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ABSTRACT

Objectives: A cross-sectional study was conducted from May 15 to June 15, 2024 at the Faculty of Dentistry,
Istanbul University to evaluate the perspectives of dental students and dentists on artificial intelligence (Al) and
the use of robotic systems in dental treatment.

Materials and Methods: The study was conducted through an online questionnaire completed by 450
participants divided into three groups: Group A (first and second-year students), Group B (third, fourth and fifth-
year students) and Group C (dentists). The survey included questions on sociodemographic characteristics, levels
of knowledge and interest in Al, opinions on robotic technologies, and the perceived role of Al in dental practice.
Data were statistically analyzed via SPSS v25.0 using Chi-square, Kruskal-Wallis, and Dunn's post-hoc tests
(p <0.05).

Results: Among the participants, 76.2% were female and 23.8% were male. The majority reported limited
knowledge about Al applications in dentistry. 79.8% of the participants disagreed that Al could replace dentists,
emphasizing instead its potential to support clinical practice. In caries diagnosis and treatment, most participants
preferred that dentists utilize Al assistance rather than robotic systems functioning independently.
Conclusions: Within the limitations of this study, the findings suggest that incorporating Al into dental education
programs could be beneficial. Clinical experience and level of specialization were identified as factors influencing
trust in Al systems. Participants emphasized that robotic systems should work in collaboration with dentists
rather than operating autonomously.
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Amag: Bu kesitsel calisma, 15 Mayis — 15 Haziran 2024 tarihleri arasinda istanbul Universitesi Dis Hekimligi
Fakiltesi’'nde yuritulmus olup, dis hekimligi 6grencileri ve dis hekimlerinin yapay zeka ile robotik sistemlerin
dental tedavide kullanimi konusundaki goruslerini degerlendirmeyi amaglamaktadir.

Gereg ve Yontemler Calisma, ¢ gruba ayrilmis toplam 450 katiimci tarafindan gevrimici anket kullanilarak
gerceklestirilmistir: Grup A (birinci ve ikinci sinif 6grencileri), Grup B (liglincli, dordinci ve besinci sinif
6grencileri) ve Grup C (dis hekimleri). Anket, sosyodemografik dzellikler, katimcilarin yapay zeka hakkindaki bilgi
duzeyi ve ilgisi, robotik teknolojilere iliskin gorisleri ve yapay zekanin dis hekimligi pratiginde algilanan roliini
iceren sorulardan olusmustur. Veriler; SPSS v25.0 yazilimi kullanilarak Ki-kare, Kruskal-Wallis ve Dunn post-hoc
testleri ile istatistiksel olarak analiz edilmistir (p < 0.05).

Bulgular: Arastirmaya katilanlarin % 76,2’sini kadinlar, % 23,8’ini erkekler olusturmustur. Katihmcilarin ¢ogu, dis
hekimliginde yapay zeka uygulamalari konusunda sinirli bilgiye sahip oldugunu bildirmistir. % 79,8'lik kesim,
yapay zekanin dis hekimlerinin yerini alabilecegi goriisiine katilmamis, bunun yerine onun klinik pratigi
destekleyici roltint vurgulamiglardir. Curiik tani ve tedavisinde, katihmcilarin 6nemli bir kismi bagimsiz ¢alisan
robotik sistemlerden ziyade, dis hekimlerinin yapay zeka yardimiyla galismasini tercih etmistir.

Sonuglar: Bu calismanin sinirliliklari dahilinde; bulgular, yapay zekanin dis hekimligi egitim programlarina
entegrasyonunun faydali olabilecegini dustindirmektedir. Klinik deneyim ve uzmanlik dizeyi, yapay zeka
sistemlerine olan guveni etkileyen faktorler olarak belirlenmistir. Katilimcilar; robotik sistemlerin otonom bir
sekilde galismak yerine, dis hekimleri ile is birligi icinde faaliyet gostermesi gerektigini vurgulamislardir.

Anahtar Kelimeler: Yapay zeka, dis hekimligi egitimi, robotik
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Introduction

Artificial intelligence (Al) is a branch of computer
science that enables computer systems to exhibit human-
like intelligence through advancing technologies.! Al
primarily aims to carry out human cognitive skills such as
learning, problem-solving, applying knowledge and
making decisions in a manner that parallels human
intelligence.? The integration of artificial intelligence into
healthcare, particularly in dentistry, has expanded
considerably in recent years, due to their potential to
improve diagnostic methods, treatment strategies and
patient care.® Currently, Al algorithms are utilized in
various fields including orthodontic treatment planning
and outcome prediction, cephalometric landmark
identification, working length  determination in
endodontics, diagnosis of root fractures and periapical
lesions, implant treatment planning, evaluation of
alveolar bone loss on panoramic radiographs, and
periodontal disease risk assessment.3 Studies have also
demonstrated the effectiveness of Al in caries detection
and identifying individuals at high risk of developing
dental caries.®® Deep learning-based convolutional neural
networks (CNNs) have emerged as powerful tools in
dental diagnostics, offering high precision in the early
detection and segmentation of carious lesions. By
analysing subtle pixel-level changes in radiographic
images, these systems significantly reduce the subjectivity
and diagnostic errors common in manual radiographic
assessments.®12  Consequently, through the early
identification of dental caries, Al enables less invasive and
more cost-effective treatment opportunities, increasing
patient satisfaction and reducing long-term healthcare
costs. 1011

Beyond software-based diagnostic tools, robotic
systems in dentistry are increasingly integrating Al to
assist dental professionals in performing dental
interventions. By supplementing clinical expertise with
the manual precision of robots, these systems facilitate
the execution of complex tasks, thereby advancing the
field of dental care.!®* The utilization of artificial
intelligence technologies within robotic systems aims to
enhance the speed and precision of clinical procedures,
including dental assisting, implant placement, tooth
preparation, and orthodontic archwire bending.*>%®

Despite these advancements, the use of artificial
intelligence applications in dentistry brings challenges and
limitations, including concerns regarding data privacy,
security, and ethics, which restrict their adoption.” Thus,
appropriate education, regulation, and ethical standards
are essential for the routine integration of artificial
intelligence into dental practice.!® Studies in the literature
indicate that before implementing developed models in
clinical settings, a larger dataset is required.'® With the
establishment of necessary ethical and legal regulations,
the reliable preparation of extensive datasets, and the
willingness of individuals to accept and adopt these
technologies, artificial intelligence applications may
become feasible for use in dental practice in the near
future.

Research has been conducted on dental students’
attitudes and interests regarding artificial intelligence
applications 222 and on dentists’ perspectives toward Al
support in clinical practice.?®?* However, limited studies
directly compare the knowledge levels and attitudes
toward Al between dental students and dentists,?>%’
representing a gap in understanding differences that may
influence Al adoption in both education and professional
practice. This highlights the need for research focusing
specifically on this comparison.

The null hypothesis of the present study was that there
would be no significant difference between dental
students and dentists in their knowledge, attitudes, and
perceptions regarding artificial intelligence and robotic
systems in dental practice. To explore factors influencing
these viewpoints, the study aimed to evaluate
participants’ perspectives on the role of Al in clinical
diagnosis and treatment stages, as well as their attitudes
toward the collaboration between digital technologies
and dental professional applications, via a structured
survey.

Material and Methods

Study Design and Ethical Approval

This cross-sectional study was conducted at Istanbul
University Faculty of Dentistry between May 15, 2024, and
June 15, 2024. Ethical approval was obtained from the
Istanbul University Faculty of Dentistry Clinical Research
Ethics Committee on April 30, 2024 (Doc. No. 2024/30).

Study Population

The study population comprised dental students
currently enrolled at Istanbul University Faculty of
Dentistry, as well as dentists who had graduated from this
institution. The sample size was calculated using G*Power
software version 3.1.9.4. An effect size of 0.30 was
assumed based on Cohen’s conventional classification as
a medium effect?® and supported by similar studies in the
literature,?>3° with a significance level of 0.05 and a study
power of 0.95. Data were collected from participants
using a voluntary response sampling approach. A total of
450 participants were enrolled, divided into three primary
groups of 150 each: Group A included 1% and 2" year
dental students at Istanbul University Faculty of Dentistry;
Group B consisted of 3™ to 5" year dental students; and
Group C included dentists who had graduated from the
same institution (Table 1).

The grouping of participants was designed to capture
differences in knowledge and attitudes across varying
levels of clinical training and professional experience.
Group A represented preclinical students, Group B
represented clinical students with  progressive
involvement in patient care, and Group C consisted of
practicing dentists. This division was intended to analyse
how the transition from theoretical education to active
clinical practice influences the perception and adoption of
Al and robotic systems in dentistry.25?7
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Data Collection

Data for this study were collected via an online survey,
prepared in Turkish within Google Forms and distributed
on WhatsApp, and included an email-based validation
step to prevent multiple submissions from the same
respondent. Prior to the main study, a pilot test was
conducted with 15 participants per group from the target
population to evaluate the clarity, comprehensibility, and
completion time of the questionnaire.3® The initial
questionnaire had been developed based on previously
published literature,??%32 and three independent
restorative dentistry specialists reviewed it to ensure
content validity. Feedback from the pilot test was used to
finalize the survey.

Survey Structure

In this non-interventional cross-sectional study, an
online survey consisting of 15 questions was administered
to both dental students and clinicians to assess their
perceptions of Al and Al-assisted treatment (Table 2). This
15-question survey was structured in three sections: The
first section gathered sociodemographic information

Table 1. Description of Participants’ Groups

(question 1) and evaluated dental students’ and clinicians’
knowledge, interest, and perceptions of Al applications in
dentistry (questions 2—6). The second section compared
participants’ preferences between Al and dentists for
caries diagnosis and dental treatment (questions 7-12),
while the final section focused on their attitudes toward
the use of robotic systems in dental procedures
(questions 13-15).

Data Analysis

All statistical analyses were conducted using SPSS 25.0
software (IBM Corp., Armonk, NY). Following descriptive
statistical calculations, normality was evaluated using the
Kolmogorov—Smirnov test. Categorical variables were
compared using the Chi-square test, while non-parametric
variables were assessed with the Kruskal-Wallis test,
followed by post-hoc Dunn’s test with Bonferroni
correction.  Associations between non-parametric
variables were evaluated using Spearman’s rank
correlation analysis. Statistical significance was set at
p <0.05.

n
Group A 1st and 2nd year dental students at Istanbul University Faculty of Dentistry 150
Group B 3rd, 4th and 5th year dental students at Istanbu University Faculty of Dentistry 150
Group C Dentists graduated from Istanbul University Faculty of Dentistry 150
Total 450

Results learned about Al through social media was in Group A

Participant demographics indicated that 76.2 % (n =
343) of the participants were female and 23.8 % (n = 107)
were male. In response to the question, “Are you
interested in artificial intelligence and its applications?”,
participants across all groups most frequently selected “3”
on a 1-to-5 Likert scale (n = 153), with a statistically
significant difference among the groups (p =0.011). When
asked whether participants had attended any seminars or
courses on Al applications, 70.2 % of respondents
answered, “Haven’t attended, but would like to,” while
the highest attendance rate was observed in Group B, at
25.3 % (n = 38).

Regarding participants’ self-assessed knowledge of Al,
the most common response across all groups was “2” (n =
184) on a 1-to-5 scale, while the least frequent response
was “5 — Highly knowledgeable” (n = 3). A moderate and
statistically significant positive correlation was found
between self-rated Al knowledge and interest in Al
applications (p = 0.45, p < 0.001).

In relation to the question on the initial source of
information about Al applications in dentistry, only two
participants in Group C responded “Not heard,” whereas
all others identified at least one source. Overall, “Social
media” was the most frequently reported source (n =
202), followed by “Undergraduate education” (n = 125)
Additional responses included conferences (n = 55)
postgraduate education (n = 17), and other sources (n =
41). The highest proportion of participants who first

’
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(62.7 %, n = 94). The differences between groups were
statistically significant (p < 0.001, Cramer’s V = 0.30).
Furthermore, when asked if Al could replace dentists in
the future, 79.8 % of respondents (n = 359) indicated that
Al would not replace dentists but could assist them in
practice.

In the survey’s second section, participants were
instructed to imagine themselves as patients and choose
either Al or one of three dentist profiles (new graduate,
five-year experienced, restorative specialist) for caries
diagnosis. Across all groups, Al was preferred over the
newly graduated dentist for detecting caries. In contrast,
the five-year experienced dentist received higher
preference than Al. Among the groups, Group A (1°t and
2" year students) showed a notably stronger preference
for both the five-year experienced dentist and the
restorative dentistry specialist compared to Al.

The survey’s last section evaluated whether
respondents prefer a purely human dentist, an Al-assisted
robot, or a dentist assisted by Al for caries removal. Based
on their experience, dentists were categorized as newly
graduated dentists, those with five years of experience,
and restorative dentistry specialists. Across the three
questions (questions 10, 11, 12) addressing which
approach facilitates a more minimally invasive cavity
preparation for caries removal, participants across all
subgroups most frequently favoured the Al-assisted
human dentist. In direct comparison between the newly
graduated dentist and the Al-assisted dentist, only 6.7%
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(30 of respondents) chose the graduate, whereas a
majority of 81.3% (366 individuals) selected the Al-assisted
dentist. When comparing a restorative dentistry specialist
with an Al-assisted dentist, the specialist was chosen by 162
respondents, yet Al-assisted dentists remained the most
selected choice among all groups at 57.8% (260 participants).

On the question “If a robot performed your dental
treatment, how comfortable would you feel?” respondents
across all groups most frequently chose “2” (37.6%, n = 169),
while “Extremely comfortable” was least chosen option (7
participants). No statistically significant differences were
detected between groups (p = 0.73). When asked whether
having the dentist present during treatment provided
reassurance, 58% (261 participants) answered “5
Completely secure”, most prominently within Group C (n =
100) and Group B (n = 94). The response “1 — Not necessary”
was the least chosen, with only 5 participants overall.

Discussion

The rapid development and expanding use of Al systems
in multiple fields, notably dentistry, has highlighted the need
to understand how both dental professionals and students
perceive these technologies. Our study was designed to
evaluate and compare the interest and knowledge regarding
Al systems between the two groups. Including questions on
treatments performed using robotic systems allowed
assessment of opinions on Al not only in diagnosis but also in
treatment. Only 4.3 % of participants in our study rated their
Al knowledge as above average. Likewise, a study conducted
in Germany 3 reported that 6.3 % of dentists rated their Al
knowledge as excellent. In another study from South Korea
34 only 6 % of medical students and physicians reported
having good familiarity with Al. Collectively, these findings
across different countries suggest that the current level of Al
knowledge among healthcare students and professionals
remains limited, highlighting the importance of
strengthening Al-related education and training to support
its effective integration into clinical practice.

Notably, 44.9 % of our participants indicated their initial
learning about Al applications in dentistry via social media.
This was most reported by Group A, composed of first- and
second-year students, suggesting that social media is a
significant source of Al awareness among younger dental
students. Similar findings in the literature 2%%32 show that
the majority of participants learned about Al through social
media. These findings indicate that social media currently
serves as an important channel for disseminating
information about emerging technologies in dentistry. While
this may benefit initial awareness of Al applications, it also
points to the need for formal, evidence-based instruction on
Al into dental curricula.

In our study, 79.8 % of respondents disagreed with the
idea that Al systems could replace dentists in the future.
Yizbasioglu et al.3? reported that only 28.6 % of their
participants believed Al could replace dentists, and similarly,
Abouzeid et al.* found that 35.2 % of theirs held that view.
These findings suggest that dentists’ evaluations and
decision-making  processes, based on professional

knowledge and experience, necessarily involve elements of
human interaction. Beyond clinical competencies, dentistry
demands the establishment of trust with patients, empathy,
and making ethical decisions, factors that may explain why
participants believe Al cannot entirely replace dentists.

In a study conducted by Sridhar et al.?’, 46.3 % of
participants considered Al to outperform an experienced
clinician in diagnostic ability. In our study, 70 % of participants
preferred Al for caries detection over a newly graduated
dentist. However, this preference decreased to 20 % when
compared to a dentist with five years of clinical experience,
and further to 12 % when compared to a specialist in
restorative dentistry. These outcomes suggest that clinical
experience and specialization play a critical role in diagnostic
decision-making, and that while Al may be perceived as more
reliable than inexperienced dentists, this trust diminishes as
expertise increases. Rather than viewing Al as a superior
diagnostic tool, respondents appear to regard it as a
supportive diagnostic tool that complements clinicians’
decision-making and helps mitigate differences in
experience-based competence among less experienced
clinicians. Consistent with this, a meta-analysis by Takita et
al.3® reported that the overall diagnostic accuracy for
generative Al models was found to be 52.1 %, whereas
expert physicians demonstrated significantly higher accuracy
rates highlighting Al's limitations in expert-level diagnostic
contexts. Collectively, these outcomes imply that despite
some promising performance in routine diagnostic tasks, Al
systems have not yet achieved the level of diagnostic
consistency exhibited by expert clinicians; this underscores
both their potential utility as a clinical support tool and the
need for cautious integration in contexts where nuanced
clinical judgement is paramount.

In our study, 80.4 % of participants stated they would still
prefer a dentist, even if Al could provide a less expensive
treatment. As Shan et al. emphasize, the intuitive and
natural characteristics of dentist—patient communication
cannot be adequately replicated by computer language.
Dentists can sense and manage patients’ emotional distress
such as fear and anxiety using personalized strategies. By
adopting an empathetic approach and maintaining clear
communication, they can reduce treatment-related anxiety
and promote patient comfort. This person-centred approach
can strengthen patient compliance and overall satisfaction.
In accordance with this, 91.6 % of respondents reported that
the dentist's presence during treatment provided
reassurance. Al systems, on the other hand, lack emotional
support and empathy. While they may provide procedural
recommendations, they are algorithm-based and cannot
respond to patients’ emotional needs, which limits their
adaptability to unforeseen situations during treatment.
These limitations prevent Al from fully emulating the dentist—
patient relationship. This may explain why participants
preferred an Al-assisted robot in caries removal only when
accompanied by a dentist, suggesting that individuals
generally prefer the combination of digital technology and
dental professional interventions.
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Table 2. Questionnaire responses by group: number and percentage (%)

Group A Group B Group C Total

1. Gender

Female 44.(29.3) 149 (99.3) 150 (100) 343 (76.2)

Male 106 (70.7) 1(0.7) 0(0) 107 (23.8)
2. Are you interested in artificial intelligence and its applications? (1-5 Likert scale)

1- Not interested at all 8(5.3) 9(6) 3(2) 20 (4.4)

2 13 (8.7) 20 (13.3) 16 (10.7) 49 (10.9)

3 65 (43.3) 42 (28) 46 (30.7) 153 (34)

4 44 (29.3) 49 (32.7) 38 (25.3) 131(29.1)

5-Very interested 20 (13.3) 30 (20) 47 (31.3) 97 (21.6)
3. Have you ever attended any seminar or course on artificial intelligence applications?

Haven’t attended, and don’t want to 20 (13.3) 24 (16) 12 (8) 56 (12.4)

Haven’t attended, but would like to 118 (78.7) 88 (58.7) 109 (72.7) 316 (70.2)

Have attended 12 (8) 38 (25.3) 28 (18.7) 78 (17.3)
4. How would you rate your knowledge about Al? (1-5 Likert scale)

1-Insufficient 39 (26) 46 (30.7) 34 (22.7) 119 (26.4)

2 69 (46) 62 (41.3) 53 (35.3) 184 (40.9)

3 39 (26) 34 (22.7) 55 (36.7) 128 (28.4)

4 2(1.3) 6 (4) 8(5.3) 16 (3.6)

5-Highly knowledgeable 1(0.7) 2 (1.3) 0(0) 3(0.7)
5. Through which source did you first become aware of Al applications in dentistry?

Undergraduate education 24 (16) 57 (38) 44 (29.3) 125 (27.8)

Postgraduate education 0(0) 2(1.3) 15 (10) 17 (3.8)

Social media 94 (62.7) 58 (38.7) 50 (33.3) 202 (44.9)

Conferences 11 (7.3) 23 (15.3) 21 (14) 55 (12.2)

Journals 0(0) 0(0) 6 (4) 6(1.3)

Other sources 19 (12.7) 10 (6.7) 12 (8) 41(9.1)

Haven’t heard about it 0(0) 0(0) 2(1.3) 2 (0.4)

High school 2 (1.3) 0(0) 0(0) 2 (0.4)
6. Do you think Al applications could replace dentists in the future?

Yes 24 (16) 38 (25.3) 29 (19.3) 91 (20.2)

No, it can only assist dentists 126 (84) 112 (74.7) 121 (80.7) 359 (79.8)
7. As a dentist or dental student, if you were the patient, which do you think would diagnose your caries more accurately?

Recently graduated dentist 52 (34.7) 46 (30.7) 37 (24.7) 135 (30)

Artificial intelligence 98 (65.3) 104 (69.3) 113 (75.3) 315 (70)
8. As a dentist or dental student, if you were the patient, which do you think would diagnose your caries more accurately?

Dentist with 5 years of experience 132 (88) 117 (78) 111 (74) 360 (80)

Artificial intelligence 18 (12) 33(22) 39 (26) 90 (20)
9. As a dentist or dental student, if you were the patient, which do you think would diagnose your caries more accurately?

Specialist in restorative dentistry 144 (96) 127 (84.7) 125 (83.3) 396 (88)

Artificial intelligence 6 (4) 23 (15.3) 25 (16.7) 54 (12)

10. As a dentist or dental student, in the future, who do you think would perform a more minimally invasive cavity preparation for your caries
removal?

Recently graduated dentist 9(6) 8(5.3) 13(8.7) 30(6.7)
Al-assisted robot 10(6.7) 21 (14) 23(15.3) 54 (12)
Dentist assisted by Al 131 (87.3) 121 (80.7) 114 (76) 366 (81.3)

11. As a dentist or dental student, in the future, who do you think would perform a more minimally invasive cavity preparation for your caries
removal?

Dentist with 5 years of experience 38 (25.3) 33 (22) 36 (24) 107 (23.8)
Al-assisted robot 5(3.3) 10 (6.7) 14 (9.3) 29 (6.4)
Dentist assisted by Al 107 (71.3) 107 (71.3) 100 (66.7) 314 (69.8)

12. As a dentist or dental student, in the future, who do you think would perform a more minimally invasive cavity preparation for your caries
removal?

Specialist in restorative dentistry 57 (38) 50 (33.3) 55(36.7) 162 (36)

Al-assisted robot 7 (4.7) 10 (6.7) 11 (7.3) 28 (6.2)

Dentist assisted by Al 86 (57.3) 90 (60) 84 (56) 260 (57.8)
13. If a robot performed your dental treatment, how comfortable would you feel? (1-5 Likert scale)

1-Not comfortable at all 50 (33.3) 58 (38.7) 57 (38) 165 (36.7)

2 65 (43.3) 57 (38) 47 (31.3) 169 (37.6)

3 30 (20) 28 (18.7) 38 (25.3) 96 (21.3)

4 5(3.3) 3(2) 5(3.3) 13 (2.9)

5-Extremely comfortable 0(0) 4(2.7) 3(2) 7 (1.6)
14. Does the presence of the dentist during treatment give you a sense of security? (1-5 Likert scale)

1-Not necessary 2(1.3) 0(0) 3(2) 5(1.1)

2 2(1.3) 0(0) 0(0) 2(0.4)

3 12 (8) 6 (4) 13 (8.7) 31 (6.9)

4 67 (44.7) 50 (33.3) 34 (22.7) 151 (33.6)

5- Completely secure 67 (44.7) 94 (62.7) 100 (66.6) 261 (58)
15. If Al-applied treatment were less expensive than dentist-applied treatment, would you still prefer the dentist?

Yes, | would prefer the dentist. 119 (79.3) 125 (83.3) 118 (78.7) 362 (80.4)

No, | would not prefer the dentist 31 (20.7) 25 (16.7) 32 (21.3) 88 (19.6)
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The limitations of our study include its conduction at a
single university in istanbul and a relatively small sample
size. Future studies are recommended to expand the
sample size and include participants from various
universities to enhance generalizability. Additionally,
incorporating open-ended questions alongside closed-
ended ones in surveys could provide a more
comprehensive understanding of participants'
perspectives by allowing them to express their opinions
and experiences in greater detail.

Conclusion

Within the limitations of this study, the findings
suggest that among the sampled population at this single
institution, most participants had limited knowledge of Al
applications, indicating existing educational deficiencies in
this field. Despite this, a positive attitude toward the
integration of Al into dental diagnostic and treatment
processes was observed, with participants expressing a
preference for its use in collaboration with a dentist.
Moreover, participants' confidence in Al was influenced
by their clinical experience and specialization level. These
findings suggest a need to incorporate Al into dental
education and emphasize the importance of clinical
experience to facilitate the effective application of Al in
dental practice.
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