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Introduction

The escalating volume of sensitive health data necessitates robust security and
privacy measures within biomedical systems. The growing digitization of patient
information presents significant risks of data breaches, demanding innovative so-
lutions to safeguard confidentiality. Emerging technologies are crucial for enabling
collaborative research and data analysis without compromising individual patient
privacy, driven by ethical and regulatory imperatives [1].

Enhancing data privacy in electronic health records (EHRS) is a critical area of re-
search, with novel approaches like homomorphic encryption offering promising av-
enues. This technique allows computations on encrypted data, preserving privacy
throughout the analysis process and demonstrating the feasibility of processing
sensitive medical information securely [2].

Anonymizing medical imaging data is another significant challenge, addressed by
differential privacy techniques. By introducing controlled noise to datasets, strong
privacy guarantees can be achieved while maintaining sufficient utility for machine
learning tasks, facilitating a balance between privacy and data accuracy [3].

The integration of blockchain technology offers a decentralized framework for man-
aging patient records, enhancing security and traceability. This approach can en-
sure data integrity, provide patients with greater control over their information, and
improve interoperability, thereby reducing administrative overhead and bolstering
privacy protections [4].

Securing the Internet of Medical Things (IoMT) devices against cyber threats is
paramount for patient safety and data integrity. Lightweight cryptographic proto-
cols designed for resource-constrained medical devices are essential for ensuring
secure data transmission and patient monitoring, protecting sensitive physiologi-
cal data from unauthorized access [5].

Collaborative medical image analysis presents unique privacy challenges, which
can be overcome using multi-party computation (MPC). This method allows multi-
ple institutions to jointly train deep learning models on distributed datasets without
sharing raw patient images, addressing computational overhead and communica-
tion complexities [6].

Wearable health devices, while offering numerous benefits, are also susceptible to
security vulnerabilities. Decentralized identity management systems, leveraging
attribute-based encryption, can ensure that only authorized entities access user
health data, thereby enhancing privacy and individual control [7].

Sharing electronic health records (EHRs) among healthcare providers requires a
secure and privacy-preserving framework. Integrating access control mechanisms
and data anonymization techniques facilitates efficient data exchange for improved

patient care while rigorously protecting patient privacy [8].

Secure multi-party computation (SMPC) is being explored for privacy-preserving
medical data analysis, particularly for diagnostic tasks. SMPC enables collabora-
tive analysis of sensitive medical datasets from different sources without revealing
individual patient information, fostering research and improving diagnostic accu-
racy [9].

Attribute-based encryption (ABE) is being employed in privacy-preserving feder-
ated learning frameworks within healthcare. This approach ensures secure aggre-
gation of model updates from multiple clients while maintaining the confidentiality
of sensitive patient data, accessible only to authorized parties [10].

Description

The critical need for secure and privacy-preserving biomedical systems is under-
scored by the expanding volume of sensitive health data and the inherent risks
associated with data breaches. Emerging technologies such as federated learn-
ing and differential privacy are essential for facilitating collaborative research and
data analysis without compromising individual patient confidentiality, aligning with
ethical and regulatory demands [1].

Novel approaches are being developed to enhance data privacy within electronic
health records (EHRs), prominently featuring homomorphic encryption. This cryp-
tographic technique permits computations to be performed directly on encrypted
data, thereby preserving privacy during analytical processes and validating the
practicality of privacy-preserving computations on sensitive medical information

[2].

The application of differential privacy techniques to anonymize medical imaging
data is a key area of investigation. By judiciously adding controlled noise to
datasets, robust privacy guarantees can be established, while simultaneously en-
suring sufficient data utility for subsequent machine learning tasks, thereby offering
practical guidance on balancing privacy levels and data accuracy [3].

Blockchain technology is being explored for its potential to bolster security and
traceability within healthcare systems. The proposition of decentralized frame-
works for managing patient records aims to guarantee data integrity and empower
patients with enhanced control over their personal information, potentially improv-
ing interoperability and reducing administrative burdens while fortifying privacy
protections [4].

Addressing cyber threats targeting the Internet of Medical Things (IoMT) devices
is crucial for patient safety. The development of lightweight cryptographic pro-
tocols, specifically engineered for resource-constrained medical devices, is vital



Kowalski P. Tomasz

J Biomed Syst Emerg Technol, Volume 12:4, 2025

for securing data transmission and enabling reliable patient monitoring, thereby
safeguarding sensitive physiological data against unauthorized access [5].

Privacy-preserving frameworks for collaborative medical image analysis are be-
ing advanced through the use of multi-party computation (MPC). This methodol-
ogy empowers multiple institutions to collaboratively train deep learning models
on their distributed datasets without the necessity of sharing raw patient images,
while concurrently addressing the associated computational and communication
challenges [6].

Research into the security vulnerabilities of wearable health devices is leading to
the proposal of decentralized identity management systems. These systems, of-
ten incorporating attribute-based encryption, aim to ensure that only authorized
entities can access a user’s health data, thereby strengthening privacy and user
control over personal health information [7].

The development of secure and privacy-preserving frameworks for the sharing of
electronic health records (EHRs) among healthcare providers is a significant un-
dertaking. These frameworks integrate sophisticated access control mechanisms
and data anonymization techniques to protect patient privacy while enabling effi-
cient data exchange to improve patient care outcomes [8].

Secure multi-party computation (SMPC) is being investigated for its application
in privacy-preserving medical data analysis, particularly in diagnostic contexts.
SMPC facilitates the collaborative analysis of sensitive medical datasets from dis-
parate sources without divulging individual patient information, thereby promoting
research and enhancing diagnostic accuracy [9].

A privacy-preserving framework for federated learning in healthcare is proposed,
which utilizes attribute-based encryption. This framework supports the secure ag-
gregation of model updates from various clients while ensuring that sensitive pa-
tient data remains confidential and accessible only to designated parties, offering
robust security and privacy assurances [10].

Conclusion

The provided data highlights the critical importance of securing sensitive health
information in the digital age. Researchers are exploring various advanced tech-
nologies to achieve this, including federated learning, homomorphic encryption,
differential privacy, and blockchain. These methods aim to enable secure data
analysis and sharing for improved healthcare while protecting patient confidential-
ity. Key areas of focus include securing electronic health records, medical imaging
data, and Internet of Medical Things devices. Techniques like multi-party computa-
tion and decentralized identity management are also being developed to enhance
privacy and control over health data. The overarching goal is to foster innovation
in healthcare through secure and privacy-preserving data practices.
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