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Abstract
Aim  To evaluate the accuracy and consistency of responses generated by artificial intelligence (AI) chatbots in 
pediatric dentistry, specifically concerning fluoride usage.

Study design  Descriptive cross-sectional study.

Methods  Four AI chatbots (ChatGPT, Gemini, Claude, Copilot) and four groups of dental professionals (pediatric 
dentists, general dentists, pediatric dentistry PhD students, and fifth-year dental students) answered 23 true–false 
questions based on IAPD, AAPD and EAPD guidelines. Each chatbot was tested 28 times per question in separate 
sessions. Accuracy was analyzed across four categories: Individual Topical Fluoride Applications, Professional Topical 
Fluoride Applications, Systemic Fluoride Applications, and Fluorosis. All groups were statistically compared with each 
other to evaluate differences in response accuracy across AI chatbots and human participant categories.

Results  Significant differences were observed in the accuracy of chatbot responses across fluoride application 
categories (p < 0.05). Claude achieved perfect accuracy in Systemic Fluoride Applications (100%), while the other AI 
models performed lower—with ChatGPT scoring the lowest (94.3%)—and Gemini showed the highest accuracy 
in Fluorosis-related questions (76.8%). Among professionals, pediatric dentists (82.3%) consistently had the highest 
accuracy.

Statistics  Chi-square and Fisher’s Exact tests were used to assess differences in response accuracy between groups. A 
p-value < 0.05 was considered statistically significant.

Conclusions  Claude and Gemini demonstrated greater reliability in fluoride-related questions than ChatGPT and 
Copilot. However, expert oversight remains crucial in pediatric dental care.

Keywords  Accuracy, Artificial intelligence, Chatbots, Fluoride, Pediatric dentistry

http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-026-08502-4&domain=pdf&date_stamp=2026-5-6
https://doi.org/10.1186/s12903-026-08502-4
http://orcid.org/0009-0002-2940-3762
http://orcid.org/0000-0003-2577-7513
http://orcid.org/0000-0003-3679-4001
mailto:dr.dt.dilaradinc@gmail.com
mailto:ddinc@biruni.edu.tr
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 2 of 10Dinc et al. BMC Oral Health         (2026) 26:1200 

​​Introduction
Fluoride has been used in dentistry for over a century 
and is now considered the key factor behind the sig-
nificant global reduction in dental caries [1]. It helps 
prevent dental caries in three key ways: -by reinforcing 
enamel through the formation of fluorapatite, -by aiding 
in enamel remineralization, and -by influencing bacte-
rial metabolism to decrease acid production from cario-
genic bacteria [2]. Systemic fluoride, professional topical 
fluoride applications, and home-use products are well-
established components of community caries prevention 
programs [3]. While fluoride offers significant benefits, 
excessive exposure can harm both dental and overall 
health, leaving patients uncertain about safe usage levels. 
Concerns also arise from its inclusion in food, hygiene 
products, and water sources [4]. Misinformation about 
fluoride is prevalent on social media, often distorting 
its benefits. Likewise, the avoidance of fluoride in dental 
practices seems to be a consequence of misleading infor-
mation spread online [5].

Artificial intelligence (AI) is based on computers car-
rying out human tasks and is actively used in many fields 
today, including healthcare services [6]. With advance-
ments in AI, analysis of large amounts of data has 
become possible, which speeds up the decision-making 
process by providing accurate information [7]. A fre-
quent use of AI is chatbots, which utilize text or speech 
to mimic human-like interactions [8]. AI in dentistry has 
the potential to be used to reduce administration, sim-
plify diagnostics, combine various data types, and even-
tually lower healthcare costs [6]. In pediatric dentistry, AI 
can be used for detecting early childhood caries, analyz-
ing radiographic images, identifying dental anomalies, 
detecting dental plaque, tracing cephalometric land-
marks, and assessing growth patterns. These applications 
improve diagnostic efficiency while reducing errors and 
treatment time [7].

Companies such as OpenAI, Google, Anthropic, and 
Microsoft have developed advanced chatbots that can 
provide human-like responses. OpenAI’s ChatGPT 
delivers accurate and pertinent responses using a large 
database [9, 10]. Google’s Gemini can comprehend mul-
timodal input and adapt to different kinds of data such as 
text, audio, and video [10]. Anthropic’s Claude that gen-
erates responses that mimic those of a human and assists 
with problem-solving [8]. Microsoft’s Copilot, originally 
known as Bing Chat, is an AI tool that combines lan-
guage models with organizational tools systems to offer 
recommendations and guidance [9].

Recent studies have shown that Claude and Gemini 
consistently perform at a high level in clinical and educa-
tional assessments [11, 12]. In addition, evaluations based 
on national dental examinations demonstrated that Gem-
ini Advanced, Claude, and Copilot achieved accuracy 

rates comparable to passing scores, reflecting their grow-
ing potential in dentistry-related applications [13, 14]. 
Furthermore, Gemini Advanced, Claude, and ChatGPT-4 
Omni were reported to achieve high diagnostic accuracy 
in pediatric traumatic dental injuries, highlighting their 
emerging applicability in clinical pediatric oral health 
[15]. These findings underline the rapid improvement of 
chatbot capabilities and justify the growing interest in 
evaluating their reliability within pediatric dentistry.

Although parents increasingly rely on these chatbots 
for health information, the accuracy, consistency, and 
clinical reliability of AI-generated advice regarding fluo-
ride use in children remain unknown. The rapid rise of 
AI-assisted information-seeking behavior has created 
a critical need to evaluate how accurately these systems 
address fluoride-related questions—particularly because 
fluoride is both widely used and widely misunderstood.

The reliability of chatbots that parents can use to obtain 
information about fluoride applications in children is 
unknown. There is no research evaluating the responses 
of different chatbots to questions about fluoride. The aim 
of the study is to evaluate the accuracy and consistency 
of responses from AI chatbots in answering questions 
related to fluoride usage in pediatric dentistry. In addi-
tion, AI chatbots were compared to pediatric dentists, 
general dentists, PhD tudents in the departments of pedi-
atric dentistry, and dental students in answering ques-
tions related to fluoride usage in pediatric dentistry.

The null hypothesis of the study is that there is no sta-
tistically significant difference in the accuracy and con-
sistency of fluoride-related responses provided by AI 
chatbots and human dental professionals.

Material and method
Study design and participants
The present descriptive cross-sectional study was con-
ducted between December 2024 to February 2025. The 
study population was categorized into two main groups.

The first group comprised artificial intelligence–based 
conversational agents, including ChatGPT 4.0 Mini 
(OpenAI, USA), Gemini 1.5 (Google DeepMind, UK), 
Claude 3.7 Sonnet (Anthropic, USA), and Microsoft 365 
Copilot (Microsoft, USA).

The second group consisted of human respondents, 
namely pediatric dentists, general dentists, pediatric den-
tistry PhD students, and fifth-year dental students. This 
study included pediatric dentists with at least two years 
of experience in their specialty, general dentists with at 
least two years of clinical experience, and third-year PhD 
students in pediatric dentistry, as well as fifth-year dental 
students.

The age range of participants was between 20 and 60 
years. Only actively practicing dentists and currently 
enrolled dental students were included in the study. 
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Dentists and specialists who were not currently engaged 
in clinical practice or who had been away from the pro-
fession were excluded.

Participants were recruited through the mailing lists 
of the Turkish Society of Pediatric Dentistry, the Turkish 
Dental Association, and the Turkish Dental Association 
Student Branch. The ethics committee approval form and 
the informed consent form were attached to all emails, 
and participants took part in the study on a voluntary 
basis.

Sample size
The sample size was determined using the G*Power 
3.1.9.2 software (Universitat Kiel, Germany). With a 
study power of 80% and an alpha error probability of 
0.05 with an effect size of 0.25, the minimum sample size 
needed was 112. In the present study, 120 participants 
were included.

Questionnaire
The questionnaire was based on the guidelines of the 
International Association of Pediatric Dentistry (IAPD) 
[16], American Association of Pediatric Dentistry 
(AAPD) [2], and European Association of Pediatric Den-
tistry (EAPD) [17] which encompass the widely accepted 
approaches for fluoride. A total of 23 questions were 
prepared for the questionnaire and the questions were 
divided into four subheadings: -individual topical fluo-
ride applications (n = 8), -professional topical fluoride 

applications (n = 8), -systemic fluoride applications (n = 
5), -fluorosis (n = 3). The questionnaire was sent to par-
ticipants as online Google Forms document, and answers 
were evaluated according to the guidelines as true or 
false.

All question statements were presented to each chatbot 
in an identical format during every repetition. Each query 
was initiated as a new conversation session, and the 
prompts were submitted at different time intervals using 
three independent user accounts to minimize sequential 
influence and inter-response dependency. All chatbot 
evaluations were performed using standard default set-
tings, with browsing or web-search capabilities disabled. 
Since the items were formatted as true–false questions, 
responses allowed clear correctness categorization based 
on a predefined guideline-based answer key. If a chatbot 
failed to provide a definitive correct or incorrect state-
ment, the answer was coded as incorrect. This standard-
ized protocol was implemented to ensure reliability, 
minimize bias, and enhance the reproducibility of the 
study. To reduce dependency among repeated chatbot 
outputs, each question was asked in a new conversation 
session and submitted at different time intervals using 
three independent user accounts. This methodologi-
cal approach was implemented to minimize sequential 
response patterns and reduce the risk of model-driven 
dependence among responses. Figures  1, 2, and 3 pro-
vide representative examples of the chatbot-generated 
responses included in the analysis.

Fig. 1  ChatGPT answer to Question 2
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face validity were assessed by three pediatric dentistry 
experts, who reviewed each item for accuracy and clar-
ity. The questionnaire was pilot-tested on 10 dentists to 
evaluate comprehensibility and usability, after which 
minor wording modifications were made. Because the 

 
 
In order to ensure the validity and reliability of the 

questionnaire, its content was developed based on cur-
rent pediatric dentistry clinical guidelines. Content and 

Fig. 3  ChatGPT answer to Question 8

 

Fig. 2  ChatGPT another answer to Question 2
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questionnaire consisted of independent true/false knowl-
edge items, internal consistency statistics were not appli-
cable; therefore, reliability was assured through expert 
review and pilot testing. Two researchers verified data 
entry accuracy; however, questionnaire scoring was 
objective and based on predefined answer keys, so no 
inter-rater reliability calculation was required.

Statistical analysis
Statistical significance was determined using a threshold 
of p < 0.05 for all analyses. The analyses were performed 
using IBM SPSS version 27 (IBM Corp., USA). For test-
ing the relationship between categorical variables, the 
Pearson Chi-Square test was used when the sample size 
assumption (expected value > 5) was met, and Fisher’s 
Exact test was applied when this assumption was not 
met.

Results
The distribution of responses across AI types for each 
topic is presented in Table 1. Statistically significant dif-
ferences were identified among AI systems regarding 
“Individual Topical Fluoride Applications,” “Professional 
Topical Fluoride Applications,” “Systemic Fluoride Appli-
cations,” “Fluorosis,” and total success levels (p < 0.001). 
Overall, Claude and Gemini consistently demonstrated 
the highest accuracy across most fluoride-related 

categories, whereas Copilot and ChatGPT exhibited 
comparatively lower performance. Notably, Claude 
achieved perfect accuracy in Systemic Fluoride Applica-
tions, while Gemini excelled in Fluorosis-related ques-
tions. In contrast, ChatGPT showed a marked decline in 
Fluorosis accuracy. Claude also yielded the highest over-
all correct response rate, followed closely by Gemini.

Table 2 shows the performance of dental professionals 
across the same topics. A total of 200 individuals were 
randomly invited to participate in the study via profes-
sional email groups. A total of 28 participants from each 
group were included in the study, resulting in an over-
all response rate of 14.0%. Significant differences were 
observed between the professional groups in all fluoride 
categories (p < 0.05). Pediatric dentists demonstrated the 
highest accuracy in each domain, followed by PhD stu-
dents in pediatric dentistry. General dentists and dental 
students consistently showed lower performance, par-
ticularly in the Fluorosis category, where general dentists 
exhibited the lowest accuracy.

Table  3 presents the combined distribution of cor-
rect responses by both AI types and human professional 
groups. Statistically significant associations were found 
between response accuracy and both AI systems and 
dental professional categories across all topics (p < 0.05). 
Claude and Gemini showed the strongest performance 
overall, closely paralleling the accuracy levels of pediatric 

Table 1  Distribution of responses given according to AI types for topics and the relationships between them
Topic Incorrect Correct

AI type n % %C n % %C Test Statistics p
Individual topical fluoride applications ChatGPT 73a 32,6 23,6 151a 67,4 25,7 33,922 < 0,001*

Gemini 76a 33,9 24,6 148a 66,1 25,2

Claude 51a 22,8 16,5 173b 77,2 29,5

Copilot 109a 48,7 35,3 115b 51,3 19,6

Professional topical fluoride applications ChatGPT 27a 12,1 36,0 197b 87,9 24,0 17,855 < 0,001*

Gemini 10a 4,5 13,3 214b 95,5 26,1

Claude 10a 4,5 13,3 214b 95,5 26,1

Copilot 28a 12,5 37,3 196b 87,5 23,9

Systemic fluoride applications ChatGPT 8a 5,7 53,3 132b 94,3 24,2 9,087** < 0,001*

Gemini 4a 2,9 26,7 136a 97,1 25,0

Claude 0a 0,0 0,0 140b 100,0 25,7

Copilot 3a 2,1 20,0 137a 97,9 25,1

Fluorosis ChatGPT 54a 96,4 43,9 2b 3,6 2,0 62,802 < 0,001*

Gemini 13a 23,2 10,6 43b 76,8 42,6

Claude 28a 50,0 22,8 28a 50,0 27,7

Copilot 28a 50,0 22,8 28a 50,0 27,7

Total ChatGPT 162a 25,2 31,0 482b 74,8 23,5 46,869 < 0,001*

Gemini 103a 16,0 19,7 541b 84,0 26,3

Claude 89a 13,8 17,0 555b 86,2 27,0

Copilot 168a 26,1 32,2 476b 73,9 23,2
Different superscripts small letters indicate significance *p < 0.05,

%: Row percentage, C%: Column percentage for responses

Different letters indicate statistically significant differences between column percentages within the same row, based on adjusted p-values (Bonferroni method) 
following the Chi-square or Fisher’s exact test
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dentists and PhD students in pediatric dentistry. In con-
trast, general dentists and certain AI systems—particu-
larly ChatGPT in Fluorosis-related items—demonstrated 
notably lower accuracy.

Overall, Claude and Gemini were the best-performing 
AI tools, while pediatric dentists were the most success-
ful human group. General dentists and some AI types, 
including ChatGPT and Copilot, displayed significantly 
lower accuracy across the evaluated fluoride topics.

Discussion
Dental fluoride research has been ongoing for over a cen-
tury, providing substantial evidence of its effectiveness 
in preventing dental caries and improving oral health 
[18]. In recent years, the global debate on fluoride has 
been divided into two groups: those who support topi-
cal fluoride applications—citing scientific evidence of 
their effectiveness in preventing tooth decay when used 
appropriately in children—and the anti-fluoride lobby 
[4]. Based on scientific evidence, topical fluoride appli-
cations, combined with community-based fluoride ini-
tiatives, are widely recognized as the gold standard for 
preventing dental caries, provided that appropriate atten-
tion is given to the risks of acute and chronic toxicity 
[19]. This study is one of the most detailed in dentistry to 
assess the accuracy of various chatbots compared to cli-
nicians in answering fluoride-related questions.

Chatbots, powered by vast datasets drawn from diverse 
textual sources such as books, articles, and web content, 
leverage advanced deep learning techniques—including 
neural networks—to understand and generate responses 
[20]. While some studies affirm the effectiveness of chat-
bot systems and the relevance of their responses [21], 
others point out their limitations and caution against 
potential shortcomings, emphasizing the importance of 
critical evaluation [22, 23]. Additionally, the literature 
includes research examining the reliability and con-
sistency of chatbots in clinical settings, including both 
medical and dental fields [8]. Strong et al. [24] empha-
sized that although ChatGPT performed satisfactorily on 
approximately half of the questions derived from clinical 
reasoning exam cases, its consistency was limited and its 
accuracy varied with each individual query. According 
to Hirosawa et al. [25], in clinical cases involving com-
mon chief complaints, ChatGPT-3.5 demonstrated a high 
level of diagnostic accuracy in generating differential 
diagnoses.

Similar to this study, some studies involved both chat-
bots and clinicians, presenting identical questions to both 
groups in order to compare the consistency and accuracy 
of human and chatbot responses [4, 21]. A recent study 
reported that the ChatGPT 3.5 chatbot provided answers 
to questions in the field of pediatric dentistry that were 
similar to those given by specialists, suggesting that it can 

Table 2  Distribution of responses given according to dental professional groups for topics and the relationships between them
Topic Incorrect Correct

Dental Professional Groups n % %C n % %C Test Statistics p
Individual Topical Fluoride Applications Pediatric dentists 52a 21,7 16,0 188b 78,3 29,7 50,385 < 0,001*

PhD students in pediatric dentistry 58a 25,0 17,8 174b 75,0 27,4

General dentists 115a 47,9 35,3 125b 52,1 19,7

5th grade dentistry students 101a 40,7 31,0 147b 59,3 23,2

Professional Topical Fluoride Applications Pediatric dentists 32a 13,3 16,3 208b 86,7 27,2 19,827 < 0,001*

PhD students in pediatric dentistry 37a 15,9 18,9 195a 84,1 25,5

General dentists 64a 26,7 32,7 176b 73,3 23,0

5th grade dentistry students 63a 25,4 32,1 185b 74,6 24,2

Systemic Fluoride Applications Pediatric dentists 26a 17,3 16,6 124b 82,7 28,0 14,319 0,003*

PhD students in pediatric dentistry 34a 23,4 21,7 111a 76,6 25,1

General dentists 54a 36,0 34,4 96b 64,0 21,7

5th grade dentistry students 43a 27,7 27,4 112a 72,3 25,3

Fluorosis Pediatric dentists 12a 20,0 12,6 48b 80,0 33,1 20,083 < 0,001*

PhD students in pediatric dentistry 19a 32,8 20,0 39a 67,2 26,9

General dentists 34a 56,7 35,8 26b 43,3 17,9

5th grade dentistry students 30a 48,4 31,6 32a 51,6 22,1

Total Pediatric dentists 122a 17,7 15,8 568b 82,3 28,6 96,386 < 0,001*

PhD students in pediatric dentistry 148a 22,2 19,1 519b 77,8 26,1

General dentists 267a 38,7 34,5 423b 61,3 21,3

5th grade dentistry students 237a 33,2 30,6 476b 66,8 24,0
Different superscripts small letters indicate significance

*p < 0.05, %: Row percentage, C%: Column percentage for responses

Different letters indicate statistically significant differences between column percentages within the same row, based on adjusted p-values (Bonferroni method) 
following the Chi-square or Fisher’s exact test
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assist both dentists and patients, although improvements 
are still needed [21] while the another study showed that 
ChatGPT was found to be sufficient and comprehensive 
in fluoride releated questions [4]. In this study, although 
the percentage of correct answers given by ChatGPT was 
lower compared to the other chatbots included, its accu-
racy rate was still higher than its incorrect answer rate 

and was considered sufficient. The results of the current 
study are consistent with the findings of previous stud-
ies [4, 21]. On the other hand, Rokhshad et al. [8] posed 
pediatric dentistry-related questions to AI-powered chat-
bots and dentists with varying education levels, finding 
that pediatric dentists were significantly more accurate 
than both other clinicians and chatbots similar to our 

Table 3  Distribution of responses by AI types and dental professional groups across topics and the relationships between them
Topic Incorrect Correct

AI types and Dental Professional 
Groups

n % %C n % %C Test Statistics p

Individual 
Topical Fluoride 
Applications

ChatGPT 73a 32,6 11,5 151a 67,4 12,4 84,312 < 0,001*

Gemini 76a 33,9 12,0 148a 66,1 12,1

Claude 51a 22,8 8,0 173b 77,2 14,2

Copilot 109a 48,7 17,2 115b 51,3 9,4

Pediatric dentists 52a 21,7 8,2 188b 78,3 15,4

PhD students in pediatric dentistry 58a 25,0 9,1 174b 75,0 14,3

General dentists 115a 47,9 18,1 125b 52,1 10,2

5th grade dentistry students 101a 40,7 15,9 147b 59,3 12,0

Professional 
Topical Fluoride 
Applications

ChatGPT 27a 12,1 10,0 197a 87,9 12,4 90,751 < 0,001*

Gemini 10a 4,5 3,7 214b 95,5 13,5

Claude 10a 4,5 3,7 214b 95,5 13,5

Copilot 28a 12,5 10,3 196a 87,5 12,4

Pediatric dentists 32a 13,3 11,8 208a 86,7 13,1

PhD students in pediatric dentistry 37a 15,9 13,7 195a 84,1 12,3

General dentists 64a 26,7 23,6 176b 73,3 11,1

5th grade dentistry students 63a 25,4 23,2 185b 74,6 11,7

Systemic Fluoride 
Applications

ChatGPT 8a 5,7 4,7 132b 94,3 13,4 150,292 < 0,001*

Gemini 4a 2,9 2,3 136b 97,1 13,8

Claude 0a 0,0 0,0 140b 100,0 14,2

Copilot 3a 2,1 1,7 137b 97,9 13,9

Pediatric dentists 26a 17,3 15,1 124a 82,7 12,6

PhD students in pediatric dentistry 34a 23,4 19,8 111b 76,6 11,2

General dentists 54a 36,0 31,4 96b 64,0 9,7

5th grade dentistry students 43a 27,7 25,0 112b 72,3 11,3

Fluorosis ChatGPT 54a 96,4 24,8 2b 3,6 0,8 92,633 < 0,001*

Gemini 13a 23,2 6,0 43b 76,8 17,5

Claude 28a 50,0 12,8 28a 50,0 11,4

Copilot 28a 50,0 12,8 28a 50,0 11,4

Pediatric dentists 12a 20,0 5,5 48b 80,0 19,5

PhD students in pediatric dentistry 19a 32,8 8,7 39b 67,2 15,9

General dentists 34a 56,7 15,6 26a 43,3 10,6

5th grade dentistry students 30a 48,4 13,8 32a 51,6 13,0

Total ChatGPT 162a 25,2 12,5 482a 74,8 11,9 190,804 < 0,001*

Gemini 103a 16,0 7,9 541b 84,0 13,4

Claude 89a 13,8 6,9 555b 86,2 13,7

Copilot 168a 26,1 13,0 476a 73,9 11,8

Pediatric dentists 122a 17,7 9,4 568b 82,3 14,1

PhD students in pediatric dentistry 148a 22,2 11,4 519a 77,8 12,8

General dentists 267a 38,7 20,6 423b 61,3 10,5

5th grade dentistry students 237a 33,2 18,3 476b 66,8 11,8
Different superscripts small letters indicate significance

*p < 0.05, %: Row percentage, C%: Column percentage for responses

Different letters indicate statistically significant differences between column percentages within the same row, based on adjusted p-values (Bonferroni method) 
following the Chi-square or Fisher’s exact test
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study, and that ChatGPT demonstrated the highest accu-
racy among the chatbots. In the present study, ChatGPT 
demonstrated lower accuracy compared to Claude, Gem-
ini, and pediatric dentists, with Claude consistently out-
performing all other chatbots and general dentists and 
fifth-year students across most question categories. In a 
previous study, pediatric dentistry-related questions were 
presented to general dentists, dental students, and AI-
supported chatbots, with the chatbots exhibiting lower 
performance compared to both the dentists and the stu-
dents [26]. Furthermore, Mohammad-Rahimi et al. [11] 
have revealed considerable discrepancies in accuracy 
among different chatbots, as also demonstrated by our 
findings [11]. These variations in chatbot performance 
are believed to be influenced by differences in study 
design, regional and cultural differences, and the time 
periods in which the studies were conducted. Further-
more, real-world fluoride delivery is shaped by clinical 
workflow barriers and caregiver-related factors, which 
may influence how pediatric dentists interpret and apply 
guideline-based decisions in practice [27].

Sismanoglu and Capan [14] evaluated the academic 
performance of ChatGPT-4.0 and Gemini using ques-
tions from the Turkish Dental Specialty Examination 
(DUS), reporting that both achieved passing scores while 
also identifying knowledge gaps and stressing the need 
for caution before fully relying on chatbot outputs [13]. 
Furthermore, as contrasting study by Jung et al. [28] in 
Korea found that none of the chatbots evaluated met the 
minimum passing score required by the Pediatric Den-
tistry National Examination. In the present study, it was 
found that Gemini and Claude chatbots exhibited the 
highest levels of accuracy in answering questions related 
to fluoride, even surpassing the accuracy rates of general 
dentists and dental students in Turkey, who are expected 
to take similar examinations. A comparison of the results 
from these studies reveals that although both empha-
size the ability of chatbots to deliver accurate responses 
within a specialized field, discrepancies in accuracy lev-
els are evident, with certain chatbots exhibiting superior 
performance based on factors such as the type of exam 
and the geographical context. The superior performance 
of Claude and Gemini in this study may be attributed to 
differences in their underlying model architecture, train-
ing data composition, and reinforcement mechanisms.

Additionally, National and regional variations in 
pediatric fluoride guidelines may have contributed to 
performance differences between chatbots and den-
tal professionals. While our answer key was based on 
international recommendations (AAPD, EAPD, ADA), 
local protocols regarding toothpaste concentrations and 
supplement use can differ, meaning that some responses 
marked incorrect in this study may still be appropriate 
within local practices [2, 3, 29].

The rapidly evolving nature of AI systems must also be 
considered when interpreting these findings. Most of the 
studies cited in the literature are recent, reflecting the 
accelerated development of large language models [6–8]. 
Because generative AI models undergo frequent updates, 
improvements in training data, architecture, and align-
ment strategies may significantly influence their perfor-
mance over time. Consequently, the differences observed 
between chatbot models in this study may partly reflect 
their developmental stage at the time of data collection 
rather than intrinsic long-term performance character-
istics. Similar observations in recent health-related AI 
evaluations also emphasize that temporal factors and 
update cycles can directly impact accuracy and reliability, 
underscoring the need for continuous re-assessment of 
AI tools in clinical contexts [9, 10].

This study has several limitations. First, all questions 
were presented in English, which may have advantaged 
AI models predominantly trained on English data, lim-
iting the applicability of results to non-English contexts. 
Second, the focus on fluoride-related content restricts 
the generalizability of the findings to other areas of den-
tal or medical knowledge. Third, as AI models are con-
tinuously updated, the results reflect performance at a 
specific point in time and may vary with future versions. 
Additionally, the clinical implications of these findings 
should be interpreted within this context; although some 
AI systems demonstrated higher accuracy, the variability 
observed across models indicates that chatbots cannot 
yet replace professional guidance in pediatric dentistry. 
Their inconsistent performance highlights the risk of 
misinformation for parents relying solely on AI-gener-
ated advice. Finally, the use of a binary (correct/incor-
rect) evaluation system may have overlooked partially 
accurate or contextually appropriate responses, particu-
larly in complex clinical scenarios.

Conclusion
This study revealed substantial variability in the accu-
racy of AI chatbots when addressing fluoride-related 
questions in pediatric dentistry. Claude and Gemini 
demonstrated the highest reliability, whereas ChatGPT 
and Copilot showed notable limitations, particularly in 
fluorosis-related responses. Although some AI systems 
may serve as supportive educational tools, they can-
not replace the clinical judgment of dental profession-
als. Continued monitoring of chatbot performance and 
improvements in model training are essential for ensur-
ing safe and accurate use. Future research should explore 
their effectiveness across broader dental topics and mul-
tilingual contexts.
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Limitations
This study is limited to fluoride-related content in pedi-
atric dentistry, which may reduce generalizability to 
broader clinical areas. Although measures were taken 
to minimize dependency among chatbot responses, 
repeated outputs cannot be considered fully indepen-
dent. Moreover, because AI systems and clinical guide-
lines evolve rapidly, the reported chatbot performance 
reflects a specific point in time. Finally, humans answered 
each item once while chatbots provided multiple out-
puts, and therefore comparisons between the two groups 
should be interpreted with caution.
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