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Abstract 

Accurate detection of bone fractures is critical for timely diagnosis, effective 

treatment, and patient recovery. Traditional manual assessment of radiographs is 

time-consuming and subject to inter-observer variability, which can delay 

appropriate intervention. Computer vision (CV) and artificial intelligence (AI) 

technologies have emerged as powerful tools for automated fracture detection, 

enabling rapid, reliable, and precise analysis of medical images. This paper 

provides an overview of computer vision-based approaches for bone fracture 

detection, focusing on deep learning models, convolutional neural networks 

(CNNs), and hybrid algorithms. Performance evaluation, clinical applicability, 

challenges such as data variability and limited annotated datasets, and future 

directions are discussed. The study highlights the potential of AI-driven computer 

vision systems to enhance diagnostic accuracy, support radiologists, and improve 

patient care. 
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Introduction 

Bone fractures represent a significant portion of musculoskeletal injuries and 

require timely and accurate diagnosis to ensure proper treatment and prevent 

long-term complications. Traditional radiographic assessment relies on manual 

interpretation by radiologists, which can be time-consuming and prone to inter-

observer variability, particularly in complex or subtle fractures. Delayed or 
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missed diagnoses can result in suboptimal patient outcomes, emphasizing the 

need for rapid and reliable diagnostic methods. 

Recent advancements in computer vision (CV) and artificial intelligence (AI) 

have transformed the field of medical imaging, providing tools for automated and 

precise fracture detection. Deep learning models, especially convolutional neural 

networks (CNNs), are capable of automatically learning hierarchical features 

from radiographic images, enabling the identification of subtle fracture lines, 

bone discontinuities, and abnormal anatomical structures. These models can 

process large volumes of images efficiently, reducing diagnostic delays and 

supporting radiologists in clinical decision-making. 

Hybrid approaches that combine image data with patient information, such as 

age, injury mechanism, and prior medical history, further enhance diagnostic 

accuracy and contextual understanding. Techniques such as data augmentation, 

transfer learning, and multi-scale feature extraction improve model robustness, 

particularly when annotated datasets are limited. 

Despite the promise of computer vision-based fracture detection, several 

challenges remain. Variability in imaging modalities, differences in image quality, 

and the diversity of fracture types may affect model generalizability. Moreover, 

ensuring interpretability and transparency of AI models is crucial for clinical 

adoption, as radiologists must trust and understand the system's predictions. 

This paper explores current computer vision methodologies for bone fracture 

detection, examining deep learning and hybrid algorithms, performance metrics, 

clinical applicability, challenges, and future directions. The study highlights the 

potential of AI-driven fracture detection systems to enhance diagnostic accuracy, 

streamline clinical workflows, and improve patient outcomes. 

 

Main Body 

Computer vision (CV) and artificial intelligence (AI) have shown considerable 

promise in automating the detection of bone fractures, enhancing both accuracy 

and efficiency in clinical practice. Convolutional neural networks (CNNs) are 

widely used due to their ability to automatically learn hierarchical image features, 

identify fracture lines, and distinguish between normal and pathological bone 
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structures. These networks can analyze high-resolution radiographs, CT scans, 

and MRI images, providing precise localization of fractures, which is critical for 

effective treatment planning. 

Deep learning architectures, such as ResNet, DenseNet, and Inception, have 

been applied to fracture detection with high performance. These models extract 

multi-level features, capturing both local patterns (e.g., small fracture lines) and 

global structural information (e.g., overall bone alignment). In addition, U-Net-

based segmentation models enable pixel-level fracture identification, providing 

clear delineation of fracture regions, which can assist surgeons and radiologists 

in preoperative planning. 

Hybrid models that combine CNNs with other machine learning algorithms, 

such as support vector machines (SVMs) or random forests, have been employed 

to further enhance detection accuracy. Moreover, incorporating clinical metadata, 

including patient age, trauma type, and previous injury history, improves model 

performance and contextual relevance, allowing more personalized and informed 

decision-making. 

Despite the advancements, several challenges exist. Data variability in terms of 

imaging quality, exposure settings, and scanner types can affect model 

generalizability. Limited availability of annotated datasets, particularly for rare or 

complex fracture types, necessitates the use of techniques such as data 

augmentation, transfer learning, and semi-supervised learning to improve 

model robustness. Additionally, ensuring interpretability of AI predictions is 

essential for clinical adoption. Visualization tools like heatmaps and saliency 

maps can illustrate which regions influenced the model’s decision, fostering trust 

among clinicians. 

Integration of AI-driven fracture detection systems into clinical workflows has 

the potential to reduce diagnostic errors, streamline radiology services, and 

accelerate patient care. By providing automated, accurate, and rapid analysis, 

these systems complement radiologists’ expertise, particularly in high-volume or 

resource-limited settings. 

Overall, computer vision-based approaches for bone fracture detection offer a 

transformative solution for musculoskeletal diagnostics, combining deep 



 

Modern American Journal of Medical and 

Health Sciences 
ISSN (E): 3067-803X  

Volume 01, Issue 09, December, 2025 

Website: usajournals.org 
This work is Licensed under CC BY 4.0 a Creative Commons Attribution 
4.0 International License. 

 

243 | P a g e  
 

learning, hybrid modeling, and clinical data integration to enhance precision and 

efficiency in patient care. 

 

Discussion 

The application of computer vision (CV) and artificial intelligence (AI) in bone 

fracture detection has significantly advanced the field of musculoskeletal 

imaging. Deep learning models, particularly convolutional neural networks 

(CNNs) and U-Net-based architectures, have demonstrated high accuracy in 

identifying fractures across various imaging modalities, including radiographs, 

CT scans, and MRI. These systems enhance diagnostic efficiency by reducing 

interpretation time and minimizing human error, which is especially valuable in 

high-volume clinical settings. 

Hybrid approaches that incorporate additional clinical information, such as 

patient demographics, trauma history, and prior imaging, further improve 

detection accuracy and contextual understanding. By combining multi-modal 

data, AI models provide a more comprehensive assessment of fracture severity, 

aiding in personalized treatment planning and surgical decision-making. 

Despite these advancements, several challenges remain. Data variability due to 

differences in imaging protocols, equipment, and fracture types can reduce model 

generalizability. The limited availability of high-quality annotated datasets for 

rare or complex fractures also poses significant hurdles. To address these issues, 

researchers are employing data augmentation, transfer learning, and semi-

supervised learning techniques to improve model robustness. 

Interpretability and transparency of AI models are critical for clinical 

adoption. Visualization tools, such as heatmaps and saliency maps, allow 

clinicians to understand which regions influenced model predictions, fostering 

trust and facilitating integration into diagnostic workflows. Ethical and regulatory 

considerations, including patient privacy, data security, and algorithmic bias, are 

essential for safe and equitable deployment of AI systems. 

Overall, AI-driven computer vision systems provide a transformative tool for 

bone fracture detection, supporting radiologists in accurate and timely diagnosis, 

reducing diagnostic errors, and enhancing patient care outcomes. 
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Conclusion 

In conclusion, computer vision and AI technologies offer a powerful approach to 

automated bone fracture detection, improving diagnostic accuracy, efficiency, 

and clinical decision-making. Deep learning models, including CNNs and U-Net 

architectures, combined with hybrid and multi-modal approaches, enable precise 

identification and localization of fractures across diverse imaging modalities. 

Although challenges such as data variability, limited annotated datasets, and the 

need for interpretability persist, ongoing research and methodological 

innovations continue to strengthen AI-based fracture detection systems. The 

integration of these systems into clinical workflows has the potential to enhance 

patient outcomes, optimize radiology services, and advance musculoskeletal care, 

demonstrating the transformative impact of AI and computer vision in modern 

medical imaging. 
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