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ABSTRACT: The convergence of bioimaging and bioinformatics
has propelled a paradigm shift in healthcare, empowering clinicians
with unprecedented insights into the complexities of human biology
and disease. Bioimaging technologies from traditional X-ray and
MRI to cutting-edge optical imaging, provide non-invasive means to
visualize anatomical structures and physiological processes with high
resolution. Complementing these advancements, bioinformatics
methodologies enable the analysis and interpretation of vast
biological datasets, integrating genomics, proteomics, and
metabolomics information. This review elucidates the pivotal role of
bioimaging and bioinformatics in healthcare transformation. It
explores how these synergistic disciplines contribute to enhanced
disease diagnosis, personalized treatment planning, and improved
patient outcomes. By harnessing bioimaging data with
bioinformatics tools, healthcare practitioners can tailor interventions
to individual patients, identify novel biomarkers, and expedite drug
discovery processes. Moreover, the integration of telemedicine and
remote monitoring facilitates equitable access to healthcare services,
particularly in underserved regions. Despite the promise of this
integration, challenges such as data interoperability and ethical
considerations persist. Overcoming these hurdles requires concerted
standardization, regulation, and technological innovation efforts.
Nevertheless, the amalgamation of bioimaging and bioinformatics
heralds a new era of precision medicine, offering transformative
possibilities for healthcare delivery and biomedical research.

1. Introduction

Bioimaging refers to the use of various imaging
techniques to visualize biological structures and
processes within living organisms or biological
samples. These techniques encompass a wide
range of modalities, including but not limited to

computed tomography (CT), positron emission
tomography (PET), ultrasound, and optical
imaging. Bioimaging enables researchers and
healthcare practitioners to observe cellular,
tissue, and organ-level details non-invasively,
facilitating the study of physiological functions,

X-ray, magnetic resonance imaging (MRI),
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disease mechanisms, and treatment responses. 1~
3

Bioinformatics involves the application of
computational and statistical techniques to
analyze, interpret, and manage biological data,
particularly large-scale datasets generated from
high-throughput technologies such as genomics,
proteomics, and metabolomics. It encompasses
various aspects, including sequence analysis,
structural bioinformatics, comparative
genomics, and systems biology. Bioinformatics
plays a crucial role in deciphering biological
information, understanding molecular
interactions, identifying biomarkers, and
predicting disease outcomes. It also aids in drug
discovery, personalized medicine, and the
integration of molecular data with clinical
information for improved healthcare decision-
making. +°

2. Significance of bioimaging and
bioinformatics

The significance of bioimaging and
bioinformatics lies in their transformative
impact on healthcare and biomedical research.
Bioimaging techniques provide invaluable
insights into the structure, function, and
dynamics of biological systems, aiding in the
early detection, diagnosis, and monitoring of
diseases. Moreover, bioimaging facilitates the
development of novel therapeutics and
treatment strategies by enabling researchers to
visualize drug-target interactions and assess
treatment efficacy in real time.”

On the other hand, bioinformatics plays a
pivotal role in deciphering the vast amounts of
biological data generated by high-throughput
technologies. By employing computational and
statistical analyses, bioinformatics enables the
extraction of meaningful patterns and insights
from complex datasets, facilitating the
discovery of disease biomarkers, the
identification of therapeutic targets, and the
development of personalized treatment

approaches. Additionally, bioinformatics tools
and databases serve as valuable resources for
researchers and clinicians, enabling data
sharing,  collaboration, and  knowledge
dissemination across the scientific community.®

3. Aim of the Review Article

This review article aims to explore the
transformative impact of integrating bioimaging
and bioinformatics in healthcare. It seeks to
provide a comprehensive overview of how these
two disciplines synergize to enhance disease
diagnosis, treatment planning, and patient care.

4. Scope of the Review Article

The scope of the review encompasses the
definition and significance of bioimaging and
bioinformatics, highlighting their contributions
to healthcare. Additionally, the article delves
into the importance of integrating these
disciplines, emphasizing their role in precision
medicine, early disease detection, and
comprehensive  disease  characterization.
Furthermore, the review discusses the
implications of this integration in drug
discovery, clinical decision support systems,
and  telemedicine initiatives.  Through
interdisciplinary collaboration and innovation,
the review aims to showcase the potential of
bioimaging and bioinformatics integration in
driving advancements in healthcare research
and practice. Overall, the article aims to provide
insights into how this integration can
revolutionize healthcare delivery, improve
patient outcomes, and shape the future of
medicine.

5. Bioimaging Technologies

Each bioimaging technology offers unique
advantages and limitations depending on the
clinical scenario and imaging requirements.
Understanding these factors is crucial for
selecting the most appropriate modality for
specific diagnostic or research purposes,
considering factors such as resolution, contrast,
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safety, cost, and patient characteristics.
Integrating multiple imaging modalities or
combining imaging with other diagnostic
techniques can further enhance diagnostic
accuracy and  provide  complementary
information ~ for  comprehensive  patient
assessment. %10

5.1 X-ray Imaging

X-ray imaging is a medical imaging technique
that uses electromagnetic radiation to create
images of the inside of the body. It is commonly
used to diagnose and monitor various medical
conditions by visualizing the internal structures
of bones, organs, and tissues.!*2

5.1.1 Advantages

e Widely available: X-ray machines are
commonly found in healthcare facilities
worldwide.?

e Quick and non-invasive: X-ray
imaging procedures are generally fast
and do not require invasive procedures.'*

e Effective for bone imaging: X-rays
provide excellent visualization of bones,
making them useful for diagnosing
fractures, joint dislocations, and bone-
related conditions.®®

e Detecting abnormalities: X-rays can
detect abnormalities such as tumors,
foreign objects, and calcifications in soft
tissues.®

5.1.2 Limitations

e Limited soft tissue contrast: X-rays have
limited contrast for soft tissues, making it
challenging to visualize certain internal
organs and structures.

o Exposure to ionizing radiation: X-ray
imaging involves exposure to ionizing
radiation, which carries potential risks,
especially with repeated exposure.

o Less effective for soft tissue imaging:
While useful for bones, X-rays are less
effective for imaging soft tissues such as
muscles, tendons, and ligaments. 171°

5.2 Magnetic Resonance Imaging (MRI)

Magnetic Resonance Imaging (MRI) is a non-
invasive medical imaging technique that uses a
powerful magnetic field and radio waves to
generate detailed images of the internal
structures of the body. Unlike X-rays or CT
scans, MRI does not use ionizing radiation,
making it safer for repeated use and particularly
useful for imaging soft tissues.?%%!

5.2.1 Advantages

o Excellent soft tissue contrast: MRI
provides superior soft tissue contrast
compared to other imaging modalities,
making it ideal for visualizing organs,
muscles, nerves, and other soft tissues.

o No ionizing radiation: Unlike X-rays
and CT scans, MRI does not use ionizing
radiation, reducing the risk of radiation
exposure and making it safer for
patients,  especially children and
pregnant women.

e Versatile imaging capabilities: MRI can
produce images in multiple planes and with
various imaging sequences, allowing for
comprehensive assessment of different
anatomical structures and pathological
conditions.

e Suitable for various body parts and
conditions: MRI is used to image almost
any part of the body, including the brain,
spine, joints, abdomen, and pelvis, and is
valuable for diagnosing a wide range of
conditions, from brain tumors to
musculoskeletal injuries.?24

5.2.2 Limitations
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e Expensive equipment and maintenance:
MRI machines are costly to purchase,
install, and maintain, making them less
accessible in certain healthcare settings.

e Long scan times: MRI scans can take
longer than other imaging modalities,
ranging from 15 minutes to over an hour,
which may be challenging for patients
who are claustrophobic or have difficulty
remaining still.

. Contraindications for certain
implants or conditions: Patients with
certain metallic implants, pacemakers,
or other medical devices may not be
eligible for MRI scans due to safety

concerns related to the magnetic field.?>
27

5.3 Computed Tomography (CT)

Computed Tomography (CT), also knownas CT
scanning or CAT scanning (Computerized Axial
Tomography), is a medical imaging technique
that uses X-rays and computer processing to
create detailed cross-sectional images of the
body. CT scans provide clear images of bones,
blood vessels, soft tissues, and organs, allowing
for the detection and diagnosis of various
medical conditions.?®

5.3.1 Advantages

. Rapid imaging: CT scans are fast and
can produce images of the body's
internal structures within seconds to
minutes, making them particularly
useful in emergencies.

. High spatial resolution: CT scans offer
high-resolution images with excellent
detail, allowing for precise visualization
and evaluation of anatomical structures
and abnormalities.

o Effective for visualizing internal
structures: CT scans provide clear

images of bones, blood vessels, organs,
and soft tissues, making them valuable
for diagnosing a wide range of
conditions, including fractures, tumors,
and internal bleeding.

o Versatile applications: CT scans can be
performed on almost any part of the
body and are used in various medical
specialties, including radiology,
emergency medicine, oncology, and
surgery.2%3!

5.3.2 Limitations

o Exposure to ionizing radiation: CT
scans involve exposure to ionizing
radiation, which carries potential risks,
especially with repeated exposure over
time. Efforts are made to minimize
radiation dose while maintaining image
quality.

o Limited soft tissue contrast: While
effective for visualizing bones and
certain soft tissues, CT scans may have
limited contrast for distinguishing
between different types of soft tissues,
such as muscles, organs, and blood
vessels.

o Potential  risks associated with
contrast agents: Some CT scans
require the use of contrast agents to
enhance imaging contrast, which may
pose risks for patients with allergies or
kidney problems.28-%0

5.4 Positron Emission Tomography (PET)

Positron Emission Tomography (PET) is a
nuclear medicine imaging technique that uses
radioactive tracers to visualize and measure
physiological processes within the body. During
a PET scan, a radioactive tracer, typically a
biologically active molecule labeled with a
positron-emitting radionuclide, is injected into
the patient's bloodstream. As the tracer decays,
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it emits positrons that collide with electrons,
producing gamma rays. These gamma rays are
detected by a PET scanner, which creates
detailed three-dimensional images of the tracer
distribution in the body.*2-34

5.4.1 Advantages

o Functional imaging: PET provides
functional information about metabolic
and biochemical processes in the body,
allowing for the assessment of organ
function, tissue metabolism, and disease
activity.

e Sensitivity: PET has high sensitivity for
detecting even small changes in metabolic
activity, making it particularly useful for
cancer detection, staging, and monitoring
treatment response.

o Whole-body imaging: PET scans can
cover the entire body, enabling
comprehensive evaluation of multiple
organs and systems in a single imaging
session.

o Quantitative analysis: PET allows for
quantitative analysis of tracer uptake and
distribution, facilitating the
measurement of physiological
parameters such as metabolic rate and
receptor density. 337

5.4.2 Limitations

o Limited spatial resolution: PET has
lower spatial resolution compared to
other imaging modalities such as CT and
MRI, which may limit its ability to
precisely localize lesions or
abnormalities.

o Radiation exposure: PET scans involve
exposure to ionizing radiation from the
radioactive  tracer, which carries
potential  risks, particularly  with
repeated or high-dose exposures.

. Cost and availability: PET imaging
requires specialized equipment and
expertise, making it relatively expensive
and less widely available compared to
other imaging modalities.

J Tracer availability: Availability of
specific radiotracers may be limited,
constraining the range of applications
for PET imaging in certain clinical
settings. 34

5.5 Ultrasound Imaging

Ultrasound  imaging, also  known as
ultrasonography or sonography, is a non-
invasive medical imaging technique that uses
high-frequency sound waves to create real-time
images of internal structures in the body. During
an ultrasound exam, a transducer emits sound
waves into the body, which bounce off tissues
and organs to produce echoes. These echoes are
then captured by the transducer and processed
by a computer to create images that are
displayed on a monitor in real-time.*3

5.5.1 Advantages

o Real-time imaging: Ultrasound
provides immediate, real-time imaging
of internal structures, allowing for
dynamic assessment of organ function,
blood flow, and fetal movement during
pregnancy.

o Non-invasive and safe: Ultrasound
imaging does not involve ionizing
radiation, making it safe for use in
pregnant women, children, and patients
requiring repeated imaging studies.

o Portable and versatile: Ultrasound
machines are portable and can be easily
transported to different clinical settings,
making them suitable for bedside
examinations, emergencies, and point-
of-care testing.
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J Cost-effective: Ultrasound imaging is
generally less expensive than other
imaging modalities such as MRl and CT
scans, making it a cost-effective option
for diagnostic imaging.*+*°

5.5.2 Limitations

. Operator-dependent: The quality and
interpretation of ultrasound images may
vary depending on the skill and
experience of the operator, leading to
potential variability in diagnostic
accuracy.

. Limited penetration and resolution:
Ultrasound  waves have limited
penetration through bone and air,
restricting their utility for imaging deep-
seated structures or areas with poor
acoustic windows.

. Lower resolution compared to other
modalities: Ultrasound images may
have lower spatial resolution and
contrast compared to other imaging
modalities such as CT and MRI,
particularly for soft tissue structures.*®

5.6 Optical Imaging

Optical imaging is a non-invasive medical
imaging technique that utilizes visible light,
near-infrared (NIR) light, or fluorescence to
visualize and assess biological structures and
processes within the body. Optical imaging
techniques  include  optical  coherence
tomography (OCT), fluorescence imaging, and
diffuse optical imaging, among others.*’

5.6.1 Advantages

o High spatial resolution: Optical
imaging offers high spatial resolution at
the cellular or sub-cellular level,
allowing for detailed visualization of
biological structures and processes.

o Real-time imaging: Optical imaging
techniques provide real-time or near-
real-time imaging, enabling dynamic
assessment of physiological processes
and responses to interventions.

o Versatility: Optical imaging can be
adapted for various applications,
including imaging of tissues, cells,
molecular targets, and physiological
parameters such as blood flow and
oxygenation.

o Non-invasive and safe: Optical imaging
techniques are generally non-invasive
and safe for patients, as they do not
involve ionizing radiation and can be
performed without the need for contrast
agents in some cases.*84°

5.6.2 Limitations

o Limited depth penetration: Optical
imaging has limited depth penetration in
biological tissues due to light scattering
and absorption, restricting its utility for
imaging deep-seated structures or thick
tissues.

o Tissue autofluorescence: Endogenous
fluorescence from biological tissues can
interfere with fluorescence imaging,
reducing image contrast and signal-to-
noise ratio.

o Restricted to superficial tissues:
Optical imaging techniques are typically limited
to 1imaging superficial tissues or organs
accessible to light, such as the skin, mucosal
surfaces, and the eye.>*>!
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Figure 1: Bioimaging Technologies
6. Bioinformatics Tools and Techniques

These bioinformatics tools and techniques play
critical roles in deciphering biological data,
advancing biomedical research, and translating
molecular insights into clinical practice. By

combining computational and statistical
methodologies with biological knowledge,
bioinformatics facilitates a deeper

understanding of complex biological systems
and diseases, ultimately leading to improved
healthcare outcomes.®>%

6.1 Genomic Data Analysis

o Utilized for analyzing DNA sequences
to identify  genetic  variations,
mutations, and regulatory elements.

o Techniques include sequence
alignment, variant calling, genome

assembly, and comparative genomics.

o Applications include gene discovery,
population genetics, and personalized
medicine.>*

6.2 Proteomics and Metabolomics Analysis

J Focuses on studying proteins and
metabolites to understand cellular
processes and pathways.

o Techniques include mass spectrometry,
protein-protein interaction analysis, and
metabolic profiling.

o Applications  include  biomarker
discovery, drug target identification,
and understanding disease
mechanisms.>’0

6.3 Structural Bioinformatics

o Involves predicting and analyzing the

three-dimensional structures of
biological macromolecules.

o Techniques include homology
modeling, protein structure prediction,
and molecular docking.

o Applications include drug design,
protein  function prediction, and
understanding protein-ligand
interactions.>"61-64

6.4 Computational Modeling and Simulation

o Uses mathematical models and
computer simulations to study complex
biological systems.

. Techniques include kinetic modeling,
molecular dynamics simulations, and
network modeling.

o Applications include  simulating
biological processes, predicting drug
interactions, and understanding disease
progression.®>-67

6.5 Data Mining and Machine Learning
Applications

o Employed for extracting knowledge
and patterns from large biological
datasets.
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° Techniques include clustering,
classification, regression, and deep
learning.

o Applications include predicting protein

structure, identifying disease subtypes,
and drug response prediction.%-"

6.6 Integration of Bioinformatics with
Clinical Data

. Integrates molecular data with clinical
information to improve disease
diagnosis and treatment.

. Techniques include electronic health
record (EHR) integration, phenotype-
genotype correlation, and clinical
decision support systems.

. Applications include  personalized
medicine, patient stratification, and optimizing
treatment strategies based on molecular
profiles.”

Bioinformatics Tools and
Techniques

=Eenomic data analysis
*Proteomics and metabolomics analysis

a3tructural bivinformatics

=[omputational modeling and
simulation

=[ata mining and machine learning
applications

=|ntegration of bicinformatics with
~linical data

Figure 2: Bioinformatics Tools and Techniques

7. Integration of Bioimaging and
Bioinformatics in Healthcare

The integration of  bioimaging and
bioinformatics in healthcare heralds a new era of
precision medicine, transforming various facets
of patient care and biomedical research.”

Importance of
Bioimaging &

Comprehensive \ Biginformatics in

Disease - Healthcare
Characterization

Telemedicine and

Suppart Systems M:g

Figure 3: Importance of Bioimaging &
Bioinformatics in Healthcare

7.1 Disease Diagnosis and Prognosis

By combining the detailed anatomical and
functional information provided by bioimaging
with  molecular data analyzed through
bioinformatics, clinicians can enhance disease
diagnosis and prognosis. This integration
enables the identification of disease biomarkers,
facilitates early detection, and improves
accuracy in predicting disease progression and
treatment outcomes.”®

7.2 Personalized Medicine and Treatment
Planning

Integrating bioimaging and bioinformatics
allows for personalized medicine approaches
tailored to individual patient's molecular and
imaging profiles. Clinicians can optimize
treatment strategies based on comprehensive
patient data, including genetic predispositions,
biomarker profiles, and imaging characteristics,
leading to more effective and targeted
interventions.™

7.3 Drug Discovery and Development

Bioimaging techniques play a crucial role in
preclinical drug discovery and development by
enabling visualization of drug interactions,
distribution, and efficacy in living organisms.
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Bioinformatics analysis aids in identifying
potential drug targets, predicting drug
responses, and optimizing treatment regimens,
thus accelerating the drug discovery process and
reducing costs.”

7.4 Biomarker ldentification and Validation

Integration of bioimaging with bioinformatics
facilitates the identification and validation of
biomarkers for various diseases and conditions.
By correlating imaging features with molecular
signatures, researchers can pinpoint reliable
biomarkers for diagnosis, prognosis, and
treatment response assessment, paving the way
for improved patient management and targeted
therapies.’®

7.5 Clinical Decision Support Systems

Bioimaging and bioinformatics integration
enhances clinical decision-making by providing
clinicians with valuable insights into disease
progression, treatment response, and patient
outcomes. Decision support systems powered
by bioinformatics algorithms help clinicians
interpret complex data and make informed
treatment decisions, ultimately improving
patient care and outcomes.

7.6 Telemedicine and Remote Monitoring

The integration of  bioimaging and
bioinformatics enables telemedicine platforms
to provide access to specialized diagnostic and
treatment services remotely. Remote monitoring
of patients using bioimaging and bioinformatics
tools allows for continuous disease management
and timely intervention, improving healthcare
accessibility and outcomes, particularly in
underserved areas or for patients with limited
mobility. 770

Data Integration
and
Interoperability
Issues

Ethical and
Privacy Concerns

Standardization
and  Regulatory
Aspects

Advancements in
Technology and
Methodologies

Potential Impact
on Healthcare
Delivery and
Patient Outcomes

Integrating data from
diverse sources poses
challenges due to
variations in formats,
standards, and
protocols.  Achieving
seamless integration is
crucial for data sharing
and analysis.

Use of sensitive patient
data raises ethical and
privacy concerns
regarding data security,
patient consent, and
ownership.
Safeguarding  patient
confidentiality IS
paramount.®2

Lack of standardized

protocols hinders
reproducibility and
compliance.

Navigating regulatory
frameworks is essential
for data protection and
medical device
regulations.®

Rapid advancements
require continuous
education and training
for professionals.
Ensuring accessibility
of technologies
promotes equitable
healthcare access.®*
While promising,
impact needs careful
evaluation. Assessing
effectiveness and real-

world implications
Table 1: Several challenges with their informs Svidence-
g_es_cr]lcptlon_ facec:] _durlng bioimaging and based decision-making
ioinformatics techniques - e
Challenges Description allocation.®
8. Conclusion
Singh S. et al. Page | 89



Volume — 15, Issue — 2, April — 2024

1JPPR (2024), Vol. 15, Issue 2

Review Article

In summary, the integration of bioimaging and
bioinformatics is revolutionizing healthcare by
providing precise diagnostic tools and
personalized treatment plans, and accelerating
medical research. This interdisciplinary
approach enhances our understanding of
diseases, improves patient outcomes, and holds
promise for advancing precision medicine.
However, challenges such as data integration
and regulatory aspects need to be addressed for
its  responsible implementation.  Moving
forward, investing in technological
advancements and interdisciplinary
collaborations will be key to harnessing the full
potential of bioimaging and bioinformatics in
healthcare.

References

1. Zhou X, Wong STC. Computational
systems bioinformatics and bioimaging for
pathway analysis and drug screening.
Proceedings of the IEEE. 2008;96(8):1310-
1331. d0i:10.1109/JPROC.2008.925440

2. Ficarra E, De Micheli G, Yoon S, Benini
L, Macii E. Joint co-clustering: Co-clustering of
genomic and clinical bioimaging data.
Computers and Mathematics with Applications.
2008;55(5):938-949.
doi:10.1016/j.camwa.2006.12.102

3. Bourbakis NG. Bio-imaging and bio-
informatics. IEEE Transactions on Systems,
Man, and Cybernetics, Part B: Cybernetics.
2003;33(5):726-727.
d0i:10.1109/TSMCB.2003.816908

4. Uesaka K, Oka H, Kato R, et al.
Bioinformatics in Bioscience and
Bioengineering: Recent  Advances, 1
Applications, and Perspectives 2 3 Running
Title:  Bioinformatics in Bioscience and
Bioengineering 4 5.; 2022.

5. Kuznetsov V, Lee HK, Maurer-Stroh S,
et al. How bioinformatics influences health
informatics: Usage of biomolecular sequences,

expression profiles and automated microscopic
image analyses for clinical needs and public
health. Health Inf Sci Syst. 2013;1(1).
d0i:10.1186/2047-2501-1-2

6. Peng H, Bateman A, Valencia A, Wren
JD. Bioimage informatics: A new category in
Bioinformatics. Bioinformatics.
2012;28(8):1057-1057.
doi:10.1093/bioinformatics/bts111

7. Min S, Lee B, Yoon S. Deep Learning in
Bioinformatics.; 2017.

8. Abbas Q, Garcia IF, Emre Celebi M,
Ahmad W, Mushtaqg Q. A perceptually oriented
method for contrast enhancement and
segmentation of dermoscopy images. Skin
Research and  Technology. 2013;19(1).
d0i:10.1111/j.1600-0846.2012.00670.x

9. Pei Y, Wei MY. Newly-engineered
materials for bio-imaging technology: A focus
on the hybrid system of ultrasound and
fluorescence.  Front Bioeng Biotechnol.
2019;7(APR). doi:10.3389/fbioe.2019.00088

10.  QinL, Genant - H K, Griffith JF, Leung
- K S. Advanced Bioimaging Technologies in
Assessment of the Quality of Bone and Scaffold
Materials.; 2007.

11. Hoheisel M. Review of medical imaging
with emphasis on X-ray detectors. Nucl Instrum
Methods Phys Res A. 2006;563(1):215-224.
doi:10.1016/j.nima.2006.01.123

12. Freudenberger J, Hell E, Kn upfer W.
Perspectives of Medical X-Ray Imaging. Vol
466.; 2001.

13. Kasban H, El-Bendary MAM, Salama
DH. A Comparative Study of Medical Imaging
Techniques. Vol 4.; 2015.

14. Freudenberger J, Hell E, Kn upfer W.
Perspectives of Medical X-Ray Imaging. Vol
466.; 2001.

Singh S. et al.

Page | 90



Volume — 15, Issue — 2, April — 2024

IJPPR (2024), Vol. 15, Issue 2

Review Article

15. Huda W, Brad Abrahams R. X-ray-
based medical imaging and resolution.
American  Journal  of  Roentgenology.
2015;204(4):W393-W397.
doi:10.2214/AJR.14.13126

16. Hoheisel M. Review of medical imaging
with emphasis on X-ray detectors. Nucl Instrum
Methods Phys Res A. 2006;563(1):215-224.
d0i:10.1016/j.nima.2006.01.123

17.  Ou X, Chen X, Xu X, et al. Recent
Development in X-Ray Imaging Technology:
Future and Challenges. Research. 2021;2021.
doi:10.34133/2021/9892152

18. Kotwaliwale N, Singh K, Kalne A, Jha
SN, Seth N, Kar A. X-ray imaging methods for
internal quality evaluation of agricultural
produce. J Food Sci Technol. 2014;51(1):1-15.
d0i:10.1007/s13197-011-0485-y

19. Melhem E, Assi A, El Rachkidi R,
Ghanem I. EOS® biplanar X-ray imaging:
concept,  developments,  benefits, and
limitations. J Child Orthop. 2016;10(1):1-14.
doi:10.1007/s11832-016-0713-0

20. Bushong SC, Clarke G. Magnetic
Resonance Imaging: Physical and Biological
Principles Magnetic Resonance.; 2003.

21. Hennig J, Speck O, Koch MA, Weiller
C. Functional magnetic resonance imaging: A
review of methodological aspects and clinical
applications. Journal of Magnetic Resonance
Imaging. 2003;18(1):1-15.
do0i:10.1002/jmri.10330

22. Dance DR, Christofides S, Maidment
ADA, Mclean ID, Ng KH. Diagnostic
Radiology Physics: A Handbook for Teachers
and Students.; 2014.

23. Chandarana H, Wang H, Tijssen RHN,
Das 1J. Emerging role of MRI in radiation
therapy. Journal of Magnetic Resonance
Imaging. 2018;48(6):1468-1478.
doi:10.1002/jmri.26271

24.  Joshua Broder MD FRPM. Hounsfield
Scale - an overview _ ScienceDirect Topics.
Published online 2016.

25.  Anderson-Jackson L, Mcgrowder DA,
Bourne PA, Crawford T, Whittaker WHA.
Response of Patients to the Introduction of a
Private Magnetic Resonance Imaging Service in
Western Jamaica. N Am J Med Sci.
2009;1(5):279-284.
doi:10.4297/najms.2009.5279

26.  Grover VPB, Tognarelli JM, Crossey
MME, Cox 1J, Taylor-Robinson SD, McPhail
MJW. Magnetic Resonance Imaging: Principles
and Techniques: Lessons for Clinicians. J Clin
Exp Hepatol. 2015;5(3):246-255.
doi:10.1016/j.jceh.2015.08.001

217. Hilabi BS, Alghamdi SA, Almanaa M.
Impact of Magnetic Resonance Imaging on
Healthcare in Low- and Middle-Income
Countries. Cureus. Published online April 17,
2023. doi:10.7759/cureus.37698

28. Mazonakis M, Damilakis J. Computed
tomography: What and how does it measure?
Eur J Radiol. 2016;85(8):1499-1504.
d0i:10.1016/j.ejrad.2016.03.002

29. Strigari L, Minosse S, D’Alessio D, et al.
Microwave thermal ablation using CT-scanner
for predicting the variation of ablated region
over time: Advantages and limitations. Phys
Med Biol. 2019;64(11). do0i:10.1088/1361-
6560/abla67

30. Galvin JM. 2 The CT-Simulator and the
Simulator-CT: Advantages, Disadvantages, and
Future Developments.; 1995.

31. Adams JE. Quantitative computed
tomography. Eur J Radiol. 2009;71(3):415-424.
doi:10.1016/j.ejrad.2009.04.074

32. Townsend DW. Positron Emission
Tomography/Computed Tomography. Semin
Nucl Med. 2008;38(3):152-166.
doi:10.1053/j.semnucimed.2008.01.003

Singh S. et al.

Page | 91



Volume — 15, Issue — 2, April — 2024

1JPPR (2024), Vol. 15, Issue 2

Review Article

33. Lameka K, Farwell MD, Ichise M.
Positron Emission Tomography. In: Handbook
of Clinical Neurology. Vol 135. Elsevier B.V,;
2016:209-227. doi:10.1016/B978-0-444-53485-
9.00011-8

34.  Gallamini A, Zwarthoed C, Borra A.
Positron emission tomography (PET) in
oncology. Cancers (Basel). 2014;6(4):1821-
1889. doi:10.3390/cancers6041821

35. Phelps ME. Positron  Emission
Tomography Provides Molecular Imaging of
Biological Processes.; 1999.

36. Zhu A, Lee D, Shim H. Metabolic
positron emission tomography imaging in
cancer detection and therapy response. Semin
Oncol. 2011;38(1):55-69.
doi:10.1053/j.seminoncol.2010.11.012

37. Katal S, Eibschutz LS, Saboury B,
Gholamrezanezhad A, Alavi A. Advantages and
Applications of Total-Body PET Scanning.
Diagnostics. 2022;12(2).
doi:10.3390/diagnostics12020426

38. Phelps ME. Positron  Emission
Tomography Provides Molecular Imaging of
Biological Processes.; 1999.

39. Zhu A, Lee D, Shim H. Metabolic
positron emission tomography imaging in
cancer detection and therapy response. Semin
Oncol. 2011;38(1):55-609.
doi:10.1053/j.seminoncol.2010.11.012

40. Jones T, Townsend D. History and
future technical innovation in positron emission
tomography. Journal of Medical Imaging.
2017;4(1):011013.
doi:10.1117/1.jmi.4.1.011013

41. Katal S, Eibschutz LS, Saboury B,
Gholamrezanezhad A, Alavi A. Advantages and
Applications of Total-Body PET Scanning.
Diagnostics. 2022;12(2).
doi:10.3390/diagnostics12020426

42. Trotter J, Pantel AR, Teo BKK, et al.
Positron Emission Tomography
(PET)/Computed Tomography (CT) Imaging in
Radiation Therapy Treatment Planning: A
Review of PET Imaging Tracers and Methods to
Incorporate  PET/CT. Adv Radiat Oncol.
2023;8(5). doi:10.1016/j.adro.2023.101212

43, Li PC, Tsui PH. Advances in Ultrasound
Imaging for Diagnostic and Therapeutic
Purposes. J Med Biol Eng. 2022;42(6):745-746.
doi:10.1007/s40846-022-00765-w

44, Moran CM, Thomson AJW. Preclinical
Ultrasound Imaging—A Review of Techniques
and Imaging Applications. Front Phys. 2020;8.
doi:10.3389/fphy.2020.00124

45.  Carovac A, Smajlovic F, Junuzovic D.
Application of Ultrasound in Medicine. Acta
Informatica Medica. 2011;19(3):168.
doi:10.5455/aim.2011.19.168-171

46.  Sippel S, Muruganandan K, Levine A,
Shah S. Review article: Use of ultrasound in the
developing world. Int J Emerg Med. 2011;4(1).
d0i:10.1186/1865-1380-4-72

47. Dhawan AP, D’Alessandro B, Fu X.
Optical imaging modalities for biomedical
applications. IEEE Rev Biomed Eng. 2010;3:69-
92. doi:10.1109/RBME.2010.2081975

48.  Arranz A, Ripoll J. Advances in optical
imaging for pharmacological studies. Front
Pharmacol. 2015;6(SEP).
doi:10.3389/fphar.2015.00189

49.  Wei X, Gu B, eds. Optical Imaging in
Human Disease and Biological Research. Vol
3233. Springer Singapore; 2021.
doi:10.1007/978-981-15-7627-0

50. G Pirovano. Optical Imaging - an
overview _ ScienceDirect Topics. Published
online 2020.

51. Yoon S, Cheon SY, Park S, et al. Recent
advances in optical imaging through deep tissue:

Singh S. et al.

Page | 92



Volume — 15, Issue — 2, April — 2024

IJPPR (2024), Vol. 15, Issue 2

Review Article

imaging probes and techniques. Biomater Res.
2022;26(1). doi:10.1186/s40824-022-00303-4

52.  Abbas AE, Holmes SP. Bioinformatics
and management science: Some common tools
and techniques. Oper Res. 2004;52(2):165-190.
doi:10.1287/opre.1030.0095

53. Kashyap H, Ahmed HA, Hoque N, Roy
S, Bhattacharyya DK. Big data analytics in
bioinformatics: architectures, techniques, tools
and issues. Network Modeling Analysis in
Health  Informatics and Bioinformatics.
2016;5(1). doi:10.1007/s13721-016-0135-4

54.  ANDREAS TEUFEL MKAW and PRG.
Current Bioinformatics Tools in
Genomic Biomedical Research (Review).;
2006.

55. Jimenez-Lopez JC, Gachomo EW,
Sharma S, Kotchoni SO. Genome sequencing
and next-generation sequence data analysis: A
comprehensive compilation of bioinformatics
tools and databases. Am J Mol Biol.
2013;03(02):115-130.
d0i:10.4236/ajmb.2013.32016

56.  John Ogbe R, Owoicho Ochalefu D,
Ochalefu DO, Olaniru OB. Bioinformatics
advances in genomics-a review. Vol 8.; 2016.

57. Marco-Ramell A, Palau-Rodriguez M,
Alay A, et al. Evaluation and comparison of
bioinformatic tools for the enrichment analysis
of metabolomics data. BMC Bioinformatics.
2018;19(1). d0i:10.1186/512859-017-2006-0

58. Perez-Riverol Y, Moreno P. Scalable
Data Analysis in Proteomics and Metabolomics
Using BioContainers and Workflows Engines.
Proteomics. 2020;20(9).
doi:10.1002/pmic.201900147

59. Chen Y, Li EM, Xu LY. Guide to
Metabolomics Analysis: A Bioinformatics
Workflow. Metabolites. 2022;12(4).
doi:10.3390/metab012040357

60. Johnson CH, lvanisevic J, Benton HP,
Siuzdak G. Bioinformatics: The next frontier of
metabolomics. Anal Chem. 2015;87(1):147-
156. doi:10.1021/ac5040693

61.  Wiltgen M. Structural Bioinformatics:
From the Sequence to Structure and Function.
Vol 4.; 20009.

62. Chou KC. Structural Bioinformatics and
Its Impact to Biomedical Science. Vol 11.; 2004.

63. Aamer Mehmood M. Use of
Bioinformatics Tools in Different Spheres of
Life Sciences. J Data Mining Genomics
Proteomics. 2014;05(02). doi:10.4172/2153-
0602.1000158

64.  Géspari Z. Structural Bioinformatics
Methods and Protocols Methods in Molecular
Biology 2112.; 2020.

65. Gupta PP, Kasmi Y, Podlipnik C.
Introduction to computational and
bioinformatics tools in virology. In: Emerging
and Reemerging Viral Pathogens: Volume 2:
Applied Virology Approaches Related to
Human, Animal and Environmental Pathogens.
Elsevier; 2019:121-145. doi:10.1016/B978-0-
12-814966-9.00008-1

66. Rapin N, Lund O, Bernaschi M,
Castiglione F. Computational immunology
meets bioinformatics: The use of prediction
tools for molecular binding in the simulation of
the immune system. PL0S One. 2010;5(4).
doi:10.1371/journal.pone.0009862

67. Badotti F, Barbosa AS, Reis ALM, do
Valle IF, Ambroésio L, Bitar M. Comparative
modeling of proteins: A method for engaging
students’ interest in bioinformatics tools.
Biochemistry and  Molecular  Biology
Education. 2014;42(1):68-78.
doi:10.1002/bmb.20721

68.  Golestan Hashemi FS, Razi Ismail M,
Rafii Yusop M, etal. Intelligent mining of large-
scale bio-data: Bioinformatics applications.

Singh S. et al.

Page | 93



Volume — 15, Issue — 2, April — 2024

1JPPR (2024), Vol. 15, Issue 2

Review Article

Biotechnology and Biotechnological
Equipment. 2018;32(1):10-29.
d0i:10.1080/13102818.2017.1364977

69. Kashyap H, Ahmed HA, Hoque N, Roy
S, Bhattacharyya DK. Big Data Analytics in
Bioinformatics: A Machine  Learning
Perspective. Published online June 15, 2015.

70. Walker JM. METHODS IN
MOLECULAR BIOLOGY TM Series Editor.;
2010.

71. Ammenwerth E, Garde S. Towards
clinical bioinformatics: Advancing genomic
medicine with informatics methods and tools-
Findings from the IMIA Yearbook of Medical
Informatics 2004. Article in Methods of
Information in Medicine. Published online
2004. doi:10.1267/METH04030302

72.  Bhattacharjee M, Assistant J. Shaping
healthcare through 3d printing, integrating
bioinformatics and biomedical research. Vol 5,;
2020.

73. Kharya S. Using Data Mining
Techniques for Diagnosis and Prognosis of
Cancer Disease. International Journal of
Computer  Science, Engineering and
Information  Technology. 2012;2(2):55-66.
doi:10.5121/ijcseit.2012.2206

74. Hoeben A, Joosten EAJ, van den
Beuken-Van Everdingen MHJ. Personalized
medicine: Recent progress in cancer therapy.
Cancers (Basel). 2021;13(2):1-3.
doi:10.3390/cancers13020242

75. Mohs RC, Greig NH. Drug discovery
and development: Role of basic biological
research.  Alzheimer’s  and  Dementia:
Translational ~ Research  and  Clinical
Interventions. 2017;3(4):651-657.
d0i:10.1016/j.trci.2017.10.005

76. Rifai N, Gerszten RE. Biomarker
discovery and validation. Clin  Chem.

2006;52(9):1635-1637.
doi:10.1373/clinchem.2006.074492

77. Malik S, Tyagi AK. Intelligent
Interactive  Multimedia  Systems for E-
Healthcare Applications.; 2022.

78. Mittal S, Hasija Y. Applications of Deep
Learning in Healthcare and Biomedicine. In:
Studies in Big Data. Vol 68. Springer Science
and Business Media Deutschland GmbH,;
2020:57-77. doi:10.1007/978-3-030-33966-1_4

79. Phan JH, Quo CF, Cheng C, Wang MD.
Multiscale integration of -omic, imaging, and
clinical data in biomedical informatics. IEEE
Rev Biomed Eng. 2012;5:74-87.
doi:10.1109/RBME.2012.2212427

80. Frelich A, Ravn-Jensen C, Borg E,
Hendriksen C. Integration of Healthcare
Rehabilitation in Chronic Conditions. Vol 10.;
2010.

81. Rajabifard A. Scoping Paper for 2nd
UNCGGIM Meeting.; 2010.

82. Badotti F, Barbosa AS, Reis ALM, do
Valle iF, Ambrésio L, Bitar M. Comparative
modeling of proteins: A method for engaging
students’ interest in bioinformatics tools.
Biochemistry ~ and  Molecular  Biology
Education. 2014,42(1):68-78.
d0i:10.1002/bmb.20721

83. Zimmer J, Vieths S, Kaul S.
Standardization and Regulation of Allergen
Products in the European Union. Curr Allergy
Asthma Rep. 2016;16(3):1-11.
d0i:10.1007/s11882-016-0599-4

84. Evans K, Lea MA, Patterson TA. Recent
advances in bio-logging science: Technologies
and methods for understanding animal
behaviour and physiology and their
environments. Deep Sea Res 2 Top Stud
Oceanogr. 2013;88-89:1-6.
d0i:10.1016/j.dsr2.2012.10.005

Singh S. et al.

Page | 94



Volume — 15, Issue — 2, April — 2024

IJPPR (2024), Vol. 15, Issue 2 Review Article

85.  SturmbergJ, Lanham HJ. Understanding
health care delivery as a complex system:
Achieving best possible health outcomes for
individuals and communities by focusing on
interdependencies. J Eval Clin Pract.
2014,20(6):1005-1009. doi:10.1111/jep.12142

Singh S. et al. Page | 95



