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Abstract:

Background: Processing big data using Artificial Intelligence (AI) can help identify patterns related to oral health,
aiding researchers in understanding disease cycles and treatment options. Incorporating Al into patient care has
transformed the healthcare sector and will continue to do so. Therefore, it is crucial to assess dentists’ awareness and
utilization of Al, with the goal of understanding the current landscape of Al adoption in dental practice in Saudi
Arabia.

Methods: A cross-sectional quantitative study was conducted, using a 37-item, validated, structured questionnaire
distributed to 375 practicing dentists in Saudi Arabia. Proportionate stratified sampling was employed to ensure that
the sample size for each region (North, South, East, West, and Central) was proportional to its population relative to
the total population.

Results: Majority of dentists (66.9%) are somewhat aware of the basic principles of Al, while 10.1% reported no
awareness. Al Knowledge acquisition was primarily gained through self-learning, according to 38.4%, followed by
Continuing Professional Development (CPD) courses in 31.2% of cases. Dentists utilize Al mostly in research
(15.92%); however, the main concern regarding Al adoption, according to 31.5%, is cost. Participants’ knowledge and
experience differed significantly across regions (P = 0.017). A similar effect was observed for perceptions and
attitudes towards Al (P = 0.008). There were no significant differences across other parameters, such as age, gender,
specialty, and employment history.

Discussion: The findings indicate moderate Al awareness among dentists, with most knowledge gained through self-
learning and limited formal training. Al use remains primarily research-oriented, reflecting early adoption stages and
cost-related barriers. Significant regional variations suggest uneven access to Al resources and education, while
demographic factors showed no notable influence. These results highlight the need for structured Al curricula and
continuing education to enhance competency and promote equitable integration of Al technologies in dental practice
across Saudi Arabia.

Conclusion: Dentists' knowledge, application, perceptions, and attitudes toward Al in Saudi Arabia were generally
consistent across factors such as age, gender, education level, specialty, occupation, and experience. However,
significant regional differences were observed.
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1. INTRODUCTION

In 1959, Professor John McCarthy envisioned
designing a computer program capable of receiving,
processing, reasoning, and learning from data, combining
it with prior knowledge to formulate logical consequences
and identify patterns [1, 2]. This era marked the
introduction of Artificial Intelligence (AI), also referred to
by Professor McCarthy as “programs with common sense”
[2]. The evolution of AI continued over the years,
transitioning from an idea and a vision to an independent
discipline with numerous applications across various
sectors. According to current standards, Al is a machine-
based system that analyzes input to generate outputs such
as decisions, recommendations, and content, with varying
degrees of autonomy [3]. It encompasses various areas,
including machine learning, deep learning, natural
language processing, knowledge representation, computer
vision, cognitive computing, and reasoning [4, 5].

Machine learning is the process of learning through
data input by algorithms capable of identifying statistical
patterns and structures, while deep learning is a more
complex machine learning technique utilizing deep neural
networks capable of learning complex data such as shapes
and macroscopic patterns [4, 6, 7]. Deep neural networks
can perform function approximation and input mapping of
dental radiographs, for example, to generate outputs
where oral diseases and findings are accurately identified.
Presently, Al models can identify and diagnose dental
caries, root fractures, periodontal disease, peri-apical
lesions, maxillofacial cysts, osteoporosis, oral cancer,
predict orthodontic extractions, and determine age and
gender [8].

Dentists diagnose and treat oral diseases based on
visual, tactile, and radiographic assessments combined
with patients’ histories. This subjective assessment
method relies on the dentists’ experience and knowledge
and is subject to bias and misdiagnosis, leading to
compromised clinical outcomes. Incorporating Al into oral
disease detection, diagnosis, treatment planning, and
prognosis can significantly improve the efficiency of the
overall journey and provide dentists with a second set of
eyes, offering assistance and personalized recommen-
dations to each patient [4, 9]. A recent systematic review
found that the precision and accuracy of dental Al systems
were comparable to those of trained specialists, as
reported in some studies [8]. Moreover, the authors noted
that in other studies, these AI systems surpassed
specialists in terms of accuracy and proficiency. Predictive
analytics is another valuable feature of AI, using
algorithms to predict treatment outcomes and patients’
risk of developing oral diseases such as caries, periodontal
diseases, and oral cancer [10].

Processing big data using Al can help identify patterns
related to oral health, aiding researchers in understanding
disease cycles on a global scale, their impact, and
associated risks and treatment options [9]. However, it is
essential to remain mindful of the ethical and legal issues
that users of these developing technologies still encounter.
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These challenges encompass data privacy, algorithmic
bias, maintaining data quality, integration difficulties, and
data enhancement [5, 9]. The Academy of Medical
Sciences emphasizes that Al in medicine and dentistry
must achieve a certain level of efficiency to improve the
quality of services offered [11].

Facilitating access to and use of Al in dental care can
be achieved through educational institutions and
organizations by implementing educational programs and
specialized courses. However, it is important to promote
adherence to ethical guidelines related to Al, as the
integration of such technology must be approached with
caution. Although challenges remain, the potential
benefits of AI are substantial, thereby requiring a
collective effort to bridge the gap between technology and
practice.

Recent surveys on Al in dentistry consistently report
high interest and perceived value in diagnosis and
treatment planning, alongside barriers such as cost,
training needs, and data privacy concerns; willingness to
adopt is generally strong across countries [6, 12, 13].
However, much of this literature samples students,
interns, or mixed learner cohorts, offering limited insight
into practicing dentists and rarely enabling regional
comparisons within Saudi Arabia [14-16]. In contrast,
published work from Saudi Arabia has largely focused on
students and provides few data on dentists’ Al literacy
stratified by specialty, experience, age, gender, or region,
leaving a gap in profession-level, regionally representative
evidence [14, 17]. Our study addresses this by surveying
practicing dentists across all five regions using
proportionate stratified sampling, reporting knowledge,
utilization, and attitudes, and quantifying differences with
multivariable adjustment.

To address this gap, this cross-sectional study aims to
assess dentists’ awareness, perceptions, and use of Al in
clinical practice. Using proportionate stratified sampling
across all five regions, it aims to highlight the variation by
demographic and professional characteristics and to
establish an evidence-based view of AI adoption in
everyday dental practice.

2. MATERIALS AND METHODS

This study utilized a cross-sectional quantitative
research design to assess the perceptions, knowledge,
attitudes, and applications of Al among practicing dentists
in Saudi Arabia. A structured questionnaire was developed
and distributed to participants, covering various topics
related to AI awareness, application, and perceived
challenges. The survey focused on understanding how Al
is currently used in dental practices and identifying the
areas where it has the greatest potential. The study
received approval from the Institutional Review Board
(IRB) at Princess Nourah bint Abdulrahman University
(IRB approval number: 24-0686).

2.1. Participants and Sampling

The sample consisted of dental professionals selected
using a stratified random sampling method, ensuring
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diverse representation across various geographical
regions. Participants' demographic and professional
characteristics, including age, gender, level of education,
specialty, and years of experience, were analyzed to
provide a comprehensive overview of the study population.
The survey targeted professionals from all regions of
Saudi Arabia (North, South, East, West, and Central)
(Table 1), with varying levels of experience across the
private and public sectors and academic institutions. This
approach aimed to capture a broad understanding of AI's
impact across different areas of dental practice.

Table 1. Regional distribution of the study sample.

Region Population Sample
Central Region 10785 166
Eastern Region 3252 57
Northern Region 943 30
Southern Region 2455 36
Western Region 7159 86

Total 24594 375

A representative sample size was calculated based on
the reported population size [18], using Steven
Thompson’s finite-population formula for a single
proportion, with a 95% confidence level (Z = 1.96),
assumed proportion p = 0.50, and margin of error =
+5.0%. This yielded a required sample size of n = 375. Per
region, sample sizes were then calculated and stratified
from the national total using proportional allocation from
the regional population. This enabled regional-level
comparisons of dental professionals across Saudi Arabia.

2.2. Data Collection

An online self-administered questionnaire was used as
the primary data collection tool. The inclusion criteria
comprised all practicing dentists in Saudi Arabia. Major
universities across all regions of Saudi Arabia were
formally contacted and requested to assist in
disseminating the questionnaire through their faculty,
student, and alumni networks. In addition, the survey link
was circulated through professional dental groups via
email and online platforms to ensure broad coverage. This
strategy aimed to achieve responses from all geographic
regions and across demographic groups, including age,
gender, years of experience, and type of practice.

A cover page was included in the questionnaire,
providing participants with information about the study's
objectives along with informed consent for accessing and
completing the survey. Those who declined or failed to
complete the questionnaire, as well as non-practicing
dentists, were excluded from the study.

The questionnaire was developed by the author based
on a targeted review of surveys on Al in dentistry and
informatics. The questionnaire consisted of 37 items,
including close-ended questions and statements,
structured into three sections. The first section collected
demographic information, including age, gender, level of
education, specialty, years of experience, occupation,
geographical region of employment, and past experiences.

The second section focused on knowledge and experience
with Al, asking participants about their awareness of basic
Al principles, learning methods, and areas of application
within their practice. Following this, participants
responded to nine statements, indicating their level of
agreement using a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). The third section
gathered data related to attitudes and perceptions about
Al, to evaluate participants' attitudes towards Al’s role in
clinical practice, education, and research, as well as its
potential to add value to their work. Participants
responded to 15 statements, indicating their level of
agreement using a Likert scale.

2.3. Validity and Reliability of the Study Measures

Face and content validation were assessed through a
pilot study in which ten practicing dentists completed the
questionnaire and provided feedback on clarity, grammar,
logic, flow, and syntax to ensure the reliability and validity
of the questionnaire. Based on this feedback, a few items
were rephrased for clarity, and some items were
rearranged for better flow. Data collection took place from
April 2024 to August 2024.

The correlation coefficient between the statements and
the total scale in the questionnaire ranges from 0.535 to
0.904, indicating a positive direct relationship between
each item on the scale and the total scale. This suggests a
high level of internal consistency, confirming that the
results obtained are statistically reliable. Cronbach's alpha
for the total items of the questionnaire was 0.966, which
indicates a high level of reliability for the questionnaire
items.

2.4. Statistical Analysis

Analyses were performed using IBM SPSS Statistics
(Version 21). Descriptive statistics (frequencies,
percentages, means, and standard deviations) were
calculated. Differences across statements pertaining to
Knowledge and Experiences, in addition to Perceptions
and Attitudes, were examined using the Friedman test,
with Kendall’'s W reported as an effect size. When
significant, Wilcoxon signed-rank  tests with
Holm-Bonferroni correction were conducted for pairwise
comparisons. Between-group differences (e.g., gender,
age, region, specialty) were assessed using the
Mann-Whitney U test for two-group variables and the
Kruskal-Wallis test for variables with three or more
groups.

Mean scores for each item were also ranked
descriptively to illustrate relative priorities across Al
applications and challenges. Composite mean scores were
calculated to summarize overall knowledge, perceptions,
and attitudes toward Al.

In addition, multiple linear regression analyses were
conducted with composite knowledge and attitude scores
as dependent variables, and gender, age, region, specialty,
level of education, years of experience, occupation, and
past employment were entered simultaneously as
predictors to adjust for potential confounding.
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3. RESULTS

3.1. Demographic Data

The sample is nearly evenly split (Fig. 1), with females
making up 52.3% and males accounting for 47.7%. The
majority of participants are aged 41-50, representing
33.6% of the sample, followed by 26.9% aged 51-60. A
smaller group, 20.8%, belongs to the 30-40 age range,
while 13.3% are over 60 years old. Participants under the
age of 30 make up the smallest portion, comprising only
5.3% of the total sample.

A significant proportion of participants hold a
Bachelor's degree (BDS), representing 27.2% of the total,
with 19.2% holding Clinical Board Certification and 12.5%
having completed a Fellowship. Additionally, 16.8% have
earned a Master's degree (MSc), and participants with a
Doctorate (12.0%) and PhD (12.3%) form nearly equal
groups.

Aside from general dentistry, which accounts for
30.7% of participants, notable specialties include

N Under30 126
30-40 78
41-50
20
5160
I OVerEn 5.3% 20.8% 33.6%
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Pedodontics (11.5%), Orthodontics (10.9%), and
Periodontics (8.5%) (Fig. 2). Less common fields, such as
Oral and Maxillofacial Surgery (OMFS), Endodontics, and
Oral Pathology, represent 2.4%, 3.5%, and 3.5% of
participants, respectively.

Participants working in academic institutions
comprised 34.9% of participants, followed closely by those
in the governmental sector (33.9%). A smaller proportion,
31.2%, is employed in the private sector. In terms of years
of practicing dentistry, 37.1% of participants have less
than 5 years of experience, while 34.9% have 5-10 years of
experience. The remaining 28.0% have been practicing for
more than 10 years.

Geographically, 44.3% of participants are from the
Central Region (Fig. 3). The Western Region is home to
22.9% of participants, while the Eastern Region comprises
15.2%. The Southern Region (9.6%) and Northern Region
(8.0%) have smaller representations. This regional
distribution is representative of practicing dental
professionals in relation to their overall population size in
each region.

101
A 196
50
£ 7 Fermnale
26.9% 13.3% _ i Male

Level of Education

i Bachelor's degree (BDS) 102
Clinical Board Certification

Doctor of Philosophy (PhD)

Doctorate
I Fellowship 1\\
27.2%° 1
Master's degree (MSc)

9.2%

Aauanbaig

63
46 47
45
- '
12.3% 12% 12.5% 16.8%

Juadizad

Fig. (1). Demographic profile of the study sample, including age, gender, and level of education.
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Fig. (2). Demographic profile of the study sample, including occupation, experience, and specialty.
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Frequency

166 Central

86 West
57 East
36 South
30 North

Fig. (3). Regional distribution of the study sample.
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Regarding participants' employment history (Fig. 4),
the majority of participants (57.1%) have previously
worked in 1-2 institutions or organizations, the majority
(57.1%) reported having worked in 1-2 institutions, while
19.2% indicated no prior work experience. A smaller
portion (5.6%) was affiliated with 5 or more institutions,
and 18.1% have worked in 3-4 institutions. The majority
had previous employment in Saudi Arabia (59.90%).
Additionally, 11.02% of participants worked in other parts
of the Middle East, while 10.15% had experience in Asia.
Europe accounts for 6.20% of past employment, followed
by North America with 3.79% and Africa with 3.10%. A
small portion (4.65%) reported no prior work experience,
and minimal representation is seen in South America
(0.69%) and Australia (0.52%).

3.2. Dentists’ Knowledge and Experiences with Al

Regarding dental practitioners' knowledge and
experience with AI (Fig. 5), the results show that the
majority (66.9%) are somewhat aware of the basic
principles of Al. However, only 22.9% of participants have
a full understanding of Al principles, while 10.1% reported
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no awareness at all. In practice, 55.7% of participants use
Al occasionally, indicating a moderate level of adoption.
Conversely, 38.7% do not use Al at all. Only 5.6% of
participants reported using Al regularly, demonstrating a
relatively low rate of consistent Al use in dental practices.

Regarding how participants learned about Al, 38.4%
gained knowledge through self-learning, indicating a
strong inclination toward independent study. Meanwhile,
31.2% acquired their Al knowledge through continuing
professional development (CPD) courses. A smaller portion
(14.9%) reported learning about AI through work
experience, while 14.4% had not learned about Al at all.

Furthermore, research is the most common application
of Al, accounting for 15.92%, followed by diagnosis at
14.66%, and treatment planning at 11.65%. Other notable
capacities include data management (11.26%), teaching
(10.58%), office/clinic management (9.03%), prognosis
(9.03%), and monitoring patient health and patient
education (both at 8.93%), demonstrating that Al is used
in a broad range of clinical, administrative, and
educational functions within dentistry.

Location of previous employment

[3488 2

= =
59.90% | 3.79% 0.52% 0.69%
hk-\ -.(:”
Sawdi Arabia North Australia South
America America

59 64 [l 36
-

10.15% 11.2% 4.65% 6.20%

Asia Midelle East e pricar Europe
work
experiences

Past work experience

No prior work experiences

| 1-2 institutions or organizations

3-4 institutions or organizations

5 or more institutions or organizations

Fig. (4). History of previous employment of the study sample.
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*  Are you aware of the basic principles of artificial intelligence (AI)?

Yes Somewhat Mo
86 251 38
22.9% 66.3% 10.%

+ Do yvou currently use Al in your dental practice?

5.6% 55.7% 38.7%
fes, regularly Yes, oocasionally Mo, not at al
+ How did you leam about AI?
38.4%
31.a%
405 14.9%
1%

Fig. (5). Knowledge and experience of the study sample with Al

The primary concern regarding the adoption of Al in
dental practice, cited by 31.5% of participants, is cost.
This is closely followed by concerns about training,
reported by 30.9% of respondents, highlighting a
substantial need for education and skill development in Al
among dental professionals. Legal and ethical
considerations were also significant, with 25.1% of
respondents raising concerns around compliance, privacy,
and the ethical use of Al. Additionally, 10.4% of
respondents noted skepticism within the dental
community, reflecting doubt or hesitation about the role
and benefits of Al in dental practice. A smaller percentage
(2.1%) cited “Other” challenges, which included issues
such as competition, field-specific indications, reliability,
and bureaucratic delays in accessing new technologies.

Participants' responses regarding their level of
agreement on the various applications of AI in dental
practice are illustrated in Table 2, with responses
measured on a scale from 1 to 5. Rankings are presented
descriptively to illustrate relative tendencies and patterns
in responses. The statements cover different potential uses
of Al, ranging from diagnostic tools to treatment planning
and risk prediction. Each statement is rated based on its
mean score, indicating the extent of agreement, alongside
the standard deviation and the ranking of importance for
each application. This provides insight into how AI is
perceived in terms of its practical utility in dentistry.

Mean scores for AI applications were generally

+ [f you use Al in your dental practice, in what capacity do you incorporate Al 7

Data management 1126%
Diagnosis 14 Bes
Manitaring patient health R
Ofice / clinic management 905
Patient education T
Prognasis LTS
Research 1507%
Teaching 10585
Treatment planning 1155w

* What do you perceive as the main challenge in incorporating Al into dental

practice?
Cost 3
Training 30

legal and ethical

- 25.1%
considerations
skepticism within
10,45
the dental community
others 2%

consistent, but differences were observed (Friedman
(8)=72.47, p<0.001; Kendall’s W=0.024). The highest
mean score is (3.95 out of 5), indicating that participants
consider Al to be especially useful in treatment planning
(e.g., smile design and implant placement), which was
ranked as the most important use (rank 1). Following this,
utilizing Al for caries detection and diagnosis was rated
second in importance, with a mean of (3.88 out of 5). On
the other hand, Al's role in detecting oral lesions such as
oral cancer was rated the lowest in importance, with a
mean of (3.7 out of 5).

3.3. Dentists’ Perceptions and Attitudes Towards Al

An overview of dental professionals' attitudes and
perceptions regarding the role and value of Al in dentistry
is shown in Table 3, with responses measured on a scale
from 1 to 5. Rankings are presented descriptively to
illustrate relative tendencies and patterns in responses.
Mean scores for attitudes and perceptions were closely
clustered (3.38-3.86), but differences were observed
(Friedman y* (14)=143.9, p<0.001; Kendall’s W=0.027).
The highest mean score (3.86 out of 5) indicates that
participants are most keen to learn and apply Al in their
practice (rank 1). This demonstrates a strong professional
interest in adopting AI technology. Participants closely
agree that Al should be included in postgraduate training
(mean 3.84 out of 5, rank 2), underscoring the importance
of formal Al education for advanced professionals.
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Table 2. Dental professionals' knowledge and experience with the various applications of Al in dental practice

(different superscript letters indicate significant differences between statements, adj. P <0.01).

Statement Mean Defitadt.ion Importance
1 Al can be used in the automated interpretation of dental images, e.g., intra-oral radiographs, 3874¢ 1.37 3
CBCT, and Cephalometry)
2 Al can be used in early disease detection 3.86 %" 1.36 4
3 Al can be used in caries detection and diagnosis 3.88"¢ 1.35 2
4 Al can be used in the detection of periodontal disease 3.72" 1.32 8
5 Al can be used in the detection of oral lesions, such as oral cancer 3.7° 1.37 9
6 Al can be used in treatment planning. (e.g., smile design and implant placement) 3.95* 1.34 1
7 Al can be used in forensic dentistry 3.79%¢ 1.33 5
8 Al can be used as a prognostic tool 3.73%° 1.36 7
9 Al can predict patient-specific risks (e.g., caries, periodontal disease, and oral cancer) 3.74° 1.32 6
General Tendency 3.80 1.24

Table 3. Dental professionals' attitudes and perceptions regarding the role and value of Al in dentistry
(different superscript letters indicate significant differences between statements, adj. P <0.01).

Statement Mean De‘?i'g:.ion Importance
1 Al plays an important role in dental practice 3.674%¢P 1.29 9
2 Dentists should rely more on Al in dental diagnosis 3.6245¢P 1.36 13
3 Dentists should rely more on Al in dental treatment planning 3.66 %P 1.37 10
4 Dentists should rely more on Al as a prognostic tool 3.634%¢P 1.38 12
5 Dentists should rely more on Al in knowledge acquisition 3.66 %P 1.37 11
6 Dentists should rely more on Al in research 3.78%¢ 1.35 6
7 Al must be used as a supplementary tool only 3.83%¢ 1.33 3
8 Al is superior to human intelligence and critical thought processes 3.38*° 1.47 15
9 Al should be an integral part of clinical dental practice 3.69 +%¢P 1.35 8
10 Al should be included in undergrad training. 3.7MBCP 1.35 7
11 Al should be included in postgrad training. 3.84%°¢ 1.35 2
12 Al in the medical/dental fields violates ethical principles of confidentiality 3.51° 1.40 14
13 Al will revolutionize dental practice. 3.81%¢ 1.33 4
14 I believe that Al will add value to my practice 3.8%¢ 1.37 5
15 I am keen to learn and apply Al in my practice. 3.86° 1.37 1
General Tendency 3.70 1.21

The third-highest score (3.83 out of 5) supports the
notion that Al should be used as a supplementary tool only
(rank 3), suggesting that participants view Al as an aid
rather than a replacement for human expertise. On the
other hand, the statement that Al is superior to human
intelligence received the lowest mean score of (3.38 out of
5) (rank 15), indicating that participants do not view Al as
superior to human cognitive abilities.

3.4. Differences in Knowledge and Experiences in
addition to Attitudes and Perceptions Towards Al in
Dental Practice

Knowledge and experience, in addition to perceptions
and attitudes of dental practitioners towards Al, did not

significantly differ based on age (P = 0.65 and 0.25)
(Table 4). Upon assessing knowledge and experience, the

highest mean score is observed for participants aged
51-60 (mean = 3.92 + 1.21), followed by those aged over
60 (mean = 3.78 £ 1.3), indicating that older participants
tend to apply Al more positively in their dental practices.
Participants aged 41-50 have a mean score of 3.69 + 1.15,
and those aged 30-40 show a slightly lower mean of 3.55 +
1.17. The youngest group, under 30, has the lowest mean
score (3.02 =+ 1.37), suggesting they may be less
experienced or familiar with AI in dental practice.
Dentists’ perceptions and attitudes vary across age
groups, with participants aged 51-60 showing the highest
mean (3.92 £ 1.21), indicating stronger agreement with
the value and role of Al in dentistry than other age groups.
The 30-40 age group has a lower mean score of 3.55 =
1.17, and the under 30 age group has the lowest mean
score of 3.02 = 1.37, suggesting a lower perception of Al's
role in their dental practices.
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Table 4. Differences in knowledge and experiences, in addition to attitudes and perceptions towards Al in
dental practice, based on region, gender, age, level of education, specialty, experiences, occupation, and
previous employment.

Knowledge and Experience Attitudes and Perceptions
Variable Mean Std. Deviation Mean Std. Deviation
Central Region 3.92 1.08 3.78 1.09
Eastern Region 3.64 1.22 3.47 1.17
A Norther Region 3.14 1.49 3.09 1.45
Region -
Southern Region 3.79 1.44 3.6 1.35
Western Region 3.93 1.29 3.93 1.25
Total 3.80 1.24 3.70 1.21
f=3.038sig = 0.017 f=3.539 sig = 0.008
Female 3.80 1.26 3.69 1.19
Gender Male 3.81 1.22 3.70 1.24
t = 0.093 sig = 0.926 t = 0.105 sig = 0.916
Under 30 3.02 1.37 3.02 1.37
30-40 3.55 1.17 3.55 1.17
41-50 3.69 1.15 3.69 1.15
Age
51-60 3.92 1.21 3.92 1.21
Over 60 3.78 1.30 3.78 1.30
Total 3.70 1.21 3.70 1.21
f =2.235 sig = 0.65 f=12.813sig=0.25
Bachelor's degree (BDS) 3.68 1.17 3.47 1.11
Clinical Board Certification 3.85 1.27 3.71 1.25
Doctor of Philosophy (PhD) 3.72 1.15 3.63 1.10
Level of Education Doctorate 3.93 1.11 3.80 1.11
Fellowship 3.98 1.42 3.99 1.34
Master's degree (MSc) 3.79 1.34 3.81 1.35
Total 3.80 1.24 3.70 1.21
f=10.553sig = 0.736 f=1.473sig = 0.198
Endodontics 4.23 0.72 3.83 0.84
General Dentistry 3.83 1.13 3.65 1.10
Operative Dentistry 3.64 1.29 3.38 1.39
Oral and Maxillofacial Surgery 3.72 1.13 3.66 1.17
Oral Pathology 3.60 1.46 3.50 1.35
Oral Radiology 3.56 1.47 3.58 1.36
Specialty Orthodontics 3.87 1.44 3.95 1.29
Pedodontics 3.91 1.22 3.85 1.22
Periodontics 3.72 1.32 3.68 1.29
Prosthodontics 3.67 1.02 3.55 1.11
Dental Public Health 3.65 1.41 3.60 1.39
Oral Medicine 3.98 1.35 3.94 1.31
Total 3.80 1.24 3.70 1.21
f = 0.440 sig = 0.938 f=10.594 sig = 0.834
Less than 5 years 3.78 1.35 3.64 1.33
A From 5 to 10 years 3.81 1.23 3.75 1.20
Experience
More than 10 years 3.82 1.09 3.71 1.07
Total 3.8 1.24 3.70 1.21
f=0.048 sig = 0.953 f=0.249 sig = 0.780
Academic institute 3.78 1.24 3.71 1.20
. Governmental sector 3.81 1.27 3.67 1.25
Occupation -
Private sector 3.82 1.21 3.71 1.19
Total 3.80 1.24 3.70 1.21
f=10.034 sig = 0.967 f=10.037 sig = 0.963
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1-2 institutions or 3.90 1.22 3.82 1.19

organizations
3-4 institutions or 3.73 1.21 3.54 1.20

organizations

Past work experience 5 or more institutions or

o 3.38 1.35 3.45 1.32

organizations
No prior work experiences 3.71 1.28 3.55 1.23
Total 3.80 1.24 3.70 1.21

f=1.485sig = 0.218 f=1.761sig = 0.154

Results additionally indicate no significant differences
based on gender (P = 0.926 and 0.916). The mean scores
for both females (3.80 + 1.26) and males (3.81 = 1.22) are
very close, indicating no significant difference in
knowledge and application of Al in dental practice.
Additionally, there are minimal differences between male
and female attitudes and perceptions of the role and value
of Al in dentistry. The mean score for females is 3.69 with
a standard deviation of 1.19, while the mean score for
males is 3.70 with a standard deviation of 1.24.

Regarding educational level, no significant differences
were observed between sample groups (P = 0.74 and
0.19). Assessment based on Al knowledge and experience
showed that participants holding a Fellowship had the
highest mean score (3.98 + 1.42), suggesting they
perceive Al more positively in dental practices, followed
closely by those with a Doctorate (3.93 =+ 1.11).
Participants with Clinical Board Certification have a mean
score of 3.85 £ 1.27, while those with a Master of Science
(MSc) degree have a mean score of 3.79 + 1.34.
Participants with a PhD hold a mean score of 3.72 = 1.15,
and those with a Bachelor's degree (BDS) have the lowest
mean score (3.68 £ 1.17).

The highest mean score (3.99 = 1.34 out of 5) is
observed among participants with a Fellowship upon
assessing perceptions and attitudes of dental
practitioners, suggesting that this group perceives Al as
highly valuable in their practice. Those with a Master's
degree (3.81 = 1.35) and a Doctorate (3.80 + 1.11) also
show relatively high agreement on the importance of Al.
Participants with Clinical Board Certification (3.71 + 1.25)
and a PhD (3.63 = 1.10) have slightly lower perceptions of
Al's value, but still generally positive. Participants with a
Bachelor's degree (BDS) showed the lowest rating among
all participants (3.47 = 1.11).

Knowledge and experience, in addition to perceptions
and attitudes, of dental practitioners towards Al did not
differ significantly by specialty (P = 0.938 and 0.834).
Upon investigating participants’ knowledge and
experience, the mean values indicate varying levels of
agreement or use of Al across specialties. Endodontics has
the highest mean score (4.23 * 0.72), suggesting that
participants in this specialty are more inclined to agree
with or use Al in their practice than those in other
specialties. Oral Medicine reports a mean of 3.98 = 1.35,
indicating a similarly high level of engagement or a
positive perception of Al. On the other hand, specialties
like Oral Radiology (mean 3.56 *+ 1.47) and Oral Pathology
(mean 3.60 + 1.46) reflect a slightly lower level of
agreement or application of Al. The overall mean score

across all specialties is 3.80 + 1.24, showing a general
positive outlook toward Al usage in dentistry.

The highest mean scores reflecting perceptions and
attitudes of dental practitioners are observed among
participants in Orthodontics (3.95 + 1.29 out of 5),
followed closely by Oral Medicine (3.94 = 1.31) and
Pedodontics (3.85 =+ 1.22), suggesting that these
specialties see Al as particularly valuable in their
practices. Endodontists also show a relatively high mean
of (3.83 £ 0.84), indicating a positive perception of Al. On
the other hand, Operative Dentists provided the lowest
mean rating (3.38 * 1.39), followed by Prosthodontists
(3.55 = 1.11) and Oral Pathologists (3.50 + 1.35). These
specialties seem to perceive Al as slightly less valuable.

The mean scores are similar across all experience
levels (P = 0.953 and 0.780) and prior work experiences (P
= 0.218 and 0.154). Assessment of knowledge and
experience of dentists practicing for less than 5 years
showed a mean score of (3.78 = 1.35), while those with 5
to 10 years of experience scored (3.81 = 1.23), and
participants with more than 10 years of experience scored
(3.82 = 1.09). The standard deviations indicate relatively
similar levels of variation in responses across the groups.
Perception and attitude scores show that dentists with
5-10 years of experience have the highest mean score
(3.75 = 1.2), indicating a slightly higher perception of AI's
value in their practice compared to those with more than
10 years of experience (3.71 £ 1.07) and those with less
than 5 years of experience (3.64 + 1.33).

Additionally, participants' knowledge and experiences
with Al in dental practice, in addition to their perceptions
and attitudes, are consistent regardless of whether they
work in academic institutions, government sectors, or
private sectors (P = 0.967 and 0.963). Knowledge and
experience mean scores for participants in academic
institutes (3.78 £ 1.24), governmental sectors (3.81 =
1.27), and private sectors (3.82 £ 1.21) are very similar,
with only minor differences. Additionally, evaluations of
dentists’ perceptions and attitudes revealed that
participants working in academic institutions and the
private sector have the same mean score (3.71 = 1.2),
while those in the governmental sector have a slightly
lower mean score (3.67 + 1.25).

On the other hand, there are statistically significant
differences between participants’ knowledge and
experiences in addition to perceptions and attitudes based
on their region of employment (P = 0.017 and 0.008). The
Western Region has the highest mean score (3.93 + 1.3),
followed closely by the Central Region (3.92 = 1.08 and
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3.78 £ 1.09). The Southern Region has a slightly lower
mean of 3.79 = 1.44 and 3.60 = 1.35, and the Eastern
Region has a mean of 3.64 + 1.22 and 3.47 = 1.17. The
Northern Region shows the lowest mean scores at 3.14 +
1.49 and 3.09 £ 1.45, suggesting a potential difference in
how Al is perceived or applied across regions.

In multivariable regression analysis, region remained a
significant predictor of both knowledge and experience
scores (B = -0.71, p = 0.006) in addition to perception and
attitude scores (B = -0.62, p = 0.013), with dentists in the
Northern region scoring lower than those in the Central
region (B = -0.71, p = 0.006). Other variables, including
gender, specialty, education, experience, occupation, and
past employment, were not significant predictors.

4. DISCUSSION

Technological advancements have been transforming
various fields, especially in the medical and dental sectors,
significantly enhancing patient care. The adoption of Al in
dentistry has become increasingly evident, with
algorithms able to detect a wide range of oral diseases
through radiographs and photographs. These Al
technologies have proven to be more effective and cost-
efficient [12].

Awareness of Al applications is essential for dentists’
professional development as they integrate these
technologies into their practices. Assessing their
knowledge and attitudes toward Al provides insight into
the current state of dental practices, highlighting
limitations and areas for improvement. Previous studies
carried out in the Kingdom of Saudi Arabia have targeted
dental students, interns, and postgraduate dentists [19],
with another study comprising approximately 60% dental
students [17]. However, there is a scarcity of studies
examining dentists' awareness, attitudes, and knowledge
regarding Al in Saudi Arabia, especially when considering
factors like age, gender, years of experience, specialty,
and region of residence. This highlights the importance of
the cross-sectional study, which aims to represent all
regions of the Kingdom.

The sample includes a diverse mix of relatively new
professionals and those with extensive experience, with
balanced representation of both genders (Male = 47.7%,
Female = 52.3%). It features a highly educated group with
various specialties and advanced qualifications, providing
a comprehensive overview of different areas of dental
practice. Most have prior experience with a few
organizations, primarily in Saudi Arabia, while smaller
proportions have worked in other regions. Participants
come from a broad range of employment settings, with
strong representation from academia (34.9%), the public
sector (33.4%), and the private sector (31.2%). While the
distribution differed from the national workforce
proportions (68% in private vs 32% in public sectors), the
distribution in the current study strengthened the
diversity and provided more balanced comparisons across
institutional context [20].

While the majority of individuals (66.9%) possess some
familiarity with Al, a significant proportion would benefit
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from further education or training to enhance their
understanding and application of Al in clinical practice, as
indicated by a mean score of 3.86 + 1.37. Awareness of
the basic principles of Al, however, varies across studies.
For example, 82.5% of dentists in India reported a good
understanding of Al [21], whereas only 42.5% of dentists
in the United Arab Emirates (UAE) expressed knowledge
of Al basics [13]. In contrast, a survey of dental students in
Riyadh, Saudi Arabia, found that 50.1% had no knowledge
of basic AI principles [14]. Consistent with previously
reported literature [13, 15, 17], self-directed learning was
the predominant method for acquiring Al knowledge in
our study (38.4%), with formal education and professional
experience serving as supplementary sources (31.2%).
Notably, a minority of participants (10.1%) reported no
prior exposure to Al.

Although most participants utilize Al in some capacity
(55.7%), its regular and widespread implementation in
dental practice remains limited (5.6%), highlighting
opportunities for greater integration within the field. Al
holds the potential to revolutionize patient-centered,
individualized treatments and could fundamentally
transform both the medical and dental industries [7].
According to our results, Al is applied across various
tasks, with its greatest potential identified in research
(15.9%), diagnosis (14.7%), and treatment planning
(11.7%). Older age groups (51-60, >60) reported higher
utilization of AI compared to younger dentists (<30). This
may be attributed to their longer clinical experience and
exposure to evolving technologies, giving them the
confidence to adopt and integrate Al into their practice.
Furthermore, data suggests that cost (31.5%), training
(30.9%), in addition to skepticism (10.4%) and concerns
about the security and privacy of patient data (25.1%),
remain significant barriers to AI adoption in dental
practices. Federated learning, which employs privacy-
preserving techniques such as secure multi-party
computation and differential privacy models, can help
mitigate these concerns by minimizing the amount of
personal data processed by third parties while enabling
the development of robust machine learning models [7,
22]. This approach directly addresses the dental
community's apprehension regarding data security,
potentially reducing skepticism and fostering greater
acceptance of Al

Both male and female participants demonstrated
similar levels of wunderstanding, approaches, and
experiences regarding Al in dentistry. Al was perceived as
most valuable in areas such as treatment planning,
particularly in smile design and implant placement (No.1
ranking of importance and mean score of 3.95 + 1.34), as
well as in caries detection and diagnosis (No.2 ranking of
importance and mean score of 3.88 * 1.35). Similarly,
85% of dentists working in the UAE agreed that Al can be
effectively utilized in the detection of caries and fractures
[13]. Dentists in Brazil exhibited similar trends across
genders in their views on Al applications in dentistry,
except for the belief that Al will revolutionize the field, for
which female dentists expressed greater agreement [15].
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Participants expressed a strong eagerness to learn
about and incorporate Al into their practice (mean = 3.86
+ 1.37), indicating significant interest among dental
professionals in adopting Al technology. Similarly, 81.2%
of dentists in India [21] and 82.1% of dentists in the UAE
[13] have expressed willingness to integrate Al into their
practices. Despite this enthusiasm, our results show that
the belief in Al playing a crucial role in dental practice
received a relatively low mean score (3.67 + 1.29),
ranking 9th in importance. This skepticism may be due to
participants' caution about Al's potential to surpass human
intelligence or to be overly relied upon for diagnosis,
treatment planning, and prognosis. Surlari et al. argue
that Al could never fully replace clinicians but emphasize
its importance in areas ranging from prevention to
treatment and diagnostics [7].

Interestingly, participants felt that Al should be more
heavily integrated into postgraduate training than
undergraduate education, with importance rankings of 2
and 7 and mean scores of 3.84 + 1.35 and 3.70 * 1.35,
respectively. This underscores the perceived need for
formal AI education at more advanced levels of
professional training. Similar perceptions were reported
among dental students in Riyadh, Saudi Arabia, and
dentists in the UAE, with 82.2% and 76.1% agreeing that
Al should be prioritized in postgraduate training over
undergraduate education, respectively [13, 14].

The results of this study indicate that age does not
have a significant impact on the knowledge, perception,
and application of Al in dental practices, with P values of
0.65 and 0.25. The length of time participants have been
practicing dentistry (P = 0.95 and 0.8), their prior
experiences (P = 0.22, 0.15), their educational level (P =
0.74 and 0.2), and their specialty (P = 0.94 and 0.83) do
not significantly influence their views on the use of Al in
dental practice. Similar trends were observed in South
Korea, where perceptions and attitudes toward AI were
consistent among dental students and dentists across
various experience levels, irrespective of gender, age, or
region of residence [16]. Participants expressed a strong
need for Al training and demonstrated eagerness to
expand their knowledge on the subject. They generally
viewed Al as a supplementary tool to aid in diagnosis and
treatment decisions, rather than as a replacement for
clinical judgment and expertise. This indicates that Al
readiness relies more on the availability of a solid
infrastructure than on individual attributes, which is in
line with health informatics analysis that links AI literacy
more to organizational policies than clinician
demographics [4, 11].

Awareness and application of Al in dental practice
significantly differed based on region (P = 0.02 and
0.008). These associations remained significant in
multivariable regression models, confirming that regional
effects persisted even after adjustment for other
participant characteristics. Our findings contrast with a
study targeting both dentists and dental students from 22
cities in Saudi Arabia that found no significant regional
differences in participants' perceptions and utilization of
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Al [17]. Dental students were reported to account for
49.2% of participants, and the absence of practical clinical
experience in this group may have contributed to the lack
of significant regional differences. More importantly, the
adoption of a convenience sampling technique, as opposed
to the proportionate stratified sampling method used in
the present study, has resulted in a skewed regional
representation, with 66.1% of participants from the
Western region and only 6.7% from the heavily populated
Central region. Consequently, it is challenging to gauge
regional differences with great precision.

Regional variations reported in the present study may
be attributed to factors such as differing levels of exposure
to emerging technologies, access to advanced training
programs, and the availability of Al-related infrastructure-
factors also highlighted in a multi-national multi-center
study targeting both developed and developing countries
[23]. For example, the Central and Western regions host a
greater number of major universities offering graduate
and postgraduate dental programs, in addition to
specialized clinics and research centers, compared to
other regions. As a result, Al technologies have been
actively and extensively integrated and utilized in
education, clinical care, and research. The exposure to
various Al tools and hands-on experiences through
educational and research institutions has likely raised
awareness of their importance in providing state-of-the-art
dental services.

A qualitative assessment of the reported regional
differences would be greatly beneficial in examining this
matter in greater depth. This will guide region-tailored
approaches to AI education, and implementation is
important, including integrating Al literacy into
undergraduate and postgraduate curricula, CPD courses,
and targeted research grants. This will provide dental
professionals across all regions with the necessary
knowledge and tools to effectively integrate Al into their
practices.

5. LIMITATIONS AND RECOMMENDATIONS

The cross-sectional nature of the study did not allow
for cause-and-effect relationships to be identified. Future
work should include quantitative and qualitative
longitudinal designs that follow dentists over time to
assess Al awareness and adoption. Additionally, self-
reported questionnaires are susceptible to recall and
social desirability bias. This can, for example,
overestimate awareness and underestimate reported
challenges. Because invitations could not be individually
tracked, the overall response rate could not be calculated,
and the extent to which the sample proportions reflect the
true distribution of the national dentist population cannot
be guaranteed. This should be considered when
generalizing the findings. The instrument presented great
internal reliability with a 0.966 Cronbach's alpha for the
total items of the questionnaire. This can also indicate
closely related items that can potentially overlap.
Therefore, a factor-analytic validation on a larger pilot
sample is recommended to inform potential item
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reduction. Although multivariable models were applied to
adjust for confounders, residual confounding cannot be
fully excluded.

CONCLUSION

Within the limitations of this study, dentists'
knowledge, application, perceptions, and attitudes toward
Al in Saudi Arabia were generally consistent across
factors such as age, gender, education level, specialty,
occupation, and experience. However, significant regional
differences were observed. Dentists in the central and
western regions demonstrated higher levels of knowledge
and experience with AI, while those in the northern region
were less enthusiastic about its role in dental practice.
Accordingly, region-specific Al educational courses should
prioritize the northern region. Overall, there is a positive
outlook on Al integration in diagnostics, treatment
planning, and education in dentistry.
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