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ABSTRACT

Biophysics and biochemistry are fundamental disciplines that have revolutionized 
modern medicine by providing deep insights into the molecular and structural 
basis�of�diseases.�Biophysicists�employ�advanced�techniques�such�as�spectroscopy,�
microscopy,�and�computational�modelling�to�investigate�biomolecular�interactions,�
while�biochemists�focus�on�metabolic�pathways,�enzymatic�functions,�and�genetic�
mutations.� Together,� these� �elds� enhance� disease� diagnosis� through� biomarker�
discovery,� imaging� technologies,� and� biosensing� applications.� This� review�
comprehensively examines the contributions of biophysics and biochemistry 
in� diagnosing� major� diseases,� including� cancer,� neurodegenerative� disorders,�
cardiovascular� diseases,� and� infectious� diseases.� We� also� discuss� emerging�
technologies,� challenges� in� clinical� translation,� and� future� directions� in� precision�
diagnostics.
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INTRODUCTION
Human diseases are often rooted in molecular 
and cellular dysfunctions that disrupt normal 
physiological processes. Early and accurate 
diagnosis is crucial for effective treatment and 
improved patient outcomes. Biophysics and 
biochemistry�serve�as�the�backbone�of�modern�
diagnostics by uncovering disease mechanisms 
at the molecular level.

Biophysics applies principles from physics 
to� study� biological� systems,� focusing� on�
protein� structures,� membrane� dynamics,�
and� molecular� interactions.� Techniques� such�
as� X-ray� crystallography,� nuclear� magnetic�
resonance� (NMR)� spectroscopy,� and� atomic�
force microscopy (AFM) allow researchers to 
visualize and manipulate biomolecules with 
high�precision.¹�On� the�contrary,�biochemistry�
investigates� metabolic� pathways,� enzyme�
kinetics,�and�genetic�mutations�that�contribute�
to� disease� pathogenesis.� Biochemical� assays,�
including�ELISA,�PCR,�and�mass� spectrometry,�
are indispensable in clinical diagnostics.²

The integration of biophysics and 
biochemistry� has� led� to� ground� breaking�
advancements� in�disease�detection,� including�
liquid� biopsies� for� cancer,� amyloid� imaging�
for� Alzheimer’s� disease,� and� rapid� pathogen�
detection for infectious diseases. This review 
explores the critical roles of these disciplines 
in� medical� diagnostics,� highlighting� key�
technologies,� applications,� and� future�
prospects.

BIOPHYSICAL TECHNIQUES IN DISEASE 
DIAGNOSIS

1. Spectroscopic Methods
Spectroscopy is a powerful tool for analysing 

molecular structures and interactions in 
disease states.

• Nuclear Magnetic Resonance 
(NMR) Spectroscopy:� Used� to� study�
protein folding and misfolding in 
neurodegenerative diseases such as 
Alzheimer’s� and� Parkinson’s.�Misfolded�
proteins� like� amyloid-beta� and� alpha-
synuclein can be characterized using 
NMR,�aiding�in�early�diagnosis.³

• Infrared (IR) and Raman Spectroscopy: 
Detect� biochemical� changes� in� tissues,�

enabling non-invasive cancer diagnosis. 
For�example,�IR�spectroscopy�can�identify�
metabolic alterations in tumour cells 
compared to healthy tissues.4

• Mass Spectrometry (MS): Coupled 
with� chromatography,� MS� identi�es�
disease-speci�c�metabolites�and�proteins�
in� bio�uids,� facilitating� biomarker�
discovery.5

2. Advanced Imaging Techniques
High-resolution imaging technologies 

provide detailed visualization of cellular and 
molecular abnormalities.

• Cryo-Electron Microscopy (Cryo-EM): 
Allows 3D reconstruction of 
macromolecular� structures,� aiding� in�
understanding viral infections and 
protein aggregation diseases.6

• Atomic Force Microscopy (AFM): 
Measures�mechanical�properties�of�cells,�
useful in studying cancer cell stiffness 
and bacterial adhesion.7

• Magnetic Resonance Imaging (MRI) 
and Positron Emission Tomography 
(PET): Provide structural and functional 
insights into tumours,� brain� disorders,�
and cardiovascular diseases.8

3. Computational Biophysics
Computational models simulate biological 

processes to predict disease mechanisms.
• Molecular Dynamics (MD) Simulations: 
Study� protein� drug� interactions,� aiding�
in�drug�design�for�diseases�like�HIV�and�
cystic��brosis.9

• Machine Learning in Diagnostics:� AI�
driven models analyse large datasets 
to� predict� disease� risk� and� optimize�
treatment strategies.10

4. Biosensors and Nanotechnology
Biosensors� detect� disease� biomarkers� with�

high�sensitivity�and�speci�city.
• Surface Plasmon Resonance (SPR): 
Used� in� real-time� detection� of� cancer�
biomarkers�in�blood�samples.¹¹

• Quantum Dots and Nanosensors: 
Enhance imaging and detection of 
pathogens and tumour cells.¹²
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BIOCHEMICAL APPROACHES IN 
DISEASE DIAGNOSIS

1. Biomarker Discovery
Biochemical�assays�identify�disease�speci�c�

biomarkers�for�early�diagnosis.
• Proteomics: Mass spectrometry-based 
proteomics� identi�es� protein� signatures�
in�diseases�like�ovarian�cancer.¹³

• Metabolomics: Analyses metabolic 
changes� in� diabetes,� cancer,� and�
neurodegenerative disorders.14

2. Genetic and Enzymatic Analysis
• Polymerase Chain Reaction (PCR): 

Detects genetic mutations and pathogens 
(e.g.,�COVID-19,�HPV).15

• Next-Generation Sequencing (NGS): 
Enables whole-genome analysis for 
personalized medicine.16

3. Point-of-Care Diagnostics
• Lateral Flow Assays: Rapid detection of 
infections�(e.g.,�malaria,�HIV).17

• Lab-on-a-Chip Devices: Miniaturized 
platforms� for� real-time� biomarker�
detection.18

APPLICATIONS IN MAJOR DISEASES

1. Cancer Diagnostics
• Liquid Biopsies: Detect circulating 

tumour DNA (ctDNA) for non-invasive 
cancer screening.19

• Imaging: PET-CT scans identify 
metastatic tumours with high precision.20

2. Neurodegenerative Diseases
• Amyloid PET Imaging: Visualizes 
amyloid�plaques�in�Alzheimer’s�disease.²¹

• CSF Biomarkers: Tau and amyloid-beta 
levels aid in early diagnosis.²²

3. Cardiovascular Diseases
• Troponin Assays: Diagnose myocardial 
infarction.²³

• Echocardiography: Assesses heart 
function and structural abnormalities.²4

4. Infectious Diseases
• CRISPR-Based Diagnostics: Detect 
pathogens�like�SARS-CoV-2�rapidly.25

• Antibody Testing: Identi�es� past�
infections�(e.g.,�hepatitis,�HIV).26

EMERGING TECHNOLOGIES AND 
FUTURE PERSPECTIVES

• Single-Molecule Biophysics: Enhances 
understanding of molecular interactions.27

• AI and Big Data in Diagnostics: 
Predictive� analytics� for� disease� risk�
assessment.28

• Wearable Biosensors: Continuous 
monitoring�of�biomarkers.29

CHALLENGES AND LIMITATIONS
• High Costs of Advanced Technologies
• Standardization�of�Biomarker�Assays
• Ethical and Privacy Concerns in Genetic 

Testing

CONCLUSION
Biophysics and biochemistry are 

indispensable�in�modern�diagnostics,�enabling�
early,� accurate,� and� non-invasive� disease�
detection.� Future� advancements� in� AI,�
nanotechnology,� and�multi-omics� integration�
will further revolutionize precision medicine.
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