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Abstract: Bio-mathematics is a very important form of
mathematics that plays a vital role in the easy detection
of any disease. In today's technological age and hectic
life, people do not have time to wait even for a day for the
report to arrive. In such times, the usefulness of bio-
mathematics increases even more. It proves to be helpful
in detecting any disease very quickly. The applications of
biomathematics are being shown in a very good way by
using very good technology. Bio-Mathematics is in
modern times, it's helpful in quickly diagnosing any
disease.

Finally, this paper gives significant contributions of Bio-
Mathematics to disease diagnosis and it provides a report
in seconds, and it can help save lives by detecting serious
illnesses like, tuberculosis, asthma, and tumors with
examples including cancer detection via biomarker
modeling, early identification of neurological disorders,
and real-time epidemiological forecasting. The
integration of mathematical modeling into clinical
practice not only improves decision-making but also
promotes the advancement of precision medicine. The
study concludes by discussing current challenges and the
potential of bio-mathematics to further revolutionize
diagnostic methodologies in modern healthcare.

Keywords:  Bio-Mathematics,  Disease  Diagnosis,
Mathematical Modeling, Medical Imaging, Modeling,
Predictive diagnostics etc.

LINTRODUCTION

Biomathematics, also known as mathematical biology,
is an interdisciplinary field that applies mathematical
techniques and principles to biological systems. One
of its most impactful applications is in the diagnosis
and understanding of diseases. By using mathematical
models, researchers can simulate biological processes,
predict the progression of diseases, and improve
diagnostic techniques.
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In recent years, the integration of biomathematics in
medical science has contributed to early disease
detection, accurate prognosis, and personalized
medicine. This project explores the various
applications of biomathematics in diagnosing diseases
and highlights specific models and techniques used in
the process. Bio-mathematics, an interdisciplinary
field at the intersection of biology, mathematics, and
computational science, has emerged as a powerful tool
in the diagnosis and management of diseases. Through
the development of mathematical models and
statistical methods, bio-mathematics enables a deeper
understanding of complex biological systems and
disease mechanisms. Applications range from
modeling the spread of infectious diseases and
analyzing genetic data to enhancing medical imaging
techniques and predicting disease risks. These models
aid in early detection, improve diagnostic accuracy,
and inform personalized treatment strategies

In early days an attempt was made to establish the
mathematical biology as a new discipline, but it did
not succeed (Keller,2002). There were initiatives by
mathematicians but there were no precedents. For
example, theoretical models to describe the spread of
diseases had been discussed by Bernouilli and the flow
of blood in veins was the uppermost in Euler’s mind
when he performed his seminal work on fluid
mechanics (Euler,1775). Mathematical biology or
biomathematics is a fast-growing well-recognized and
the most exciting modern application of mathematics.
This is an interdisciplinary research area with a range
of applications in biology, biotechnology and
biomedical science. The filed may be referred to as
mathematical biology or biomathematics to stress the
mathematical side or theoretical biology to stress the
biological side. A variety of mathematical techniques
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are used in mathematical biology to model biological
researches.

Mathematical areas such as calculus, probability
theory, statistics, linear algebra, graph theory,
combinatorics, algebraic  geometry, topology,
dynamical systems, differential equations and coding
theory are now being applied in this field. 215 5th
International Symposium 2015 — Int Sym 2015,
SEUSL Many topics from biosciences have been high
priority on the global agenda; the fights against cancer
and degenerative diseases of the brain, such as
Alzheimer’s, Parkinson’s and ALS and the
management of health threats such as AIDS. Society is
waiting to get the research results for their better life.
The emergence of models and the existence of large
data sets that require quantitative analysis in biology
gives a great opportunity for mathematics. The
existing or already established methods in
mathematics can be used to support biological
problems but the quantitative analysis of the
fundamental problems in bioscience definitely require
new ideas and new techniques from mathematics. The
most significant biological achievement of the
20thCentury is the identification of the DNA. This
work was essentially done by Physicists, Chemists and
Crystallographers. There has already been evidence of
effective  contribution between biology and
mathematics. For instance, the modeling of epidemics
and the study of signal propagation in nerves are the
growing works of differential equations and studies of
dynamical system in this century. There are several
biomathematics research groups already established in
the departments of mathematics, statistics, computer
science and biology and also biostatistics centers
around the world. The current size of the mathematical
bioscience research groups and researchers is
relatively small compared the important and need of
mathematics for biological sciences.

II. REVIEW OF LITERATURE

Biomathematics has evolved significantly over the
past few decades. Some of the early contributions
include compartmental models in epidemiology by
Kermack and McKendrick (1927) and later, the
development of differential equations to model tumor
growth and infectious diseases. Modern advancements
now include machine learning algorithms, artificial
neural networks, and statistical modeling techniques
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integrated with medical data to enhance diagnostic
accuracy. Bio-Mathematics and its Applications in
Modeling COVID-19 Infections developed a model by
R. Hassan & R. A. Hasan (2023). “Biomathematics
and its Applications in Modeling COVID-19
Infections” (2023) reviews how compartmental,
agent-based, and immunological models have been
used to understand SARS-CoV-2 spread, forecast
trajectories, evaluate interventions, etc. It discusses
challenges in estimating parameters from noisy
real-world data.

The review “A Critical Review on Biomathematics
and Its Applications” (2024) outlines the broad role of
mathematical models: from ecology, toxicology,
epidemiology to immunology, developmental biology.
It emphasizes how models help generate hypotheses,
guide experiments, synthesize knowledge, and
increasingly contribute to fields like personalized
medicine as well as agriculture and ecosystem
management. sWorks on optimal transport methods
illustrate how mathematical theories are used in
biomedical data problems: e.g. matching distributions,
comparing shapes, registering images, etc. Such
computational tools are growing in importance had
given by J. Zhang at al (2021). The review on
sensitivity analysis in biomedical models provides a
guide to methods (e.g. Morris, Sobol) for
understanding how changes in parameters affect
model outcomes; very important for reliability of
predictions.

Numerous studies have been conducted to

mathematically model diseases such as:

e  Cancer (modeling tumor growth and spread),

e Diabetes (glucose-insulin regulation models),

e Cardiovascular diseases (hemodynamic models),

e Infectious diseases (SIR and SEIR models for
disease spread and control).

III. OBJECTIVES: THE MAIN OBJECTIVES OF
THIS PROJECT ARE:

e To understand the role of biomathematics in
modern medicine.

e  To explore mathematical models used for disease
diagnosis.

e To examine case studies where biomathematics
has improved diagnostic accuracy.
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e To identify the challenges and future prospects in
this field

IV. APPLICATIONS OF BIO-MATHEMATICS:

4.1. Epidemiological Modeling:

Mathematical models like SIR (Susceptible-
Infectious-Recovered) and SEIR  (Susceptible-
Exposed-Infectious-Recovered) are used to predict the
outbreak and spread of infectious diseases such as
COVID-19, influenza, and Ebola. These models help
in:

e Identifying infection rates and patterns,

e Planning public health interventions,

e Predicting peak infection periods.

as

E = —351

dal
—=BSI—yI
dal

a- Y

S = susceptible individuals
I = infected individuals,

R = recovered individuals,
B = infection rate

Y = recovery rate.

This models help in Predicting peak infection periods

B Y

4.2. Cancer Diagnosis and Progression

e  Tumor Growth Models: Logistic and Gompertz
models are used to simulate tumor growth.

e Personalized Treatment Models: Mathematical
models help tailor chemotherapy or radiotherapy
based on patient-specific tumor dynamics.

e Biomarker Analysis: Statistical models analyze
biomarker data to assist in early cancer diagnosis.

% =1Tln (g)

T(t) = tumor cell population at time t,
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r = intrinsic growth rate,
K = carrying capacity.

Mathematical modeling using Gompertz equations
allowed doctors to predict how breast cancer tumors
would grow.
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Gompertz growth curve showing slow initial growth, ra-
pid exponential rise, and eventual plateau

4.3. Cardiovascular Disease Modeling

e Blood flow and pressure are modeled using fluid
dynamics equations.

e  Mathematical modeling of the heart's electrical
system helps detect arrhythmias.

e Predictive algorithms assess the risk of heart
attack or stroke based on patient data.

4.4. Diabetes and Glucose Regulation

e Mathematical models simulate insulin-glucose
dynamics.

e  These models help in designing artificial pancreas
systems for Type 1 diabetes patients.

e Data-driven models improve glucose level
prediction and insulin dosage.

These models help in designing artificial pancreas
systems for Type 1 diabetes patients.

Insulin-Glucose Model

& = —kiG—XG+D(®)
ax
= kX + ks (I — 1)

G = glucose concentration,
I = insulin concentration,
X = remote insulin effect,

D(t) = glucose intake rate.
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Figure 3: Sinulation glucose and insulin interaction —
showing oscillations after meal intake

4.5. Neurological Disorders

e Models of neuron firing and brain activity assist
in diagnosing epilepsy, Alzheimer's, and
Parkinson’s disease.

e FEEG data analysis through mathematical
algorithms helps detect abnormal brain wave
patterns.

EEG data analysis through mathematical algorithms
helps detect abnormal brain wave patterns.”

Equation (Simplified Neuron Firing Model):

av

C -
m at

=—g.(V—E)+1(t)
V = membrane potential,
Cn= membrane capacitance
gr = leak conductance,

Er = resting potential,

I(t) = input current.
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Figure 4: Neuron membrane potential spikes over
time during repeated stimuli
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4.6. Machine Learning and Al in Medical Diagnostics

e Biomathematics provides the mathematical
foundation for Al-based diagnostic tools.

e  Algorithms trained on medical images (MRI, CT
scans) help detect anomalies like tumors,
fractures, and lesions.

e  Statistical and probabilistic models help in risk
prediction and disease classification.

V. CASE STUDIES

Case Study 1: COVID-19 Diagnosis Using SEIR
Models

During the COVID-19 pandemic, SEIR models were
used to estimate transmission rates, evaluate the
impact of social distancing, and predict future
outbreaks. These models guided government policies
and hospital resource allocation.

Case Study 2: Predicting Tumor Growth in Breast
Cancer

Mathematical modeling using Gompertz equations
allowed doctors to predict how breast cancer tumors
would grow over time, improving treatment
scheduling and patient outcomes.

VI. ADVANTAGES OF USING
BIOMATHEMATICS IN DIAGNOSIS

e  Enhances early detection of diseases.

e  Supports personalized treatment strategies.

e Reduces costs by optimizing medical tests and
procedures.

e Aids in understanding complex biological
interactions.

VII. CHALLENGES

e Requires accurate and high-quality biological
data.

e Interdisciplinary communication gaps between
mathematicians and clinicians.

e  High computational cost for complex models.

e  Ethical concerns in Al-driven diagnostics.

VIII. FUTURE PROSPECTS

The integration of big data, Al, and biomathematics
promises a revolution in disease diagnosis and
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healthcare. With the increasing availability of patient
data and computing power, more precise and real-time
diagnostic tools can be developed.

IX.CONCLUSION

Biomathematics serves as a powerful tool in
diagnosing and understanding diseases. The
integration of Bio-Mathematics into the field of
disease diagnosis has revolutionized modern
healthcare by providing powerful tools for modeling
biological systems, analyzing complex medical data,
and predicting disease progression. Through
mathematical models, researchers and clinicians can
simulate the behavior of infectious diseases,
understand genetic patterns, and optimize diagnostic
procedures. Techniques such as statistical analysis,
differential equations, and machine learning
algorithms allow for early detection and personalized
treatment plans, ultimately improving patient
outcomes. As technology advances and data
availability increases, the role of bio-mathematics in
medical diagnostics will continue to expand, offering
more precise, efficient, and evidence-based
approaches to understanding and combating human
diseases.

REFERENCES

[17 Kermack, W. O., & McKendrick, A. G. (1927). A
Contribution to the Mathematical Theory of
Epidemics.

[2] Murray, J. D. (2002). Mathematical Biology.

[3] Edelstein-Keshet, L. (2005). Mathematical
Models in Biology.

[4] Anderson, R. M., & May, R. M. (1992). Infectious
Diseases of Humans: Dynamics and Control.

[5] WHO Reports and Journals on Disease Modeling
and Diagnosis.

[6] J. Zhang.et. al (2021),”A Review on Modern
Computational Optimal Transport Methods with
Applications in Biomedical Research “journal of
Arxiv, Machine learning.

[7]1 Rohayanti Hassan and Raed Abdulkareem Hasan
(2023),”Biomathematics and its Applications in
Modeling COVID-19 Infections”
(2023). Babylonian Journal of
Mathematics, 2023, 93-97

LJIRT 193072 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4053



