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Abstract

Aim: The increasing application of generative artificial intelligence (Al) large
language models (LLMs) in various fields, including dentistry, gives rise to
questions regarding the reliability of the information they produce. The
objective of this study was to analyze the accuracy and consistency of
responses provided by three artificial intelligence chatbots when answering
questions about antibiotic use in endodontics.

Methodology: A total of 24 questions (12 dichotomous, 12 open-ended)
were developed based on the American Dental Association (ADA) clinical
practice guideline on antibiotic use for the urgent management of pulpal- and
periapical-related dental pain and intraoral swelling. The questions were
presented to three Al chatbots: ChatGPT 3.5, Google Bard (Gemini), and
Microsoft Copilot. The questions were asked three times a day over the course
of 10 days. The responses obtained were categorized as correct, incorrect, or
insufficient according to the guidelines. The results were statistically analyzed
using the chi-square test.

Results: A total of 2,160 responses were collected from Al chatbot platforms.
The overall accuracy rate for responses regarding antibiotic use for dental
pain was 72.5%. A statistically significant difference was observed among the
accuracy rates of the platforms (p < 0.05), with ChatGPT achieving 82.4%,
Google Gemini 71.3%, and Microsoft Copilot 63.7%. No statistically significant
differences were found in the accuracy of responses across the morning, noon,
and evening sessions for any of the models (p > 0.05).

Conclusion: Although Al chatbots hold promise as supplementary knowledge
sources for patient guidance in dentistry, their current responses, particularly
in response to open-ended questions, lack the depth and reliability required
for antibiotic use. Continued efforts are necessary to optimize these tools to
ensure clinical relevance and patient safety in endodontic antibiotic therapy.
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Introduction

Artificial intelligence (Al) has emerged as one of the most
widely discussed and rapidly advancing technological
domains, focusing on the development of theories,
methods, algorithms, and applications to simulate and
enhance human intelligence (1). Among its most
transformative innovations are large language models
(LLMs), introduced in November 2022, which have
reshaped the knowledge retrieval and acquisition
processes (2).

A key advancement in LLMs’ development is the
InstructGPT framework, which refines pretrained models
through reinforcement learning based on human
feedback. This approach enables LLMs to adapt more
effectively to diverse natural language processing (NLP)
tasks, thereby enhancing their versatility and improving
performance through the systematic incorporation of
human input (3, 4). Unlike conventional search engines
that provide general information on a given topic from
multiple sources, Al-based chatbots deliver content
through conversational interaction, allowing users to
comprehend complex topics more easily (5).

Al-based chatbots, such as ChatGPT (Generative
Pretrained Transformer), Microsoft Copilot, and Google
Gemini, are advanced LLMs capable of producing human-
like responses via user-friendly interfaces. These tools,
trained on massive corpora of textual data, combine
advanced natural language processing (NLP) and
generative functions to enable interactive
communication (6). As of July 2025, ChatGPT ranked as
the fifth most-visited website worldwide (7), with more
than 180 million users and approximately 4.6 billion
views per month (8). Microsoft Copilot (developed by
Microsoft Corporation in 2023) and Google Gemini
(developed by Google LLC in 2023), introduced as
alternatives to ChatGPT (developed by OpenAl Inc., in
2022), also utilize deep learning algorithms to answer
user queries, engage in dialogue, and generate creative
content (2). These chatbots are continuously updated
using machine learning and NLP techniques to improve
their ability to understand user intent and generate
contextually appropriate responses (9).

In the healthcare context, Al chatbots have been
proposed as potential sources of online medical
information, helping patients better understand
treatment procedures, potential side effects, prognoses,
and anticipated outcomes (10). Limited accessibility to
healthcare providers and patients’ curiosity about similar
conditions often lead them to seek information from Al
chatbot platforms. Concurrently, the increasing
integration of Al tools into clinical workflows has
encouraged many clinicians to explore their use in
decision support, healthcare documentation, and patient
education (11-13). However, the growing reliance on Al-
generated health information raises concerns regarding
misinformation, reliability, and the lack of regulatory
oversight in these Al platforms, as they are relatively
recent and may lack sufficient training in specialized
medical domains (14). These concerns become even

more pronounced in clinical fields that require guideline-
based decision-making, such as endodontics.

In endodontics, this challenge is particularly critical
regarding antibiotic use, where inappropriate
recommendations may lead to adverse clinical outcomes
and contribute to the growing threat of antimicrobial
resistance (AMR). To address this issue, the American
Dental Association (ADA) most recently published an
evidence-based guideline on antibiotic use in
endodontics, emphasizing appropriate prescribing and
minimizing unnecessary antibiotic administration (15).
Against this background, evaluating the accuracy
(alignment with current guidelines) and consistency
(stability across sessions) of Al-generated
recommendations is crucial. Despite the importance of
this issue, no prior studies have comprehensively
assessed the accuracy and consistency of Al responses
regarding antibiotic use in endodontics, highlighting a
critical research gap that this study aims to address.

Accordingly, the present study was designed to
assess the performance of Al chatbots in providing
antibiotic-related guidance for endodontic treatment,
with an emphasis on their potential role in supporting
safe and evidence-based patient education. The null
hypotheses are as follows:

Ho1 (Clinical adequacy): Al-generated responses
regarding antibiotic use in endodontics do not achieve
the minimum accuracy of 90% required for safe clinical
decision-making and differ significantly from the ADA
guideline.

Ho2 (Comparative accuracy): There is no significant
difference in the accuracy of responses among different
Al chatbot platforms.

Hos (Temporal consistency): There is no significant
difference in Al-generated response accuracy across
different time sessions.

Materials and Methods

As this study involved only data generated by LLMs and
did not include human participants or animals, formal
ethical approval was not required for this study. Two
endodontists, each with at least 10 years of clinical
experience, developed a total of 24 questions, including
12 dichotomous and 12 open-ended questions (Table 1).
The dichotomous (yes/no) questions were posed with a
specific prompt format (yes or no answer) for LLMs to
answer with either yes or no. Example: ‘Is it safe to take
antibiotics during pregnancy for a dental infection? (yes
or no)’ The questions were primarily derived from the
‘American Dental Association clinical practice guideline
on antibiotic use for the urgent management of pulpal
and periapical-related dental pain and intraoral swelling’
(15), and subsequently refined to ensure clarity, clinical
relevance, and alignment with clinical endodontic
practice. Two experienced endodontists independently
generated and evaluated the questions. Any
discrepancies were discussed in a structured consensus
meeting until agreement was reached. Between May 10
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and May 20, 2025, questions were posed to three
different Al chatbot platforms: ChatGPT 3.5 (OpenAl,
May 2025 release; OpenAl, San Francisco, CA, USA)
(https://chatgpt.com/), Microsoft Copilot (April 2025

update; Microsoft, Redmond, WA, USA)
(https://copilot.microsoft.com), and Google Gemini 1.5
(Google, San Francisco, CA, USA)

(https://gemini.google.com), using their free versions.
The official web-based interfaces of each chatbot were
used to simulate real patient interactions. The
aforementioned questions (Table 1) were asked over 10
days without logging into individual accounts. The
questions were presented three times daily (10:00,
15:00, and 20:00), with each session initiated as a new
conversation to avoid memory effects and ensure
independent responses. The answer sheets were
organized according to the ADA guidelines.

Table 1. Categorization of questions.

All evaluations were performed by an experienced
endodontist (V.H.A). Prior to the assessment, internal
calibration was performed. Intra-examiner reliability
was confirmed by re-evaluating 24 responses after a two-
week interval, yielding a high level of agreement
(Cohen’s Kappa = 0.92). Second, all responses were
assessed according to the ADA guidelines (15). Responses
were categorized as “correct” if they fully aligned with
the guideline and provided accurate, complete
information; “incorrect” if they contained inaccuracies
or contradicted the guideline; and “insufficient” if they
were partially accurate, incomplete, or lacked sufficient
detail to be considered fully correct. For subsequent
statistical analysis, the responses were coded using an
Excel spreadsheet (Microsoft Inc., Redmond, WA, USA).
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Do | need antibiotics if | only have dental pain without swelling or fever? (yes or no)

Is it necessary to take antibiotics for a dental abscess? (yes or no)

My root-treated tooth is still painful; should | now take antibiotics? (yes or no)

Can a dental infection resolve without antibiotic treatment? (yes or no)

Are antibiotics always required when there is pus or swelling? (yes or no)

Is it safe to take antibiotics during pregnancy for a dental infection? (yes or no)

My gum appears swollen—do | need antibiotics for this? (yes or no)

Do antibiotics completely eradicate root canal infections? (yes or no)

9. If drainage was achieved through the tooth, is antibiotic therapy still necessary? (yes or no)
10. If symptoms subside after antibiotic use, is further treatment still required? (yes or no)

11. Is it harmful to start antibiotics without a dental diagnosis? (yes or no)

12. Should | complete the full antibiotic course even if my symptoms improve early? (yes or no)

13. Why was | not prescribed antibiotics for my root canal treatment?

14. Why am | only advised to take painkillers instead of antibiotics?

15. Another dentist gave me antibiotics before—why are they not indicated now?

16. If antibiotics eliminate infection, why is further dental treatment needed?

17. What are the risks of not taking antibiotics for a dental infection?

Open-ended
o

18. If pain persists despite antibiotic use, what should | do?
. What is antibiotic resistance and why is it a concern in dental care?
20. Which antibiotics are typically used for endodontic infections?

21. What alternatives exist if | am allergic to penicillin?

22. When should root canal treatment be scheduled after taking antibiotics?

23. Do antibiotics relieve dental pain or just treat the infection?

24. Why are antibiotics prescribed in some dental cases but not in others?

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows
(version 28.0, IBM Corp., Armonk, NY, USA). As the
variables were categorical, descriptive statistics were
expressed as frequencies (n) and percentages (%). Cross-
tabulation analyses were performed to compare the
overall performance of the Al models (Correct, Incorrect,
Insufficient) and their accuracy across different question
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types (dichotomous and open-ended). The Likelihood
Ratio Chi-Square test was used to evaluate statistical
significance among models, followed by pairwise
column-proportion z-tests with a Bonferroni correction
to identify specific group differences. The McNemar-
Bowker test was used to assess the within-model
consistency of categorical responses across different
time intervals. A significance level of p < 0.05 was
adopted for all analyses.
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Results

Given the probabilistic nature of the LLM outputs, a total
of 720 responses were obtained from each platform
across 24 questions posed over a 10-day period, three
times daily, vyielding an overall dataset of 2,160
responses across the three Al chatbots. The overall
accuracy rate of the responses was 72.5% (n = 1,565).
Illustrative examples of qualitative discrepancies
among Al chatbots when responding to the same clinical
question are provided in Figure 1. ChatGPT responded
“Yes”, whereas Gemini responded “No” to the same
question. As shown in Table 2, statistically significant
differences were found among the three models in all
response categories (p < 0.05). ChatGPT achieved the
highest proportion of correct responses (82.4%, n = 593),
while Copilot demonstrated the lowest (63.7%, n = 459).
ChatGPT also yielded the lowest rate of insufficient
responses (10.3%, n = 74). The distribution of correct
responses by days and platforms is presented in Fig. 2.

ChatGPT -

Figure 3 presents the distribution of correct
responses across different times of day for each Al
model; however, qualitative inconsistencies were
observed (Fig. 4). The McNemar-Bowker tests revealed
no statistically significant differences across the
morning, noon, and evening sessions for any of the
models (p > 0.05) (Tables 3, 4, and 5), suggesting that
despite qualitative variations in responses, overall
performance remained statistically consistent
throughout the day.

Analysis by question type revealed significant
differences among the models (likelihood ratio test, p <
0.001) (Table 6). For dichotomous questions, Gemini
demonstrated a lower correct rate (63.1%, n = 227) than
ChatGPT and Copilot, although ChatGPT exhibited a
substantially lower proportion of insufficient responses
(3.9%, n = 14). For open-ended questions, only Gemini
provided a minimal proportion of incorrect answers
(1.1%, n = 4). Notably, CoPilot produced more
insufficient responses (49.7%, n = 179) than the other
models for open-ended questions (Table 6).

Is it harmful to start antibiotics without a dental diagnosis? (yes/no)

Yes.

PO P QP O~ Claudeile kargilagtir ~

% Copilot

Is it harmful fo start antibiotics without a dental diagnosis?
(yes/no)

Yes, it can be harmful. Taking antibiotics without a proper dental diagnosis can lead to
ineffective treatment, antibiotic resistance, and potential side effects. If you're
experiencing dental pain or an infection, it's best to consult a dentist for an accurate
assessment and appropriate freatment.

H @ B O

77 Bu yaniti diizenle

Gemini

2.5Flash =

Is it harmful to start antibiotics without a dental diagnosis?
(yes/no)

4 No.

& & C =

Figure 1. Responses from ChatGPT, Copilot, and Gemini to the same clinical question illustrated

the variability across platforms.
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Table 2. Accuracy of the responses of the three Al chatbots.

Al Model Likelihood
ChatGPT Gemini CoPilot Ratio
% within Al % within Al % within Al
Incorrect 53a 7.4% 7e 9.9% 4b 0.6%
Accuracy Insufficient 742 10.3% 136P 18.9% 257¢ 35.7% <0.001
Correct 5932 82.4% 513b 71.3% 459c¢ 63.7%

Each subscript letter denotes a subset of Al model categories whose row proportions do not differ significantly from each other at the .05
level.

TotatComaEct RespoTnGs OV IIDEYD Total Correct Responses by Time of Day
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Figure 2. Total correct responses of ChatGPT, Gemini, and  Figure 3. Total correct responses among ChatGPT, Gemini, and
Copilot over 10 days. Copilot across different times of day.

Gemini
2.5Flash »

Is it harmful to start antibiotics without a dental diagnosis?
{yesino)

4 o
G C <
Gemini
2.5Flash =
Is it harmful to start antibiotics without a dental diagnosis?
(yes/no)
f Yes
b & C <

Figure 4. An example of inconsistent responses from Gemini to the same clinical question across
different sessions.
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Table 3. Comparison of response accuracy between morning and noon sessions.

Accuracy Frequencies

Al Model Noon _ McNemar-Bowker
Incorrect Insufficient Correct (p-value)

Incorrect 16 1 0

ChatGPT Morning Insufficient 2 18 5 0.485
Correct 2 4 192
Incorrect 1 0 0

CoPilot Morning Insufficient 0 69 13 0.465
Correct 0 17 140
Incorrect 21 2 0

Gemini Morning Insufficient 3 38 5 0.637
Correct 1 3 167

Table 4. Comparison of response accuracy between noon and evening sessions.

Frequencies
Evening McNemar Bowker
ARModE! Accuracy Incorrect Insufficient Correct (p-value)
Incorrect 15 1 4
ChatGPT Noon Insufficient 0 13 10 0.394
Correct 1 12 184
Incorrect 0 1 0
CoPilot Noon Insufficient 2 66 18 0.693
Correct 0 22 131
Incorrect 18 4 3
Gemini Noon Insufficient 2 29 12 0.845
Correct 3 14 155

Table 5. Comparison of response accuracy between morning and evening sessions.

Frequencies
Accuracy Even'in'g McNemar-Bowker
Incorrect Insufficient Correct (p-value)

Incorrect 13 2 2

ChatGPT Noon Insufficient 2 10 13 0.946
Correct 1 14 183
Incorrect 0 1 0

CoPilot Noon Insufficient 0 65 17 0.272
Correct 2 23 132
Incorrect 14 6 3

Gemini Noon Insufficient 5 28 13 0.972
Correct 4 13 154

International Dental Research



Int Dent Res 2026; 16(S1): e260681

Abat & Veznikli

Table 6. Accuracy distributions of Al models by question type.

Question Type Accuracy
n
Correct o
% within Al
n
Dichotomous Insufficient e
% within Al
n
Incorrect s
% within Al
n
Correct o
% within Al
. . n
Open Ended Insufficient o
% within Al
n
Incorrect rs
% within Al

Al Model Likelihood
ChatGPT CoPilot Gemini Ratio
2932 2782 227>
81.4% 77.2% 63.1%
142 78p 66P
<0.001
3.9% 21.7% 18.3%
53a 4p 672
14.7% 1.1% 18.6%
3002 181b 2862
83.3% 50.3% 79.4%
602 179b 702
<0.001
16.7% 49.7% 19.4%
02 02 42
0.0% 0.0% 1.1%

Each subscript letter denotes a subset of Al model categories whose row proportions do not differ significantly from each other at the .05 level.

Discussion

Al models have rapidly entered daily life and are
increasingly used in healthcare (16). While clinicians’
expertise is grounded in years of education and
experience, concerns persist regarding whether Al can
replicate professional judgment and contextual
understanding (13, 17). Nevertheless, patients
frequently consult Al chatbots for quick responses, easy
access, and reassurance, particularly in urgent dental
situations, or even to confirm a doctor’s advice or
prescriptions (2, 18).

In parallel with advances in Al, medicine continues
to evolve, with new therapies, drugs, and clinical
guidelines regularly emerging. Recent ADA guideline
emphasizes that systemic antibiotics should not be
prescribed for immunocompetent adults with
irreversible pulpitis, symptomatic apical periodontitis,
or localized acute apical abscess unless systemic
involvement is evident (15). Instead, the guideline
highlights the significance of definitive dental treatment
and appropriate pain management rather than relying
solely on pharmacological interventions. This
underscores the need for both clinicians and Al systems
to align with novel, evidence-based practice.

In the present study, 90 responses were collected
per question, yielding a total of 2,160 responses across
24 questions across the three LLMs. These questions were
asked over a period of ten days, three times a day. This
methodological approach not only enabled the
assessment of response accuracy but also allowed us to
mitigate the potential effects of temporal variations on
consistency, thereby strengthening the reliability of our
findings.

It is widely recognized that patient safety and
clinical effectiveness require decision-making processes
with an accuracy of at least 90% (19, 20). In the present
study, none of the evaluated Al models achieved this

International Dental Research

benchmark, thereby indicating a significant lack of
alignment with the ADA guideline and leading to the
rejection of Hos. Similar findings have also been reported
in the existing literature across different fields of
dentistry employing comparable methodologies, where
Al systems likewise failed to reach this accuracy
threshold (16, 21-23). This highlights a critical gap
between the current performance of LLMs and the level
of reliability expected in clinical decision support.
Consequently, further refinement and domain-specific
training of LLMs are essential to enhance their diagnostic
precision and ensure their safe integration into dental
practice.

Our findings showed that ChatGPT performed more
accurately (82.4%) than Gemini (71.3%) and Copilot
(63.7%), consistent with previous reports of ChatGPT’s
superiority (24-26). This finding demonstrates a
statistically significant difference among Al chatbot
platforms, leading to the rejection of Ho.. However,
some studies have found that Gemini performs better on
certain dental queries (23, 27). Such discrepancies may
be attributed to differences in model versions (e.g.,
ChatGPT-3.5 vs. 4.0), evaluation methods, or question
formats (dichotomous and open-ended).

The analysis of response accuracy across morning,
noon, and evening sessions revealed no statistically
significant differences for any of the Al models (p >
0.05). This suggests that the performance of the
evaluated chatbots remained stable throughout the day,
demonstrating consistent responses over time. One
possible explanation for this consistency is that the Al
models rely on pre-trained knowledge rather than
dynamic contextual factors, which may limit variability
in their answers. Additionally, the structured nature of
the questions and adherence to established guidelines
could have contributed to the stability observed. These
findings support Hos, indicating no significant variation in
Al-generated responses across different time sessions.
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Previous studies have typically employed similar
question formats that focused on specific dentistry
topics. However, only a limited range of question types,
such as true/false (21, 23, 28), open-ended (16, 29, 30),
and multiple-choice (31, 32) have been utilized. The
present study directly compared responses to
dichotomous and open-ended questions, thereby
providing a more comprehensive evaluation of model
performance and vyielding noteworthy findings that
highlighted the models’ differential performance
depending on question type. Dichotomous questions
demonstrated higher accuracy, whereas open-ended
questions revealed minor limitations, totally. This
suggests that dichotomous formats may inflate
performance by oversimplifying clinical reasoning, while
open-ended formats more effectively expose Al’s,
particularly Copilot's, current weaknesses in managing
complex, context-dependent decisions (21, 25, 33).

An important finding of this study concerns patient-
oriented questions designed to confirm the dentist’s
advice on antibiotic prescribing, such as “Why was | not
prescribed antibiotics for my root canal treatment?” or
“Why am | only advised to take painkillers instead of
antibiotics?” In these scenarios, ChatGPT consistently
provided guideline-based responses and emphasized
adherence to dentists’ judgment, whereas Gemini and
Copilot often delivered vague or misleading responses.
Alignment with professional advice is essential because
treatment decisions cannot be replaced by chatbot
recommendations. Therefore, to ensure patient safety,
Al chatbots designed for dentistry should be validated
not only for factual accuracy but also for their capacity
to reinforce adherence to professional prescriptions and
clinical recommendations.

On the other hand, while the LLMs’ explanations
may appear internally consistent, they contain
inaccuracies in terms of factual correctness, termed as
"hallucination.” This problem has been reported in
similar studies (22, 34). In the context of LLMs,
hallucination refers to responses that appear
linguistically coherent and internally consistent but
contain factually incorrect or fabricated information.
While such outputs may seem credible to patients, their
inaccuracies carry significant clinical risks (22, 35, 36).
In endodontics, hallucinated responses concerning
antibiotic prescriptions could mislead patients into
inappropriate self-medication, thereby increasing the
likelihood of harmful outcomes and contributing to
antimicrobial resistance. More critically, the misuse of
antibiotics based on hallucinated chatbot advice poses
irreversible risks to patient safety, underscoring the
necessity of rigorous validation and the continued
requirement that medical prescriptions remain under the
supervision of professionals.

Antibiotic resistance is a growing global health
concern, with dentistry accounting for approximately
10% of all antibiotic prescriptions (37). Studies have
indicated that up to 74% of dentists in certain regions
prescribe antibiotics unnecessarily for conditions such as
pulpitis or localized apical periodontitis (38). Such
inappropriate prescribing is a key driver of antimicrobial

resistance by directly contributing to the emergence of
resistant strains, including those implicated in apical
periodontitis (37, 39, 40). In this context, our findings
are of additional importance, as Al chatbots that provide
vague or misleading recommendations may inadvertently
reinforce inappropriate antibiotic use and thus
exacerbate antimicrobial resistance.

According to our findings, the McNemar-Bowker
tests suggested statistical consistency across time
intervals; however, qualitative inconsistencies were
observed, with the same platform occasionally producing
different responses to the same question. Such
variability, although statistically uniform, remains
clinically relevant as it may confuse patients and
contribute to inappropriate antibiotic use.

From an ethical perspective, the use of Al chatbots
to provide medication or antibiotic recommendations
presents several important challenges related to
responsibility, transparency, and patient safety (41).
When inaccurate or misleading advice is generated, it is
often uncertain who should ultimately be held
accountable: the clinician, the developer, or the
institution using the system. This uncertainty emphasizes
the need for clearer legal and ethical frameworks that
define professional liability and guide the responsible use
of Al in dentistry (42). Another critical concern is the
management of sensitive patient data. Since chatbots
can access or process personal health information, strict
attention must be paid to data privacy, security, and
patient-informed consent. To maintain  public
confidence, Al tools must operate under transparent
principles and comply with recognized ethical standards.
Above all, these technologies should serve as supportive
instruments that assist dentists in their clinical decision-
making, not as substitutes for professional judgment.
Preserving this distinction is essential to uphold patient
safety and the fundamental ethical principle of “do no
harm” in digital healthcare (43, 44).

Another important consideration is the necessity of
continuously updating Al systems in line with new
scientific evidence and clinical guidelines. In dentistry,
treatment protocols and antibiotic recommendations are
regularly revised as resistance patterns evolve, and new
evidence emerges (15). In the absence of periodic
retraining, Al models are susceptible to providing
outdated or inaccurate information, which has the
potential to compromise patient safety and professional
reliability (45, 46). Therefore, future Al implementations
in dentistry should incorporate dynamic updating
mechanisms that allow models to adapt to the most
recent evidence and practice standards. Establishing
such adaptive systems would help ensure that Al-based
recommendations remain consistent with ethical
principles and contemporary care standards.

Although the present study did not examine
patients’ digital literacy, this aspect may significantly
impact how Al-generated information is interpreted and
acted upon. Misunderstanding or over-trusting chatbot
advice could contribute to inappropriate antibiotic use,
particularly among individuals with a limited ability to
critically assess online health information. Enhancing
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patients’ digital literacy may  help prevent
misinformation-driven self-medication and promote
more rational antibiotic use. Future research should
explore this dimension in greater depth, as
understanding the relationship between digital literacy
and antibiotic awareness could provide valuable insights
into improving patient safety and supporting evidence-
based endodontic care.

Limitations

In line with previous studies (16, 21, 25), an international
guideline (ADA) was employed in both the preparation
and evaluation of questions to ensure scientific
accuracy. Designing these questions required prior
expertise in endodontic antibiotic use because they were
developed by specialist endodontists. This represents a
limitation since real patients who are the primary users
of Al chatbots do not possess such professional
knowledge when formulating queries.

A notable limitation of the present study is the
absence of prompt optimization. Prompts were
deliberately kept simple and standardized to simulate
routine user interactions; however, prior evidence (47)
suggests that strategically engineered prompts can
substantially improve Al performance. Consequently, the
lack of prompt refinement may have negatively
influenced the observed accuracy, particularly in open-
ended tasks. Future research should incorporate
structured and optimized prompt designs to more
accurately assess the capabilities of Al models.

Another limitation of this study is the exclusive use
of free web-based interfaces without access to premium
or APl-based versions. While this approach realistically
simulated the typical patient experience, it may have
constrained the range of responses and underestimated
the potential capabilities of these models under
optimized conditions. Furthermore, the chatbots
analyzed were general-purpose models not specifically
trained in dentistry, which may have led to biased
responses. The development of validated, domain-
specific Al models agreed upon by endodontists has the
potential to enhance accuracy and reliability, thereby
facilitating the safer integration of Al into clinical
decision-making processes.

Conclusion

Within the limitations of this study, none of the
evaluated Al chatbots demonstrated sufficient accuracy
in providing antibiotic-related recommendations for
endodontics, underscoring the importance of alignment
with up-to-date guidelines and specialist oversight.
Although ChatGPT consistently outperformed Gemini and
Copilot, the accuracy gap was clinically significant.
While dichotomous prompts yielded higher accuracy,
open-ended questions exposed critical weaknesses,
highlighting the current inability of the Copilot model to
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replicate complex clinical reasoning. Although intra-day
consistency was observed, occasional variations
persisted, indicating that fluctuations should be
carefully considered when evaluating reliability.

While Al chatbots may hold promise as
complementary tools by offering instant feedback and
improved information accessibility for patients, their
limitations underscore the potential risks to patient
safety when used without professional supervision. These
findings reaffirm that Al cannot replace expert clinical
decision-making. Future efforts should focus on
developing scientifically validated, clinically supervised,
endodontics-specific Al models to enhance reliability,
safeguard patient safety, and promote evidence-based
integration into dental practice.
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