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	           Artificial Intelligence (AI) and Machine Learning (ML) are transforming orthopedic imaging by enabling automated fracture detection and classification. Lower-limb fractures pose diagnostic challenges due to anatomical complexity. This project proposes a unified, hierarchical AI framework for lower-limb fracture mapping, specifically targeting high-impact injuries including Neck of Femur (Hip), Tibial Plateau (Knee), Ankle, Calcaneal, and Lisfranc fractures (Foot). Current research remains fragmented and lacks integration with clinical systems like AO/OTA. By leveraging Convolutional Neural Networks and Transformers, this project aims to detect these complex patterns across Radiographs and CT scans. The resulting model will incorporate domain-specific taxonomies to deliver standardized, interpretable, and scalable diagnostic support, advancing precision and efficiency in orthopedic trauma care.
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Artificial Intelligence and Machine Learning for Orthopedics Fracture Detection and Characterization

Background 

Artificial intelligence (AI) and machine learning (ML) are redefining orthopedic imaging by automating fracture detection, localization, and classification. The increasing demand for rapid and accurate diagnosis of skeletal trauma has driven the adoption of AI-based systems capable of supporting radiologists and orthopedic surgeons in clinical decision-making (Sharma et al., 2023; Kutbi et al., 2024). Lower-limb fracturesspanning from the proximal femur to the distal phalangesrepresent a major subset of orthopedic injuries, yet they pose diagnostic challenges due to their diverse anatomical structures, overlapping bone densities, and region-specific variations in fracture morphology.
Conventional diagnosis relies heavily on manual interpretation of radiographs, CT, and MRI scans. This process is subject to inter-observer variability and can delay treatment, especially in polytrauma or high-volume clinical environments. AI and ML models, particularly convolutional neural networks (CNNs) and transformer-based architectures, can automatically extract multi-scale features from imaging data to detect fracture lines, segment bone regions, and classify injury types (Su et al., 2023). Such systems have shown high accuracy in identifying specific fracture categories including hip fractures (Cha et al., 2022) and tibial plateau fractures (Van der Gaast et al., 2025), demonstrating their utility for clinical integration.
	Targeted anatomical challenges in lower-limb fractures span diverse structures with unique diagnostic hurdles. The Hip (Neck of Femur) requires precise classification to determine surgical intervention (hemiarthroplasty vs. fixation). In the Knee, Tibial Plateau fractures often involve subtle depression lines easily missed on standard X-rays. Ankle fractures require multi-view analysis to assess stability, while the Foot presents complex overlapping bones where Calcaneal and Lisfranc injuries are frequently misdiagnosed due to subtle displacement.
Despite progress, current AI research in orthopedics remains fragmented. Most studies address single anatomical sites rather than establishing end-to-end frameworks for the entire lower limb. Dataset limitationsincluding class imbalance, annotation inconsistency, and limited cross-modality representationimpede generalization (Kutbi et al., 2024). Moreover, region-specific classification systems such as AO/OTA or Schatzker are rarely integrated directly into algorithmic pipelines, reducing the interpretability of AI outputs for orthopedic clinicians.
Proposed project involves a hierarchical approach covering the entire limb, allowing region-wise learning. This framework will explicitly map the proximal femur (Neck of Femur), knee joint (Tibial Plateau), ankle complex, and foot architecture (focusing on Calcaneal and Lisfranc injuries). Integrating domain-specific taxonomies into AI architectures enhances clinical alignment and facilitates multi-label, multi-region classification.
Developing a structured lower-limb fracture mapping framework can unify data organization and model design across regions. A hierarchical approach covering the proximal femur, femoral shaft, distal femur, patella, tibia, fibula, ankle, and foot allows region-wise learning while maintaining anatomical coherence. Integrating domain-specific taxonomies into AI architectures enhances clinical alignment and facilitates multi-label, multi-region classification.
The goal is to create an AI-driven system capable of automated detection, classification, and structured reporting of all major lower-limb fractures. Such a model would standardize dataset annotation, improve diagnostic consistency, and provide scalable support for orthopedic trauma workflows, contributing to the evolution of precision medicine in musculoskeletal care.




Objectives
· To develop a hierarchical AI framework capable of automated detection, localization, and classification of lower-limb fractures from hip to foot using multi-modality imaging data.
· To integrate orthopedic classification systems such as AO/OTA and Schatzker into the AI model for clinically interpretable and standardized fracture mapping.
· To curate and annotate a region-wise structured imaging dataset of lower-limb fractures validated by expert radiologists and orthopedic surgeons.
· To evaluate the diagnostic accuracy, robustness, and clinical applicability of the proposed AI system through statistical validation and comparison with expert interpretations.
Methodology
This study proposes a hierarchical artificial intelligence (AI) framework for automated detection, localization, and classification of lower-limb fractures (hip to foot, excluding pelvis). The methodology integrates clinical imaging datasets, deep learning architectures, and orthopedic classification systems to develop a region-aware diagnostic model.
Data Source and Infrastructure
Data will be sourced through the Centre for Digital Health and Precision Medicine (CDHPM) with all ethical approvals and institutional permissions. The dataset will include anonymized X-ray and CT images of lower-limb fractures. Expert radiologists and orthopedic surgeons will validate and annotate the data following AO/OTA and Schatzker classification guidelines. CDHPM will provide GPU-enabled computational infrastructure, secured cloud storage, and data management pipelines for preprocessing, model training, and validation.
Data Preparation and Preprocessing
Images will undergo quality normalization, contrast enhancement, noise reduction, and augmentation (rotation, flipping, scaling). Bone segmentation masks will be generated using pre-trained models (U-Net or SegFormer) and refined manually. Regions will be mapped anatomically (proximal femur to foot) for structured labeling. Annotation tools will integrate AO/OTA and region-level metadata to enable multi-task learning.
Model Development
The proposed architecture includes three main stages:
1. Region Segmentation: Identify anatomical zones using U-Net-based segmentation.
2. Fracture Detection: Localize fracture lines using object detection networks (YOLOv8 or Faster R-CNN).
3. Classification and Mapping: Apply Vision Transformer (ViT) models for fine-grained classification. This will differentiate specific injury patterns, such as distinguishing various Tibial Plateau column fractures or classifying Calcaneal fractures by intra-articular involvement.
Training and Validation
The dataset will be splitfor training, validation, and testing. Five-fold cross-validation will be applied to ensure robustness. Metrics include mean Average Precision (mAP), accuracy, precision, recall, F1-score, and ROC-AUC. Model interpretability will be assessed using Grad-CAM visualizations.


Clinical Evaluation
AI outputs will be compared with radiologist interpretations to measure agreement and statistical validation will determine clinical reliability.
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