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ABSTRACT

Artificial intelligence (AI) is revolutionizing the field of medical image analysis, 
highlighting the vital need of strong security protocols to safeguard private patient 
information. The use of cutting-​edge analytical tools improves the precision and 
effectiveness of medical imaging, enabling earlier diagnoses and better treatment 
outcomes as healthcare increasingly uses AI-​driven technologies. But using a lot of 
patient data creates serious privacy issues, so data protection needs to be prioritized. 
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Differential privacy, federated learning, and secure multi-​party computation are 
three important approaches that are covered. These techniques enable collaborative 
analysis without disclosing raw data.

INTRODUCTION

Healthcare is changing as a result of faster and more accurate medical imaging 
made possible by AI-​powered biomedical image analysis (Pandey, B. K., & Pandey, 
D., 2025). Modern machine learning algorithms are able to identify subtle patterns 
in images, such as MRIs and X-​rays, and can frequently spot abnormalities earlier 
than more conventional techniques. For illnesses like cancer, heart disease, and 
neurological disorders, this has resulted in better diagnosis and more individualized 
treatment regimens. But there are issues with data security and privacy as digital 
image processing becomes more and more common (Satheesh, N. et al., 2025). Sen-
sitive information is frequently contained in medical images, making it susceptible 
to cyberattacks during storage, transmission, and analysis. Advanced encryption 
techniques are employed to protect this data at every stage of its lifecycle, guar-
anteeing that even in the event of access, the data cannot be read by unauthorized 
parties. When data is transferred between imaging systems and healthcare providers, 
secure transmission protocols like VPNs further safeguard it (Sheela, M. S. et al., 
2025). Apart from encryption, real-​time monitoring systems assist in identifying 
questionable activities related to the access or usage of data. These systems are able 
to identify possible breaches before they have a major negative impact. Collabo-
rative analysis of medical data is made possible by privacy-​preserving techniques 
that prevent external systems from seeing the actual images (Kumar, M. S. et al., 
2025). This keeps privacy violations less likely while allowing for thorough analysis.

Landscape of Biomedical Imaging

The field of biomedical imaging is currently characterized by rapid technological 
advancements that have significantly improved the accuracy, speed, and resolution 
of medical images. These advancements have had a significant impact on the field. 
In clinical settings (Khadka, M. et al., 2025), diagnostic procedures such as magnetic 
resonance imaging (MRI), computed tomography (CT) scans, X-​rays, and ultrasound 
are frequently utilized for the purpose of diagnosing, monitoring, and treating a wide 
variety of medical conditions. Clinicians are able to visualize the internal structures of 
the body through the use of these imaging modalities (Konapure, C. G. et al., 2025), 
which assists in the diagnosis of diseases such as cancer, cardiovascular disorders, 
and neurological issues. In recent years, the incorporation of digital technology has 
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