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Abstract

In today's digital age, the convergence of healthcare and technology has revolutionized medical imaging, facilitating
rapid diagnosis and treatment. However, with this advancement comes the pressing need to safeguard sensitive medical
data from evolving cyber threats. Motivated by the critical role of medical imaging in patient care and the growing
sophistication of cyber-attacks targeting healthcare systems, this article embarks on a comprehensive exploration of
cybersecurity in medical imaging. The research commences with the development of a bespoke encryption framework
tailored explicitly for DICOM and other medical imaging formats. This framework is meticulously crafted to uphold the
highest standards of security while ensuring seamless accessibility for authorized users. Building upon this foundation,
the study meticulously evaluates existing cybersecurity measures within the medical imaging domain, pinpointing
vulnerabilities ripe for exploitation. Drawing upon the latest encryption techniques, the research proposes robust
improvements to bolster the resilience of medical imaging systems against malicious intrusions. Furthermore, this
work advances the frontier of cybersecurity in medical imaging by introducing a novel protocol for real-time anomaly
detection during image transmission and storage. A comparative survey on various emerging methods developed so far

in this area has been explored.
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Introduction

A new age of healthcare innovation has been
brought about by the quick integration of medical
devices into networked systems, especially in the
context of the Internet of Things (1). Butalong with
the advantages of improved communication and
simpler procedures, this connectedness has made
the healthcare industry vulnerable to hitherto
unseen cybersecurity threats. This article explores
the important conversation about the security
issues that medical imaging systems face,
illuminating the constantly changing cyber threat
environment and emphasizing the need to
strengthen defenses to protect patient data and
guarantee the provision of healthcare services. The
use of federated learning is investigated to perform
safe and privacy-preserving analysis of medical
images (2). Federated learning enables the training
of machine learning models across different
decentralized medical institutions without the
need to share raw data. This approach ensures the
protection of patient privacy and enhances
cybersecurity that has been depicted in Figure 1.

The article presented provides a thorough review
of the complex cybersecurity issues that medical
imaging systems face, emphasizing the growing
complexity of cyber threats and the vulnerabilities
present in medical equipment that are networked
(3). It highlights the revolutionary effect of
contemporary imaging technologies in transfor-
ming  healthcare, enabling early illness
identification and enhancing patient care via
sophisticated diagnostic capabilities. It also draws
attention to the dangers and difficulties that come
with handling the enormous volumes of digital
data that healthcare organizations produce, which
makes strong security measures necessary to
prevent breaches and protect patient privacy. The
pastresearch aims to develop a Network Detection
System (NDS) utilizing various machine learning
techniques to enhance network security through
anomaly detection (4). Central to the discussion is
the emergence of Medical Cyber-Physical Systems
(MCPS), which integrate embedded software, net-
working capabilities and physiological elements
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Figure 1: An Overview Architecture of Cyberattack in Healthcare Systems

to enhance monitoring and treatment in healthcare intends to contribute to the development of
settings (5). While MCPS promise groundbreaking cybersecurity methods that protect patient data,
advancements in remote health monitoring and maintain system integrity and support the core
personalized medicine, they also introduce novel principles of healthcare delivery by analyzing the
security challenges, necessitating comprehensive challenges associated with protecting medical
cybersecurity frameworks to safeguard medical imaging systems. The passages that have been
data and devices from malicious exploitation. presented provide an in-depth analysis of the
Furthermore, the integration of cloud computing complex field of cybersecurity, specifically about
technologies into healthcare infrastructures medical imaging equipment and the larger
presents a viable solution for managing and healthcare infrastructure (9). These texts highlight
storing medical data efficiently (6). Cloud-based the dynamic nature of cyber threats and emphasize
solutions offer scalability, cost-effectiveness and how crucial it is to strengthen defenses against
ubiquitous accessibility, empowering healthcare hostile intrusions in a time of growing
organizations to optimize resource allocation technological complexity and connectedness.
while entrusting cloud providers with the Emphasizing real-time big data technologies,
responsibility of ensuring data security and anomaly detection methods and machine learning
compliance. But given how widely Internet of algorithms, the research highlights the need of
things and cloud technologies are being used in strengthening security protocols in the face of the
healthcare settings, it is imperative that security increasing number of connected devices. It
issues be addressed to reduce the hazards that may elucidates the daunting challenge posed by the
be presented by cyberattacks (7). The passage exponential growth of networked devices,
clarifies the security implications of medical necessitating heightened vigilance and adaptive
equipment that are networked, highlighting the strategies to safeguard against a spectrum of
need of intrusion detection systems, access cyber-attacks (10). Moreover, the excerpts
restrictions and encryption protocols to elucidate the escalating risks facing medical
strengthen defenses against changing cyber imaging systems, where the convergence of
threats that target medical systems (8). technological advancements and healthcare
Against this backdrop, the purpose of this paper is intersects with vulnerabilities ripe for exploitation.
to explore the nuances of cybersecurity in the From ransom ware attacks to vulnerabilities in
medical field with a focus on proactive defense network protocols, the discourse underscores the
tactics, encryption schemes and new security imperative for comprehensive security measures,
mechanisms that are specifically designed to meet spanning not only medical imaging systems but the
the needs of healthcare organizations. This study entirety of healthcare IT infrastructure. The
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conversation goes beyond medical imaging to
include the larger field of networked medical
equipment under the Internet of medical things,
explaining the revolutionary possibilities as well as
the inherent security threats (11-13). These
articles navigate the challenges of protecting
Internet of medical things devices while using their
potential to transform healthcare delivery, from
developments in semiconductor technology to the
use of Al and block chain (14, 15). A summary of
how quickly medical being
incorporated into networked systems under the

devices are
[oT paradigm and the revolutionary effects of
contemporary imaging technologies on the
practice of medicine and the related cyber security
dangers have been discussed.

Cybersecurity Issues and

Vulnerabilities

The passage discusses several topics, including the
rise in linked devices, Internet of medical things,
the use of cloud computing and the need for
encryption methods to protect patient data. The
text delineates how the integration of medical
devices into networks, alongside the adoption of
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advanced technologies like Al and block chain,
presents both opportunities and challenges,
especially in terms of security risks (16). It
underscores the critical need for robust security
mechanisms to protect against cyber threats, given
the sensitivity of patient information and the
potential consequences of data breaches in
healthcare settings. It also describes how
important it is to secure medical imaging systems,
such as Picture Archiving and Communication
Systems (PACS) and emphasizes the role that
Digital Imaging and Communications in Medicine
(DICOM) standards play in guaranteeing the
security and interoperability of medical data
sharing. The passage also recognizes the
development of MCPS and the need of resolving
privacy and security issues in these systems to
protect the confidentiality and integrity of medical
data. In addition, it emphasizes how cyber threats
are always changing and how crucial it is to
develop proactive defense plans and promote
stakeholder engagement to successfully reduce
risks to vital infrastructure, including healthcare
systems (17). Various types of cyber security
attacks were shown in Figure 2.
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Figure 2: Various Types of Cyber Security Attacks

The significance of studying medical imaging
systems within the context of evolving cyber
threats and vulnerabilities within interconnected
networks cannot be overstated. Over the last
several years, the incorporation of medical devices
into networks has significantly increased due to
innovations like the Internet of medical things and
the use of cloud computing. While these develop-
ments offer immense potential for improving
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patient care and streamlining medical processes,
they also introduce significant security risks. One
of the primary concerns is the safeguarding of
patient data, which is of utmost importance due to
its sensitivity and the potential consequences of
breaches in healthcare settings (18). Encryption
techniques are crucial for protecting this data from
unauthorized access or manipulation, especially as
medical devices become increasingly interconnec-
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ted and reliant on data exchange. Furthermore, the
adoption of advanced technologies like artificial
intelligence and block chain introduces both
opportunities and challenges in terms of security.
While Al can enhance diagnostic accuracy and
treatment effectiveness, it also opens new attack
vectors that malicious actors could exploit.
Similarly, block chain holds promise for ensuring
the integrity and immutability of medical records,
but its implementation must be accompanied by
robust security measures to prevent unauthorized
access or tampering. Securing medical imaging
systems, such as PACS, is of utmost importance in
this context. Standards such as DICOM are
essential for guaranteeing that medical data can be
exchanged securely and effectively. However, it is
necessary to implement more safeguards to
address emerging security risks. The rise of MCPS
highlights the need to prioritize security and
privacy measures to safeguard the authenticity
and secrecy of medical data (19). The dynamic

Vol 7 | Issue 4

nature of cyberattacks that specifically target
essential infrastructure, such as healthcare
systems, necessitates the implementation of
proactive  defense mechanisms and the
cooperation of all parties involved (20). Healthcare
businesses may successfully manage risks and
protect patient information from cyber-attacks by
keeping updated on developing threats and
employing strong security measures. It is crucial to
comprehend and tackle the overlap between
medical imaging systems and cybersecurity to
guarantee the ongoing dependability and safety of
healthcare provision in an ever more digital era
(21).

Every step of a medical imaging workflow, from
image acquisition to image viewing, needs to have
security place to address
cybersecurity concerns. The common vulnerabi-
lities and related mitigation techniques for each
component are shown in Table 1.

safeguards in

Table 1: Cybersecurity Vulnerabilities in Acquisition Devices, Communication Networks, PACS Servers,
Cloud Repositories and Viewing Workstations at Every Stage of the Imaging Workflow

Imaging Workflow
Component

Common Cybersecurity
Vulnerabilities

Recommended Security Measures

Acquisition Equipment (CT, a) Outdated operating systems and a) Regular firmware and software updates

firmware
b) Default passwords

MR, X-ray, Ultrasound, etc.)

b) Change default credentials and enforce
strong passwords

¢) Unauthorized physical access c) Multi-factor authentication where

d) Malware infections via USB

devices

possible
d) Disable unnecessary ports and services
e) Restrict USB access and use endpoint

protection
f) Physical security controls and access
logging
Communication Networks a) Data interception during a) Encrypt data in transit using TLS/SSL
transmission and VPNs

b) Man-in-the-middle attacks b) Implement secure DICOM

c¢) Network eavesdropping communication

d) Unauthorized network access c¢) Network segmentation and VLANs

d) Firewalls and Intrusion
Detection/Prevention Systems

e) Continuous network monitoring and
traffic analysis

PACS Servers a) Unauthorized access to patient a) Role-Based Access Control
images b) Multi-factor authentication
b) Weak authentication c) Encryption of stored data
mechanisms d) Regular security patching and

¢) Ransomware attacks

vulnerability assessments

d) Data tampering or deletion e) Backup and disaster recovery plans

f) Audit trails and log monitoring
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Cloud Repositories a)
b)
©)
d)

Data breaches

Insider threats

Viewing Workstations
(Radiologist and Clinician
Terminals)

a)
b)
<)
d)

Misconfigured cloud storage

Unauthorized third-party access

Malware and phishing attacks
Unauthorized user access
Screen data exposure

Vulnerable software applications

End-to-end encryption for stored and
transmitted data

Secure cloud configurations following
HIPAA/GDPR standards

Identity and Access Management
policies

Data Loss Prevention solutions
Regular cloud security audits and
compliance checks

Backup and redundancy mechanisms
Endpoint Detection and Response
solutions

Strong authentication and MFA
Automatic screen locking and session
timeouts

Application whitelisting

Regular software updates and patch
management

User cybersecurity awareness training

b)

c)

d)
e)

f)
a)

b)
)

d)
e)

f)

Note: CT = Computed Tomography, USB = Universal Serial Bus, TLS = Transport Layer Security, SSL = Secure Sockets Layer, VPNs =
Virtual Private Networks, DICOM = Digital Imaging and Communications in Medicine, VLANs = Virtual Local Area Networks, PACS =
Picture Archiving and Communication Systems, HIPAA = Health Insurance Portability and Accountability Act, GDPR = General Data

Protection Regulation, MFA = Multi-Factor Authentication.

The acquisition devices are used to encrypt
communications and stored data and authenticate
users at each step of the operation, maintaining
and keeping an eye on all security changes and
actions and then putting backup and disaster
recovery plans into place. The risk of data
breaches,
access and patient privacy violations in medical
imaging systems is greatly decreased by this tiered
strategy.

Related Work

The introduction offers a concise summary of the
importance of cybersecurity in the healthcare
industry, specifically focusing on its relevance to
medical imaging. The review article delineates the

ransomware attacks, unauthorized

goals and extent of the study, emphasizing the
significance of encryption, anomaly detection and
strategic defenses in reducing cyber risks and
protecting patient data. In this study, a
comprehensive framework is introduced that
consists of many layers and integrates intrusion
detection, access control and encryption
algorithms (22). The purpose of this framework is
to enhance the security of medical imaging
equipment and data repositories. The framework's
comprehensive approach to cybersecurity guaran-
tees all-encompassing protection against a broad
spectrum of threats. An overview on various

encryption techniques based on latest security
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standard protocols is proposed that are intended
to improve the security of medical pictures when
they are transferred via Internet of medical things
networks (23). The algorithm demonstrated
robust encryption capabilities while minimizing
computational overhead, making it suitable for
resource constrained Internet of medical things
devices. The effectiveness of leveraging big data
analytics and machine learning algorithms to
identify patterns of suspicious activity and
potential security breaches in medical imaging
workflows has been demonstrated (24). By
analyzing vast amounts of data from diverse
sources, security analytics systems
proactive threat detection and response. In order
to identify unwanted access and unusual activity

enable

inside Internet of medical things networks, a
comparative narrative assessment of machine
learning-based anomaly detection frameworks is
suggested (25).

The study examines the important matter of
cybersecurity in the field of medical imaging, with
a specific emphasis on encryption, anomaly
detection and strategic defense methods (26). The
methods in this study achieved excellent detection
accuracy and minimized false positive rates by
using anomaly detection algorithms that were
trained on extensive medical imaging datasets.
This to assess the paper's

review seeks
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contribution, relevance and efficacy in addressing
the issues encountered by healthcare institutions
in safeguarding sensitive medical data. The article
offers a thorough examination of the security
concerns that exist within the Internet of medical
things environment. It emphasizes the potential

Vol 7 | Issue 4

dangers of breaches in confidentiality,
compromises in integrity and interruptions in
availability. Various studies on cyber security in
healthcare have been presented as shown in Table

2.

Table 2: Various Studies on Cybersecurity in Healthcare

Methods and Models Evaluation Approach Year References

Utilizing hybrid optimization Performance metrics, 2020 (26)

techniques with cryptographic Security analysis

encryption to enhance the security

of medical images in the Internet of

Things.

Context-sensitive access in [IoT Usability testing, Security 2018 (27)

healthcare applications analysis

Ensuring the security of Internet of Performance metrics, 2018 (28)

Things devices in the era of machine  Threat modelling

learning and software-defined

networking.

A system for synchronizing timeina  Simulation, Performance 2015 (29)

femtocell network using clusters. metrics

Image encryption scheme based on Peak Signal to Noise Ratio 2019 (30)

Signcryption technique with and Mean square errors.

adaptive Elephant Herding

Optimization

An advanced hybrid image Security analysis, 2019 (31

watermarking approach is proposed = Performance metrics

for both medical and non-medical

photos, using the DWT and Two-

Dimensional SVD.

Encryption algorithms in colour Security analysis, 2019 (32)

images Performance metrics

An image encryption technique is Security analysis, 2020 (33)

developed by combining composite Performance metrics

chaos and hyper chaos with DNA

coding.

Designing a secure picture Security analysis, 2017 (34)

encryption technique with a unique Performance metrics

S-box based on chaos theory.

Image encryption approach using Security analysis, 2006 (35)

combinational permutation Performance metrics

techniques

Securing the Internet of healthcare Usability testing, Security 2018 (36)
analysis

Security and privacy issues in Risk assessment, Security 2024 (37)

Internet of Things analysis

Ensuring the safety and Literature review, Risk 2018 (38)

confidentiality of data in the medical assessment

Internet of Things

The AES technique with CBC mode is Performance metrics, 2024 (39

used for encrypting images

Security analysis

Note: IIoT = Industrial Internet of Things, DWT = Discrete Wavelet Transform, SVD = Singular Value Decomposition, DNA =
Deoxyribonucleic Acid, AES = Advanced Encryption Standard, CBC = Cipher Block Chaining.

The literature review part explores the
fundamental principles and technologies that form
the basis of cybersecurity in medical imaging. It
examines the evolution of encryption algorithms
and standards, the principles of anomaly detection
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and the strategic frameworks for cybersecurity
risk management. Key studies and advancements
in the field are critically analyzed to provide a
comprehensive understanding of current practices
and challenges.
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Emerging Cybersecurity Challenges in
Medical Imaging

This section explores the role of encryption in
securing medical imaging data, both at rest and in
transit. It discusses various encryption techniques,
including symmetric and asymmetric encryption,
as well as their applicability and limitations in the
healthcare context. Case studies and real-world
examples the implementation of
encryption protocols and best practices for
ensuring data confidentiality and integrity.
Encryption stands out as a fundamental method
for safeguarding sensitive medical data in cloud
environments.
developed to address encryption's role in securing
medical data. For instance, a steganography-based
approach is proposed to conceal medical records,
albeit with limitations in embedding capacity (40).
Additionally, a convergent encryption algorithm
was introduced to minimize data duplication,
albeit with potential trade-offs in image quality
(41). The Advanced Encryption Standard (AES)
algorithm is advocated to encrypt data blocks,
ensuring privacy and preventing accidental
disclosures (42). Moreover, a study explored a
hybrid  cryptosystem incorporating
cryptography and Rivest Shamir Adleman (RSA)
algorithm to enhance data security while providing
ease of access for authorized users (43). These

illustrate

Several frameworks have been

visual

encryption techniques offer varying degrees of
security and efficiency, catering to diverse privacy
requirements imaging. A
comprehensive survey of emerging cybersecurity
challenges in medical imaging is presented (44).

in medical

While echoing the importance of encryption, this
survey extends the discussion to encompass novel
strategies such as anomaly detection and strategic
defenses. Drawing on recent advancements in
cybersecurity technologies, it also offers insights
proactive that
encryption techniques in safeguarding medical

into measures complement
imaging data. The paper makes a valuable
contribution to the ongoing discussion on
cybersecurity in healthcare by tackling current
obstacles and suggesting creative remedies.

The research delves into the critical realm of
safeguarding medical imaging data against cyber
threats (45). The authors highlight encryption
measures as a cornerstone strategy to fortify the
security posture of medical institutions.
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Encryption emerges as a paramount defense
mechanism, serving as a robust deterrent against
unauthorized access and interception of sensitive
patient information. In this study, author
emphasize the significance of using advanced
encryption methods to guarantee the secrecy and
accuracy of medical imaging data. Healthcare firms
may enhance their defenses and reduce the
dangers of data breaches by using sophisticated
encryption techniques (46). Moreover, the authors
highlight the crucial need for encryption in
healthcare, namely in complying with rigorous
regulations like the Health Insurance Portability
and Accountability Act (HIPAA). Compliance with
regulatory  frameworks  necessitates  the
implementation of robust encryption protocols to
safeguard patient privacy and uphold data security
standards. This study elucidates on the
multifaceted benefits of encryption in medical
imaging cybersecurity. Beyond protecting against
external threats, encryption also fosters trust
among patients by assuring them of the
confidentiality of their medical data. Moreover,
encryption serves as a proactive measure to pre-
emptively mitigate potential risks, thereby
enhancing the resilience of healthcare systems
against evolving cyber threats.

Anomaly Detection in Medical Imaging

Cybersecurity

Anomaly detection is examined as a proactive
approach to identifying irregular patterns or
behaviors indicative of cyber threats within
medical imaging systems. This section evaluates
the effectiveness of machine learning algorithms,
statistical methods and anomaly detection
frameworks
security breaches. Practical considerations and
implementation challenges are discussed, along
with recommendations for optimizing anomaly

detection strategies. In addition to encryption,

in detecting and responding to

anomaly detection systems are essential for
recognizing and mitigating cybersecurity risks in
imaging. Despite the presence of
computational burdens, homomorphic encryption
as a method for doing calculations on encrypted
data is developed (47). Meanwhile,
advocated for a multi-cloud environment coupled

medical

authors

with segmentation and watermarking techniques
to ensure data integrity and prevent unauthorized
access. The usage of visual cryptography for
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securing cloud storage leads to emphasizing its
computational efficiency and ability to reduce
security risks. Anomaly detection is pivotal for
fortifying cybersecurity within medical imaging,
with several studies investigating its application. A
case study on real-time anomaly detection in MRI
image transmission in conjunction with
Leveraging Network Intrusion Detection Systems
(NIDS) and anomaly detection algorithms,
highlights effective measures for detecting and
mitigating cybersecurity threats during MRI image
transmission, ensuring data integrity and
confidentiality (48). A statistical analysis-based
approach for anomaly detection in medical
imaging workstations is proposed (49). This study

employs anomaly score computation and
hypothesis testing to detect deviations in user
activities, contributing novel insights to

workstation security enhancement strategies (49).
Through Convolution Neural Networks and
Recurrent Neural Networks, the researchers
demonstrate robust performance in identifying
unauthorized access and data breaches within
PACS systems, offering significant advancements
in medical imaging cybersecurity (50). Immutable
backups and disaster recovery procedures are
kept for PACS and cloud-based repositories to
guarantee quick restoration of medical images and
patient records without having to pay ransom
demands. The possibility of ransomware execution
is further decreased by endpoint protection,
application
software on viewing workstations. The study
of supervised and
unsupervised algorithms in identifying suspicious
network behavior, contributing valuable insights
into cybersecurity enhancement.

Strategic Defenses and Risk
Management

The concluding part of the document centers on
strategic

whitelisting and anti-malware

shows the effectiveness

defenses and risk management

Vol 7 | Issue 4

procedures designed to strengthen the
cybersecurity position of medical imaging settings.
The text examines the significance of thorough risk
assessments, cybersecurity policies and incident
response methods in reducing cyber hazards. The
text emphasizes the strategies for promoting
cooperation among healthcare stakeholders and
adjusting to changing risks. In this systematic
study, the use of blockchain technology to enhance
security in medical imaging is examined. Their
research investigates the capacity of blockchain
technology to enhance the reliability and privacy of
data in healthcare environments (51). The study
provides a thorough evaluation of current
research, highlighting the advantages and
disadvantages of using blockchain technology to
secure medical imaging data. It offers significant
insights that may guide future advancements in
exploring machine learning techniques specifically
designed for enhancing cybersecurity in the field of
medical imaging. The researchers examine several
approaches in machine learning and investigate
how they may be used to identify and reduce cyber
dangers in medical imaging systems. The review
provides valuable insights into the efficacy of
machine learning algorithms in bolstering
cybersecurity measures, hence contributing to the
protection of patient data and medical imaging
(52). A thorough literature study has been
performed in the past on strategic defenses against
cyber threats in the field of medical imaging. The
review examines novel tactics and technology
designed to enhance cybersecurity defenses in
systems (53) and an extensive
of anomaly detection systems
specifically designed for cybersecurity in the field
of medical imaging (54). The research assesses the

healthcare
evaluation

effectiveness and efficiency of several anomaly
detection methods in identifying and reducing
cyber risks as shown in Table 3.

Table 3: An Examination of Techniques for Processing Large Datasets to Identify Abnormal Patterns Using

Machine Learning

Domain Finding

ML Techniques References

Telecommunication and
Mobile Network
task.

Analyzing security logs to get
information may be a complex

Unsupervised Clustering using
the Expectation-Maximization
technique, Supervised linear
classification and the WEKA
program.

(55)
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Telecommunication and Current frameworks lack K-means clustering, Markov (56)
Mobile Network integration of group user profiling, = models
essential for targeted malware
detection.
Telecommunication and  Analyzing streaming data for Pipeline for Pearson (57)
Mobile Network anomalies using a pipeline based correlation
on Pearson correlation.
Network Traffic High traffic volumes delay threat DDoS detection based on (58)
detection, affecting scalability, clustering algorithm
accuracy and memory
consumption.
Network Traffic Excellent trade-off between attack ~ Three Classification (59)
detection and false-positive rates algorithms and two anomaly
detection methods
Smart Grid Offline detection methods need Periodic auto-regression with (60)
extensive training data sets. an exogenous variable
Cloud Environment The surge in network traffic data Naive Bayes, Decision Tree, (61)

overwhelms the current
infrastructure, making

computations more complex.

Support Vector Machine

Note: WEKA = Waikato Environment for Knowledge Analysis.

A recent study highlights the dominance of
machine learning models among various anomaly
detection techniques, noting the challenge posed
by increasing network traffic due to the complex
computations required (62). The suggested
methodology utilizes Hadoop, HDFS, Map Reduce,
cloud architecture and machine learning methods
to improve the efficiency of anomaly detection. The
accuracy and efficiency of the model were assessed
using the WEKA interface, using the Naive Bayes,
Decision Tree and Support Vector Machine
algorithms. Nevertheless, the incorporation of
cloud infrastructure and real-time data streaming
was insufficiently resolved. The study addressed
the difficulties of identifying abnormalities in real-
time data, with a focus on universality and
scalability (62). They presented a new method for
detecting anomalies online by using entropy and
Pearson correlation measurements. To tackle the
issues of generality and scalability, large data
streaming components were used effectively (63).
However, the limits of the data processing include
the complexity of the procedures involved and the
batch
processing. It has been noted in the literature that
current anomaly detection methods for smart
grids were mostly offline and required substantial
amounts of energy. Their advocacy focused on the
implementation of real-time detection while

longer length required for periodic

minimizing energy use (60). Their suggested
solution used an in-memory distributed frame-

525

work that integrated existing architecture (63).
This design facilitates scalable live streaming for
real-time anomaly detection. the
framework required a prolonged period of
training, resulting in the unsettled scheduling of
real-time jobs.

Related Reviews/Surveys and

Contributions

Numerous surveys and reviews have scrutinized
the landscape of cybersecurity in healthcare (64-
66). The recent study highlighted vulnerabilities
across software, hardware and network layers,
emphasizing the susceptibility of emerging
technologies like cloud computing and smart-
phone applications (64). A comprehensive study
has been performed on implanted medical devices,

However,

with a particular focus on security, privacy issues
and patient safety (65-66). Similarly, the research
provided insights IoT-enabled health
technology, covering network architectures,
industry development and privacy/security
considerations (67). Several other studies focused

into

on specific aspects of cybersecurity in healthcare,
such as authentication taxonomy access control for
implantable devices (68) and cyber threats
classification (69, 70). Additionally, bibliometric
analyses (71) and systematic literature reviews
(72) shed light on publication trends, research
gaps and security/privacy concerns in Electronic
Health Record (EHR) systems (73).
contribution lies in consolidating and extending

Our
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upon existing knowledge. We introduce
comprehensive data flow model tailored to
identify and mitigate cyber-attacks in the medical
domain. Moreover, we categorize cyber-attacks
specific to medical systems, offering insights into

their strengths and limitations. We classify medical

a

cybersecurity architectures across different
systems, facilitating targeted solutions to
cybersecurity challenges. By analyzing the

advantages and drawbacks of various architec-
tures, we provide actionable recommendations for
securing intelligent medical systems, electronic
medical records and healthcare facilities.
Furthermore, we present a comparative analysis of
cybersecurity architecture capabilities, aiding in
the recommendation of suitable solutions. Finally,
we offer a comprehensive conclusion encompass-
ing all facets of our survey, along with discussions
on prospects in medical imaging cybersecurity.

When it comes to protecting medical imaging
equipment from cyberattacks, vulnerabilities like
Denial of Service (DoS) and remote code execution
present substantial risks. These vulnerabilities
may enable malicious individuals to influence
crucial system data, such as modifying the amount
of medicine for patients. A notable risk involves
hackers sending deceptive commands to insulin
pumps, potentially
overdoses in diabetic patients. Addressing these
vulnerabilities is crucial, as shown by several
proposed solutions targeting operation device

leading to fatal insulin

attacks. The article identified and proposed
mitigation strategies for backdoors in software
systems, focusing specifically on Drop bear SSH
vulnerabilities (74). Their findings indicate that it
is possible to identify critical decision-making
components within the SSH server, thereby
reducing the risk of unauthorized access. The work
is extended to create an algorithm that can
categorize network data to identify malicious
activity by solving equations related to traffic
parameters (74). A machine learning-driven
intrusion detection system is then developed to
detect DoS assaults on Wi-Fi networks (75). This
method, distinguished by its exceptional accuracy
and completeness, does not need any alterations to
the protocol. To strengthen the firewall's
protection against DoS assaults, FR-Win Firewall
was developed, which utilizes fuzzy reasoning to
improve its efficacy (76). This sophisticated
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firewall system has shown success in the design,
implementation and testing stages, providing a
strong solution for preventing DoS attacks. A
development was a Markov game
framework to address DoS vulnerabilities where
the author used a modified Nash Q-learning
technique to solve Bellman equations and enhance
the security of wireless networks (77). This
strategy is efficient; however, it still has difficulties

further

in completely protecting wireless settings. The
Shar LK, Tan HB solution uses Software-Defined
Networking (SDN) to identify DoS threats by
examining typical attack patterns in Open Flow
infrastructures. Although this strategy is efficient,
it may unintentionally give rise to other categories
of DoS assaults (78). The solution to this is
depicted by creating a prototype to establish limits
and create regulations for Java Server Page (JSP)
applications (79). They assessed the prototype
using four JSP programs. Although this approach
can detect XSS attacks without changing client-
driven components, its ability to do so is limited by
time-consuming policy investigations. The
researchers proposed an innovative server-side
approach to identify XSS attacks by using XML
Schema Definition (XSD) and XML to enforce
schema rules, efficiently identifying harmful
JavaScript code (80). Nevertheless, the method's
substantial server-side prerequisites may have an
adverse effect on the performance of open
networks.

To find and validate DOM-based XSS
vulnerabilities, DEXTER]S testing platform was
introduced (81). This platform can detect
previously unknown DOM XSS activities,
sometimes known as zero-day vulnerabilities, in
both benchmark tests and real-world scenarios.
this method has difficulties
recognizing the initial purpose of the client side,
which might potentially include harmful code. A
study on Cross-Site Request Forgery (CSRF)
vulnerabilities was conducted (82), where they

Nevertheless, in

examined several protection strategies to develop
a strong defense against CSRF attacks. However,
their technique does not have explicit experimen-
tal verification, which means that complete
protection has not been accomplished and more
enhancements are required. Several approaches
have been suggested to identify CSRF vulnerabili-
ties in online applications, recommending users to
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install a simple extension to get warnings about
possible CSRF dangers. Nevertheless, this
extension just notifies users without offering
direct protection against CSRF. A protective
framework for cross-site scripting (XSS) enhances
user defenses against XSS assaults
compatible with many website technologies,
including PHP and ASP (83). The efficacy of this
schema is constrained by its dependence on
anticipated behavioral patterns, resulting in
erroneous negative alarms.

A context-sensitive purification technique for
protecting against XSS attacks in cloud computing
identified different types of online applications and
improved the effectiveness of purifiers for web
application variables (84). When tested in real-
world situations, this technique demonstrates a
high rate of correctly identifying positive cases and
a low rate of incorrectly identifying negative cases.
However, it does not have the capability to interact
with Online Social Networks (OSNs). The XSS
protection method has been later enhanced for
cloud platforms to safeguard virtual machines
from XSS attacks. This method does not necessitate
any alterations to the web application's browser
source code and offers a low occurrence of both
false-positive and false-negative results. The
improvement in this work, however, does not
currently provide support for OSN but efficiently
terminates unauthorized sessions in a timely
manner (85). It should also be noted that this
approach just focuses on identifying reflected
CSRF attacks and does not address login CSRF
assaults.

Anomaly detection is essential for enhancing
cybersecurity measures in the field of medical
imaging. This section explores relevant studies

and is

that delve into the application of anomaly
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detection techniques to enhance the security of
medical imaging systems, complementing the
insights presented in the paper Enhancing
Cybersecurity in Medical Imaging: Encryption,
Anomaly Detection and Strategic Defenses.
Various Methods for Cyber-attacks
Securing medical systems against
emerging cyber presents unique
challenges, particularly regarding the vulnerabili-
ties posed by ubiquitous and relatively immature
safeguard inherent in medical devices. The
proliferation of interconnected medical devices,
including imaging systems, introduces significant
security risks due to their extensive use and
evolving technological landscape. As medical
devices continue to evolve, their integration into
healthcare networks raises concerns about their
susceptibility to cyber-attacks. This equipment,
such as medical imaging systems, often lack robust
security safeguards, leaving them susceptible to
exploitation by malevolent individuals aiming to
breach patient data, disrupt healthcare operations,
or even jeopardize patient safety. The importance
of these security threats is emphasized by the
growing interconnectivity of healthcare systems,
where hacked devices might act as gateways for
larger cyber-attacks that aim at key medical
infrastructure (86). Consequently, ensuring the
security of medical imaging systems requires a
approach that
vulnerabilities at various levels, including device

imaging
threats

multi-faceted addresses
hardware, software, network infrastructure and
user practices. Existing research and industry
efforts have recognized the need to enhance
cybersecurity measures for medical devices,
including imaging systems as shown in Table 4.

Table 4: Overview of Common Machine Learning and Deep Learning Algorithms in Cybersecurity

Method Working Principle

Advantages

Disadvantages

A classification model
structured as a tree, trained
using information gain from
features in training data

A hyperplane is identified in
feature space to segregate
classes, with the objective of
maximizing the distance
from the closest data points.

Decision Tree

Support Vector
Machine

Low computational cost,
simple to implement

Effective for small samples
with many features

Requires storage of all model
information, leading to high
space complexity

Challenging to determine the
optimal kernel size (k-value)
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Naive Bayes
Classifier

Artificial Neural
Network

K - Means
Clustering

Convolutional
Neural Network

Recurrent
Neural Network

Restricted
Boltzmann
Machine

Deep Belief
Network

Determines the class's
posterior probability from
supplied data using Bayes'
theorem

Comprises one or more
hidden layers between input
and output, storing input
data as weights using
backpropagation

Forms clusters among data
points based on similarity

Extracts features from data
through a convolution layer,
uses hidden and pooling
layers for output prediction
Analyzes sequential data by
integrating temporal layers

An unsupervised model
limiting connections within
the same layer, between
visible and hidden layers
Composed of stacked RBMs,
performing layer-by-layer
training for enhanced
performance

Handles noisy data well,
easy implementation,
maintains performance
with small samples

High accuracy for pattern
recognition tasks

Simple to implement, ideal
for problems with difficult
labeling

Excellent for image
classification and pattern
recognition

Performs well for
sequential data tasks, such
as speech and text
Utilizes a feedback
mechanism to extract key
features in unsupervised
learning

Outperforms Restricted
Boltzmann Machine by
stacking it on each layer’s
training data

Assumes feature independence,
which is often unrealistic in
practical scenarios

Higher computational
complexity compared to other
methods

Requires domain knowledge to
select the initial k-value
Computationally intensive,
performance drops with small

sample sizes

Suffers from vanishing or
exploding gradient issues

Very high computational cost

Very high computational cost
due to numerous parameters

Even with all these thorough approaches, these
might

studies

not cover

every facet

protocols

and
of significant resources in terms of time, expertise

strategic  defenses

require

cybersecurity in medical imaging. Although the
suggested frameworks and protocols are made to
be flexible, their efficacy may differ in various
healthcare settings and technological
environments due to the size of the field and the
quick evolution of cyber threats. As a result, some
niche areas or new challenges may not have been
thoroughly explored. Generalizing the findings to
all medical imaging systems worldwide may not be
feasible without considering contextual factors
and infrastructure differences (87). Although the
research proposes innovative methodologies, their
real-world efficacy has yet to be fully validated
through extensive empirical testing. Practical
implementation and performance evaluation in
diverse healthcare contexts are essential to
ascertain the scalability and reliability of the
proposed solutions. The development and testing
of encryption frameworks, anomaly detection
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and infrastructure. Limitations in access to such
resources may impact the depth and breadth of the
study's findings. Given the dynamic nature of
cybersecurity threats, the findings of this study
may become outdated over time. Continuous
monitoring and adaptation to emerging threats are
necessary to ensure the relevance and applicability
of the proposed solutions in the long term.

Based on the cybersecurity needs and workflow
features documented in the literature, a qualitative
evaluation was carried out to analyze the
the various cybersecurity
frameworks across various medical imaging
modalities. Computed Tomography (CT), Magnetic
Imaging (MRI), Ultrasound (US),
Mammography, Nuclear Medicine and Digital
Radiography (DR) were the six main imaging
modalities taken into consideration, as depicted in
Table 5.

consistency  of

Resonance
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Table 5: Summary of the Applicability of the Cybersecurity Framework Components Across the Different

Imaging Modalities

Security CT MRI Ultrasound Mammography Nuclear Digital
Component Medicine  Radiography
Device Hardening v v v v v N
Secure v v v v v v
Communication

PACS Protection v N N4 v v v
Cloud Security v v v v v v
Access Control & N v N4 v v v
MFA

Ransomware v v v v v v
Protection

Audit Logging v v v v v v

Note: CT = Computed Tomography, MRI = Medical Resonance Imaging, PACS = Picture Archiving and Communication Systems, MFA

= Multi-Factor Authentication.

The evaluation offers a cybersecurity architecture
that is independent of modality and can safeguard
a variety of medical imaging systems while
meeting operational needs unique to each
modality.

Discussion

While various techniques exist to mitigate privacy
and security risks in cloud-based medical imaging,
their practical implementation remains complex,
especially concerning the management of large
datasets. As such, future research should focus on
addressing these complexities and aligning
security measures with the unique requirements
of the healthcare domain. Analyzing the security
landscape surrounding medical imaging systems
reveals an urgent need for robust anomaly
detection mechanisms capable of processing real-
time big data. A report by Cisco highlights the
exponential growth of Internet protocol (IP)
traffic, with a forecast of 2.3 Zettabytes traversing
the Internet by 2020, a significant increase from
previous years. In addition, the increasing number
of non-PC devices, such as smart gadgets, is
causing a significant increase in the amount and
diversity of data. This presents difficulties for
current security analytics systems in promptly
identifying and addressing potential risks. The
vulnerability of non-PC devices was demonstrated
in large-scale attacks targeting prominent
organizations via smart home devices in 2016,
signaling the critical importance of real-time
monitoring (64).

Organizations are allocating significant resources
to security expenses as they confront the
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increasing challenges posed by cybersecurity
threats. According to Gartner, global security
expenditure is expected to reach $96 billion by the
end of 2018. This increase is a result of enterprises
being more aware of security threats and realizing
that current solutions are not effective in
preventing assaults. The U.S. Federal Cybersecu-
rity Industry Forecast highlights the need of
investing in cybersecurity, predicting that the
industry will be worth $22 billion by 2022. Deep
Learning algorithms are becoming more important
in the field of cybersecurity due to the rise of new
threats. In the next five years, these technologies
are expected to replace conventional Security
Information and Event Management (SIEM)
systems, introducing a new era of security
solutions powered by machine learning.
Furthermore, data stream processing is recognized
as a rapidly growing field of study, providing
immediate analysis of constantly moving data
streams originating from external sources. Use
case examples highlight the need of detecting
anomalies in real-time across several domains. In
contemporary network traffic situations, IoT
infrastructures produce extensive sensor data,
requiring immediate monitoring to identify
anomalous activity. The increasing availability of
mobile cloud services highlights the need of
processing data in real-time to guarantee the
reliability and protection of confidential
information stored in the cloud (65).

Autonomous vehicles present a unique security
challenge, with connected devices vulnerable to
malicious attacks. Real-time anomaly detection is

crucial for detecting abnormalities in car modules
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and assuring the safety and dependability of
autonomous systems. In healthcare settings, the
use of real-time anomaly detection allows for
proactive monitoring of patient services, which in
turn enables prompt interventions and ultimately
leads to improved patient outcomes. Real-time
anomaly detection has numerous uses, such as
detecting insider trading in financial markets and
ensuring the safety of important systems.
Organizations may reduce financial risks and
protect against possible threats by identifying
abnormal trade activity and illegal access attempts
in crucial systems. The authors successfully
emphasize the requirement of strong security
measures to protect patient data by highlighting
the significance of access control, identity
management and authentication in Internet of
medical things networks. Furthermore, the article
provides in-depth analyses about the significance
of security analytics and public key infrastructure

in addressing vulnerability concerns and
guaranteeing data encryption. The authors'
dedication to improving cybersecurity in

healthcare is evident in the use of encryption
algorithms specifically designed for medical
imaging, such as the Shufe Encryption Algorithm
(SEA) and hybrid encryption models. In addition,
the examination of previous studies and suggested
approaches enhances the study by providing a
thorough insight into the present condition of
cybersecurity in medical imaging and possible
directions for future investigation. The article has
a clear and organized framework, with distinct
parts that effectively direct the reader through the
discourse. The language wused 1is easily
comprehensible, making the intricate notions of
cybersecurity accessible to a broad spectrum of
individuals. Incorporating figures and tables in the
article helps to illustrate important ideas and
improve the overall clarity of the content (66).

Additional inquiry is necessary to explore the use
of blockchain technology to enhance the security
and reliability of medical imaging data. The
research should prioritize assessing the capacity of
block chain technology to provide unchangeable
and tamper-resistant storage for medical pictures,
while also enabling safe and verifiable access
control methods in healthcare settings. Further
investigation is needed to examine cooperative

cybersecurity frameworks that promote the
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exchange of information and cooperation among
healthcare technology suppliers,
regulatory agencies and cybersecurity specialists.
This may include the creation of established
procedures and optimal strategies for exchanging

institutions,

threat information, coordinating incident respon-
ses and implementing collective defenses against
new cyber threats.
consider the usability and human factors elements

Research should further

of cybersecurity solutions used in medical imaging
systems.

This includes investigating user perceptions,
acceptance and adoption of security measures, as
well as designing intuitive interfaces and training
programs to enhance cybersecurity awareness and
compliance among healthcare professionals. Given
the regulatory landscape surrounding healthcare
data security, future research should focus on
evaluating the impact of regulatory compliance
requirements, such as HIPAA regulations, on the
design and implementation of cybersecurity
in medical This
includes assessing the alignment of existing
security  frameworks with
regulatory mandates and identifying areas for
improvement Research should aim to quantify the
cybersecurity risks and impacts associated with
potential security breaches in medical imaging

measures imaging systems.

and standards

systems. This involves conducting comprehensive
risk assessments, vulnerability analyses
impact assessments to quantify the financial,

and

operational and reputational consequences of
cybersecurity
organizations.
Cybersecurity in medical imaging systems faces
threats like attacks,
database intrusions, website compromises and

incidents in healthcare

information collection
operational device breaches. These vulnerabilities
allow malicious actors to engage in forgery, data
manipulation and breaches, which can severely
compromise patient privacy and negatively impact
treatment efficacy. Information Collection Attacks:
Influenced by the MS17-010 security update and
Open SSH vulnerabilities, such attacks can allow
full control over medical equipment. The MS17-
010 wvulnerability is notably prevalent, with
methods like API sequences of ransomware and
alternative designs focusing on decoupled
architecture and usable security being suggested

to mitigate this issue. Despite their high detection
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capabilities, these methods often inherit poor
system performance. OpenSSH vulnerabilities
enable attackers to access patient information
directly, where cryptographic keys and RSA
algorithms are recommended to lower the success
rate of these attacks, although challenges remain in
optimizing resource use and data transfer rates.
Website Attacks: Medical websites, essential for
various functions and data transmissions, are
susceptible to session hijacking, CSRF and XSS
attacks. Proposed solutions include mathematical
methods for XSS detection and various CSRF
countermeasures, though they often suffer from
high consumption and limited
applicability to the medical domain, leaving
systems vulnerable to other attack vectors.
Databases storing patient and hospital information
face threats like password intrusions, vulnerability
exploits and SQL injections, with the latter being
particularly hazardous. There is a critical need for
innovative solutions beyond current measures to
enhance database security. Operational Device
Attacks i.e.,, Attacks on medical devices, often
through the Drop bear SSH server and DoS attacks,
involve executing malicious code to alter device
operations, potentially endangering patient safety.
Future research must focus on CSRF solutions to
secure operational devices, improving efficiency
and system performance.

The future emphasis should be on developing low-
cost,
transmission efficiency and data confidentiality.

resource

efficient  architectures to  enhance
New detection methods are essential to address
backdoors, DoS and ransomware attacks, which
currently suffer from poor performance and pose
significant risks to patient safety. Enhancing
awareness and preventive measures for database
security is crucial to mitigate potential attacks

from their inception.

Conclusion

The survey highlights the
significance of implementing a comprehensive
strategy for cybersecurity in the field of medical
imaging. By integrating encryption, anomaly
detection and strategic defenses, healthcare

research crucial

organizations can establish robust layers of
protection against evolving cyber threats. Through
the development of bespoke encryption
frameworks and the introduction of novel anomaly
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detection protocols, the research demonstrates
tangible advancements in securing medical
imaging systems. These enhanced security
measures not only mitigate current vulnerabilities
but also provide a proactive stance against future
threats.

This study highlights that a single security method
is insufficient to secure medical imaging
equipment. Technical, organizational, operational
and regulatory controls must all cooperate in a
multifaceted, defense-in-depth strategy. Strong
encryption for data in transit and at rest, multi-
factor authentication, role-based access control,
protocols, network
segmentation, endpoint protection, vulnerability
management, ongoing monitoring and intrusion
detection systems
measures to lessen the possibility and impact of
cyberattacks. The security of DICOM-based
communication and PACS environments also need
special attention because flaws imaging
workflows could jeopardize patient data and
clinical operations. When relevant, adherence to
laws like HIPAA and GDPR should be seen as part
of a larger plan for safeguarding patient privacy,
data integrity and system availability rather than
just as a compliance duty.

secure communication

are all crucial technical

in

The protocols and frameworks proposed in
literature empower healthcare providers
safeguard patient data with confidence. The ability
to identify anomalies in real-time allows for quick

to

identification and resolution of possible cyber
threats, protecting the security and privacy of
medical imaging data. By delving into the realm of
advanced persistent threats and devising
proactive strategies for risk management, the
research equips healthcare organizations with the
tools to anticipate and mitigate emerging
cybersecurity challenges. By addressing pressing
cybersecurity challenges, the research aims to
bolster patient outcomes and foster trust in digital
healthcare ecosystems. While the study makes
substantial strides in enhancing cybersecurity in
medical imaging, several avenues for future
research and development remain. Continued
exploration of emerging threats, refinement of
encryption protocols and optimization of anomaly
detection algorithms represent areas ripe for

further investigation.
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The comparative analysis shows that accessibility
and efficiency have been greatly enhanced by the
growing integration of modalities like CT, MRI, X-
ray, ultrasound and nuclear imaging with PACS,
cloud platforms, EHRs and Internet-connected
medical devices. However, this interconnected
ecosystem has also increased the attack surface
and made medical imaging infrastructures
vulnerable to an increasing number of cyber
threats, such as
unauthorized access, data breaches, denial-of-
attacks, threats,
manipulation of medical images and attacks
against networked imaging devices.

There are still a few obstacles to overcome despite
tremendous progress. New vulnerabilities will
continue to be introduced by the quick uptake of
cloud-based imaging, telemedicine, Internet of
Medical Things devices, Al-assisted diagnostics,
remote radiology services and more intercon-
nected healthcare infrastructures. Security
implementation is further complicated by the need
to

malware, ransomware,

service insider adversarial

sustain  continuous clinical services,
interoperability requirements, limited cybersecu-
rity budgets, diverse vendor environments and
legacy equipment.

In the end, cybersecurity in medical imaging
should be seen as both an information-technology
duty and a crucial part of patient safety and
healthcare quality. Therefore, throughout the
whole lifecycle of medical imaging data and
systems, a robust medical imaging ecosystem must
guaranty  the of
confidentiality, integrity, availability, authenticity,
privacy and clinical dependability.

Future research should prioritize multidiscipli-
nary cooperation among cybersecurity specialists,
data
policymakers to effectively tackle the intricate
difficulties arising from the convergence of
medical imaging and cybersecurity. This
cooperative method may expedite the creation of

groundbreaking solutions, well-informed rules

concurrent  protection

healthcare practitioners, scientists and

and exemplary practices for ensuring the security
of medical imaging systems and protecting the
privacy and reliability of patient data.
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