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The patient presents a _____ crossbite on the
_____ side. From a vertical standpoint, the
overbite is _____. The molar relationship is Class
_____ on the right and Class _____ on the left,
with overjet _____ . The dental midlines are _____.
The Curve of Spee is _____ and the Curve of
Wilson is _____. Crowding in the upper arch is
_____ and in the lower arch is _____.
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The Task: Scans + Photos → Diagnostic Text

3D Intra Oral Scans (IOS)

• Upper + lower 3D mesh per patient

• Shape only — occlusal / bite geometry

• No color, no soft-tissue information

  ~83 words
Average scan-only report 
occlusal findings alone

2D Intra Oral Photographs

• Five 2D photos per patient

• Same bite relationship, visible again

• Plus soft tissue: gums, plaque, fillings, stains

  ~122 words
Average photo report 
Occlusal + soft-tissue findings
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Turning Free Text into Structured Labels

  

  

989 patients total (After outlier removal) 

→ split 791 train / 198 frozen test.

• ~200 reports per report-family read by Claude Sonnet

• Converted to JSON slot values → per-slot class labels

• Fixes the slot schema and gives a hand-labeled gold set

1. Seed with an LLM

2. Deterministic regex parser

• Fixed, hand-written rules, no learned component

• Matches each word to its nearest finding keyword

• Checks negation; 

• Written against the gold set, then run over the full corpus

• Applied on the rest of the training set (~591 reports) to get GT labels.

Field Parser agreement (recall)

Plaque 100.0%

Calculus 100.0%

Hygiene summary 100.0%

Discoloration 100.0%

Recession 100.0%

Sealants 100.0%

Restorations 99.0%

Gingivitis 89.7%

Caries 87.9%

Enamel defect 100.0%

Field Parser agreement (recall)

Deep bite 100.0%

Midlines 
(coincident/deviated)

98.5%

Curve of Wilson 98.4%

Crossbite (presence) 97.4%

Midline magnitude 96.6%

Overjet 95.4%

Curve of Spee 94.0%

Overbite 90.7%

Crowding, lower arch 88.5%

Transverse constriction 87.6%

Crowding, upper arch 87.1%

Molar class, left 75.9%

Molar class, right 61.3%

Canine class, left 56.5%

Canine class, right 56.3%

15 labels extracted from the scan reports. 

Parser agreement is how often the 

extracted label matches the gold set.

10 labels extracted from the photographic 

reports. 



The 3D head – Segmentation, Landmark detection, and measurements 

Key I: Molar 

Relationship

Keys II: Crown 

Angulation
Keys III: Crown 

Inclination

Key IV: 

Rotations

Key V: Tight 

Contacts

Key VI: Curve 

of Spee

~ 120 landmarks per jaw Image from [3]

Andrews' Six Keys to Normal Occlusion[4]:

Segmentation
TriDent-GCA [1] + TSGCNet[2] on 

3DTeethLand (900 arch pairs),  95.1% / 
93.5% point accuracy

Landmark Detection
CLIK-Diffusion (PointMLP)[3], per-tooth 

model, up to 22 landmarks/tooth

Anatomical Frame
Pose-invariant frame rebuilt per patient from 

the landmarks

25 Measurements
7 groups: sagittal, transverse, midline, arch 

width, alignment, curves, dentition



The 3D head – Slot prediction

Segmentation
TriDent-GCA [1] + TSGCNet[2] on 

3DTeethLand (900 arch pairs),  95.1% / 
93.5% point accuracy

Landmark Detection
CLIK-Diffusion (PointMLP)[3], per-tooth 

model, up to 22 landmarks/tooth

Anatomical Frame
Pose-invariant frame rebuilt per patient from 

the landmarks

25 Measurements
7 groups: sagittal, transverse, midline, arch 

width, alignment, curves, dentition

learns the clinical threshold

Shallow Decision Tree
Fit only on the features that directly define the slot

Overjet Overbite Curve of Spee Curve of Wilson

Gradient-Boosted Trees
Fit on all 25 features
Used when a slot isn’t determined by any single measurement

Midlines (coincident/deviated)

Crossbite (presence)

Midline magnitude

Crowding, (U/L) arch

Transverse constriction

Molar class (left/Right)

Canine class (left/Right)

Deep bite

791 train patients:
- 154 cases used to extract the gold set. (used also as a test set)
- 637 cases used for model fitting. Labels extracted from the Parser



The 2D head

Orientation-corrected, 
resized, ImageNet-

normalized.
~Augmentation

Preprocessing

791 train patients:
- 93 cases dropped. No 2D photographics66 report
- 200 cases used to extract the gold set. (used also as a test set)
- 498 cases used for model fitting. Labels extracted from the Parser

Plaque

Calculus

Hygiene summary 

Discoloration

Recession

Sealants

Gingivitis

Caries

Enamel defect 

Restorations

10 Linear Heads
- LR: 10⁻³

- Dropout p=0.3

LR: 10⁻⁴

Five photos per patient go through one shared, ImageNet-pretrained ResNet-18,
and the five feature vectors are averaged into one. Ten linear heads then predict
the soft-tissue findings from that vector.



Results – 2D/3D head
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Results – Challenge Score

Configuration BLEU-4 [5] METEOR [6] Captioning

Constant baseline 0.2411 0.4425 0.3418

3D slots only 0.1760 0.3958 0.2859 

+ photo CNN, benched heads silent 0.2194 0.4310 0.3252 

+ photo CNN, benched heads → prior 0.2662 0.4594 0.3628

Occlusal + prior alone (no photos read) 0.2735 0.4662 0.3699

The patient presents a transverse constriction of the maxilla in the

absence of crossbite. From a vertical standpoint, the overbite is within

normal limits. Sagittally, there is a bilateral end-to-end Class II molar

and canine relationship with overjet within normal limits. The

midlines are slightly deviated relative to each other. The Curve of

Spee and the Curve of Wilson are increased. Mild crowding is present

in the upper and lower arches. Restorations are present. Fissure

sealants are present. The grooves and interproximal contact points

should be evaluated for the possible presence of caries/secondary

caries. Diffuse extrinsic staining is present. Enamel hypomineralization

is present. Buccal gingival recessions are present. The gingivae are

inflamed.

Ground truth:Predicted:

The patient presents a transverse constriction of the maxilla in the

absence of crossbite, while from a vertical standpoint the overbite is

within normal limits. Sagittally, there is a Class I molar relationship

and a canine relationship of Class II edge-to-edge on the right, while on

the left the molar relationship cannot be assessed due to the absence of

tooth 36 (root fragments remain), whereas the canine relationship is

Class II edge-to-edge. The overjet is increased, but there is an anterior

crossbite on 12. The dental midlines are not coincident. The Curve of

Spee and the Curve of Wilson are increased. Severe crowding in the

upper and lower arches. The grooves of premolars and molars are

pigmented with possible presence of occlusal and/or interproximal

caries; in particular, 16-46-47 should be evaluated. There are buccal

gingival recessions on teeth 13-23-24-25-26-35-45-46-47. Visible

plaque and calculus are present with inflamed gingivae.

Ranked 28th out of 41 on the Test Phase Leaderboard
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Conclusions and Future Work

Limitations and future Work:

• Template based dental models.

• Recovering failed slots with clinical knowledge-based metrics

• Per tooth analysis

• Using LLMs to turn the same structured slot values into more 

natural, varied wording

Advantages

• The pipeline is fully modular, different slots can be added or 

removed. 

• Outputs are measurements not black box predictions (3D case only)



Thank you!
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APPENDIX



Automated Orthodontic Diagnosis via Geometric Deep Learning

Abstract—Precise landmark detection on 3D dental models is a

prerequisite for automated orthodontic diagnosis, yet existing methods

often rely on computationally heavy models or lack direct clinical

interpretability. In this work, we propose a lightweight, end-to-end

framework that bridges geometric deep learning with established clinical

standards.

A modified DGCNN to capture 3D geometric topology through dynamic graph updates. To

help the network distinguish between similarly shaped teeth, we fuse these geometric

features by injecting a learnable tooth-ID token into the prediction head.

Key I: Molar 

Relationship

Keys II: Crown 

Angulation
Keys III: Crown 

Inclination

Key IV: 

Rotations

Key V: Tight 

Contacts

Key VI: Curve 

of Spee

Andrews' Six Keys to Normal Occlusion:



A Multi-Head Heatmap Architecture for Full-Mouth 3D Dental Landmark Detection

The study proposes a multi-head deep learning architecture that processes full-mouth 

3D intraoral scans to jointly predict tooth presence, fixed-count landmarks, and variable-

count cusp tips in a single forward pass. A Multi-Head Heatmap Architecture for Full-

Mouth 3D Dental Landmark Detection



Thank you!
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