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Abstract
Objectives: This study aimed to systematically review the current performance of large language models (LLMs) in dento-maxillofacial radiology 
(DMFR).
Methods: Five electronic databases were used to identify studies that developed, fine-tuned, or evaluated LLMs for DMFR-related tasks. Data 
extracted included study purpose, LLM type, images/text source, applied language, dataset characteristics, input and output, performance out
comes, evaluation methods, and reference standards. Customized assessment criteria adapted from the TRIPOD-LLM reporting guideline were 
used to evaluate the risk-of-bias in the included studies specifically regarding the clarity of dataset origin, the robustness of performance evalua
tion methods, and the validity of the reference standards.
Results: The initial search yielded 1621 titles, and 19 studies were included. These studies investigated the use of LLMs for tasks including the 
production and answering of DMFR-related qualification exams and educational questions (n¼8), diagnosis and treatment recommendations 
(n¼7), and radiology report generation and patient communication (n¼4). LLMs demonstrated varied performance in diagnosing dental condi
tions, with accuracy ranging from 37% to 92.5% and expert ratings for differential diagnosis and treatment planning between 3.6 and 4.7 on a 
5-point scale. For DMFR-related qualification exams and board-style questions, LLMs achieved correctness rates between 33.3% and 86.1%. 
Automated radiology report generation showed moderate performance with accuracy ranging from 70.4% to 81.3%.
Conclusions: LLMs demonstrate promising potential in DMFR, particularly for diagnostic, educational, and report generation tasks. However, 
their current accuracy, completeness, and consistency remain variable. Further development, validation, and standardization are needed before 
LLMs can be reliably integrated as supportive tools in clinical workflows and educational settings.
Keywords: generative artificial intelligence; large language models; chatbots; dento-maxillofacial radiology. 

Introduction
Large language models (LLMs) are types of generative artifi
cial intelligence (Gen-AI) models that are trained on large 
amounts of text data and can generate human-like text based 
on the input provided.1 These models can execute complex 
tasks such as answering questions and providing recommen
dations. AI chatbots are applications designed based on 
LLMs to comprehend user inputs, process information, and 
generate suitable responses. In recent years, publicly accessi
ble AI chatbots, such as ChatGPT, Bing, and DeepSeek, have 
been increasingly integrated into daily life. Additionally, spe
cific industries have developed task-oriented, in-house LLMs 
to enhance efficiency in areas such as customer service and 
other specialized fields.

The potential of LLMs and AI chatbots in healthcare has 
been increasingly investigated. The promising results of 
LLMs and AI chatbots in healthcare have advanced their de
velopment and application across various medical specialties, 
including radiology. A cloud-based intelligent system devel
oped based on LLMs has been introduced to assist patients in 
seeking medical care and registration.2 This system can pre
dict possible disease categories based on patients’ histories of 

presenting complaints and recommend the appropriate medi
cal subspecialty for patients when scheduling a doctor’s ap
pointment. Previous studies have reported that some AI 
chatbots performed similarly to clinicians in medical licensing 
examinations and specialized radiology assessments.3,4

Certain LLMs have been specifically designed to assist radiol
ogists in formulating reports.5,6

Previous studies indicate that a commercially available AI 
chatbot, ChatGPT, can effectively simplify radiology reports 
without compromising essential details about the case, which 
can help patients to comprehend their situations better.7

More recently, there has been a surge in the development of 
innovative vision-language models in radiology. These mod
els can integrate understanding from both image and text 
inputs to process and merge information from both modali
ties, performing tasks such as generating image captions, 
interpreting radiology reports, assisting in diagnostic proce
dures, and enhancing patient-doctor communication regard
ing radiological images and findings.8

Currently, studies have been conducted to develop new 
LLMs, substantially fine-tune existing LLMs, or evaluate the 
performance of existing AI chatbots for specific tasks in 
the field of radiology. However, the current performance of 
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LLMs, specifically for dento-maxillofacial radiology 
(DMFR)-related tasks, has not been systematically investi
gated. Therefore, this study aimed to systematically review 
the current performance of LLMs in tasks related to DMFR.

Methods
This systematic review was reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guideline.9 The study protocol was registered with 
the International Prospective Register of Systematic Reviews, 
PROSPERO (registration code: CRD42024617397).

Search strategy and selection process
A systematic search was conducted in June 2025 via 5 elec
tronic literature databases, including PubMed, Medline 
(Ovid), Embase (Ovid), Web of Science, and Scopus. The 
search strategy was constructed using 2 main concept groups, 
each consisting of relevant synonyms and related terms com
bined with the Boolean operator OR. Group 1 comprised AI, 
LLM, and chatbot-related terms (ie, “natural language proc
essing,” “NLP,” “language model,” “chatbot,” “ChatGPT,” 
“GPT,” “BARD,” “BERT,” and “BING”). Group 2 com
prised DMFR-related terms (ie, “dentomaxillofacial radiolo
gy,” “oral radiology,” “dental radiology,” “DMFR,” 
“OMFR,” “cone beam computed tomography,” “CBCT,” 
“panoramic radiography,” “OPG,” “periapical radio
graphy,” “cephalometric radiography,” and “dental X-ray”). 
The 2 groups were then combined using the Boolean operator 
AND to ensure that only articles containing at least 1 term 
from each group were retrieved. Vocabulary and syntax were 
adapted as appropriate for each database. The full search 
strategies for all databases are detailed in Table S1. Records 
were collated in EndNote Version 21 (Clarivate Analytics, 
Philadelphia, USA). The titles were automatically checked for 
duplicates. The electronic literature database search was con
ducted without restrictions on publication period.

The study selection process consisted of 2 stages. In the 
first stage, 2 postgraduate students in DMFR (Z.L. and J.H.) 
independently screened the titles and abstracts of all identi
fied records. Records were retained for full-text assessment if 
their titles and abstracts contained information likely relevant 
to both DMFR and LLMs, specifically studies involving the 
use of an AI, LLM, or chatbot tool to generate text output in 
response to DMFR-related text or image inputs. Records in
dicating that the articles were not published in English were 
excluded at this stage. When the relevance of a record could 
not be determined from the title and abstract, the record was 
retained for full-text evaluation. In the second stage, the full 
texts of the selected records were retrieved and assessed inde
pendently by the same reviewers to confirm final eligibility. 
Articles that could not be accessed in full-text were excluded. 
Review articles, editorials, correspondences, and letters to the 
editor relevant to both DMFR and LLM were screened solely 
for potentially eligible original studies in their reference lists, 
but these article types were not included in this systematic 
review. Only peer-reviewed original studies that met the 
following inclusion criteria were included:

1) Studies reporting the initial development, fine-tuning, 
or validation of a language model applied to texts or 
images in the field of DMFR; and 

2) Studies reporting evaluation metrics that indicate the 
correctness of the output generated by the lan
guage model. 

Any discrepancies between reviewers at either stage were 
resolved through discussion with a board-certified oral radi
ologist (A.N.) and a faculty member experienced in dental AI 
research (K.F.H.). Additionally, the reference lists of the in
cluded studies were manually examined to identify any fur
ther eligible studies.

Data extraction
Data extraction process was conducted by a postgraduate 
student in DMFR (Z.L.) and a board-certified oral radiologist 
(A.N.) using a standardized template created in an 
Excel spreadsheet (Microsoft Corporation, Redmond, 
Washington). Data items included author, year of publica
tion, the purpose and design of the study, type of LLM, 
source of the images or texts, language applied to the LLM, 
dataset, the input and output, model performance, evaluation 
methods, and reference standard. Any uncertainties during 
data extraction were resolved through discussion with the 
third reviewer (K.F.H.).

Quality analysis
The methodological quality of the included studies was 
assessed by 3 reviewers including a postgraduate dental stu
dent in DMFR (Z.L.), a board-certified oral radiologist (A. 
N.), and a faculty member experienced in dental AI research 
(K.F.H.). The customized assessment criteria (Table 1), 
adapted from the 2025 TRIPOD-LLM reporting guideline 
for studies using LLMs,10 were used to evaluate the methodo
logical quality of the included studies with a specific focus on 
the risk of bias in 3 major domains (dataset, model perfor
mance evaluation, and reference standard). These domains 
were selected to address 3 major questions that could affect 
the reliability of results in studies involving LLMs, which are 
(1) “Were the source and characteristics of the dataset used 
for developing, fine-tuning, or testing the LLM clearly 
described?”; (2) “Were the quality and accuracy of the 
LLM’s generative outputs, clearly assessed using reliable 
methods to identify any false or misleading responses?”; and 
(3) “Was the ground truth/reference standard used to evalu
ate the accuracy of the LLM’s outputs sufficiently valid and 
reliable? (eg, established by multiple assessors with specified 
qualifications).” Studies were rated on a 3-point scale as low, 
high, or unclear, reflecting potential bias concerns in each 
domain. Studies that reported all required items in a given 
domain were assigned a “low” risk-of-bias rating for that do
main. If any required items were missing, the rating was clas
sified as “high.” For studies that reported all required items 
but provided insufficiently clear descriptions, the risk of bias 
in that domain was categorized as “unclear.”

Results
A total of 1621 records were identified through the search. 
After removing 620 duplicates, 1001 records remained for 
title and abstract screening. Subsequently, 57 articles were se
lected for full-text review. Forty articles were excluded due to 
full text not universally available (n¼ 1), article types other 
than original studies (n¼17), AI models developed using 
dental radiographic images that did not generate text output 
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(n¼13), and use of LLMs not related to DMFR tasks (n¼9). 
Additionally, 2 eligible studies were identified through refer
ence checking. Therefore, a total of 19 original studies were 
included in this systematic review. The PRISMA flowchart 
illustrates the study selection process in Figure 1.

The 19 included studies were published between 2023 and 
2025 (Table 2). These studies investigated the use of LLMs 
for tasks including the production and answering of DMFR- 
related qualification exams and educational questions 
(n¼8),11-18 LLM-assisted diagnosis and treatment recom
mendations (n¼7),19-25 and radiology report generation and 
patient communication (n¼ 4).26-29 Regarding input modali
ties, 9 studies used text-only input (eg, clinical scenarios, 
multiple-choice questions [MCQs], short asked questions), 5 
studies used image-only input (eg, panoramic or periapical 
radiographs), and 5 studies incorporated both text and im
age input.

In terms of data sources, 8 studies used data from hospital 
or university archives, 5 used official guidelines, board 
examinations, or question banks, and the remaining studies 
created datasets by expert annotation or from open-access re
positories. Model outputs included multiple-choice answers, 
diagnostic impressions, explanations, structured radiology 
reports, and patient education responses. The input and/or 
output language used in the studies included English, 
Chinese, German, Korean, Japanese, Turkish, and Sinhala. 
Table 3 exhibits the performance and evaluation methods of 
LLMs in the included studies. The performance of LLMs var
ied widely in diagnosing dental diseases and conditions, with 
accuracy ranging from 37% to 92.5%. Subjective expert rat
ings for differential diagnosis and treatment planning were 
between 3.6 and 4.7 on a 5-point scale. For DMFR-related 
qualification exams and board-style questions, LLMs’ accu
racy ranged from 33.3% to 86.1%. For automated radiology 
report generation, reported accuracy ranged from 70.4% to 
81.3%. Subjective expert scoring of report and answer qual
ity ranged from 2.4 to 4.3 out of 5 or 6.1 to 7.5 out of 10. 
Regarding the evaluation approaches, 9 studies used subjec
tive evaluation methods (such as Likert scales, rankings, or 
free-text assessment), 6 studies used objective evaluation 

methods (such as yes or no answer, 1 correct answer for 
MCQs), and the remaining combined both methods. 

The evaluation of the risk of bias in the included studies 
was conducted across 3 domains, including dataset, perfor
mance evaluation, and reference standard, using a custom
ized assessment criterion that was adapted from the 
TRIPOD-LLM reporting guideline.10 Regarding concerns re
lated to the dataset, 7 studies were rated as “high” risk of 
bias mainly due to insufficient detail about the origin, selec
tion, or time period of the images or textual data used. For 
performance evaluation, 3 studies were rated as “high” or 
“unclear” due to use of a single human assessor, inadequate 
descriptions of the number and qualifications of assessors, or 
lack of clarity in the evaluation process. Regarding the refer
ence standard, 6 studies were rated as “high” or “unclear” 
risk of bias as the qualification of the examiners or the pro
cess for establishing the reference standard was not ade
quately specified or only a single assessor was used. The risk 
of bias assessment for all included studies is presented in 
Table S2.

Discussion
This study aimed to systematically review the current perfor
mance of LLMs in the DMFR field. Since 2023, a growing 
number of studies have investigated the performance of 
widely available LLMs for various DMFR-related tasks. The 
included studies investigated the use of LLMs for tasks in
cluding the production and answering of DMFR-related 
qualification exams and educational questions, diagnosis and 
treatment recommendations, and radiology report generation 
and patient communication.

DMFR-related qualification exams and 
educational questions
There is increasing interest in investigating the performance 
of LLMs in qualification exams.13,15 Several studies have 
evaluated LLMs’ abilities to answer examination questions 
across various dental disciplines and languages. Jeong et al13

compared ChatGPT Plus, Bard, and Bing Chat to dental stu
dents in a Korean dental school setting. The results revealed 

Table 1. Customized assessment criteria, adapted from the 2025 TRIPOD-LLM reporting guideline, used to evaluate the methodological quality of the 
included studies with a specific focus on the risk of bias in 3 major domains: dataset, model performance evaluation, and reference standard.

Risk of bias

Dataset Performance evaluation Reference standard

For datasets containing only text, the follow
ing information should be provided: 
� The source and language of the texts 
� Information indicating when the text 

was created 
� A detailed description of how the texts 

were obtained 

For datasets containing only images, the fol
lowing information should be provided: 
� The source of the images 
� A detailed description of how the images 

were selected 

For datasets containing both text and images, 
all of the above information should 
be provided. 

� Specify how the LLM’s performance was 
compared to other LLMs, human observ
ers, or established standards. 

If outcome assessment involves subjective in
terpretation, the following requirements 

should be met: 
� The qualifications of the assessors should 

be reported. 
� Provide a detailed description of how the 

quality and accuracy of generative outputs 
were assessed. 

If the reference standard (ground truth) was 
determined based on subjective interpreta

tion, the following requirements should 
be met:

� Multiple assessors including at least 1 radi
ologist should be involved. 
� The qualifications of the assessors should 

be reported. 

Abbreviation: LLM ¼ large language model.
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an overall correctness rate of 81.2% for dental students com
pared to a 65.4% rate for ChatGPT Plus. ChatGPT Plus out
performed students in basic knowledge questions (93.8% vs 
78.7%), but students excelled in radiographic image interpre
tation (78.5% vs 33.3%). Morishita et al15 found that GPT- 
4V achieved an overall correctness rate of 35% on the 
Japanese national dental examination with its highest perfor
mance in compulsory questions (57.1%) and 50% in dental 
radiology. In the Turkish dental specialty entrance examina
tion, it was observed that GPT-3.5 and Bard performed better 
in DMFR questions (52.8%) than in prosthodontics (35.7- 

38.9%).18 Mohammad-Rahimi et al14 compared 6 AI chat
bots on challenging questions in oral pathology, oral medi
cine, and oral radiology and found that GPT-4 achieved the 
highest average score (4.07/5) though its performance in radi
ology (3.62) was lower than in other domains. These findings 
suggest that question complexity from dental school exams, 
licensing exams, to specialty training, can significantly affect 
LLM performance. Notably, AI chatbots seem to face more 
challenges in DMFR-related and image-based questions com
pared to fundamental dental knowledge. Russe et al16

reported that while GPT-3.5-Turbo and GPT-4 performed 

Figure 1. Flowchart of the study selection process.
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well on MCQs regarding CBCT recommendations (correct
ness rates of 92.5% and 100%), their accuracy in providing 
explanatory textual descriptions was relatively lower (57.5% 
and 87.5%). In addition to answering exam questions, recent 
studies have explored the ability of LLMs to generate high- 
quality board-style exam questions. Hak-Sun and Gyu-Tae11

reported that GPT-4o could create DMFR board-style ques
tions comparable in quality to those written by radiologists. 
However, it is noteworthy that 3 out of 44 questions created 
by ChatGPT were based on hallucinations. This highlights 
the necessity of expert review to ensure the accuracy and reli
ability of AI-generated educational materials.

LLM-assisted diagnosis of dental diseases 
and conditions
Detection of pathologies and identification of anatomical 
landmarks have also been investigated as potential applica
tions for LLMs in DMFR.30 Uranbey et al25 reported that 
GPT-3.5 achieved favourable accuracy in generating differen
tial diagnoses (mean 3.85/5) and treatment plans (4.13/5) 
based on patients’ clinical signs, symptoms, and radiographic 
findings. These results exhibit GPT-3.5’s promising capability 
in deducing potential diagnoses and formulating reasonable 
treatment strategies. Similarly, Hu et al21 evaluated the per
formance of GPT-3.5 in generating diagnostic impressions 
from patient chief complaints and CBCT radiological find
ings. Their results showed that while GPT-3.5 could generate 
comprehensive and well-structured diagnostic text outputs, 
its performance varied depending on disease type and diag
nostic complexity, and occasionally produced hallucinated or 
imprecise statements. Some studies investigated LLMs’ abili
ties to analyse radiographic images using structured prompts. 
Silva et al24 found that GPT-3.5 achieved correctness rates 
ranging from 0.73 to 0.93 when describing various radio
graphic features, including origin, location, periphery, inter
nal structure, and behaviour of the pathologies, on 
panoramic radiographs. However, GPT-3.5 faced challenges 
in recognizing the exact shape of pathologies, accurately lo
cating teeth and anatomical features, and evaluating the ef
fect of pathologies on adjacent structures. Other studies 
explored the use of LLMs for detecting specific radiographic 
features. Aşar et al20 reported that a customized GPT-4V 
achieved a diagnostic accuracy of 91% in identifying super
numerary teeth on periapical radiographs. In contrast, 
Salmanpour and Akpınar23 found that GPT-4.0 achieved a 
lower diagnostic accuracy of 37% when detecting impacted 
canines and root resorption on panoramic radiographs. 
Kahalian et al22 evaluated GPT-4.0’s ability to recognize ana
tomical and pathological structures on periapical, panoramic, 
and CBCT images, with and without additional clues regard
ing location, internal structure, peripheral structure, and ad
jacent structures. Their results showed that GPT-4.0 tended 
to misdiagnose closely located anatomical structures, but its 
performance improved with the inclusion of supplementary 
information, though its capacity to distinguish among a di
verse range of differential diagnoses remained limited.

AI-assisted radiology report generation and patient 
communication
The use of LLMs and multimodal AI systems for automated 
radiology report generation has been explored with great in
terest. Recently, an increasing number of studies have 
focused on developing multimodal LLMs to automate the 

generation of CT and MRI radiology reports or produce 
radiologic impressions that are both professionally and lin
guistically suitable across a wide range of radiology examina
tions.31-33 Mago and Sharma28 evaluated the performance of 
GPT-3 in describing anatomical landmarks and radiographic 
features of pathologies in the oral and maxillofacial region. 
Their findings demonstrated that GPT-3 achieved high accu
racy in identifying radiographic anatomical landmarks but its 
responses regarding pathological features tended to lack 
in-depth detail. Notably, GPT-3 provided more accurate and 
detailed answers when questions were specifically and com
prehensively phrased. Gao et al27 developed a multi-level ob
jective alignment transformer model to generate reports for 
panoramic radiographs that provided detailed descriptions of 
dental diseases and conditions at the tooth level. While this 
model achieved a promising overall accuracy of 0.7, its ability 
to detect and describe jaw pathologies remains unknown. 
Stephan et al29 evaluated GPT-4’s ability to generate reports 
for panoramic radiographs based on diagnostic checkbox 
lists completed by dental students. Their results showed that 
GPT-4-generated reports exhibited a high degree of textual 
similarity to reference reports but contained significantly 
fewer findings than student-written reports. GPT-4’s reports 
were concise and free from spelling, grammar, or punctuation 
errors whereas student reports were more detailed but con
tained such errors. Importantly, no hallucinations were found 
in GPT-4’s reports as the reports were generated solely from 
information provided in the checkbox list. Dasanayaka et 
al26 developed a multimodal AI system combining computer 
vision and LLMs for automated generation of radiology 
reports for panoramic radiographs and answering patient 
queries in English and Sinhala. Their system achieved an 
overall diagnostic accuracy of 81.3% for the generated 
reports with a quality score of 7.5/10, and a question- 
answering accuracy of 74.1% with a quality score of 6.1. 
These studies suggest that LLMs and multimodal AI systems 
have the potential to automate the generation of clinically rel
evant and detailed radiology reports from dental radio
graphic images. Such AI tools might help to reduce clinician 
workload, standardize reporting, and improve diagnostic effi
ciency particularly in public hospital settings and resource- 
limited regions.

Prospects and challenges of LLMs in DMFR
The integration of the image recognition capabilities in LLMs 
represents a significant advancement in AI applications for 
radiology. This innovation has expanded the role of AI chat
bots from solely text-based interactions to include the inter
pretation of diagnostic images and the generation of 
radiology reports. Recent studies have demonstrated that 
LLMs are increasingly capable of supporting a range of 
DMFR tasks, including answering and producing board-style 
examination questions,11,15,18 assisting with diagnosis and 
clinical decision-making,20,21,25 generating structured radiol
ogy reports,26-29 and patient communication.26 However, the 
performance of LLMs in DMFR remains inconsistent, partic
ularly when applied to complex diagnostic tasks and 
image-based questions. In some cases, LLMs may generate 
hallucinated pathological descriptions, and thus, it is neces
sary for clinicians and researchers to carefully review AI- 
generated outputs.11,21 Additionally, it is important to note 
that the ground truth in some studies used for comparison 
with LLM outputs was established by human assessors of 
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unspecified qualifications.19,26,27,29 Ideally, high-quality im
age-text datasets should be created with ground truth estab
lished by multiple assessors, including at least 1 radiologist, 
to ensure validity and reliability. The development of stan
dardized, multidisciplinary databases that integrate radiologi
cal, clinical, and patient-reported information is crucial for 
enhancing both the training and validation of LLMs and mul
timodal AI systems. Some other issues regarding data privacy 
and security require careful consideration.10 The use of pa
tient medical images and sensitive clinical information 
requires strict adherence to ethical standards and data protec
tion regulations. Researchers and clinicians must thoroughly 
review the terms of service, data handling practices, and 
privacy safeguards of any LLM platform before utilizing it in 
research or clinical practice to ensure compliance with ethical 
and legal requirements. Despite these challenges, LLMs have 
great potential as valuable tools to assist clinicians with pa
thology localization, lesion feature assessment, treatment 
strategy formulation, rapid documentation of findings, and 
improved patient communication.

This systematic review has several limitations. First, there 
is currently no widely accepted or validated quality assess
ment tool specifically designed for evaluating studies on 
LLMs in radiology. In this review, the customized risk- 
of-bias assessment criteria adapted from the TRIPOD-LLM 
reporting guideline were used, focusing on the clarity of data
set origin, the robustness of performance evaluation methods, 
and the validity of the reference standards.10 While these 
domains were selected to address major reliability concerns, 
the effectiveness of the customized criteria in identifying 
potential risk of bias in LLM studies within DMFR remains 
uncertain. Second, quantitative synthesis or meta-analysis 
was not performed due to considerable heterogeneity in the 
objectives, methodologies, and outcome measures of the 
included studies. Despite these limitations, this systematic re
view provided a comprehensive overview of the current per
formance of LLMs in DMFR, highlighting the need for 
standardized methodologies, validated quality assessment 
tools, and robust reference standards in future studies. Future 
studies should also investigate the cost-effectiveness of imple
menting LLMs in diagnostic workflows, patient manage
ment, educational tasks as well as their capabilities in 
formulating recommendations to assist both patients and 
clinicians with DMFR-related tasks.

Conclusion
Based on the current evidence, the following conclusions 
could be drawn:

� Recently developed LLMs have shown promising poten
tial in supporting a range of DMFR tasks, including the 
production and answering of DMFR-related qualification 
exams and educational questions, diagnosis and treatment 
recommendations, and radiology report generation and 
patient communication. 

� Despite encouraging results, publicly accessible AI chat
bots currently demonstrate lower and more varied accu
racy in DMFR-specific tasks, especially in complex 
diagnostic and image-based cases. 

� The overall consistency, completeness, and clarity of 
LLM-generated outputs are not yet sufficient for 

unsupervised clinical application. Expert review remains 
necessary, particularly given the risk of halluci
nated responses. 
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