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Supplementary Table 1. STARD-AI checklist.
	Section and Topic
	No.
	STARD-AI Item

	Title or abstract

	
	1
	Identification as a study reporting AI-centred diagnostic accuracy and reporting at least one measure of accuracy within title or abstract

	
	
	Title explicitly names “GPT-5” and “Gemini-2.5” and states that the study is a comparative radiographic evaluation in regenerative endodontic treatment; Abstract reports diagnostic performance metrics (accuracy, sensitivity, specificity, F1, κ, etc.).

	Abstract

	
	2
	Structured summary of study design, methods, results and conclusions (for specific guidance, please see STARD for Abstracts)

	
	
	Abstract organized with Aim, Methodology, Results, Conclusions, summarising retrospective single-centre design, index tests (GPT-5, Gemini-2.5), reference standard (two paediatric dentists), main endpoints (FDI, RET, apex status, lesion presence, root type) and key findings.

	Introduction

	
	3
	Scientific and clinical background, including the intended use of the index test, whether it is novel or an established index test, and its integration into an existing or new workflow, if applicable

	
	
	Introduction describes LLMs and multimodal models (ChatGPT, Gemini, Copilot) in medicine/dentistry; explains RET in immature permanent teeth, importance of periapical radiographic follow-up and challenges of observer-dependent interpretation; positions GPT-5 and Gemini-2.5 as potential decision-support tools within existing radiographic review workflows rather than autonomous diagnostic systems.

	
	4
	Study objectives and hypotheses

	
	
	Stated objective is to compare the diagnostic accuracy, consistency and agreement of GPT-5 and Gemini-2.5 with expert clinicians in interpreting pre- and post-RET periapical radiographs (FDI, RET presence, apex status, lesion presence, root development type).

	Methods

	Study design
	5
	Whether data collection was planned before the index test and reference standard were performed (prospective study) or after (retrospective study)

	
	
	Single-centre retrospective diagnostic accuracy study based on archived periapical radiographs (Jan 2020–Jan 2024); reference standard created before any LLM runs.

	Ethics
	6
	Formal approval from an ethics committee. If not required, justify why

	
	
	Approved by Selcuk University Faculty of Dentistry Non-Invasive Clinical Research Ethics Committee (Decision No: 2025/38); use of anonymised archival periapical radiographs without individual consent explicitly approved.

	Participants
	7
	Eligibility criteria: listing separate inclusion and exclusion criteria in the order that they are applied at both participant level and data level

	
	
	Inclusion: Cases with RET on at least one maxillary anterior tooth; RET-related follow-up radiograph ≥1 year; crown and apex of the RET tooth clearly visible on both initial and final images; radiographs judged diagnostically acceptable by two specialists.
Exclusion: Motion or exposure errors; technical artefacts; low resolution; overlapping anatomy or restorative materials obscuring the RET tooth.

	
	8
	On what basis potentially eligible participants were identified (such as symptoms, results from previous tests, inclusion in registry)

	
	
	Cases identified retrospectively from the institutional PACS by querying maxillary anterior periapical radiographs from Jan 2020–Jan 2024; then screened for RET procedures and image quality.

	
	9
	Where and when potentially eligible participants were identified (setting, location, and dates)

	
	
	Selcuk University Faculty of Dentistry (Konya, Turkey); radiographs obtained between January 2020 and January 2024.

	
	10
	Whether participants formed a consecutive, random, or convenience series

	
	
	Retrospective convenience series of RET cases meeting inclusion criteria (not a strictly consecutive series of all clinic patients).

	Dataset
	11
	Source of the data and whether it has been routinely collected, specifically collected for the purpose of the study or acquired from an open-source repository

	
	
	Periapical radiographs obtained from routine clinical PACS archive; not open source; originally acquired for clinical care, then repurposed for research.

	
	12
	Who undertook the annotations for the dataset (including experience levels and background) and how (within the same clinical context or in a post-hoc fashion), if applicable

	
	
	Two independent paediatric dentists with ≥8 years of clinical experience in RET reviewed anonymised radiographs on a calibrated monitor, recording tooth-level FDI, RET presence, apex status, periapical lesion presence, and root development type for each fully visible tooth; inter-rater consistency high (ICC = 0.964; 95% CI 0.951–0.974).

	
	13
	Devices (manufacturer, model) that were used to capture data; software (with version number) used to engineer the index test, highlighting the intended use

	
	
	Imaging: single intraoral X-ray unit (Siray Plus; Zhuhai Siger, China) with standardised paediatric protocol (e.g., 60 kVp, 4 mA, 20 ms); PSP system (Soredex scanner, size-2 plates 31 × 41 mm).
Index tests: GPT-5 via ChatGPT commercial web interface; Gemini 2.5 via Google Gemini web interface; both accessed in Oct 2025 with default platform parameters (temperature, top-p, etc. not user-configurable).

	
	14
	Data acquisition protocols (e.g., contrast protocol or reconstruction method for medical images) and details of data pre- processing in sufficient detail to allow replication

	
	
	Images exported from PACS as JPEG (470 × 620 px, 150 dpi, default brightness/contrast); no additional filtering/windowing. For standardisation, initial and final periapical images per case were aligned and combined on a Canva canvas (1080 × 1350 px; 4:5 aspect ratio), with orientation referenced to the median palatal suture (Protractor plugin) to ensure approximate vertical/horizontal alignment; no further image enhancement applied. All radiographs reviewed on the same calibrated monitor under consistent ambient lighting.

	Test methods
	15a
	Index test, in sufficient detail to allow replication

	
	
	Index tests were GPT-5 and Gemini 2.5 multimodal LLMs, each run in separate chat sessions with memory disabled. For each case, a single initial and a single follow-up periapical radiograph, plus a fixed standard prompt, were uploaded; models returned structured outputs in a predefined template listing visible teeth and, for each tooth, FDI, RET, apex status, lesion status and root development type (if RET present on final film).

	
	15b
	How the index test was developed, including any training, validation, testing and external evaluation, detailing sample sizes, when applicable

	
	
	Both models were evaluated as off-the-shelf commercial systems; no task-specific fine-tuning or additional training was performed. The study explicitly focused on “accessible AI” performance using only a standardised prompt and the vendor-default models.

	
	15c
	Definition of and rationale for test positivity cut-offs or result categories of the index test, distinguishing pre-specified from exploratory

	
	
	Pre-specified tooth-level categories: FDI 11/12/21/22; RET presence/absence; apex status (open/closed); periapical lesion presence/absence; root development type I–VI (Jiang Liu classification) only when RET present on final film. These discrete categories were chosen to reflect clinically used radiographic criteria in RET follow-up.

	
	15d
	The specified end user of the index test and the level of expertise required of users

	
	
	Intended as clinician-supervised decision-support and second-reader tools for dentists/endodontists in RET follow-up; explicitly not proposed for autonomous diagnosis or unsupervised patient-facing use.

	
	16a
	Reference standard, in sufficient detail to allow replication

	
	
	Reference standard based on independent, blinded assessments by two paediatric dentists who assigned FDI numbers and scored RET presence/absence, apex status, periapical lesions, and root development type (I–VI) for each fully visible tooth. Final labels based on consensus or predefined rules; inter-rater ICC = 0.964 (95% CI 0.951–0.974).

	
	16b
	Rationale for choosing the reference standard (if alternatives exist)

	
	
	Expert radiographic interpretation by experienced paediatric dentists is the accepted clinical standard for assessing RET outcomes and periapical status on periapical radiographs; no superior independent gold standard was available in this retrospective design.

	
	16c
	Definition of and rationale for test positivity cut-offs or result categories of the reference standard, distinguishing pre-specified from exploratory

	
	
	RET presence based on characteristic MTA radiopacity and absence of continuous apical 2/3 filling.
Apex status: open vs. closed based on apical foramen morphology.
Periapical lesion: radiolucency consistent with apical pathology.
Root development type: Types I–VI per Jiang Liu https://doi.org/10.1111/ipd.12853.

	
	17a
	Whether clinical information and reference standard results were available to the performers or readers of the index test

	
	
	LLMs received only images and the prompt; no clinical metadata or reference labels were provided.

	
	17b
	Whether clinical information and index test results were available to the assessors of the reference standard

	
	
	Reference assessors worked on anonymised radiographs without clinical information and before any LLM outputs were generated.

	Analysis
	18
	Methods for estimating or comparing measures of diagnostic accuracy

	
	
	Per-endpoint confusion matrices were constructed; macro-averaged precision, sensitivity/recall, specificity, F1, accuracy and Youden’s J were computed for GPT-5 and Gemini-2.5. Agreement with the reference standard assessed with Fleiss’ κ (nominal), Krippendorff’s α (ordinal), Cohen’s κ and quadratic-weighted κ (pairwise). 95% CIs reported for agreement coefficients; prevalence/bias-adjusted coefficients (PABAK, Brennan–Prediger κ) added where |Pₒ – κ| > 0.25.

	
	19
	How indeterminate index test or reference standard results were handled

	
	
	Fixed output template minimised ambiguity; only fully visible teeth explicitly listed by the model were analysed. There were no indeterminate reference standard labels. Any model outputs not conforming to the required structure were normalised before scoring.

	
	20
	How missing data on the index test and reference standard were handled

	
	
	After applying inclusion/exclusion criteria, 282 fully visible teeth were retained; no missing reference labels or index test scores for these teeth.

	
	21
	Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory

	
	
	Variability analysed primarily by endpoint (FDI, RET, apex, lesion, root type) and by model (GPT-5 vs. Gemini-2.5). No additional subgroup analyses (e.g., by follow-up time) were pre-specified or performed.

	
	22
	Intended sample size and how it was determined

	
	
	Sample size for teeth was calculated using Buderer’s method for diagnostic accuracy (Z = 1.96, target sensitivity 0.80, specificity 0.90, prevalence 0.25, margin ±0.10), yielding N = 246; inflated by 10% to N = 270 for potential losses. Final dataset comprised 282 teeth and exceeded the planned minimum.

	
	23
	Details of any performance error analysis, and algorithmic bias and fairness assessments if undertaken

	
	
	No formal algorithmic fairness analysis performed; potential bias sources (single centre, class imbalance, immature teeth predominance) are discussed as limitations. Model behaviour (e.g., bias toward “no lesion”) is qualitatively interpreted in Discussion.

	Results

	Participants and dataset
	24
	Flow of participants, using a diagram

	
	
	Flow from 2100 screened maxillary periapical radiographs to 51 eligible RET cases and 102 radiographs/282 teeth described in text; a flow diagram is cited (Fig. 1).

	
	25
	Baseline demographic, clinical and technical characteristics of training, validation and test set, if applicable

	
	
	Technical acquisition parameters detailed; distribution of RET, apex status, lesion presence and root development types among 282 teeth reported (RET 21%, open apex 74%, lesion 10%; root types I–VI among RET teeth). No patient-level demographics are presented, consistent with fully anonymised retrospective design.

	
	26a
	Distribution of severity of disease in those with the target condition

	
	
	For RET teeth, root development types I–VI are reported with percentages; prevalence of lesions and apex status in the RET subgroup can be inferred from Results tables.

	
	26b
	Distribution of alternative diagnoses in those without the target condition

	
	
	Not directly applicable; non-RET teeth in the same radiographs are structurally normal or restored, but no alternative pathology taxonomy is reported.

	
	27
	Time interval and any clinical interventions between index test and reference standard

	
	
	Reference standard was established from archival images before any LLM runs; no clinical interventions occurred between reference assessment and index test, as all data are retrospective.

	
	28
	Whether the datasets represent the distribution of the target condition that one would expect from the intended use population

	
	
	Dataset limited to maxillary anterior RET cases from a single centre, with high prevalence of open apices and low prevalence of lesions and advanced root types; acknowledged as not fully representative of all RET cases or general endodontic populations.

	
	29
	For external evaluation on an independent dataset, an assessment of how this differs from the training, validation and test sets

	
	
	No external validation set used; all radiographs obtained from the same institution and acquisition protocol. Generalisability is discussed as limited; future multi-centre external validation is recommended.

	Test results
	30
	Cross tabulation of the index test results (or their distribution) by the results of the reference standard

	
	
	Confusion matrices and per-class performance metrics are provided for FDI, RET, apex status, lesion presence and root types (Table 1, Table 2, Fig. 7).

	
	31
	Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals)

	
	
	Point estimates for precision, sensitivity, specificity, F1, accuracy and Youden’s J are provided. Agreement measures (Fleiss’ κ, Cohen’s κ, Krippendorff’s α, PABAK/Brennan–Prediger κ) are reported with 95% confidence intervals.

	
	32
	Any adverse events from performing the index test or the reference standard

	
	
	Not applicable (retrospective radiograph review; no additional imaging or interventions performed).

	Discussion

	
	33
	Study limitations, including sources of potential bias, statistical uncertainty, and generalizability

	
	
	Discussion explicitly notes single-centre design; limited number of RET cases; pronounced class imbalance (low prevalence of lesions and advanced root types); restriction to maxillary anterior region; no fine-tuning of LLMs; evaluation of only two commercial models at fixed timepoints. These are linked to wide CIs, limited discriminative ability in some endpoints, and restricted external validity.

	
	34
	Implications for practice, including the intended use and clinical role of the index test

	
	
	LLMs are framed as potential assistive tools/second readers for simple binary endpoints (FDI, RET presence) under human supervision; not suitable as stand-alone diagnostic tools for apex status, lesion presence or root development type. Future task-specific, fine-tuned models on larger datasets are recommended before clinical integration.

	
	35
	Ethical considerations and adherence to ethical standards associated with the use of the index test and issues of fairness

	
	
	Ethics approval and anonymisation procedures described; no patient-level identifiers used. Potential biases due to dataset composition and single-centre sampling discussed; no automated deployment, all interactions handled by a clinician-researcher.

	Other information

	
	36
	Registration number and name of registry

	
	
	Retrospective, non-interventional diagnostic evaluation; trial registration not required and not performed.

	
	37
	Where the full study protocol can be accessed

	
	
	Full protocol not publicly deposited; all essential methodological details are included in the manuscript. Protocol can be made available by the corresponding author on reasonable request and subject to institutional/ethical approvals.

	
	38
	Sources of funding and other support; role of funders

	
	
	No specific funding was received for this work.

	
	39
	Commercial interests, if applicable

	
	
	Authors have no financial or commercial relationship with OpenAI, Google or related entities; index tests run via standard commercial web interfaces.

	
	40a
	Availability of datasets and code; detailing any restrictions on their reuse and repurposing

	
	
	De-identified tooth-level reference labels and analysis scripts can be shared by the corresponding author on reasonable request, subject to ethics and institutional data-use agreements. Raw radiographs are part of a clinical archive and cannot be openly shared; a limited de-identified subset may be provided for verification under the same conditions. No bespoke model-training code was created, as models were accessed through commercial interfaces.

	
	40b
	Whether outputs are stored, auditable and available for evaluation, if necessary

	
	
	Scoring sheets, derived datasets and tables/figures are archived with timestamps and can be audited. Representative screenshots of LLM outputs (e.g., Case 17, Figs. 3,4,5,6) are stored; the full chat logs for all sessions are not systematically archived. Prompts and scoring rules are included in the Methods to support reproducibility.
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