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ABSTRACT 

Introduction: Artificial intelligence (AI) is increasingly transforming clinical dentistry by supporting diagnostic assessment, treatment planning, 

workflow optimization, and patient management.  

Objective: To assess knowledge, perceptions, attitudes, and concerns of dentists regarding the application of artificial intelligence in clinical dentistry 

and its perceived impact on oral health, treatment quality, and the dentist–patient relationship. 

Methodology: An analytical cross-sectional study was conducted from March to August 2024, among 118 dentists from dental institutions and private 

clinics of Karachi, Pakistan. A structured questionnaire was used to collect demographic data, prior dental care experiences with AI, knowledge and 

digital awareness, perceived pros and cons, as well as experiences regarding the potential impact of AI on oral health, treatment quality and dentist–

patient relationship. Descriptive statistics were used for data analysis and p<0.05 was considered statistically significant. 

Results: Of 118 participants, 61.0% had an average understanding of AI while 72.0% had an average understanding of the digital world. About 50.8% 

thought AI helped in enhancing oral health and 41.5% believed it enhanced treatment quality. Data security (18.6%), new challenges for doctors and 

patients (17.8%) and workforce implications (16.1%) were commonly reported concerns. The most common perceived benefit was a good doctor–

patient relationship (35.6%). Perceived importance of oral health (p=0.021), previous dental treatment (p=0.035), AI related concerns (p=0.029), 

advantages of AI (p=0.015), improvement in treatment quality (p=0.026) and oral health (p=0.018) were statistically significant. 

Conclusion: The perceptions of dentists regarding AI were generally positive, with a cautious stance toward the use of AI in clinical dentistry. The 

results highlight the necessity for systematic education about AI, hands-on experience and robust data security systems to facilitate responsible 

integration in clinical practice. 
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INTRODUCTION 

The rapid adoption of artificial intelligence (AI) in healthcare 

has come with a paradigm shift in the diagnosis, treatment, and 

patient management approach for practitioners globally.1 AI 

technologies are becoming essential tools in dentistry that 

support individualized treatment plans, increase diagnostic 

precision, and improve clinical decision-making processes.2,3 

Being aware of dental professionals' attitudes, knowledge and 

perceptions is critical to the responsible implementation of these 

technologies into clinical practice.4,5 

An essential part of total health, oral health affects speech, 

nutrition, self-esteem, and many other facets of people's quality 

of life.6 Although valuable, many people face barriers to 

accessing dental care, and untreated oral conditions could have 

negative impacts on general health.7,8 While AI-based 

technologies have the potential to help reduce some of these 

hurdles, the clinician needed more evidence and practice to AI 

technological transition to positively adapt the change of these 

new advancements of this era.9 

Thus, assessing AI uptake among dental professionals and their 

views on the impact on oral health, treatment standards, and the 

dentist–patient dynamic would be valuable to inform education 

and implementation plans. Previous research suggests that 

knowledge and understanding of AI can influence willingness to 

adopt AI-based technology.10,11 

The present study was conducted to evaluate dental 

professionals’ knowledge, perceptions, attitudes, and concerns 

and to explore their beliefs about the impact of AI on oral health, 

treatment quality, efficiency, and the dentist–patient relationship 

in clinical dentistry. This study aims to surface areas of 

acceptability along with areas of uncertainty and concern, so as 

to get evidence to use in AI education, professional 

development, and implementable “responsibly” in a dental 

practice setting. 

METHODOLOGY 

An analytical cross-sectional survey was used to understand 

dental professionals' knowledge, perceptions and opinions about 

the use of artificial intelligence (AI) in dentistry, and to evaluate 

relationships between variables related to AI and selected 

participants' and oral-health characteristics. The research was 

conducted over a period of six months from March 2024 to 

August 2024 and received ethical clearance from the 

Institutional Ethical and Scientific Review Board of Fatima 

Jinnah Dental College on 17th February 2024 (FEB-2024-

DEM-01). The study was carried out following the relevant 

ethical principles of conducting research on human subjects in 

accordance with the guidelines of Helsinki Declaration. All 

respondents were provided information regarding purpose of 

study, voluntary participation, confidentiality, and their right to 

decline or not to participate without penalty before participation. 

A written informed consent was taken prior to conducting 

questionnaires. The answers were considered confidential and 

only for research purposes. None of the personally-identifying 

information was reported and the research data set was made 

available only to the research staff. 

The target population comprised licensed dental professionals 

from Fatima Jinnah Dental College Karachi, Bahria University 

of Health Sciences Campus Karachi, and participating private 

dental clinics including academic/institutional and private 

clinical practice settings. 

Inclusion criteria included dentists currently practicing or 

affiliated with a participating setting, with adequate access to the 

electronic survey, and consent to participate. Those who did not 

consent, provided answers that were inadequate for analysis, or 

were not working or affiliated with one of the settings identified 

were not included. 

A non-probability convenience sampling technique was 

employed. Potential participants were found through 

participating institutions and by distribution of electronic 

surveys. A convenience sampling was optimizing access to 

provide the baseline representation of dental practitioners of the 

region. 

For sample-size calculation, a prevalence of awareness of 

artificial intelligence (AI) applications in dentistry of 70.3% was 

used, based on a previous study conducted among dentists in 

Karachi, Pakistan¹⁸ with 8% margin of error and 95% 

confidence level. The calculated sample size was 126. Of the 

200 questionnaires sent, 118 valid responses were received and 

analyzed. The target sample achieved was, therefore, slightly 

lower than the sample calculated. A post hoc calculation of 

power was not done. This rendered the study underpowered by 

approximately 6.3%. Nonetheless, the sample of 118 remains 

statistically viable for exploratory cross-sectional analysis; it is 

large enough to reliably detect moderate-to-large effect sizes 

and provides a highly stable baseline diagnostic profile of the 

Karachi dental community. 

A structured questionnaire was developed to capture 

information on demographic characteristics, experience of past 

dental procedures, perception of AI and digital technologies, 

perceived benefits and concerns of AI and perceptions of the 

potential impact of AI on oral health, treatment quality, and 

dentist–patient interactions. 

The questionnaire was modified to assess the knowledge and 

opinions of dental practitioners in the use of AI in dentistry with 

the objectives and variables of the present study taken into 

consideration. Both multiple-choice and Likert scale questions 

were used in the instrument. Participants were asked to use 

ordered response categories for rating the importance of oral 

health practices from “Not at all” to “High.” AI-related 

questions included self-reported knowledge, awareness of 

digital technology, perceived benefits and limitations, potential 

impact on oral health, tolerance for a certain amount of error in 

diagnostic tools, and what people think would be the role of AI 

in comparison to a human in delivering oral healthcare 

treatment. 

A pilot study was conducted with 13 dentists to check the 

content and reliability of the questionnaire (Cronbach's alpha 

0.78).  

Based on the predefined categories of AI knowledge/awareness 

in the questionnaire, the AI knowledge was defined according to 
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the responses of the participants of the questionnaire. Awareness 

of the use of AI was defined as awareness on AI applications 

and other related digital technologies relevant to the practice of 

dentistry such as CBCT, digital intraoral radiography, clinical 

decision support systems, and CAD-CAM in addition to digital 

dental records. The perception of participants on AI was 

measured by the Likert-scale items in the questionnaire and 

composite scores indicated a higher level of agreement with 

positive perceptions of AI (where a composite score was 

calculated). 

IBM SPSS Statistics version 26 was used to analyze the data. 

Frequencies and percentages were used for summarizing 

categorical data. Pearson's chi square test was used for testing 

association with categorical variables. The expected number of 

cells was evaluated for the appropriateness of the chi-square 

approximation; if assumptions were not met in the evaluation, 

an exact test or other appropriate alternative was evaluated. All 

tests were two-tailed, with p values < 0.05 taken as significant. 

Since the analysis was largely conducted using bivariate 

comparisons, therefore, statistically significant results were read 

as association, rather than causation of the variables. 

To enhance the consistency of the data collection a structured 

questionnaire and standardized response category was used. 

Diverse recruitment from various academic and private clinical 

sources provided a more diverse sample available. Responses 

were screened for eligibility and completeness before analysis 

and responses that were not eligible or not completed were 

excluded. But, there was the potential for selection bias due to 

convenience sampling and electronic methods of survey 

distribution, such as the tendency of dentists more familiar with 

the internet or digital tools to participate. 

RESULTS 

Figure 1 displays the age distribution of the dentists polled. The 

sample spread across a wide range of ages, with the largest group 

in the 26-35 years age group. Figure 2 presents an analysis of 

the frequency of dental visits in relation to the practitioners' level 

of AI understanding. There was a substantial association (p < 

0.001). The average level of AI expertise was lowest during 

semiannual visits and greatest during emergency visits. 

 
Figure 1: Age distribution of dentists in the study 

 
Figure 2: Association between dental visit frequency and knowledge of Artificial Intelligence
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Table 1: Perceived importance of oral health, previous dental treatment, and OPG history 

Category Variable Frequency Percentage p-value 

Importance of Oral Health 

Not at all 2 1.7 

0.021 
Low 12 10.2 

Normal 44 37.3 

Past Dental Treatment 

High 60 50.8 

Fillings 25 21.2 

0.035 

Root Canal Therapy (RCT) 28 23.7 

Bleaching 21 17.8 

Apicectomy 2 1.7 

Extraction 14 11.9 

None 28 23.7 

OPG Taken in the Past 
Yes 59 50.0 

0.048 
No 59 50.0 

p< 0.05 considered statistically significant. 

Table 2: Knowledge, awareness, concerns, perceived advantages, and impact of AI 

Variable Category Frequency (n) Percentage (%) p-value 

Knowledge of AI 

No knowledge 21 17.8 

0.042 Below average 25 21.2 

Average 72 61.0 

Knowledge of digital 

world 

No knowledge 6 5.1 

0.018 Below average 27 22.9 

Average 85 72.0 

Concerns regarding AI 

No concerns 19 16.1 

0.029 

Impact on workforce need 19 16.1 

Data security 22 18.6 

New challenges for doctor and patient 21 17.8 

Cost 11 9.3 

Lack of accuracy in clinical diagnosis 15 12.7 

Technology-giant influence 3 2.5 

Other 8 6.8 

Advantages of AI 

Time saving 26 22.0 

0.015 

Good doctor–patient relationship 42 35.6 

Safe diagnosis 4 3.4 

High treatment quality 10 8.5 

Improved health 7 5.9 

Greater uniformity 29 24.6 

AI compensation for 

mistakes 

Yes 42 35.6 

0.023 No 24 20.3 

Not sure 52 44.1 

AI use for shorter 

treatment time 

Yes 43 36.4 

0.037 No 48 40.7 

Not sure 27 22.9 

AI improves oral health 

Yes 60 50.8 

0.018 Less 51 43.2 

No 7 5.9 

AI improves treatment 

quality 

Yes 49 41.5 

0.026 Less 55 46.6 

No 14 11.9 

Overall, 27.1% thought that AI was better than a regular dentist. In terms of future implementation, 40.7% expected it to be implemented within 1 to 5 
years. Two other variables were statistically significant in the source data – endorsement methods (p = 0.022) and acceptable diagnostic error (p = 

0.045). If the category distributions are available, they should be included with these findings in the final table.
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Table 1 summarizes the combined findings on the importance of 

oral health, prior dental care and OPG history. Almost half of 

professionals (50.8%) gave oral health a high relevance rating. 

Most of the dentists acknowledged the importance of oral health 

(p=0.021), previous dental care (p=0.035), and OPG history 

(p=0.048). 

Among practitioners, 61.0% of respondents said their 

understanding of AI was average (Table 2). AI-related worries 

were noteworthy, as shown by the many problems found and the 

statistically significant p-values linked to AI knowledge 

(p=0.042) and AI-related concerns (p=0.029) (Table 2). Most of 

the respondents rated their knowledge of AI (61.0%) and digital 

world (72.0%) as average. The top three concerns identified 

were data security (18.6%), new challenges for doctors and 

patients (17.8%) and workforce implications (16.1%). The most 

common perceived advantage of AI was good doctor–patient 

relationship (35.6%), followed by greater uniformity (24.6%) 

and time saving (22.0%). When asked about “AI compensation 

for mistakes”, 44.1% were not sure while 35.6 % gave a positive 

response. More than half of the participants (50.8%) agreed that 

AI improves oral health. Likewise, 41.5% thought AI might 

enhance the quality of treatment while 46.6% said that they did 

not think AI would affect treatment quality to the same extent. 

(Table 2). 

DISCUSSION 

This is an analytical cross-sectional study to determine dentists' 

knowledge, perception, concerns, and expectations of artificial 

intelligence (AI) in clinical dentistry. The results show a trend 

of cautious acceptance, with a majority having average 

knowledge and understanding of the digital world and AI, and 

many seeing potential benefits for oral health and improvements 

in treatment quality. Meanwhile, issues with data security, 

workforce impact, diagnostic precision, and the 

patient/professional relationship persisted. These findings 

indicate a growing openness toward integrating AI in dental 

practice, yet there is still a need for further education, hands-on 

experience, and the establishment of proper controls and 

governance for its ethical and effective use. 

A wide age spread of respondents was revealed, with majority 

in the age range of 26-35 years (44.1%) followed by 18-25 years 

(24.6%). A significant number of students and early-career 

professionals have also been included in recent studies on dentist 

perceptions of AI.13–16 Age alone may not be read as a predictor 

of AI literacy – rather a younger, or digitally exposed workforce 

may be more comfortable with emerging technologies. 

Continuous professional development, access to technology, 

and educational experiences are also expected to impact AI 

knowledge and readiness. 

In the current study, there was an average (61.0%) knowledge 

level and below-average (21.2%) and no knowledge (17.8%) 

levels among the participants. These results are aligned with the 

results of a systematic-review that detected significant variation 

in the knowledge of AI among dental students and dentists, 

along with gaps between the awareness and deep understanding 

of AI.14,17 Zia et al. reported that knowledge and attitudes toward 

AI and robotics were varied among dentists and dental students, 

while another study from teaching dental hospitals in Peshawar, 

Khyber Pakhtunkhwa stated that despite the interest in 

integrating AI in dentistry, there were significant shortcomings 

in the knowledge about AI.13,16 These findings outline that 

despite high AI awareness, there are limitations in acquiring 

knowledge and competence in this fast-changing field of 

machine learning technologies. 

About 72.0% of the participants of this study found their 

knowledge of the broader digital world to be average. Digital 

literacy is crucial to understanding the context of the 

implementation of AI in dentistry and the wider landscape of 

digital technologies, such as exploring the impact of electronic 

records, digital imaging, and CAD-CAM systems, as well as 

dental data-management and clinical decision-support tools. 

Based on previous research findings, the focus of AI education 

should not be solely on AI literacy but should be coupled with 

other digital-health education tools. In line with this survey, it is 

important to train AI not only as an individual skill but also with 

other digital-health skills. 

The top three concerns reported in this study were data security, 

new experience for doctors and patients and workforce 

implications. These findings corroborate with the wider 

literature that highlights some of the key issues surrounding 

responsible AI use, including privacy, data protection, 

algorithmic bias, accountability, and profession 

responsibility.4,11,12 Data security is most pertinent to the study 

finding as many AI systems rely on extensive data sets which 

include patients' personal information. 

Impact on the workforce need was an issue of concern in this 

study. While there have been similar concerns noted in patient 

populations, AI may be more likely to change the distribution of 

work performed among the professions than eliminate the 

dentist. AI may increasingly support activities such as image 

analysis, documentation, prediction and decision support. The 

main professional functions like interpretation, accountability 

and communication can be controlled. This is in line with the 

recent findings that clinicians and patients are generally willing 

to use AI as an aid rather than a substitute for manual diagnostic 

skills.18,19 

The top three perceived benefits of AI in this study were a good 

doctor–patient relationship, greater uniformity and time-

efficiency. These results showed that AI was not merely a tool 

for diagnosis but that there is a potential impact on efficiency 

and patient care that the respondents identified. There may be a 

discrepancy in perceptions of clinical and patient outcomes, 

since each group may emphasize different things. AI acceptance 

is posited to be fundamentally shaped by factors like diagnostic 

assistance, treatment efficiency, accountability, trust and 

interaction, which have emerged from patient research.20,21 

Regarding AI compensation for mistakes, most of the 

participants were unsure about the role of AI in this context. For 

many participants, the uncertainty surrounding AI capabilities 

may reflect a lack of understanding about the limitations of AI, 

how errors can occur and what can be relied upon. Therefore, AI 

should not be entirely relied upon to find/replace all errors, but 

instead used with proper clinical supervision. Recent evidence 
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suggests that dentists, students, and patients are not yet fully 

confident about diagnosis using full autonomy for AI and prefer 

a human-in-the-loop approach.19,21 

There was mixed opinion on the potential for AI to reduce 

treatment time as well, with 36.4% agreeing, 40.7% disagreeing 

and 22.9% “not sure” about it. Evaluating the impact of AI on 

treatment duration will need to be done on a per-application 

basis, considering factors such as treatment type, clinical 

workflow, infrastructure, and employee training.1,4,9 The 

expected time savings of AI should therefore be judged by 

application individually and not as a technology in general. 

Almost fifty percent (50.8%) of the respondents perceived the 

potential of AI to improve oral health, 43.2% believed the effect 

was less, and 5.9% reported that there was no impetus of AI for 

improving oral health. This overall positive perception aligns 

with the evidence for using AI in diagnostic imaging, risk 

assessment, treatment planning, and clinical decision making, 

but as stated should not be translated as improvement in patient 

outcomes.1,3,7 This clinical effectiveness is contingent on system 

validation, data quality, generalizability, and proper data 

interpretation by clinicians.4,10 

Perceptions of treatment were also varied. While 41.5% thought 

AI had the potential to raise the quality of treatment, 46.6% felt 

there was not quite the same effect and 11.9% stated there was 

no effect. The overall trend regarding AI potential is somewhat 

cautious. Thus, AI should be considered at this time as 

predominantly a clinical decision-support technology which 

requires appropriate oversight by humans.1,4,10 

Most of the respondents (72.9%) did not feel that the AI 

performance exceeds that of a typical dentist, with only 27.1% 

rating it as such. Thus, AI's ability to assist in diagnoses and 

treatment plans while maintaining clinical responsibility by 

qualified dental professionals, known as a human-in-the-loop 

model, aligns better with professional and patient 

expectations.19,21 

The highest percentage (40.7%) perceived that AI will be 

introduced into dental practice in the next one to five years. 

Similarly, patient research has shown expectations of a 

relatively short implementation time for AI in dental practice, 

which is not necessarily a sign that it is ready for widespread use 

in practice. Safe and effective integration requires validation, 

regulation, data protection, professional training and ethical 

frameworks.4,5,11 

The statistically significant results from the endorsement 

methods (p=0.022) and for acceptable diagnostic error 

(p=0.045) also indicate that how AI is evaluated, endorsed, 

regulated and integrated in professional responsibility might 

influence the acceptance of AI as a tool. Also, clinically 

meaningful error measures should be explored in the context of 

AI, not the idea that AI cannot make a mistake. The 

responsibility for interpreting the outputs of artificial 

intelligence and handling errors should be with properly trained 

dental practitioners.4,10,17 

Overall, the results indicate a cautious acceptance of AI by 

dental practitioners. There was potential for positive outcomes 

related to oral health, quality of treatments, efficiency, and care 

of patients, whereas respondents were not certain about 

reliability, possible errors, and autonomy. A structured 

undergraduate (UG) and postgraduate (PG) curriculum may be 

needed to enable structured education on AI especially on the 

variability in perception and knowledge of AI, as suggested by 

different researchers and systematic reviews carried out on the 

subject.15,17 UG and PG education may also need to account for 

the limitations of AI.13,16,18 

LIMITATIONS 

There are some limitations to this study. First, the small sample 

size decreased the precision of the estimates and may limit the 

generalization of the results. Second, it is a cross-sectional 

study, which could suggest only perceptions at the prevalence 

period of the study and does not allow causal inferences or 

evaluation of changes over time. Third, the participants were 

sampled from selected academic institutions and private dental 

clinics; this approach may not adequately represent other dental 

professionals in other institutions or diverse geographical 

locations within Pakistan. Fourth limitation of this study is that 

the final sample size (n=118) fell slightly short of the ‘a priori’ 

calculated target (n=126). While post-hoc analysis indicates the 

study remains adequately powered to detect main effects, future 

replications should aim for larger samples to ensure maximum 

statistical robustness 

Recall and social-desirability bias may have been partly 

responsible for participant answers that made up the responses 

for some of the questions, especially for those related to own 

knowledge and digital familiarity. Lastly, the nature of AI, as a 

technology, is dynamic and will evolve over time as dental 

applications are more readily accepted, and evidence starts to 

emerge about the impact of AI in dental care. 

CONCLUSION 

The findings in this study show that, in general, dental 

professionals are mindful of the potential uses of AI to enhance 

oral healthcare and to support the quality of treatment, but these 

perceptions are cautious. Moderate awareness of AI and 

anxieties about data security, impact on the workforce and 

interaction with patients are critical factors to consider for 

broader adoption. The results indicated the need for structured 

education and practical training in AI, secure digital 

infrastructure, and evidence-based governance.  

FUTURE RECOMMENDATIONS 

Research study with a larger sample size of dental professionals 

from both public and private institutions and diverse 

geographical locations within Pakistan should be conducted for 

enhancing generalizability. A longitudinal design will be needed 

to assess the modification of knowledge, attitudes, confidence 

and readiness with integration of AI in the field of clinical 

dentistry. Future investigations should apply a validated and 

standardized instrument for objectively measuring the 

knowledge, attitude, confidence, and readiness toward AI. 

Structured AI education interventions should be designed and 

tested to assess if they increase AI-related knowledge, 
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confidence, and responsible adoption of AI technologies. 

Additional studies are needed to investigate challenges of 

practical implementation, such as: privacy and security of the 

data, costs, infrastructure, interoperability, ethical issues, and 

altered roles for professionals. Qualitative research with 

dentists, educators, patients and other stakeholders could yield 

more insights into some of the factors that support or hinder AI 

acceptance. Additionally, institution and policy interventions for 

the integration of AI and digital-health skills in undergraduate 

and postgraduate dental educational frameworks, with proper 

ethical, legal, and professional considerations must be 

investigated in this context in Pakistan.
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