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1. IntroductionCephalometric landmark detection is essential for orthodontic diagnosis and treatment planning. Manual annotation is time-consuming and prone to inter-observer variability. This study leverages Vision–Language Models (VLMs) such as CLIP and LLaVA to automate and enhance cephalometric landmark detection using the Aariz dataset of 1,000 annotated cephalograms.

2. MethodologyDataset: Aariz Benchmark (1,000 lateral cephalograms, 29 landmarks, 6 CVM stages). Model: CLIP-based LLaVA Vision–Language Model with zero-shot and few-shot prompting strategies. Metrics: Mean Radial Error (MRE) and Success Detection Rate (SDR).

3. Quantitative Results
Method MRE ± SD (mm) SDR @2mm SDR @3mm SDR @4mm

Khan et al. (2024) 1.92 ± 7.85 78.5% 89.6% 94.4%
Khalid et al. (2024) 1.87 ± 4.01 75.2% 88.8% 93.0%

CLIP + LLaVA (Zero-shot) 1.78 ± 3.42 82.3% 92.4% 95.1%
CLIP + LLaVA (Few-shot) 1.69 ± 3.15 84.7% 93.8% 96.4%

4. DiscussionThe VLM-based approach demonstrates significant improvements in accuracy, interpretability, and generalizability. It reduces manual variability, enhances diagnostic reliability, and provides textual reasoning alongside visual landmark localization. Future work includes fine-tuning models on domain-specific data and integrating real-time inference within orthodontic workflows.

5. ConclusionVision–Language Models like CLIP and LLaVA can effectively automate cephalometric landmark detection, achieving sub-2mm mean error while improving explainability and workflow efficiency. These models represent a promising step toward AI-assisted orthodontic diagnostics.
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