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1. Related Works

Medical Large Vision-Language Models.  Medical
MLLMs have shown great potential to serve as valuable
assistants for clinicians, researchers, and trainees by pro-
viding an interactive natural language interface for analyz-
ing medical images across diverse modalities. Recent ef-
forts [7, 17,22, 25] aim to develop medical general-purpose
MLLMs that are capable of simultaneously analyzing and
responding to images and instructions from multiple med-
ical disciplines. Meanwhile, more researchers are dedi-
cated to building discipline-specialized medical MLLMs,
such as dermatology [64], ophthalmology [24], chest [19],
pathology [26], and pediatrics [54]. These specialized
models demonstrate superior imaging diagnostic perfor-
mance within their respective fields compared to those med-
ical general-purpose MLLMs. However, dentistry-specific
MLLMs remain largely underexplored. OralGPT [15],
trained on a large-scale instruction dataset, represents the
first vision-language model specialized for panoramic X-
ray analysis. Jia Z. et al. [60] finetuned the Qwen2.5-VL
model using less than 2k intraoral images to achieve diag-
nosis of four types of oral mucosal diseases. DentVLM [34]
supports basic oral disease diagnosis on three imaging
modalities—panoramic, lateral, and intraoral images—but
lacks the capability to provide detailed explanations. In
contrast, our OralGPT-Omni offers comprehensive analy-
sis across seven dental imaging-based modalities as well as
text-only interactions. It also generates explicit chain-of-
thoughts, significantly enhancing the model’s transparency
and trustworthiness.

Medical Chain-of-Thought Reasoning. Existing medical

MLLMs have made significant progress through supervised
fine-tuning (SFT) on specific instruction datasets. However,
these models [17, 22, 25, 34, 60] primarily generate final
answers without revealing the underlying reasoning pro-
cesses, due to the bias towards memorizing task-specific
shortcuts rather than learning generalizable reasoning in
the SFT stage. Prior studies, including MedVLM-R1 [39],
Med-R1 [20], and MED-RLVR [61], have attempted to en-
hance the reasoning abilities of medical MLLMs via rein-
forcement learning. Nevertheless, the quality of the gen-
erated reasoning chains heavily relies on the base policy
model. To address this limitation, GMAI-VL-R1 [42] de-
signs a reasoning data synthesis approach that employs
GPT-4o for step-by-step reasoning generation through re-
jection sampling. However, it still suffers from the hallu-
cination sourced from GPT-40. To alleviate hallucination
issues, Q. Li et al. [23] constructed the AOR-Instruction
reasoning dataset by incorporating explainable region-level
visual content based on anatomical regions and ontologies.
Similarly, X-Ray-CoT [36] created reasoning data for chest
X-rays by integrating general medical knowledge and vi-
sual concept descriptions using the CoT prompting strategy.
In contrast, we propose the TRACE-CoT reasoning pattern
that closely mirrors the diagnostic decision-making process
of radiologists, which is presented in Section 2.2.

2. Details on Training Data Construction

A comprehensive list of all data sources utilized during
the training phase is presented in Table 3. The train-
ing corpus consists of approximately 3.21 million text to-
kens, 59,658 images, and 90 videos. It includes vari-
ous types of dental-specific data, such as intraoral images
and videos, panoramic radiographs, periapical radiographs,
histopathological images, cephalometric radiographs, 3D
model scans, text-only data, and interleaved image-text
data. Additionally, we provide detailed descriptions of
abnormalities and clinically relevant tasks associated with
each modality, highlighting the extensive coverage of our
OralGPT-Omni in dental imaging analysis. ~ Regarding
TRACE-CoT data generation, we construct an automatic
pipeline utilizing sparse label categories, the visual appear-
ance of abnormalities, and dental knowledge from academic
publications and Wikipedia, instructing GPT-5-mini to gen-
erate 36,777 TRACE-CoT reasoning chains. Since abnor-
mality taxonomies differ across datasets, we craft dataset-
specific prompts tailored to each taxonomy to ensure the
quality of the reasoning chains. The details of these prompt
designs are presented in Figures 9, 10, 11, 12, 13. The den-



Table 3. Comprehensive list of dental-specific data sources used in the training phase, including corresponding abnormalities and tasks.

No Modality Abnormality / Subject Source
1.1 Text-only data 16 Undergraduate textbooks in dentistry /
1.2 Text-only data Dialogue data from dental forums ¢ URL
1.3 Text-only data Open-domain oral disease QA dataset ¢ URL
. . . ¢ URL
2.1 Intraoral image Teeth location and counting @ URL
. ¢ URL
Image-level analysis: 5
, Calculus, Caries, Gingivitis, Ulcer 2 URL
2.2 Intraoral image . ; . - ¢ URL
Tooth discoloration, Defective dentition -
Cancer, Normality, Orthodontics ¢ URL
’ ’ ¢ URL
Region-level analysis: ¢ URL
Abrasion, Filling, Crown, Caries, Gingivitis, Deep Overjet, ¢ URL
23 Intraoral image Feqe;tration and Df:hiscence, Tooth Torsion, Tootp eme.rgence, ¢ URL
Invisible orthodontic attachment, Fixed orthodontic device, ¢ URL
Case fixed orthodontic appliances, Tooth misalignment, ¢ URL
Mandibular retrusion, Orthodontic Brace, Dental plaque One in-house dataset
¢ URL
¢ URL
¢ URL
Impacted tooth, Pulpitis, Caries, Periodontitis, Crown, ¢ URL
3.0 Periapical radiograph Apical periodontitis, Bone loss, Root canal treatment, ¢ URL
Restoration, Mixed dentition ¢ URL
¢ URL
¢ URL
¢ URL
. . 29 cephalometric landmarks detection, ¢ URL
40 Cephalometric radiograph Cervirc)al vertebral maturation (CVM) stage prediction ¢ URL
Leukoplakia without dysplasia, Leukoplakia with dysplasia, ¢ URL
50 Histopathological image Oral squamous cell carcinoma, Oral submucous fibrosis, ¢ URL
’ Healthy epithelial nucleus, Abnormal epithelial nucleus, ¢ URL
Blood cell nucleus, Reactive cell nucleus, Dividing nucleus ¢ URL
6.0 Intraoral video Intraoral videos of real dental treatments ¢ URL
7.0 Interleaved image-text data 6 Clinical Cases Guidelines in Dentistry for treatment planning /
8.0 3D model scan Image description ¢ URL
9.0 Panoramic radiograph Open-Ended VQA for panoramic X-ray analysis ¢ URL

tal expertise used in the prompts is summarized in Table 7.
Besides, we also provide some data used in the training
stage for an intuitive understanding, which can be found in
Figure 14 - Figure 22.

3. Implementation Details of Model Training

3.1. Hyperparameters
paradigm

of four-stage training

We employ the four-stage training strategy that progres-
sively strengthens the multimodal understanding and rea-
soning ability of the OralGPT-Omni model. The hyperpa-
rameters used in each training stage are summarized in Ta-
ble 4. We utilize the LLaMA-Factory framework [63] to
train OralGPT-Omni for the first three stages: DKI, DCA,
and SFT, followed by the RLT stage using the ms-swift

framework [62]. The “GPU Hour” for each stage is esti-
mated based on the NVIDIA A100 80G GPU. We also pro-
vide the word clouds of training datasets used in DKI, DCA,
and SFT stages, which are depicted in Figure 8.

3.2. Reinforcement Learning Tuning

To further incentivize the reasoning capability of OralGPT-
Omni, we implement reinforcement learning tuning within
the Group Relative Policy Optimization (GRPO) [41] al-
gorithm on the OralGPT-Omni model. GRPO calculates a
group-relative advantage from multiple samples of the same
prompt instead of learning a separate value function, mak-
ing it particularly effective for training tasks where correct-
ness can be verified. During the training, we optimize the
OralGPT-Omni with the GRPO loss Jgrpo(0):


https://huggingface.co/datasets/jonathankang/dental_QA
https://huggingface.co/datasets/Lines/Open-Domain-Oral-Disease-QA-Dataset
https://zoubo9034.github.io/TeethSEG/
https://universe.roboflow.com/dataset-ntw3s/dental_dataset_level3
https://www.kaggle.com/datasets/salmansajid05/oral-diseases
https://www.kaggle.com/datasets/reemsalahshehab/real-dental-dataset
https://www.kaggle.com/datasets/zaidpy/oral-cancer-dataset
https://www.kaggle.com/datasets/raymanodeep/oral-health-images
https://www.kaggle.com/datasets/raymanodeep/oral-cancer-v2-part-1
https://huggingface.co/datasets/ZFTurbo/AlphaDent
https://data.mendeley.com/datasets/3253gj88rr/1
https://physionet.org/content/fdtooth/1.0.0/
https://drive.google.com/file/d/1eSyipRJTDlAbRs0yb44l5vQjVYibRXy1/view
https://zenodo.org/records/14827784
https://www.kaggle.com/datasets/nadaaglan/dental-periapical-x-rayss
https://www.kaggle.com/datasets/engineeringubu/root-disease-x-ray-imaging
https://www.kaggle.com/datasets/parthplc/medical-image-dataset/data
https://universe.roboflow.com/evident-mybn8/caries-mbzip/browse?queryText=&pageSize=50&startingIndex=0&browseQuery=true
https://data.mendeley.com/datasets/8ys8jssm9k/1
https://www.kaggle.com/datasets/muhammadsajad/unlabeled-periapical-xrays
https://www.kaggle.com/datasets/abdulrahmanburham/x-ray-dental-cavity-dataset
https://www.kaggle.com/datasets/walidphd/dental-caries-classificationv3
https://www.kaggle.com/datasets/nguyenthaitung/dental-x-ray-doctor-smile
https://figshare.com/articles/dataset/dental-cepha-dataset_zip/13265471?file=48632311
https://figshare.com/articles/dataset/Aariz_Cephalometric_Dataset/27986417/1
https://github.com/NishaChaudhary23/ORCHID/
https://data.mendeley.com/datasets/dr7ydy9xbk/1
https://data.mendeley.com/datasets/bbmmm4wgr8/4
https://data.mendeley.com/datasets/ftmp4cvtmb/2
https://mostwiedzy.pl/pl/open-research-data/vident-real-an-intra-oral-video-dataset-for-multi-task-learning,104032256156938-0
https://huggingface.co/datasets/AbFiras/dataset-dental-caption-V1?row=0
https://huggingface.co/datasets/OralGPT/MMOral-OPG-Bench

Table 4. The hyperparameters used in the four-stage training strategy. The “GPU Hours” are estimated based on the NVIDIA A100 80G

GPU.
Hyperparameters DKI DCA SFT RLT
Batch Size 1 1 1 4
Gradient Accumulation Step 4 4 4 3
Trainable Component Language model Projector Visual encoder, Projector, Language model Language model
LoRA Rank 8 8 8 8
# Generations / / / 6
Learning Rate 1.0e-5 1.0e-5 1.0e-4 1.0e-6
Warmup Ratio 0.1 0.1 0.1 0.05
bf16 True True True True
# Epoch / Step 1 epoch 1 epoch 1 epoch 2000 steps
~ GPU Hours 10 20 50 100
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where 7y and 7y, are the current and old policy. 7 is the
reference model, which, in this case, is the preceding SFT
model with the TRACE-COT pattern. The ¢ and o are the
questions and outputs sampled from our dataset and the old
policy g, , respectively. The € and /3 are hyperparameters
for stabilizing training. AM is the advantage of the relative
rewards of the outputs in each group. For each response,
we use an LLM-based judge model to evaluate its correct-
ness reward and our proposed TRACE-based reasoning re-
ward. The detailed reward computation will be discussed in
Sec. 3.3. The reward r; is defined within the range [0, 1].
We use the normalized reward as the advantage:

r; — mean(r)

Ait = std(r)

2)

Besides, we use an unbiased estimator to estimate the KL
divergence Dky,:
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3.3. Reward Computation for GRPO

In conventional RL-based tuning paradigms, supervision is
applied only to the final <answer>, while the intermedi-

cal Al, where unreliable or hallucinated reasoning may still
produce a superficially plausible answer but lead to harm-
ful or unsafe clinical interpretations. To address this issue,
we introduce the TRACE-based reward R e , @ medically
aligned reward framework that uses an LLM-based judge
model to comprehensively evaluate the quality of the rea-
soning trace. This framework provides fine-grained super-
vision over the model’s diagnostic reasoning process, ensur-
ing that the generated clinical rationale is logically coherent,
medically accurate, and consistent with the final prediction,
rather than supervising only the end result. To operational-
ize this framework, the evaluation is decomposed into three
key dimensions:

Factual Knowledge Soundness. This dimension measures
the correctness and clinical reliability of domain knowl-
edge referenced in the <Think> section, including oral
medicine expertise and pathological criteria. Incorrect med-
ical statements receive d; = 0; partially correct or in-
complete knowledge receives d; = 1; and fully accurate,
evidence-based knowledge receives d; = 2.

Logical Coherence. This aspect assesses whether the diag-
nostic reasoning path presented in the <Think> section is
logically consistent with the visual appearance descriptions
inthe <Caption>. The judge model evaluates whether the
reasoning contains logical gaps, unsupported inferences, or
clinically implausible conclusions. Fully coherent and clin-
ically sound reasoning receives a score of d; = 1, whereas
reasoning that is logically inconsistent or contradictory re-
ceives a score of do = 0.

Answer Consistency. This reward evaluates whether the
gold-standard answer can be directly justified by the rea-
soning trace and the feature-based verification. The judge
model ensures that the conclusion is supported by stated ev-



idence without contradictions, hallucinated features, or re-
liance on unstated assumptions. Unsupported conclusions
receive d3 = 0; partially supported conclusions receive
ds = 1; and fully justified, clinically consistent conclusions
receive dz = 2.

The TRACE-based reward Ry is then computed as the
average of these three dimensions to get the normalized re-
ward. Following traditional RTL reward computation, both
the answer reward R nswer and the format reward R ¢opma; are
considered. The Race and Rynswer are provided by GPT-5-
nano, acting as a reward-judger. The prompts for TRACE-
based reward and answer reward are provided in Figure 23
and Figure 24, respectively.

The values for these three reward components range
from O to 1. The overall reward signal unifies these com-
ponents into a single formulation:

Riotal = & - Ranswer + ﬁ . ]I’Ranswer>0 - Rirace + Y- Rformal, (4)

where o + 8 + v = 1. Note that the Ry is ineffective
when the Rpswer 1S completely wrong in order to ensure the
consistent correctness of the reasoning and answers.

4. MMOral-Uni Benchmark

Our MMOral-Uni benchmark is the first unified bench-
mark for dental multimodal imaging analysis, spanning five
modalities and five tasks. It includes 2,809 open-ended QA
pairs to simulate realistic user interactions. The modalities
cover intraoral photographs, periapical and cephalometric
radiographs, pathological images, intraoral videos, and in-
terleaved image—text inputs. The tasks include abnormality
diagnosis, cervical vertebral maturation (CVM) stage pre-
diction, treatment planning, tooth localization and counting,
and dental treatment video comprehension. The specific
quantities for each task and modality are presented in Ta-
ble 10. Regarding the abnormality diagnosis, the MMOral-
Uni benchmark includes 40 categories of abnormalities,
which are summarized in Table 8. We also provide some
examples in the MMOral-Uni benchmark for an intuitive
understanding of this benchmark, which can be found in
Figure 25 - Figure 29.

5. LLM as the judges for MMOral-Omni: A
Feasibility Analysis

Effectiveness. To verify the effectiveness of LLM-based
evaluation for the MMOral-Omni benchmark, we invite
two professional dentists to objectively score the outputs
of different LVLMs. We calculate the absolute difference
between the evaluators’ scores and the human-annotated
scores. Specifically, the few-shot prompts designed for
LLM-based evaluation are presented to the dentists to guide
the evaluation criteria. The two dentists then independently
scored the predictions of GPT-5 and Lingshu-7B on 300

cases from the MMOral-Omni benchmark based on these
criteria. The absolute differences between human scores
and evaluators’ scores are shown in Table 9, represented as
A.

Overall, the absolute differences of the “Overall” met-
ric given by dentists fluctuate by approximately 2 points in
comparison to the LLM-based evaluations for the predic-
tions of both LVLMs (GPT-5 and Lingshu-7B). This obser-
vation indicates that human scoring preferences generally
align with the trends observed in LLM-based evaluations.
However, it also suggests that there are subjective differ-
ences in the dentists’ interpretations of the evaluation crite-
ria outlined in the few-shot prompts. For each subcategory,
Dentist A shows smaller differences in scores compared to
the LLM-based evaluation for questions in the “II-Loc”, “II-
Dx-I”, “II-Dx-R”, “PA”, “CE”, and “PI”, whereas the differ-
ences are larger for the “TP” and “IV” categories. Although
Dentist B exhibits slightly larger differences with LLM-
based scoring across all subcategories, their “overall” score
difference is only 2.43 points. This indicates that LLM-
based scoring aligns well with human preferences in re-
flecting the overall performance of LVLMs on the MMOral-
Omni benchmark. At the same time, we speculate that the
score fluctuations in each subcategory are strongly associ-
ated with the subjective perceptions of human evaluators.
Stability. Since using LLMs as judges inevitably intro-
duces randomness, even with the temperature hyperparam-
eter set to 0, we conduct multiple repeated experiments to
verify the stability of LLMs as judges. Specifically, we
evaluate the prediction results of GPT-5 [37], Qwen3-VL-
8B [53], Lingshu-7B [52], and HuatuoGPT-Vision-7B [7]
on the MMOral-Omni benchmark using GPT-5-mini [37]
with the same prompt five times. The obtained mean, stan-
dard deviation, and coefficient of variation (CV) of the met-
ric “overall” are shown in Table 5. For proprietary mod-
els, medical-specific models, and general-purpose LVLMs,
the standard deviation of the metric “overall” is no more
than 0.212 when evaluated 5 times using GPT-5-mini with
our designed few-shot prompt. Specifically, for the predic-
tion results of GPT-5, the standard deviation of the scores
is 0.179, while for Qwen3-VL-8B, the standard deviation is
as low as 0.039. Meanwhile, CV (Coefficient of Variation),
as a standardized measure of dispersion of a probability dis-
tribution, can be used to assess the stability of scores across
multiple experiments. The CV values for the prediction re-
sults of these four models, after being scored 5 times, are all
around 0.5%, which demonstrates the evaluation stability of
using LLMs as evaluators. The detailed results across each
specific category are demonstrated in Figure 7.

6. Comparisons on MMOral-OPG Benchmark

We evaluate OralGPT-Omni on the MMOral-OPG bench-
mark [15], specifically focusing on open-ended VQA for
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Figure 7. The means and standard deviations of each category on 5 repeated evaluations across four LVLMs’ predictions.

Table 5. Stability verification of using LLMs as judges: Standard
deviation and coefficient of variation (CV) are reported across four
LVLMs from five repeated evaluations.

Model | Mean | StdDev | CV %
GPT-5 [37] | 36446 | 0.179 | 0.490
Qwen3-VL-8B [53] | 23436 | 0039 | o0.164
Lingshu-7B [52] | 26910 | 0.127 | 0472
HuatuoGPT-Vision-7B [7] | 25258 | 0212 | 0.838

panoramic X-ray analysis. We assess performance across
six clinically grounded dimensions, as shown in Table 6
and Fig. 5(c). OralGPT-Omni outperforms existing medi-
cal MLLMs, achieving an overall score of 45.31. Its scores
on the the “Teeth”, “Patho”, “His”, “Jaw”, and “Summ” di-

mensions notably exceed those of GPT-4V, underscoring its
strength in panoramic X-ray interpretation. By contrast, its
report generation performance lags behind GPT-4V. We hy-
pothesize that this gap arises from the intrinsic complexity
of panoramic radiographs, which contain dense anatomical
structures and multi-dimensional conditions that OralGPT-

Omni may not fully capture when generating comprehen-
sive reports.

7. Case Study and Clinical Validity of
OralGPT-Omni

We provide more case studies to demonstrate the superior-
ity of our OralGPT-Omni, as illustrated in Figure 30, Fig-
ure 31, and Figure 32. From a clinical perspective, the
ability to accurately identify common dental diseases and
conditions is a fundamental prerequisite for diagnosis and
treatment planning. To explore the clinical validity of the



Table 6. Performance on the MMOral-OPG benchmark for various LVLMs on open-ended VQA tasks. The best-performing model is
highlighted in-bold, while the second-best is underlined.

Open-ended VQA

Model
Teeth Patho His Jaw  Summ Report Overall
General-purpose LVLMs
GPT-5 [37] 39.77 29.32 44.05 78.56 40.12 28.20 42.42
GPT-4V [18] 3146 2379 3951 69.81 34.29 43.70 39.38
Gemini-2.5-Flash [46] 28.04 2477 3190 4781 1298 16.70 27.84
Qwen-Max-VL [4] 2.10 447 7.06 11.62 7.98 5.50 5.29

Deepseek-VL-7b-chat [32] | 1648  7.50 13.44 3456 9.52 9.60 15.95
GLM-4V-9B-Thinking [10] | 20.94 9.70 18.77 26.62 12.74 21.30 19.74

Qwen2.5-VL-72B [5] 13.90 15.83 1540 27.12 7.38 11.50 15.38
Medical Specific LVLMs

LLaVA-Med [22] 0.91 1.52 0.00  0.00 0.00 24.50 4.76

HealthGPT-XL32 [27] 30.64 25.83 2798 51.12 17.02 8.00 27.80

MedVLM-R1 [39] 2242 1371 2442 4388 13.57 25.80 24.70

MedDr [17] 2299 32.58 29.57 5244 2095 8.70 26.20

OralGPT-Omni (Ours) 37.26 4394 5534 70.50 38.57 37.90 45.31

OralGPT-Omni, we invite a professoriate faculty member
in oral-maxillofacial radiology with over ten years of ex-
perience in diagnostic imaging studies to conduct in-depth
clinical assessments on the outputs of the top-performing
models (GPT-5, Lingshu-7B, and our OralGPT-Omni). The
clinical validation of the model outputs on four represen-
tative modalities is demonstrated in Figure 33, Figure 34,
Figure 35, and Figure 36. The cases and clinical feedback
effectively demonstrate the superior performance and po-
tential clinical value of our OralGPT-Omni.



Table 7. The category, visual appearance, and relevant dental knowledge utilized in prompts for the TRACE-CoT data construction pipeline

across multiple datasets.

Dataset Category Appearence Dental Knowledge
Abrasion Tooth with mechanical wear of hard Abrasion typically appears as flat, smooth, and
tissues well-defined areas of hard tissue loss, often
wedge-shaped at the cervical margins, with a
shiny polished surface.

?I%IE]]? ent Filling Filling A filling is visually recognized as a distinct
restorative material embedded in the tooth, usu-
ally with a regular geometric outline and a surface
texture or color different from natural enamel or
dentin.

Crown Installed crown A crown presents as a full-coverage artificial cap

Caries 1 class

Caries 2 class

Caries 3 class

Caries 4 class

Caries 5 class

Caries 6 class

Caries in fissures and blind pits of teeth
(occlusal surfaces of molars and
premolars, buccal surfaces of molars,
lingual surfaces of upper incisors)
Caries of the contact surfaces of molars
and premolars.

Caries of the contact surfaces of incisors
and canines without damage to the
cutting edge.

Caries of the contact surfaces of incisors
and canines with damage to the cutting
edge.

Cervical caries of the vestibular and
lingual surfaces.

Caries of the cutting edges of the front
teeth and the cusps of the chewing teeth.

over the tooth, with smooth and uniform sur-
faces, clear margins near the gingiva, and contours
that may look slightly different from natural tooth
anatomy depending on the material.

Caries are seen as irregular areas of demineral-
ization or cavitation, with rough surfaces and dis-
coloration ranging from chalky white to brown or
black, often with undermined enamel edges.

Primary tooth de-
cay

Dental Caries

Detection

¢ URL
Permanent tooth
decay

Occlusal surface of a primary molar
shows a small, dark brown spot in the
central pit, with surrounding enamel
appearing slightly chalky. Minor enamel
surface irregularities are visible along the
grooves.

Occlusal surface of a permanent molar
shows a large, dark brown cavitated
lesion extending into the central pit and
fissures. Enamel margins appear
undermined, and surface texture is
roughened.

The affected primary tooth shows a localized
brownish or dark spot on the occlusal or smooth
surfaces, with enamel appearing softened or
chalky. The child may exhibit mild sensitivity to
sweet or cold foods, occasional discomfort when
chewing, and sometimes visible plaque accumu-
lation near the lesion. Gingival tissue surrounding
the tooth may appear slightly inflamed.
Permanent teeth with decay display larger cavi-
tated lesions, often dark brown or black in color,
with enamel margins appearing undermined. Pa-
tients may complain of prolonged sensitivity to
cold, sweet, or acidic foods, intermittent pain
while chewing, and visible plaque or calculus ac-
cumulation at the affected site.



https://huggingface.co/datasets/ZFTurbo/AlphaDent/tree/main
https://zenodo.org/records/14827784

Dataset Category

Appearence

Dental Knowledge

Anterior teeth
with fenestration

Localized gingival recession with
partially exposed root surfaces, a thin

Anterior teeth with fenestration and dehiscence
exhibit localized gingival recession with exposed

FDTooth  and dehiscence labial mucosa allowing clear root surfaces. The thin labial mucosa allows visu-

¢ URL visualization of root contours, alization of the underlying root contour, and alve-
cementoenamel junction, and subtle olar bone may be partially or completely deficient
convexities, and small fenestration in the affected regions. Clinically, patients are of-
windows or linear dehiscence defects ten asymptomatic or may report mild sensitivity at
present in the alveolar bone beneath. the exposed sites.

Gingivitis The region shows marked redness, Severe inflammation of gingivitis presents with
edema, and/or marginal gingival intense redness and deep erythema of the gingi-

GINGIVITIS hypertrophy of the unit or spontaneous val margins and interdental papillae, pronounced
¢ URL bleeding, papillary, congestion, or swelling, a shiny and moist surface, spontaneous
ulceration. bleeding in some areas, hypertrophy and deforma-

tion of papillae, and occasional ulcerations.

Dental plaque A soft, adherent film on the tooth Dental plaque appears as a soft, adherent film
surface, typically pale yellow to light on tooth surfaces, typically pale yellow to light

Dental Plaque brown, often along the gingival margin brown, often along the gingival margin or in

¢ URL or in pits and fissures. pits and fissures. Clinically, patients are usually
asymptomatic or may report mild sensitivity to
sweet foods, with slight gingival redness and min-
imal inflammation.

Tooth torsion A condition where a tooth is rotated or Tooth torsion results in a tooth noticeably rotated
twisted around its longitudinal axis, around its longitudinal axis, causing misalignment
resulting in an abnormal orientation within the dental arch; this rotation creates un-
within the dental arch. even spacing with adjacent teeth, sometimes over-

OMNICOCO lapping or crowdir.lg neighboring tee?th, which can
¢ URL lead to difficulty in chewing, localized food im-

Deep overjet

Invisible or-
thodontic attach-
ment

Tooth emergence

A dental malocclusion where the upper
front teeth (maxillary incisors)
horizontally overlap the lower front teeth
(mandibular incisors) to an excessive
degree.

These attachments, part of clear aligner
or aesthetic orthodontic treatments, are
tooth-colored or transparent devices
bonded to teeth to aid in controlled tooth
movement without the visibility of
traditional braces.

The process by which a tooth moves
through the alveolar bone and soft tissue
to appear in the oral cavity. This is a
natural phase of dental development.

paction, accumulation of plaque, and mild inflam-
mation of the surrounding gingival tissue.

Deep overjet occurs when the upper front teeth are
prominently protruded over the lower front teeth,
producing a pronounced horizontal overlap; this
may impair lip closure, cause difficulty in biting or
chewing, increase the risk of trauma to the anterior
teeth or lips, and create aesthetic concerns due to
facial profile changes.

Invisible orthodontic attachment involves small,
tooth-colored or transparent attachments bonded
to the teeth to guide clear aligner therapy, blending
almost seamlessly with the natural tooth surface;
patients may experience minor gum irritation, lo-
calized plaque accumulation, or slight sensitivity
during initial treatment stages.

Tooth emergence occurs when a tooth is erupt-
ing through the gingival tissue, causing visible
swelling and redness around the emerging crown;
this process may result in mild tenderness, dis-
comfort during chewing, and localized inflamma-
tion, sometimes accompanied by increased saliva-
tion or irritability.
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Dataset

Category

Appearence

Dental Knowledge

Cast fixed
orthodontic

appliance

Tooth misalign-
ment

Mandibular retru-
sion

Orthodontic
brace

Fixed orthodontic
device

Custom-made orthodontic devices, such

as fixed space maintainers or lingual
braces, which are fabricated using dental

impressions (casts) of the patient’s teeth
and are permanently attached to the teeth
to correct or maintain dental alignment.

Improper positioning of teeth within the

dental arch, leading to malocclusion.

This includes various forms of

malpositions such as crowding, spacing,
and deviations from the ideal arch form.

A skeletal condition characterized by the

posterior positioning of the mandible

relative to the maxilla, often contributing

to the class II malocclusion.

A comprehensive orthodontic appliance

consisting of brackets, wires, and

sometimes bands, which is fixed to the

teeth. This device applies continuous

pressure to move teeth into the desired

position.

Any orthodontic apparatus that is bonded

to the teeth and remains in place

throughout the treatment period. These
devices, which include traditional braces
and certain types of retainers, are used to
correct dental and skeletal discrepancies
by exerting controlled forces over time.

Cast fixed orthodontic appliance consists of
custom-made fixed devices bonded to teeth, pre-
cisely matching the dental arch; these appliances
may be metallic or tooth-colored, producing ini-
tial soreness, localized gum irritation, and requir-
ing meticulous oral hygiene to prevent plaque ac-
cumulation.

Tooth misalignment occurs when teeth are ir-
regularly positioned in the dental arch, showing
crowding, spacing, or tilting; this misalignment
can interfere with normal bite function, create dif-
ficulty in chewing, increase plaque accumulation,
and elevate the risk of gingival inflammation or
caries.

Mandibular retrusion presents with the lower jaw
positioned posteriorly relative to the upper jaw,
visible in profile view; this skeletal discrepancy
can cause Class II malocclusion, impaired occlu-
sion, difficulty chewing, and altered facial aesthet-
ics with a receding chin.

Orthodontic brace consists of fixed braces with
metal or ceramic brackets bonded to teeth with
connecting archwires, sometimes including col-
ored elastics; these appliances apply continuous
force to correct alignment, causing mild soreness,
gum irritation, and requiring careful oral hygiene.
Fixed orthodontic device remains permanently
bonded to teeth throughout treatment, including
traditional braces or fixed retainers; they may
cause mild soreness, gum irritation, difficulty in
maintaining oral hygiene, and localized plaque ac-
cumulation.
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Figure 8. The word cloud maps for training datasets used in the DKI, DCA, and SFT stages, respectively.



System Prompt:

You are a senior dentist. Your task is to generate a realistic and medically accurate clinical reasoning summary,
explaining the observable findings in the image and how they support the diagnosis. You MUST strictly follow
the output format, including all opening and closing tags exactly as written. Never omit or misspell any tag.

User Prompt: <IMAGE>
This is an intraoral image of the oral cavity. What dental diseases or conditions are observed in this image?
Output format:

<Caption> Describe the intraoral image in detail, including the tooth and/or arch location, tooth loss condition,
any noticeable color changes, and the morphology, texture, and distribution of any deposits. Incorporate visual
features strongly associated with {CATEGORY}, or with other diseases/conditions you are highly confident are
present.

</Caption>

<Think>

1. Explain the visible features in the image that match the known characteristics of {CATEGORY}.

2. Recall the typical visual appearance and symptoms of { CATEGORY?} from professional knowledge.

3. Confirm that the observed image appearance matches the knowledge-based visual representation of
{CATEGORY?}, and rule out other inconsistent conditions.

</Think>

<Answer>Summarize the matched disease(s)/condition(s) from step 3 of the above <Think> pipeline into one
concise, fluent, professional medical diagnosis statement that clearly specifies the oral disease(s)/condition(s)

present in the image, without including any treatment recommendations or management advice.
</Answer>

Figure 9. The prompt for GPT-5-mini to generate the TRACE-CoT reasoning chains for image-level diagnosis of intraoral images.

Table 8. Categories of analysis for abnormal conditions and diseases.

Categories of analysis for abnormal conditions and diseases

Caries Gingivitis Ulcer Tooth discoloration
Defective dentition Cancer Normality Orthodontics
Abrasion Filling Crown Caries

Fenestration and dehiscence

Tooth torsion

Deep overjet

Invisible orthodontic attachment

Tooth emergence

Case fixed orthodontic appliances

Tooth misalignment

Mandibular retrusion

Orthodontic brace

Fixed orthodontic device

Dental plaque

Impacted tooth

Pulpitis

Periodontitis

Apical periodontitis

Bone loss

Root canal treatment

Restoration

Mixed dentition

Leukoplakia without dysplasia

Leukoplakia with dysplasia

Oral squamous cell carcinoma

Oral submucous fibrosis

healthy epithelial nucleus

Abnormal epithelial nucleus

Blood cell nucleus

Reactive cell nucleus

Dividing nucleus




System Prompt:

You are a senior dentist. Your task is to generate a realistic and medically accurate description, focusing only on
the observable findings in the image without providing any diagnostic reasoning. You must strictly follow the
required output format, including all opening and closing tags exactly as written. Never omit or misspell any tag.

User Prompt: <IMAGE>
Output format:

<Caption>

1. Image-level inspection.

Provide a clear and concise description of the intraoral image, capturing its overall visual appearance, including
color changes, cavitations, enamel defects, or localized lesions. Describe only what is visibly present.

2. Region-level inspection.
region_descriptions=""
for box in boxes:
region description = f"'In region <box>[x1, y1, x2, y2]</box>, the image shows {APPEARANCE}."
Lﬁcgionﬁdcscriplions =""join([region_descriptions, region_description])
</Caption>

<Think>

1. These regions {<box>[x1, y1, x2, y2]</box>} may correspond to the { CATEGORY}.

2. {DENTAL KNOWLEDGE REFERENCE FROM ACADEMIC PUBILICTIONS OR WIKIPEDIA}.

3. In multiple regions {<box>[x1, yl, x2, y2]</box>}, the observed image appearance matches the expected
visual features of {CATEGORY}.

</Think>

<Answer>

The {CATEGORY} is present in regions {<box>[x1, y1, x2, y2]</box>}.
</Answer>

Figure 10. The prompt for GPT-5-mini to generate the TRACE-CoT reasoning chains for region-level diagnosis of intraoral images.

Table 9. Average absolute differences (A) between the evaluation scores of the LLM-based evaluator and the dentist-annotated scores on
the MMOral-Omni benchmark.

Model | Evaluators | Il-Loc | II-Dx-I |II-Dx-R | PA | CE | PI | TP | IV | Overall

GPT-5-mini | 44.60 | 4524 | 25.16 | 3143 | 41.27 | 40.52 | 80.67 | 56.00 | 36.42

GPT-5 [37] Dentist A | 4582 | 4324 | 27.58 | 3530 | 39.50 | 38.17 | 60.56 | 49.80 | 34.94

A(l) +1.22 | 2200 | +242 | +3.87 | -1.77 | -235 | -20.11 | -620 | -148

GPT-5-mini | 12.00 | 30.58 | 2577 | 27.48 | 20.50 | 30.94 | 48.00 | 20.00 | 27.08

Lingshu- DentistB | 1820 | 3296 | 2895 | 2334 |26.83 | 2826 | 4224 | 1450 | 2951
7B [52]

A() +6.20 | +2.38 | +43.18 | -4.14 | +633| -2.68 | -576 | -550 | +2.43




System Prompt:

You are a senior dentist. You will be given a periapical X-ray image and a preliminary assessment indicating
possible diseases or conditions in the image. This preliminary assessment is for reference only and may be
inaccurate. It may be provided at the image level or the region level. Your task is to generate a realistic and
medically accurate clinical reasoning summary, explaining the observable findings in the image and how they
support the diagnosis. Note that the preliminary assessment may be incorrect and may also miss additional
diseases/conditions present in the image; carefully examine the visual features to reach the final conclusion. Do
not attempt to predict whether a tooth is in the upper or lower jaw, and do not attempt to predict its specific type
(e.g., second premolar) unless you are 100% certain. You must strictly follow this output format, including all
opening and closing tags exactly as written. Never omit or misspell any tag. Do not add any extra sections.

User Prompt: <IMAGE>

<Caption> Provide a detailed description of the periapical X-ray. The preliminary assessment for this periapical
X-ray is {CATEGORY}. </Caption>

<Think>

1. Analyze the visual features listed in <Caption> and determine which diseases or conditions they may
correspond to.

2. Recall the typical radiographic characteristics of the suspected diseases or conditions, including common
variations and differential considerations.

3. Compare the observed features with the typical characteristics, weigh alternative explanations, and decide on
the most likely final diagnosis.

Do not restate the instruction text above; instead, directly write your own reasoning content under each
numbered step.
</Think>

<Answer>
Based on the conclusion from Step 3 in <Think>, summarize the diagnosis in a single concise, fluent, and
professional radiology report-style sentence. Avoid repeating the reasoning process here.

</Answer>

Figure 11. The prompt for GPT-5-mini to generate the TRACE-CoT reasoning chains for diagnosis of periapical radiographs.

Table 10. Detailed compositions of tasks and modalities in the MMOral-Omni benchmark.

Task Modality Number
Intraoral Image 1462
Diagnosis of Abnormality Periapical X-ray 539
Pathological Image 383
CVM Stage Prediction Cephalometric X-ray 300
Tooth Location & Counting Intraoral Image 100
Treatment Planning Interleaved Image-Text Data 15

Dental Treatment Video Comprehension Intraoral Video 10




System Prompt:

You are an experienced oral pathologist. Your task is to generate a realistic and medically accurate description,
focusing only on the observable findings in the image without providing any diagnostic reasoning or
interpretation. You must strictly follow this output format, including all opening and closing tags exactly as
written.

User Prompt: <IMAGE>
Output format:

<Caption> # for histopathological images

Provide a clear and detailed description of this {CATEGORY} pathological image, focusing on its
morphological and visual characteristics.

</Caption>

<Caption> # for cytopathology image

Provide a clear and concise description of the cytopathology image. Focus specifically on the visible cytological
features, including cellular morphology, nuclear and cytoplasmic characteristics, chromatin texture, cell
arrangement, and background elements such as necrosis, inflammation, or debris. Describe only what is visibly
present in the field. Do not mention the absence of atypia, inflammation, or other features.

</Caption>

<Think>

1. Based on the histologic field description above, the observed patch demonstrates features consistent with
{CATEGORY}.

2. {DENTAL KNOWLEDGE REFERENCE FROM ACADEMIC PUBILICTIONS OR WIKIPEDIA}.

3. The observed patch appearance matches the expected histopathological/cytological features of { CATEGORY}.
</Think>

<Answer>
The patch is consistent with { CATEGORY}.
</Answer>

Figure 12. The prompt for GPT-5-mini to generate the TRACE-CoT reasoning chains for diagnosis of pathological images.



System Prompt:

You are a clinical dental expert. You are analyzing a real intra-oral surgical video recorded during conservative
dental treatment. The video captures complex clinical conditions inside the oral cavity, where the scene is
crowded with multiple dental instruments and artifacts. It may include conditions such as occlusions, frequent
appearance variations, tool—tooth interactions, bleeding, water spray, splashing fluids, motion blur, strong light
reflections, and occasional camera fouling. The footage could show non-standard tools, intra-oral mirrors, and
other interfering objects that partially obstruct the view.

User Prompt: <VIDEO>
Generate a detailed and structured description of the intra-oral surgical procedure shown in the video. Focus on:

(1) clinical environment and imaging conditions,
(2) visible tools, tissues, and anatomy,

(3) dynamic interactions during treatment,

(4) procedural sequence,

(5) notable clinical findings and challenges,

(6) possible procedural intents.

Conclude with a final summary that integrates descriptions of the above six aspects. Do not add any instructions,
suggestions, or optional tasks.

Figure 13. The prompt for GPT-5-mini to generate the TRACE-CoT reasoning chains for comprehension of intraoral videos.



Training Data Example

¢ Question: What is the count of teeth observed in this intraoral image, what kinds
are they, and where exactly are their centers located?

Ground Truth: This is an intraoral photography image containing 14 teeth.
| There are 7 tooth types identified, including 2 2nd Molars located at
[<points>(456, 136)</points>, <points>(158, 152)</points>]; 2 1st Premolars
located at [<points>(207, 290)</points>, <points>(412, 274)</points>]; 2
Canines located at [<points>(206, 337)</points>, <points>(409, 321)</points>];
2 2nd Premolars located at [<points>(423, 233)</points>, <points>(194,
247)</points>]; 2 1st Molars located at [<points>(442, 186)</points>,
<points>(171, 202)</points>]; 2 Lateral Incisors located at [<points>(249,
343)</points>, <points>(366, 317)</points>]; 2 Central Incisors located at
[<points>(289, 366)</points>, <points>(341, 361)</points>].

? Question: This is an oral photograph. What condition is visible?

Ground Truth:

<Caption>

The photo shows the inner aspect of the lower lip (lower labial mucosa) of an individual, displaying multiple small,
well-demarcated, round to oval shallow mucosal breaks. Each lesion has a shallow yellow-white base with clear
erythematous borders; lesions are a few millimetres in diameter and located on non-keratinized mucosa. Adjacent
mucosa appears otherwise normal without diffuse swelling.

</Caption>

<Think> 1. Visible features matching an oral ulcer: there are localized mucosal breaches with round/oval shallow
depressions, a central yellow-white fibrinous base and an erythematous margin on the non-keratinized lower labial
mucosa; multiple small discrete lesions are present.

2. Typical clinical appearance and symptoms of oral aphthous ulcer: minor aphthous ulcers are painful, small (<1
cm), shallow, with a yellow/white fibrinous center and red halo, commonly occur on non-keratinized mucosa
(labial/buccal mucosa, ventral tongue) and are frequent in children and young adults.

3. Correlation and differential: the size, number, shallow depth, fibrinous center and erythematous border on the
inner lower lip match minor aphthous (canker) ulcers. Alternative entities are less likely: primary herpetic lesions
often begin as vesicles and commonly involve gingiva/palate with systemic symptoms; traumatic ulcers tend to be
solitary, irregular and associated with an obvious source; candidiasis appears as removable white plaques rather
than discrete ulcers. Thus the visual pattern is most consistent with minor aphthous ulceration.

</Think>

<Answer>

Minor aphthous ulcers (minor recurrent aphthous stomatitis) involving the lower labial mucosa.

</Answer>

Figure 14. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.



Training Data Example

Question: This is an intraoral photograph. Can you identify the regions
where caries is observed? Please provide the regions as bounding
boxes in <box></box> format.

Ground Truth:

<Caption>

1. Image-level description: Multiple left teeth show chalky white opacities present on the buccal surfaces.
Localized brown staining is present on interproximal and cervical aspects of the posterior teeth. A carious lesion is
observed along the buccal fissure of the left mandibular first molar. 2. Region-level description: In region
<box>[719,363,1091,588]</box>, buccal surface of permanent teeth display multiple brown-black discoloration
and clear enamel demineralization. Surface texture seems uneven.

</Caption>

<Think>

1. Based on the above region description, this region <box>[719,363,1091,588]</box> may correspond to
permanent tooth decay.

2. Decay in permanent teeth often appears as deep pits or fissures, with enamel softening or discoloration ranging
from white chalky spots to dark brown areas. Clinically, patients may report sharp pain upon biting, sensitivity to
temperature changes, and slight gingival inflammation around the lesion.

3. The observed image appearance of this region <box>[719,363,1091,588]</box> matches the expected visual
features of permanent tooth decay.

</Think>

<Answer>

The permanent tooth decay is present in regions <box>[719,363,1091,588]</box>.

</Answer>

Figure 15. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.




Training Data Example

permane
% {perma

Question: Locate the areas of caries in this intraoral photograph.
Please provide the coordinates as bounding boxes in <box></box>
format.

Ground Truth:

<Caption>

1. Image-level description:

Multiple posterior mandibular teeth show dark brown to black staining concentrated in the occlusal pits and
fissures. Several molar occlusal surfaces exhibit focal enamel breakdown with small, rounded cavitated areas in the
central grooves. Premolar occlusal fossae show smaller areas of brown discoloration and shallow, pit-like defects.
The discoloration and cavitation are most pronounced on the most posterior molars bilaterally.

2. Region-level description:

In multiple regions, permanent premolar exhibits deep pits with black discoloration, surrounded by a chalky white
zone of demineralized enamel. Surface enamel is irregular and partially eroded.

Specific region coordinates are:\n<box>[272,11,584,313]</box>, <box>[269,247,694,588]</box>,
<box>[1817,102,2168,369]</box>, <box>[1730,309,2141,674]</box>, <box>[1709,573,2032,838]</box>,
<box>[388,516,711,774]</box>.

</Caption>

<Think>

1. Based on the above region description, these regions <box>[272,11,584,313]</box>,
<box>[269,247,694,588]</box>, <box>[1817,102,2168,369]</box>, <box>[1730,309,2141,674]</box>,
<box>[1709,573,2032,838]</box>, <box>[388,516,711,774]</box> may correspond to permanent tooth decay.
2. Permanent tooth decay often presents with enamel breakdown, brownish-black lesions on occlusal or
interproximal surfaces, and surrounding enamel demineralization. Clinical symptoms include prolonged sensitivity
to temperature or sugary foods, intermittent discomfort while chewing, and visible plaque accumulation near the
lesion, sometimes with mild gingival swelling.

3. The observed image appearance of these regions <box>[272,11,584,313]</box>,
<box>[269,247,694,588]</box>, <box>[1817,102,2168,369]</box>, <box>[1730,309,2141,674]</box>,
<box>[1709,573,2032,838]</box>, <box>[388,516,711,774]</box> matches the expected visual features of
permanent tooth decay.

</Think>

<Answer>

The permanent tooth decay is found in regions <box>[272,11,584,313]</box>, <box>[269,247,694,588]</box>,
<box>[1817,102,2168,369]</box>, <box>[1730,309,2141,674]</box>, <box>[1709,573,2032,838]</box>,
<box>[388,516,711,774]</box>.

</Answer>

Figure 16. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.



Training Data Example

Question: This is an intraoral photograph. Which disease is visible?

Ground Truth:

<Caption>

1. Image-level description:

Intraoral frontal view with cheek retractors in place showing the maxillary and mandibular anterior segments. The
maxillary central and lateral incisors exhibit irregular, chipped incisal edges and appear slightly discolored
(yellowish). There is a separation between the maxillary and mandibular teeth with no occlusal contact present. The
maxillary lateral incisors and canines are visible on both sides. The mandibular incisors display crowding with
rotations and mild overlapping, particularly of the central and lateral incisors. Incisal wear is apparent on several
anterior teeth. The tooth surfaces overall show a yellowish extrinsic discoloration. The marginal gingiva in the
anterior sextants is visible, generally pink with areas of slightly increased redness along the gingival margin;
interdental papillae are present. No restorative materials, crowns, or obvious large calculus deposits are seen in the
exposed anterior areas. The posterior dentition is partially visible bilaterally but not fully captured in this view.

2. Region-level description:

In multiple regions, the image shows slightly increased redness along the gingival margin. Specific region
coordinates are: <box>[2259,1651,2957,2313]</box>,<box>[2789,1550,3682,2404]</box>,
<box>[3474,1550,4341,2492]</box>

</Caption>

<Think>

I. Based on the above region description, these regions <box>[2259,1651,2957,2313]</box>,
<box>[2789,1550,3682,2404]</box>, <box>[3474,1550,4341,2492]</box> may correspond to inflammation
associated with gingivitis.

2. Inflammation associated with gingivitis manifests as reddened gingival margins and papillae, edema causing
puffiness and distortion of normal gingival contour, and a smooth and shiny surface.

3. So, the observed image appearance of these regions <box>[2259,1651,2957,2313]</box>,
<box>[2789,1550,3682,2404]</box>, <box>[3474,1550,4341,2492]</box> matches the expected visual features
of inflammation associated with gingivitis.

</Think>

<Answer>

There are three teeth in the upper jaw showing possible signs of gingivitis. They are detected in regions
<box>[2259,1651,2957,2313]</box>,<box>[2789,1550,3682,2404]</box>, <box>[3474,1550,4341,2492]</box>.
</Answer>

Figure 17. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.



Training Data Example

Question: This is a periapical X-ray image. What disease(s) or condition(s)
does it suggest

Ground Truth:

<Caption> Periapical radiograph of a posterior quadrant showing four posterior teeth. The two most posterior teeth
(on the right side of the image) demonstrate radiolucent defects in the occlusal and interproximal regions: the
second-from-right tooth has an obvious radiolucency in the occlusal and interproximal regions extending into the
dentin toward the pulp chamber., and The most posterior tooth shows a subtle mesio-occlusal radiolucency. Root
contours and periodontal ligament spaces appear preserved without a clearly defined periapical radiolucency;
alveolar bone height between teeth is within expected limits for this region.

</Caption>

<Think>

1. Visual feature analysis: A radiolucent lesion is evident at the occlusal and distal surfaces of the second most
posterior tooth, with contours consistent with carious destruction of enamel and underlying dentin. A subtle
radiolucent lesion is noted at the mesio-occlusal surface of the most posterior tooth. The radiolucency of the second
most posterior tooth is relatively large and extends close to the pulpal chamber space.\n- No clear periapical
radiolucency or loss of lamina dura around root apices is visible; periodontal ligament spaces appear within normal
limits and alveolar crest height is maintained.

2. Radiographic characteristics and differentials: Dental caries appear radiolucent on radiographs; interproximal
caries typically present as triangular radiolucencies pointing toward the DEJ/pulp, while occlusal caries can appear
as less well-defined radiolucencies in the occlusal fossa that may be underestimated on periapical films. When
caries extend into deep dentin and approach or involve the pulp chamber, radiographs may show loss of the normal
radiopaque dentin margin and proximity to the pulp horn; if pulpal necrosis had occurred, a periapical radiolucency
would be expected, which is not seen here.\n- Other possibilities (restorative radiolucency, artifact) are less likely
given the anatomic shape and location of the defects and absence of restorative margins.

3. Synthesis and most likely diagnosis: The image is most consistent with occlusal and interproximal dental caries
affecting the two most posterior teeth, with the largest lesion on the second most posterior tooth extending deep
into dentin and likely approaching or involving the pulp; there is no radiographic evidence of periapical pathology
at the time of image acquisition.

</Think>

<Answer>

The periapical radiograph demonstrates a deep occlusal and distal carious lesion of the second most posterior tooth,
extending into dentin and approaching the pulp, without clear radiographic evidence of periapical pathology. A
possible mesio-occlusal carious lesion is also noted on the most posterior tooth.

</Answer>

Figure 18. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.




Training Data Example

Question: Analysis of the lateral cephalometric radiograph requires:

1. Landmark identification: Provide all anatomical landmarks with
coordinates in the format: <points>(x='...", y="...", alt="...")</points>

2. CVM staging: What is the estimated Cervical Vertebral Maturation (CVM)
stage based on this analysis?

Ground Truth:

In this lateral cephalometric radiograph, 29 landmarks were detected:
<points x="1626' y="1196' alt='A-point></points>,

<points x="1652"' y="1151" alt='"Anterior Nasal Spine'></points>,
<points x="1578"' y='1494" alt='"B-point"></points>,

<points x="1551" y="1630" alt="Menton"></points>,

<points x='1645"' y='794" alt='"Nasion"></points>,

<points x='1543" y="1011" alt='Orbitale"></points>,

<points x='1588' y='1578" alt="Pogonion"></points>,

<points x="1285' y="1172" alt='Posterior Nasal Spine></points>,
<points x='1857"' y="1103' alt="Pronasale™></points>,

<points x='1102"' y="1207" alt='"Ramus™></points>,

<points x="1134' y="867" alt='Sella></points>,

<points x="1066"' y="1084" alt='Articulare'></points>,

<points x='1059' y="1004" alt="Condylion></points>,

<points x="1575"' y="1610" alt="Gnathion"></points>,

<points x="1123" y="1364" alt='"Gonion></points>,

<points x='998' y="1007" alt='"Porion"></points>,

<points x="1488' y="1346" alt="Lower 2nd PM Cusp Tip'></points>,
<points x='1620"' y="1349" alt="Lower Incisor Tip™></points>,
<points x='1440"' y="1337" alt="Lower Molar Cusp Tip"></points>,
<points x="1471"' y="1339" alt='"Upper 2nd PM Cusp Tip"></points>,
<points x='1601"' y="1214" alt="Upper Incisor Apex"></points>,
<points x='1649"' y="1388" alt="Upper Incisor Tip"></points>,
<points x='1435"' y="1334" alt="Upper Molar Cusp Tip"></points>,
<points x="1540" y="1505" alt="Lower Incisor Apex></points>,
<points x='1733"' y="1403" alt='"Labrale inferius"></points>,
<points x='1734' y="1306" alt="Labrale superius™</points>,
<points x="1673' y='825" alt="Soft Tissue Nasion></points>,
<points x='1679" y="'1544" alt="Soft Tissue Pogonion"></points>,
<points x='1729' y="1195" alt='"Subnasale'></points>.

Based on the morphological characteristics of the cervical vertebraec (C2—C4) derived from these landmarks, the
cervical vertebral maturation (CVM) stage was estimated. The analysis considered vertebral body shape, height-to-
width ratios, and the degree of concavity at the lower borders.

The prediction indicates that the patient is at CVM Stage S6.

Figure 19. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.




Training Data Example

Questlon A male patient over 60 years old, a former smoker and drinker,
. who reports no sun exposure. The pathological image from the gingiva
! demonstrates a 1es10n measurlng 3.0 cm. Evaluate this patholog1ca1 patch'

Ground Truth:

<Caption>

H&E-stained high-power field showing sheets and nests of polygonal epithelial cells. Cells display marked nuclear
pleomorphism with variation in nuclear size and shape, coarse irregular chromatin, and one or more prominent
nucleoli in many cells. Many cells have a high nuclear-to-cytoplasmic ratio; cytoplasm ranges from scant to
moderately eosinophilic. Occasional cells show dense eosinophilic cytoplasm and faint intercellular bridges.
Frequent mitotic figures are present, including several that appear atypical. The tumor cell nests are separated by a
fibrovascular stroma containing a mixed inflammatory infiltrate composed predominantly of small lymphocytes
and scattered neutrophils. Foci of individual cell keratinization and scattered keratinized debris are visible within
some cell groups. Overall tissue architecture is disrupted with irregular, tightly packed cellular aggregates and
intervening stromal reaction.

</Caption>

<Think>

1. Based on the histologic field description above, the observed patch demonstrates features consistent with oral
squamous cell carcinoma.

2. Oral squamous cell carcinoma is characterized by malignant squamous proliferation with loss of normal
epithelial stratification. Tumor nests infiltrate the lamina propria, forming keratin pearls and dyskeratotic cells.
Stroma shows dense fibroblastic reaction, chronic inflammatory infiltrates, and frequent abnormal mitoses,
sometimes with focal necrosis.

3. The overall histologic features support a diagnosis of oral squamous cell carcinoma.

</Think>

<Answer>
Histopathological findings indicate oral squamous cell carcinoma.
</Answer>

Figure 20. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.




Training Data Example

Question: This is a patch of a pathological image from the oral cavity. Can
you determine whether it shows histologically normal oral mucosa, or oral
squamous cell carcinoma?

Ground Truth:

<Caption>

Light-microscopic view of stratified squamous epithelium showing an expansile, thickened epithelial plate with
irregular surface contour and loss of orderly maturation. The epithelial cells are markedly pleomorphic with
variation in cell and nuclear size and shape, prominent hyperchromatic nuclei, and frequent large eosinophilic
nucleoli. There is an increased nuclear-to-cytoplasmic ratio and nuclear crowding with overlap of adjacent cells.
Numerous mitotic figures are visible, some appearing atypical. Individual cell keratinization/dyskeratotic cells and
small aggregates of more eosinophilic, dense cytoplasm are present within the epithelial layer. At the interface,
epithelial strands and nests extend irregularly into the underlying connective tissue, which shows a reactive
fibroblastic stroma with a mixed chronic inflammatory infiltrate. The overall architecture is disordered with loss of
normal polarity of the epithelial layers.

</Caption>

<Think>

1. From the histologic appearance, the patch exhibits features indicative of oral squamous cell carcinoma.

2. Oral squamous cell carcinoma generally exhibits malignant squamous proliferation with prominent nuclear
irregularity, hyperchromatic nuclei, and loss of normal epithelial stratification. Tumor nests infiltrate the lamina
propria, often forming keratin pearls or dyskeratotic cells. The surrounding stroma shows marked desmoplastic
response, chronic inflammatory infiltrates, and occasional microvascular proliferation. Focal necrosis, ulceration,
and abnormal mitoses are frequently present, indicating aggressive malignancy.

3. The overall histologic features support a diagnosis of oral squamous cell carcinoma.

</Think>

<Answer>
The patch is consistent with oral squamous cell carcinoma.
</Answer>

Figure 21. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.



Training Data Example

Question: This is a patch of a cellular pathological image from the
oral cavity. Please identify all types of nuclei present in this region
based on their characteristics. Please provide the bounding box
coordinates in <box></box> format.

Ground Truth:

<Caption>

1. Image-level description:

Low-to-moderate cellularity smear with abundant pale basophilic, fibrillar/mucoid background and scattered
granular debris and dense basophilic clumps. Cells are present singly and in loose small groups. Many cells are
small to intermediate in size, round to oval, with scant to moderate pale bluish cytoplasm and centrally placed
round nuclei showing finely to slightly coarsely granular chromatin. A single larger polygonal cell near the right-
center has abundant deeply eosinophilic/magenta cytoplasm with a well-defined cell border and a single round,
dark nucleus. Scattered small, densely stained round nuclei or nuclear fragments are seen throughout. Thin
filamentous strands and proteinaceous material are interspersed in the background.

2. Region-level description:

In multiple regions, the image shows the nuclei vary in size, are irregular in shape, with dense or uneven chromatin,
irregular nuclear membranes, and have prominent or asymmetrically distributed nucleoli.

Specific region coordinates are:

<box>[504,322,530,345]</box>, <box>[83,302,115,335]</box>, <box>[581,144,605,170]</box>,
<box>[280,135,308,160]</box>.

</Caption>

<Think>

1. Based on the regional morphology, these regions <box>[504,322,530,345]</box>,
<box>[83,302,115,335]</box>, <box>[581,144,605,170]</box>, <box>[280,135,308,160]</box> may correspond
to abnormal epithelial nucleus.

2. Abnormal nuclei often show size variation, irregular shapes, dense or clumped chromatin, irregular nuclear
membranes, and enlarged or displaced nucleoli, commonly seen in malignancy or severe pathology.

3. The observed appearance of these regions <box>[504,322,530,345]</box>, <box>[83,302,115,335]</box>,
<box>[581,144,605,170]</box>, <box>[280,135,308,160]</box> matches the expected cytological features of
abnormal epithelial nucleus.

</Think>

<Answer>

The abnormal epithelial nucleus is detected in regions <box>[504,322,530,345]</box>,
<box>[83,302,115,335]</box>, <box>[581,144,605,170]</box>, <box>[280,135,308,160]</box>.

</Answer>

Figure 22. Data example used in the training stage. It contains multimodal information, including the image, question, and ground truth.



System Prompt:

You are an expert in textual diagnostic reasoning in the field of oral healthcare. You will compare a model's
diagnostic thinking output (Candidate) with the reference gold-standard report (Reference) . Your task is to
evaluate the Candidate based on three dimensions:
1. Logical Coherence

- Evaluate whether the reasoning in <Think> (steps 1, 2, and 3) is logically consistent with the information
in <Caption>. Look for any jumps, contradictions, or illogical conclusions.

- Score: 0 or 1. 0 indicates a clear logical inconsistency or contradiction, 1 indicates fully coherent reasoning.
2. Factual Knowledge Accuracy

- Assess whether the professional knowledge presented in step 2 of <Think> is correct, complete, and
consistent with established oral medicine or pathology facts.

- Score: 0-2. 0 = incorrect or seriously inaccurate, 1 = partially correct, 2 = fully correct.
3. Answer Consistency

- Evaluate whether the reference (gold-standard answer) can be directly derived from the description in Step
3 of <Think>. Ensure that the reasoning trace fully justifies the reference (gold-standard answer) by checking for
contradictions, reliance on unstated information, or unsupported claims.

- Score: 0-2. 0 = inaccurate, 1 = partially accurate, 2 = fully accurate.
4. Overall Thinking Reward

- Calculate as:

overall thinking reward = (logical coherence + factual knowledge accuracy + answer consistency) /5

- Output the result as a decimal value.

User Prompt:
Reference: {SOLUTION}
Candidate: {COMPLETION}

Please strictly follow this JSON format for your output:

{
“logical coherence": X,
“factual knowledge accuracy": Y,
“answer consistency": Z,
“overall thinking reward": R

H

Figure 23. The prompt for computing the TRACE-based reward using GPT-5-nano.



System Prompt:

You are an expert in diagnostic reasoning for oral healthcare. Your task is to assign a numerical score (0—1) that
measures how clinically equivalent a model's answer (Candidate) is to the gold-standard (Reference). The
Reference may include:

- Bounding boxes (<box>[x1,y1,x2,y2]</box>)

- Tooth numbers (e.g., "Teeth 11, 12, 21, 22")

- Diagnostic description

### Scoring Rules
1. Content Score (0—1)
- Measures semantic/diagnostic equivalence between Candidate and Reference text.
- Minor omissions — small penalty; contradictions or false positives — large penalty.
2. Box/Tooth Score (0-1)
- Only if Reference contains boxes or teeth.
- Box Scoring: For each Reference box, find Candidate box with highest loU:
->09—1.0
-0.5-0.9 —» 0.6-0.8
-0.1-0.5 - 0.3-0.5
-<0.1 -0
- Tooth Scoring: For each Reference tooth, assign:
- 100% match — 1.0
- >50% match — 0.6-0.8
- 10-50% match — 0.3-0.5
- <10% match — 0
- If both exist, average — Box/Tooth Score
3. Format Bonus
- Only if Reference has boxes or teeth. Candidate correctly uses “<box>" or tooth notation — +1, else 0

### Weighting & Final Score
- If Reference contains boxes/teeth:
- w_content = 0.4, w_box_tooth =0.4, w_format = 0.2
- Final Score = Content x w_content + Box/Tooth X w_box_tooth + Format Bonus x w_format
- If Candidate misses required format — Final Score = 0
- If Reference has only diagnosis text:
- Only Content Score counts; Box/Tooth Score = 0, Format Bonus = 0
- Final Score = Content Score
- Weight sum remains 1 automatically

User Prompt:
Reference: {SOLUTION}
Candidate: {COMPLETION}

Please output the score only in this format: Score: <float between 0.0 and 1.0>

Figure 24. The prompt for computing the answer reward using GPT-5-nano.



MMOral-Uni Benchmark

Question: What is the count of teeth observed in this intraoral image, what kinds
are they, and where exactly are their centers located?

Category: II Loc

Ground Truth: This is an intraoral photography image containing 14 teeth.
There are 7 tooth types identified, including 2 Central Incisors located at
[<points>(349, 394)</points>, <points>(297, 391)</points>]; 2 Lateral Incisors
located at [<points>(399, 379)</points>, <points>(247, 382)</points>]; 2
Canines located at [<points>(205, 349)</points>, <points>(446, 352)</points>];
2 1st Premolars located at [<points>(489, 291)</points>, <points>(168,
285)</points>]; 2 2nd Premolars located at [<points>(510, 217)</points>,
<points>(150, 216)</points>]; 2 1st Molars located at [<points>(538,
132)</points>, <points>(120, 129)</points>]; 2 2nd Molars located at
[<points>(104, 38)</points>, <points>(563, 39)</points>].

Question: This is an intraoral photograph of the oral cavity. What is the likely
diagnosis?

Category: II Dx-I

Ground Truth: The image is most consistent with a minor aphthous
(recurrent aphthous) ulcer on the maxillary labial/vestibular mucosa.

Question: This is an intraoral photograph. Which oral disease is depicted here?

Category: II Dx-I

Ground Truth: Advanced occlusal dental caries (large cavitated carious
lesion with dentinal involvement) in a mandibular posterior molar (third
molar; wisdom tooth).

Question: This is an intraoral photograph. Can you identify the regions where
. caries is observed? Please provide the regions as bounding boxes in
<box></box> format.

Category: II Dx-R

Ground Truth: Permanent tooth decay is present in the regions
- <box>[108,443,674,820]</box>, <box>[2190,447,2808,1013]</box>.

Figure 25. Some examples in our MMOral-Uni benchmark. Each example contains the image, question, category, and corresponding
ground truth validated by experienced dentists.



MMOral-Uni Benchmark

Question: This is a periapical X-ray image. What disease(s) or condition(s) does
it suggest?

Category: PA

Ground Truth: The radiograph demonstrates carious lesions affecting multiple
posterior multi-rooted teeth. Periapical radiolucencies and furcation involvement
are displayed in some roots, suggesting chronic apical periodontitis, periodontal
bone loss, and combined endodontic-periodontal lesions.

Question: This is a periapical X-ray image. Please identify the disease(s) or
condition(s).

Category: PA

Ground Truth: The periapical radiograph demonstrates occlusal and
interproximal caries on adjacent, the canine and first premolar. The first premolar
shows a deep carious lesion extending into the dentin and approaching/involving
the pulp, with associated radiographic evidence of periapical pathology.

Question: Analysis of the lateral cephalometric radiograph requires:

1. Landmark identification: Provide all anatomical landmarks with coordinates
in the format: <points>(x="...", y="...", alt="...")</points>

2. CVM staging: What is the estimated Cervical Vertebral Maturation (CVM)
stage based on this analysis?

Category: CE

Ground Truth:

In this lateral cephalometric radiograph, 29 landmarks were detected:

<points x='1446' y='1145" alt='A-point"™></points>,

<points x='1497' y='1086" alt="Anterior Nasal Spine"></points>,

<points x="1355' y="1606" alt="B-point'></points>,

Based on the morphological characteristics of the cervical vertebrae (C2—C4) derived from these landmarks, the
cervical vertebral maturation (CVM) stage was estimated. The analysis considered vertebral body shape, height-to-
width ratios, and the degree of concavity at the lower borders.

The prediction indicates that the patient is at CVM Stage S5.

Figure 26. Some examples in our MMOral-Uni benchmark. Each example contains the image, question, category, and corresponding
ground truth validated by experienced dentists.



MMOral-Uni Benchmark

Question: The patient is a 40- to 60-year-old female who uses tobacco, does not
consume alcohol, and has sun exposure. The pathological image from the buccal
mucosa demonstrates a lesion measuring 2.0 cm. Evaluate this pathological
patch's morphology and indicate if it corresponds to leukoplakia without
dysplasia, leukoplakia with dysplasia, or oral squamous cell carcinoma.

... Category: PI
| Ground Truth: Histopathological findings indicate leukoplakia with dysplasia.

b ."e Question: This is a patch of a pathological image from the oral cavity. Can you
,f,}v determine whether it shows histologically normal oral mucosa, oral submucous
fibrosis, or oral squamous cell carcinoma?

Category: PI

Ground Truth: The patch is consistent with oral squamous cell carcinoma.

Figure 27. Some examples in our MMOral-Uni benchmark. Each example contains the image, question, category, and corresponding
ground truth validated by experienced dentists.



MMOral-Uni Benchmark
‘if v : In - -

Category: TP

.

Question: Based on the information provided by the patient, including Chief Complaint, Medical History, Dental
History, Clinical Evaluation, Extra-oral Examination, Intra-oral Examination, and Radiographic Findings, together
with the corresponding oral-related images, formulate an appropriate Pretreatment Diagnosis and a comprehensive
Treatment Plan.

## Chief Complaint

"I had a root canal re-done on this tooth and I am still having pain when I chew with it.”

## Medical History

The patient (Pt) was a 26-year-old Caucasian male. He had no known drug allergies (NKDA). Vital signs were:
blood pressure (BP) 122/84 mmHg right arm seated (RAS), respiratory rate (RR) 18 breaths per minute and regular,
pulse 72 beats per minute (BPM) and regular.

The Pt was American Society of Anesthesiologists Physical Status Scale (ASA) Class 1.

## Dental History

The Pt had tooth #12 treated with root canal therapy (RCT) and restorative composite 5-7 years prior. The tooth
became symptomatic and it was re-treated. After re-treatment, the Pt experienced postoperative pain for a few
weeks and it was decided that apical microsurgery should be performed.

## Clinical Evaluation

### Extra-oral Examination (EOE)

Clinical examination revealed no lymphadenopathy of the submandibular and neck areas. Perioral and intra-oral
soft tissue appeared normal. Extra-oral soft tissues appeared satisfactory in color and texture. The
temporomandibular joint showed no popping/clicking or deviation on opening and was otherwise asymptomatic.
### Intra-oral Examination (IOE)

The intra-oral soft tissue examination had normal appearance, but the root apex had tenderness upon palpation and
percussion tenderness was noted.

### Radiographic Findings

Tooth #12 showed dense root canal obturation with possible extrusion of gutta-percha (GP)/sealer into the
periapical (PA) tissues. No final crown was present, but adequate composite restoration and glass ionomer material
were placed within access and cavosurface. Tooth #11 was clinically intact without any restorations. Tooth #13 had
a mesial-occlusal composite. Tooth #14 had previous RCT with incomplete root filling, ...

Ground Truth:

# Pretreatment Diagnosis:

## Pulpal: Previously treated, tooth #12

## Apical: Symptomatic Apical Periodontitis, tooth #12

# Treatment Plan

## Recommended

Emergency: None

Definitive: PA surgery to tooth #12 with Root End Filling.

## Alternative

Extraction and dental implant, fixed partial denture, or no treatment
## Restorative

Composite or amalgam build up with either onlay or full crown coverage

Figure 28. Some examples in our MMOral-Uni benchmark. Each example contains the image, question, category, and corresponding
ground truth validated by experienced dentists.



MMOral-Uni Benchmark

Question: This is an intraoral video recording of the dental treatment. Help me to understand it accurately.

Category: IV

Ground Truth:

1) Clinical environment and imaging conditions\n- The footage is intra-oral, recorded with a close-focus intraoral
camera or loupe-mounted video system. The camera provides a tight field of view focused on a single posterior
tooth and adjacent soft tissues.\n- Lighting is bright and produces specular highlights on wet tooth and mucosal
surfaces; reflections and glare intermittently obscure fine detail.\n- The scene shows variable focus and some
motion blur as instruments and the camera move; intermittent water spray or irrigation mist and saliva create
transient haze and small reflective droplets.\n- The operative field is crowded by the working instrument and
surrounding soft tissues (buccal mucosa and tongue), with only a limited visual window to the occlusal surface.
Occasional camera fouling/obscuration and framing shifts occur during the sequence.

2) Visible tools, tissues, and anatomy\n- Tools: a metallic rotary instrument tip is consistently visible. It appears
as a slender cylindrical/rounded metal cutting or excavation tip (consistent with a rotary bur or a contra-angle
slow/low-speed handpiece instrument). There is evidence of irrigation/aerosol but no direct view of a saliva
ejector or mirror in most frames.\n- Hard tissues: a posterior tooth with a large occlusal cavitation.\n- Soft tissues:
adjacent buccal mucosa, tongue and saliva are visualized; gingival margins near the cavitated area are visible but
not the focus. There is little overt bleeding in the frames provided.\n- Internal anatomy: the excavation reaches a
dark central area which may represent deep carious dentin and/or the roof of the pulp chamber in a large lesion.

3) Dynamic interactions during treatment\n- The rotary tip is engaged repeatedly in the central occlusal defect
and along the cavosurface margin; motion includes axial penetration into the lesion and circumferential shaping
of the cavity.\n- Cutting action produces removal of soft/brown carious material and detachment of undermined
enamel; particulate debris and irrigant spray are intermittently seen leaving a transient fog over the field.\n- Small
fragments of tooth structure are dislodged and displaced while the remaining coronal portion is preserved and
manipulated; the instrument occasionally contacts and abrades the inner margins of the cavity.\n- The operator
repositions the tip multiple times to access different aspects of the defect; the soft tissues shift slightly with
instrument movement and irrigation, requiring continuous reorientation of the camera/instrument.

4) Procedural sequence (as observed)\n- Initial close inspection of a large occlusal lesion with visible dark
(carious) center.\n- Engagement of a metallic rotary instrument into the lesion center, with progressive excavation
of the dark carious material.\n- Enlargement and shaping of the cavity: removal of undermined enamel and
excavation of decayed dentin, creating a deeper, more defined occlusal preparation.\n- Repeated irrigation/air-
water spray cycles observed during and after cutting, with transient mist and removal of debris.\n- Continued
contouring of cavity walls and apparent detachment of a coronal fragment or cusp remnant as the procedure
progresses.\n- Final frames show a shaped occlusal defect with smoother internal surfaces and less visible loose
debris, consistent with completion of the initial caries excavation/cavity preparation stage.

5) Notable clinical findings and challenges\n- ....

Figure 29. Some examples in our MMOral-Uni benchmark. Each example contains the image, question, category, and corresponding
ground truth validated by experienced dentists.



Intraoral Image

Question: This is an intraoral photograph of the oral cavity. Which oral
disease is depicted here?

Category: 11 Dx-I, Caries

Ground Truth: Advanced occlusal dental caries (large cavitated carious lesion with dentinal involvement) of a
mandibular posterior molar.

GPT-5 Response: Evaluation score: 0.8
The image shows signs of dental caries, particularly on the molars. The visible decay and discoloration suggest
advanced tooth decay. Additionally, there is evidence of gingivitis or periodontal disease, as indicated by the
redness and inflammation of the gums. These findings are consistent with poor oral hygiene and potential neglect
in dental care.

Lingshu-7B Response: Evaluation score: 0.8
Dental caries (a cavity) on a molar.

OralGPT-Omni Response: Evaluation score: 1.0
<Caption> The image shows the right posterior mandibular quadrant with the tongue retracted to expose the buccal
and occlusal surfaces of the lower molars. There is a large, dark brown—black cavitated lesion occupying much of
the occlusal surface of the most posterior molar, with loss of normal enamel contour and a central area of exposed
dentin. Adjacent posterior teeth show yellow-brown staining on occlusal surfaces. The concavities are irregular in
shape, with rough, undermined margins and discoloration; there is no obvious metallic restoration visible in the
affected tooth.

</Caption>

<Think>

1. Visible features matching caries: The photo demonstrates classic signs of dental caries — focal enamel
breakdown with cavitation, dark brown/black discoloration of the lesion, and exposure of softened dentin within the
occlusal pit/fissure system. The irregular, undermined enamel margins and the central darkened area indicate
progressive demineralization and tissue loss rather than a simple stain or abrasion.

2. Typical visual appearance and symptoms of caries from professional knowledge: Carious lesions commonly
present as white spot lesions in early stages, progressing to brown/black staining and eventual cavitation when
enamel and dentin are destroyed. Advanced occlusal caries often appear as deep, dark, soft-appearing defects with
loss of normal occlusal anatomy and may be associated with sensitivity or pain if dentin/pulp are involved.

3. Confirmation that observed appearance matches caries: The combination of a large cavitated occlusal defect,
dark discoloration, and surrounding enamel breakdown on the posterior molar corresponds well with advanced
dental caries (deep occlusal caries) affecting the posterior mandibular tooth.

</Think>

<Answer>

Advanced dental caries (deep occlusal caries) involving the posterior mandibular molar, with extensive cavitation
and darkly discolored dentinal involvement.

</Answer>

Figure 30. Case study on the intraoral image modality, with correct responses highlighted in | green and obvious incorrect responses
highlighted in red.



Intraoral Image

Question: This is an intraoral photograph of the oral cavity. What is the
disease present in this image?

Category: II Dx-I, Gingivitis

Ground Truth: The image shows clinical features consistent with plaque-induced gingivitis (marginal/papillary
gingival inflammation) affecting the anterior maxillary and mandibular gingiva, characterized by erythema, edema,
and focal bleeding.

GPT-5 Response: Evaluation score: 0.8
Gingivitis == plaque-induced inflammation of the gums (erythematous, swollen margins with bleeding).
Lingshu-7B Response: Evaluation score: 0.2

Based on the clinical presentation shown in the intraoral photograph, the patient appears to have a condition
called gingival hyperplasialor overgrowth of the gums. The gums are significantly enlarged and swollen,
covering a large portion of the teeth and creating a thickened, irregular appearance.

OralGPT-Omni Response: Evaluation score: 1.0
<Caption>

Frontal intraoral view showing both maxillary and mandibular anterior teeth (canine to canine). The marginal
gingiva appears erythematous (reddened) and edematous with loss of normal scalloped contour; interdental papillae
are blunted and there is visible bleeding at the gingival margin. Supragingival plaque and calculus deposits are
evident on several lower anterior teeth. No obvious large ulceration or purulent exudate is seen in this image.
</Caption>

<Think>

1. Visible features matching Gingivitis: The gingiva demonstrate diffuse erythema and swelling of the marginal and
papillary tissues, blunting of interdental papillae, and active bleeding at the gingival margin — all classic signs of
inflammation. The presence of supragingival plaque/calculus adjacent to the inflamed tissue supports a local
irritant-driven inflammatory process.

2. Typical appearance/symptoms of Gingivitis from professional knowledge: Gingivitis commonly presents as red,
swollen, tender gingiva that bleeds easily on provocation (brushing/probing), often associated with plaque
accumulation; changes are usually confined to the soft tissues without radiographic bone loss.

3. Confirmation: The observed combination of marginal/papillary erythema, edema, bleeding, and adjacent
plaque/calculus corresponds well with the expected clinical presentation of plaque-induced gingivitis.</Think>

<Answer>

Clinical diagnosis: Generalized plaque-induced gingivitis laffecting the anterior maxillary and mandibular gingiva,
characterized by marginal and papillary erythema, edema. and bleeding with visible supragingival plaque/calculus.

</Answer>

Figure 31. Case study on the intraoral image modality, with correct responses highlighted in - and obvious incorrect responses
highlighted in red.



Periapical X-ray

Question: This is a periapical X-ray image. Please identify the disease(s) or
condition(s).

Category: PA, Pulpitis

Ground Truth: The periapical radiograph demonstrates occlusal and interproximal caries on adjacent, the canine
and first premolar. The first premolar shows a deep carious lesion extending into the dentin and

approaching/involving the pulp, with associated radiographic evidence of periapical pathology.

GPT-5 Response: Evaluation score: 0.0
Multiple anterior teeth with very wide, open apices and large pulp chambers.\n- Lamina dura and periodontal
ligament space appear normal; This radiograph is most consistent with immature permanent teeth exhibiting
incomplete root development (open apices). This is a normal developmental condition in adolescents, not disease.
Lingshu-7B Response: Evaluation score: 0.3
1. Dental Caries: There is evidence of dental caries in the molars, particularly visible as radiolucent areas near the
crown and root regions of the teeth. 2. Periapical Lesions: The presence of radiolucent areas at the apices of some
teeth suggests periapical lesions, which could be indicative of periapical abscesses or granulomas. 3. Root
Resorption: There appears to be some degree of root resorption, especially noticeable in the lower left molar where
the root structure seems compromised. 4. Bone Loss: The alveolar bone surrounding the teeth shows signs of
reduced density and height, indicating possible periodontal disease or chronic inflammation.

OralGPT-Omni Response: Evaluation score: 0.8
<Caption>

The periapical radiograph of several adjacent teeth showing. Well-defined are present on the proximal surfaces of at
least one tooth consistent with approximal caries. Radiographic evidence of periapical pathology is observed at the
root apex of a tooth with a cavity. Lamina dura around the apices is relatively preserved.

</Caption>

<Think>

1. Visual feature analysis: Focal triangular/rounded radiolucencies on proximal crown/root surfaces consistent with
approximal carious lesions.

2. Radiographic characteristics recall and differentials: Approximal caries appear as radiolucent areas at the
contact/proximal enamel-dentin region and can be distinguished from bone defects by their location relative to the
tooth structure.

3. Synthesis and diagnostic decision: The focal proximal radiolucencies indicate concomitant approximal caries on
at least one tooth. Therefore the most likely diagnosis is interproximal caries; recommend clinical correlation (pulp
testing) and treatment planning restorative care.

</Think>

<Answer> Periapical radiograph demonstrates proximal carious lesions on one or more teeth with associated
radiographic evidence of periapical pathology.

</Answer>

Figure 32. Case study on the periapical X-ray modality, with correct responses highlighted in [green| and obvious incorrect responses
highlighted in red.



Intraoral Image
Question: What dental diseases or conditions are observed in this image?

Category: 11 _Dx-I, Calculus

Ground Truth: Supragingival dental calculus and plaque are accumulated mainly at the cervical and interproximal
areas of the upper and lower anterior teeth, accompanied by extrinsic staining and localized gingival inflammation,
suggesting gingivitis.

GPT-5 Response:

Dental fluorosis (mottled enamel) due to excessive fluoride exposure during tooth development.

Evaluation score: 0.0

Lingshu-7B Response: Evaluation score: 0.1
The patient appears to have gingival hyperplasia, which is an overgrowth or enlargement of the gums. The gums
are enlarged and swollen, covering a large portion of the teeth.

OralGPT-Omni Response: Evaluation score: 0.9
<Caption>The frontal intraoral view shows the maxillary and mandibular anterior teeth with supragingival
deposits. ...

</Caption>

<Think>

1. Visible features matching Gingivitis: The image shows marginal gingival erythema and edema localized to ...

2. Typical appearance of Gingivitis from professional knowledge: Gingivitis commonly presents as redness ...

3. Confirmation that observed appearance matches Gingivitis: The combination of marginal erythema, edema...
</Think>

<Answer>Localized plaque-induced gingivitis involving the anterior maxillary and mandibular gingiva,
characterized by marginal erythema, edema, and the presence of supragingival plaque and calculus deposits.

</Answer>

Clinical validity assessment from a radiologist with over ten years of experience:

The output from GPT-5 is not
accurate. No dental fluorosis is
observed in this image. GPT-5 could
have mistakenly identified dental
plaque, calculus, and light
reflections as enamel abnormalities.
Therefore, the overall accuracy
level is considered low.

The output from Lingshu-7B is not
entirely accurate. While mild gingival
swelling is observed in this image,
there is no obvious overgrowth or
enlargement covering a large portion of
the teeth, which suggests that the
gingival hyperplasia indicated in the
output may be overstated. Therefore,
the overall accuracy level is considered
moderate.

The output from OralGPT-Omni
is comprehensive and accurate.
The response shows correct
clinical reasoning and considers
multiple relevant factors.
Therefore, the overall accuracy

level is Gonsidered high.

Figure 33. Case study and clinical validity on the intraoral image modality, with correct responses highlighted in - and obvious

incorrect responses highlighted in red.




Periapical X-ray
Question: Please specify the disease(s) or condition(s) demonstrated in this image.

Category: PA, Caries

Ground Truth: The radiograph demonstrates mesial interproximal carious lesions on the posterior teeth, extending
into the pulp (severe approximal caries) and through the enamel into the dentin (moderate approximal caries).

GPT-5 Response: Evaluation score: 0.0
Internal root resorption (inflammatory resorption) of the affected tooth. The film shows a well-defined, round/ovoid
radiolucent “ballooning” within the mid-root that is continuous with the root canal, typical of internal resorption. Clinical
and endodontic evaluation is indicated.

Lingshu-7B Response: Evaluation score: 0.1
The periapical X-ray image shows a tooth with an abnormal root canal morphology, specifically a bifurcation in the root
structure. The bifurcation appears to be located at the mid-root level, which is an uncommon anatomical variation. There is

no evidence of periapical radiolucency, indicating that there is no significant periapical pathology such as infection or cyst
formation.

OralGPT-Omni Response: Evaluation score: 1.0
<Caption>The radiograph shows four maxillary posterior teeth. Radiolucent cavities are present at the proximal
contact ...

</Caption>

<Think> 1. The image shows localized radiolucent cavities at the interproximal contact point between two ...

2. Radiographically, approximal (interproximal) caries typically presents as a radiolucent notch or triangle at ...

3. The observed interproximal radiolucency most closely matches approximal caries extending into dentin and ...
</Think>

<Answer>Interproximal (approximal) carious lesion involving the contacting surfaces of adjacent posterior teeth
with radiographic extension into dentin and pulp, and no clear evidence of periapical pathology.

</Answer>

Clinical validity assessment from a radiologist with over ten years of experience:

The output from GPT-5 is not [ The output from Lingshu-7B is not | The output from OralGPT-Omni
accurate. There is no evidence of |accurate. It states that there is a|is .
internal root resorption in this image. | bifurcation in the root structure but | The response shows correct
It appears that GPT-5 could have |does not specify the tooth site, and no | clinical reasoning and
mistakenly identified a large cavity [ bifurcation is visible in any of the teeth | appropriately ~emphasizes all
as internal root  resorption. |in this image. It appears that Lingshu- | teeth with visible cavities in the
Therefore, the overall accuracy [ 7B could have mistakenly identified | image. Therefore, the overall
level is considered low. overlapping roots of posterior teeth as a | accuracy level is Gonsidered high.
bifurcation in the root structure.
Therefore, the overall accuracy level is
considered low.

Figure 34. Case study and clinical validity on the periapical X-ray modality, with correct responses highlighted in - and obvious
incorrect responses highlighted in red.



Histopathological Image

Category: PI, Oral Squamous Cell Carcinoma

Ground Truth: The patch is consistent with oral squamous cell carcinoma.

GPT-5 Response:

Lingshu-7B Response:

OralGPT-Omni Response:

stratification ...</Caption>
<Think>

</Think>
<Answer>

</Answer>

This patch represents oral squamous cell carcinoma.

Question: Does it represent histologically normal oral mucosa, oral submucous
fibrosis, or oral squamous cell carcinoma?

Evaluation score: 0.0

Oral submucous fibrosis. Rationale: The image shows dense, hyalinized collagenous stroma with scattered fibroblasts or
inflammatory cells and no invasive epithelial nests or keratin pearls.

Evaluation score: 0.0

Based on the provided image and description, this appears to be a case of oral submucous fibrosis (OSF). The key features
that support this diagnosis include the presence of dense collagen bundles in the lamina propria.

Evaluation score: 1.0

<Caption> High-power photomicrograph showing densely cellular tissue with loss of normal orderly epithelial

1. From the histologic appearance, the patch exhibits features indicative of oral squamous cell carcinoma.

2. Oral squamous cell carcinoma generally demonstrates invasive nests and sheets of atypical squamous cells
penetrating into the connective tissue. Cells show marked nuclear pleomorphism, hyperchromasia, prominent ...
3. The observed morphological features are consistent with oral squamous cell carcinoma.

Clinical validity assessment from a radiologist with over ten years of experience:

The output from GPT-5 is not
accurate. It could have mistakenly
identified histopathological features
characteristic of oral submucous
fibrosis. Although the reasoning
appears relatively reliable, the final
diagnosis was determined as oral
submucous fibrosis rather than the
ground truth, which is oral
squamous cell carcinoma. Therefore,
the overall accuracy is considered
low.

The output from Lingshu-7B is not
accurate. It could have mistakenly
identified histopathological features
characteristic of oral submucous
fibrosis.  Although the reasoning
appears relatively reliable, the final
diagnosis was determined as oral
submucous fibrosis rather than the
ground truth, which is oral squamous
cell carcinoma. Therefore, the overall
accuracy is considered low.

The output from OralGPT-Omni
is comprehensive and accurate.

It correctly identified
histopathological features
characteristic of oral squamous
cell carcinoma and demonstrated
reliable reasoning. Therefore, the
overall accuracy is considered
high.

Figure 35. Case study and clinical validity on the histopathological image modality, with correct responses highlighted in | green| and

obvious incorrect responses highlighted in red.




Cephalometric Radiograph
Question: Analysis of the lateral cephalometric radiograph requires:

1. Landmark identification: Provide all anatomical landmarks with coordinates in
the format: <points>(x='...", y="...", alt="...")</points>

2. CVM staging: What is the estimated Cervical Vertebral Maturation (CVM) stage
based on this analysis?",

- Category: CE

Ground Truth: In this lateral cephalometric radiograph, 29 landmarks were detected.

<points x="590’ y=°475" alt="A-point’></points>,

<points x="573" y="588” alt="B-point’></points>, ...

Based on the morphological characteristics of the cervical vertebrae (C2—C4) derived from these landmarks, the
cervical vertebral maturation (CVM) stage was estimated. The analysis considered vertebral body shape, height-to-
width ratios, and the degree of concavity at the lower borders.

The prediction indicates that the patient is at CVM Stage SS5.

GPT-5 Response:

<points>(x=‘470", y=305", alt="Sella (S): center of hypophyseal fossa’)</points>
<points>(x=640", y="280’, alt="Nasion (N): frontonasal suture’)</points> ...
Estimated CVM stage: CS6 (post-pubertal, growth complete).

Reasoning: Clear concavities are present on the inferior borders of C2, C3, and C4, and the bodies of C3—C4
appear more rectangular/vertical than wide, consistent with CS6 rather than CSS5.

Evaluation score: 0.4

Evaluation score: 0.3

Lingshu-7B Response:
CVM staging: Based on the analysis of the cervical vertebrae, the estimated Cervical Vertebral Maturation (CVM)
stage appears to be advanced, indicating a more mature skeletal development.

OralGPT-Omni Response:

In this lateral cephalometric radiograph, 29 landmarks were detected:
<points x="578’ y="460" alt="A-point’></points>,

<points x="562’ y="594" alt="B-point’></points>, ...

Based on the morphological characteristics of the cervical vertebrae (C2—C4) derived from these landmarks, the
cervical vertebral maturation (CVM) stage was estimated. The analysis considered vertebral body shape, height-to-
width ratios, and the degree of concavity at the lower borders.

The prediction indicates that the patient is at CVM Stage SS.

Evaluation score: 1.0

Clinical validity assessment from a radiologist with over ten years of experience:

The output from GPT-5 is not entirely
accurate. While it provided estimated
X, y, and z coordinates for more than
20 anatomical landmarks and showed
relatively reliable reasoning, the final
CVM staging was determined as
stage S6. This is close but not correct,
as the ground truth indicates stage S5.
Therefore, the overall accuracy is
considered moderate.

The output from Lingshu-7B is
not entirely accurate. It provided
a general estimation of the CVM
stage as advanced but did not
specify the exact staging
classification. Therefore, the
overall accuracy is considered

moderate.

The output from OralGPT-Omni is
comprehensive and accurate. It
provided estimated x, y, and z
coordinates for nearly 30 anatomical
landmarks and showed reliable
reasoning. The final CVM staging
was determined as stage S5, which
aligns with the ground truth.
Therefore, the overall accuracy is
considered high.

Figure 36. Case study and clinical validity on the cephalometric radiograph modality, with correct responses highlighted in | green and

obvious incorrect responses highlighted in red.
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