the effective dose [58], but their
limited use in practice remains a concern. According to the European Commission’s criteria
for the acceptability of medical radiological equipment used in diagnostic radiology, all
intraoral devices in the EU must have a rectangular collimator [77]. In countries outside the
EU, such as Serbia, India, and Korea, rectangular collimation is not mandatory. Although
rectangular collimation has been shown to greatly reduce radiation doses, its use is limited,
with only 9.1% of dentists in Turkey [69], 14.6% in Korea [57], and 20.6% in India [58] using
it in practice (Table 3). The use of film holders is also inconsistent, and a large proportion of
dentists still use inappropriate methods, such as holding the receptor by hand, namely 60%
in Korea [57] and 44.6% in India [75] (Table 4). Such practices can greatly increase exposure
to ionizing radiation and hinder the optimization process.
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The optimization is additionally influenced by the fact that a large number of dentists
perform dental X-ray imaging by themselves, as many as 86% in India [65] and 83.3% in
Singapore [73], and often without the basic prerequisites for radiation protection. Namely,
there was a considerable lack of dedicated spaces for radiological devices (86%) and
protective partitions (84.9%) [65], indicating serious safety gaps in the application of basic
radiation protection standards. Inadequate dental education on self-performed dental
X-ray imaging certainly contributes to this [41]. Besides inadequate radiation protection,
dentists rarely adjust exposure parameters based on the patient’s body weight, age, and
tooth position, and often image patients without a clear clinical indication or perform
multiple follow-up radiographs without a clear clinical indication. All this contributes to
increased cumulative radiation exposure for both the patient and the dentists who perform
dental X-rays [81,82].

Additionally, increased frequency of dental X-ray imaging and high clinical workloads
may lead to greater cumulative occupational exposure to ionizing radiation, especially
when optimization and shielding practices are insufficient [83,84]. A noteworthy concern is
the lack of standardized quality control for dental X-ray devices, resulting in substantial
variation. Thus, in Iran, even 61% of dentists do not conduct regular examinations of
their X-ray devices [55]. In contrast, in systems with stricter quality controls and national
regulatory guidelines, this is not the case. In Australia, 92.1% of dentists regularly inspect
radiographic equipment every 12 to 24 months [68] (Table 3).

Knowledge of DRLs and their use in practice is limited, inconsistent, and insufficient,
highlighting an inadequate understanding of effective doses and the technical indicators
of X-ray device operation. Specifically, knowledge of DRL’s definition is limited among
dentists, with only 61% of dentists in Korea knowing its definition [64]. A study in Jordan
found that only 30.3% of dentists and dental students were aware of DRLs, and among
those who were, 73.1% knew the exact DRLs for intraoral X-rays [41]. A substantial
number of dentists do not know the basic technical parameters of the device, including
the X-ray tube voltage and exposure current [58,67,72]. Insufficient use and knowledge
of DRLs, as well as technical parameters of X-ray devices, are directly reflected in clinical
practice [85,86], confirming that optimizing ionizing radiation in dental radiology should
begin with appropriate education starting in basic dental school and continuing through
professional practice.

There is a marked discrepancy between self-reported knowledge and actual under-
standing of the principles of protection against ionizing radiation among dentists [59,87].
Although dentists reported being well acquainted with the ALARA principles, ranging
from 71.8% in Malaysia [62] to 81.1% in India [75] (Table 3), the application of interna-
tional guidelines in clinical practice is extremely low [76]. Thus, members of the European
Academy of Dentomaxillofacial Radiology reported that more than 50% use standard CBCT
protocols without adjusting parameters to the individual patient, while only 30% adjust
FOV and exposure parameters based on the patient [88]. Similarly, rectangular collimators,
which reduce radiation dose, are used in fewer than 50% of cases in Canada [29]. The
application of guidelines in practice depends particularly on clinical experience; dentists
routinely refer patients for dental X-rays, while students have somewhat greater theoretical
knowledge, but do not have the opportunity to apply it [44]. Also, quantitative assessments
of dentists’ knowledge indicate that, on average, it is suboptimal, as confirmed by a study
conducted in Turkey, which found that dentists’ average knowledge was 8.3 on a scale of 1
to 17 [69].

It is important to point out the discrepancy between knowledge and practice. Despite
the importance of preventive radiation protection procedures, their practical application
deviates from the guidelines. Most dentists know that the thyroid gland is one of the most
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sensitive organs to ionizing radiation, but fewer use thyroid collars, while lead aprons are
used somewhat more often [55,62,69] (Table 4). According to recommendations, lead aprons
may be used, but they are not mandatory. The observed variability in the use of thyroid
collars and lead aprons likely reflects changes in radiation protection guidelines over
time, as well as differences in national regulatory frameworks during the 2012–2025 study
period. In addition, many dentists are not familiar with the concept of the distance rule
and the 90–135◦ angle to the central X-ray beam, and even fewer apply it in practice [60,62]
(Table 4). The distance rule is especially important for occupational radiation exposure, as
more dental practices now have their own dental X-ray equipment and experience a high
workload [89,90].

Education is a major factor, and dentists who participate in systematic training demon-
strate greater consistency in applying radiation protection guidelines in practice [68]. Only
38.1% of Australian dentists participate in radiation protection and X-ray equipment
training [68], suggesting that attendance at such training programs is neither comprehen-
sive nor consistent. Despite the relatively high CBCT usage rate in the USA of 68% [61],
training in CBCT operation is a particular barrier. More than half (59.8%) of dentists ac-
knowledge the need for further training [61], and 7.5% do not consistently implement
optimization measures, such as FOV adjustment, for each patient [61].

This study has several limitations. Most of the included studies relied on self-reported
knowledge and familiarity with radiation protection guidelines, which introduce biases
such as recall bias, selection bias, and socially desirable responses and may lead to over-
estimation of knowledge and compliance with guidelines compared with clinical prac-
tice. Therefore, the results should be interpreted with caution, especially in the context
of actual adherence to radiation protection principles. Furthermore, the cross-sectional
design of included studies limits the ability to draw causal conclusions, and it is chal-
lenging to directly compare outcomes due to methodological diversity and the lack of
validated questionnaires.

5. Conclusions
The enclosed data demonstrate that the fundamental challenges of radiation protec-

tion in dental medicine are systemic and persist despite inconsistent and often suboptimal
justification practices, knowledge and education gaps, and varying levels of optimization.
Improvement requires a multi-level approach that includes standardizing clinical protocols,
mandating the implementation of DRLs, strengthening quality control systems, and pro-
viding continuous, structured education focused on the practical application of radiation
protection principles.
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36. Beganović, A.; Ciraj-Bjelac, O.; Dyakov, I.; Gershan, V.; Kralik, I.; Milatović, A.; Šalat, D.; Stepanyan, K.; Vladimirov, A.; Vassileva,
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