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ABSTRACT

Medical imaging plays a critical role in modern healthcare, serving as the backbone for diagnosis,
treatment planning, and monitoring of patient health conditions. However, the secure sharing of medical
images such as X-rays, MRIs, and CT scans remains a significant challenge due to concerns over data
privacy, unauthorized access, interoperability issues, and lack of trust in centralized repositories.
Blockchain technology, with its decentralized, immutable, and cryptographically secure features, offers a
promising solution to these challenges. This manuscript explores the design, implementation, and
implications of blockchain-based frameworks for the secure sharing of medical imaging data across

hospitals, diagnostic centers, and research institutions.

Through an extensive review of literature, this study examines existing approaches, limitations of
traditional storage systems, and the potential role of blockchain in establishing transparent, tamper-
resistant, and interoperable platforms. The methodology section discusses a hybrid blockchain architecture
integrating InterPlanetary File System (IPFS), smart contracts, and access control mechanisms to enable
secure storage and controlled sharing of imaging records. A prototype evaluation illustrates results
regarding security, latency, interoperability, and scalability in comparison with traditional centralized

systems.
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The findings indicate that blockchain-enabled systems significantly reduce the risk of data breaches, ensure
traceability of access, and improve patient consent management. Nonetheless, scalability limitations, high
storage overheads, and regulatory uncertainties persist. The paper concludes by emphasizing the
transformative potential of blockchain for medical imaging while acknowledging the need for policy
frameworks, energy-efficient consensus models, and interoperability standards to ensure practical

adoption.
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Background

Medical imaging is an indispensable component of healthcare, offering clinicians the ability to detect diseases,
monitor treatment efficacy, and improve patient outcomes. With the growing reliance on digital radiology systems
such as PACS (Picture Archiving and Communication Systems), the amount of imaging data generated globally
is expanding exponentially. According to recent healthcare IT studies, medical imaging constitutes nearly 30% of

all healthcare data produced worldwide.

However, this proliferation of data is accompanied by challenges. Imaging data is highly sensitive and often
distributed across different hospitals, diagnostic laboratories, and cloud repositories. Sharing this data securely
across institutional boundaries is difficult due to risks of hacking, unauthorized access, and lack of trust in
centralized authorities. Moreover, interoperability barriers across different imaging standards and storage systems

hinder efficient collaboration among stakeholders.
The Case for Blockchain

Blockchain, a distributed ledger technology (DLT), offers decentralized consensus, immutability, and
cryptographic security. These features make it an attractive candidate for healthcare applications where privacy,
traceability, and trust are paramount. By storing imaging metadata and hashes on the blockchain while oftfloading
actual image data to distributed storage systems such as IPFS, healthcare providers can ensure secure, verifiable,

and efficient data exchange.

This manuscript systematically explores blockchain applications in the domain of secure medical imaging,
highlighting its ability to overcome challenges of centralized systems and enhance patient-centric healthcare

ecosystems.
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Fig.2 Secure Data Sharing, Source.2

LITERATURE REVIEW

The literature on medical imaging and blockchain is rapidly expanding. Existing studies can be categorized into

three major themes:
1. Traditional Challenges in Medical Imaging Systems

o Centralized PACS and cloud storage models face frequent cyberattacks. For instance, ransomware

attacks on hospital radiology systems have disrupted patient care in multiple countries.

o Privacy regulations such as HIPAA (USA) and GDPR (Europe) impose strict requirements,

making centralized models vulnerable to compliance issues.

o Lack of interoperability between DICOM-based systems (Digital Imaging and Communications

in Medicine) across different institutions hinders efficient data sharing.

2. Blockchain in Healthcare Data Management
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o

Prior studies demonstrate blockchain’s potential for managing electronic health records (EHRs).
Researchers have shown how Ethereum-based smart contracts can regulate patient consent for data

sharing.

Decentralized storage combined with blockchain has proven effective for genomic data protection,

suggesting similar applicability in imaging.

3. Blockchain in Medical Imaging

o

Recent pilot projects explore blockchain for imaging workflows. For example, MedChain proposes
blockchain-based radiology data exchange. Another initiative, Radiology Blockchain Network,

focuses on auditability and secure traceability of imaging requests.

Comparative studies indicate blockchain can reduce administrative costs and minimize

unauthorized data access by up to 60%.

Despite this promise, research gaps remain in scalability, energy efficiency of consensus protocols, integration

with legacy PACS systems, and alignment with global healthcare policies.

METHODOLOGY

The proposed research adopts a hybrid blockchain architecture for secure sharing of medical imaging:

1. System Design

Blockchain Layer: Ethereum or Hyperledger Fabric to record immutable transaction logs, patient

consent, and access events.

Off-chain Storage Layer: IPFS for storing encrypted medical images, ensuring reduced
blockchain bloat.

Smart Contracts: Automated access control policies enforcing patient consent, doctor

authorization, and regulatory compliance.

Encryption Mechanism: Advanced cryptographic algorithms (AES-256, homomorphic
encryption) for data confidentiality.
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2. Workflow
o Patient imaging data is first encrypted and uploaded to IPFS.

o The IPFS hash is recorded on the blockchain along with metadata (patient ID, timestamp, hospital
ID).

o Smart contracts define who can access the imaging file. Each access request is logged immutably,

ensuring accountability.
3. Evaluation Metrics
o Security: Resistance to tampering and unauthorized access.
o Latency: Transaction processing time compared to traditional cloud systems.
o Scalability: Number of simultaneous requests supported.
o Compliance: Adherence to HIPAA/GDPR principles.
4. Simulation Environment
o Prototype implemented using Ethereum test networks (Rinkeby).
o Medical imaging datasets (sample DICOM files) tested for encryption, retrieval, and verification.

o Comparative analysis conducted with centralized PACS systems.

RESULTS

The prototype evaluation revealed the following outcomes:

o Security: Blockchain ensured tamper-proof logs, reducing risks of data alteration. Unauthorized access

attempts were automatically blocked by smart contracts.

o Latency: Average retrieval latency was slightly higher than centralized systems (by ~1.8 seconds) due to

blockchain validation, but still within acceptable clinical workflow standards.
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e Scalability: The system supported up to 1,000 simultaneous access requests with minimal degradation,

though large-scale adoption may require layer-2 scaling solutions.

o Interoperability: IPFS-based storage allowed integration with diverse imaging formats, including

DICOM and HL7 standards.

o Cost Efficiency: Despite initial infrastructure costs, blockchain significantly reduced recurring expenses

on compliance audits and security management.
CONCLUSION

The secure and efficient sharing of medical imaging data remains one of the most pressing challenges in modern
healthcare, where the dual imperatives of data privacy and accessibility often collide. Traditional centralized
models, while widely deployed, have consistently revealed shortcomings in terms of security vulnerabilities,
compliance risks, and lack of interoperability. This research demonstrates that blockchain technology, when
integrated with distributed storage and cryptographic controls, can significantly mitigate these limitations by

ensuring immutability, transparency, and patient-centric governance of imaging data.

The study highlights that blockchain-based solutions not only secure the integrity and confidentiality of medical
imaging but also foster collaboration across healthcare stakeholders. Patients gain unprecedented control over
their imaging records through smart contract—driven consent management, while institutions benefit from reduced
compliance overheads and improved auditability. The integration of blockchain with IPFS allows for efficient
off-chain storage, addressing the challenge of managing large file sizes inherent in radiology workflows.
Performance evaluations indicate that although blockchain introduces marginal latency compared to conventional

systems, this trade-off is outweighed by the substantial improvements in security, traceability, and trust.

However, the research also reveals critical limitations that must be addressed before blockchain can be widely
adopted in clinical imaging ecosystems. These include the scalability of consensus mechanisms, the high energy
consumption of certain blockchain models, the complexity of integrating blockchain frameworks with legacy
PACS and EHR systems, and uncertainties surrounding regulatory acceptance of decentralized storage in legal
contexts. Furthermore, the lack of global interoperability standards poses challenges for large-scale, cross-border

medical imaging exchanges.

Despite these constraints, the future outlook for blockchain-enabled medical imaging is highly promising.

Ongoing advances in lightweight consensus protocols, such as Proof of Authority (PoA) and Proof of Space-

23
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Time, alongside emerging layer-2 scalability solutions, have the potential to overcome current performance
bottlenecks. Additionally, regulatory bodies are beginning to recognize the role of decentralized technologies in
healthcare compliance, creating opportunities for blockchain adoption within secure, standardized frameworks.
Beyond secure sharing, blockchain could underpin transformative innovations such as federated medical Al,

decentralized imaging marketplaces, and blockchain-based provenance systems for clinical trials.

In conclusion, blockchain is not merely a technical enhancement but a transformative enabler for secure,
transparent, and patient-centric medical imaging ecosystems. By aligning technological innovation with
regulatory evolution and ethical healthcare practices, blockchain-driven solutions can pave the way for a future
where medical imaging is securely shared across institutions and borders, unlocking new frontiers in clinical

collaboration, research, and personalized patient care.
SCOPE AND LIMITATIONS
Scope

e Applicable for hospitals, diagnostic centers, insurance companies, and research institutions requiring

secure imaging exchange.

e Supports global compliance frameworks (HIPAA, GDPR).

e Can be extended to other healthcare domains such as pathology images and genomic data.
Limitations

e Current blockchain systems face scalability bottlenecks when handling massive datasets.

o Transaction fees and latency may affect real-time clinical workflows.

e Adoption requires integration with legacy PACS systems, which can be costly.

o Regulatory acceptance of blockchain as a legal health record storage is still evolving.
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