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ABSTRACT

The integration of geophysical techniques into medical imaging is reshaping diagnostic practices,
offering unprecedented accuracy and non-invasiveness. This paper explores how methods
originally developed for Earth sciences, such as electromagnetic and acoustic wave propagation,
are now transforming medical imaging and diagnostics. Traditional imaging techniques, including X-
rays, CT scans, and MRI, have provided valuable insights but are often limited by resolution and
invasiveness. By leveraging geophysical principles, medical imaging is evolving with techniques like
MRI—rooted in nuclear magnetic resonance (NMR) from geophysics—and Electrical Impedance
Tomography (EIT), mirroring electrical resistivity methods. Acoustic methods, such as ultrasound
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and photoacoustic imaging, further enhance diagnostic capabilities. Case studies illustrate the
application of these techniques in brain, cardiovascular, and cancer imaging, highlighting their
superior resolution and non-invasive nature. Future advancements include emerging technologies
like quantum imaging and portable diagnostic devices, promising even greater innovations. This
interdisciplinary approach underscores the importance of collaboration between geophysicists and
medical professionals to push the boundaries of diagnostic accuracy and patient care.

Keywords: Geophysics; medical imaging; electromagnetic; nuclear magnetic resonance; electrical

impedance tomography.
1. INTRODUCTION
1.1 Background and Context

Medical imaging has traditionally relied on
technologies like X-rays, CT scans, and MRI,
each offering unique advantages but also facing
limitations. X-rays and CT scans, while excellent
for visualizing dense structures like bones,
expose patients to ionizing radiation, posing
potential health risks. MRI, developed from
principles of Nuclear Magnetic Resonance
(NMR), provides detailed images of soft tissues
but often requires lengthy scan times and
significant infrastructure.

In contrast, geophysical techniques, initially
designed for exploring Earth's subsurface, are
now being adapted to medicine. Techniques
such as electromagnetic wave analysis and
acoustic wave propagation, central to
geophysical studies, offer innovative solutions to
enhance imaging accuracy and provide deeper
insights into human physiology.

1.2 Thesis Statement
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electromagnetic and acoustic wave propagation,
imaging

are revolutionizing medical and

diagnostics. By offering more precise, non-
invasive, and comprehensive insights, these
methods are setting new standards in patient
care and diagnostic accuracy.

2. OVERVIEW OF GEOPHYSICAL
TECHNIQUES IN MEDICINE

2.1 Electromagnetic Methods
1. Magnetic Resonance Imaging (MRI)

MRI's origins trace back to Nuclear Magnetic
Resonance (NMR), a geophysical technique
used for studying material properties. NMR’s
application to medical imaging was pioneered by

Raymond Damadian, with subsequent
developments by Peter Mansfield and Paul
Lauterbur. MRI operates by detecting the

magnetic resonance of atomic nuclei, particularly
hydrogen, in the body, creating detailed images
of soft tissues.

Recent advancements have enabled MRI to
achieve spatial resolutions of approximately 1
millimetre, facilitating high-contrast imaging of
structures such as the brain, muscles, and
organs [1]. For instance, MRI has become the
gold standard in diagnosing and monitoring
conditions such as multiple sclerosis and brain
tumors.

Fig. 1. Magnetic resonance imaging (MRI) - Clinical research glossary
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2.2 Electrical
(EIT)

Impedance Tomography

EIT is derived from electrical resistivity methods
used in geophysics to investigate subsurface
properties. By measuring variations in electrical
conductivity within the body, EIT generates
images reflecting tissue composition and
function. This method is particularly useful in
dynamic monitoring, such as assessing lung
function in critically ill patients.

EIT’'s ability to provide real-time imaging has
been crucial in managing acute respiratory
conditions, offering a sensitivity of up to 80% in
detecting changes in lung impedance compared
to traditional methods [2].

2.3 Acoustic Methods
1. Ultrasound

Ultrasound imaging, based on sound wave
propagation, has its roots in sonar technology
used for underwater exploration. High-frequency
sound waves are transmitted through the body,

and echoes are used to create images. This
method is widely employed in obstetrics,
cardiology, and musculoskeletal diagnostics due
to its non-invasive nature and high resolution.

Modern ultrasound systems achieve resolutions
of up to 1 millimetre, making them ideal for real-
time imaging and guiding interventions [3]. For
instance, ultrasound is essential in monitoring
fetal development and diagnosing heart
conditions.

2. Photoacoustic Imaging

Photoacoustic imaging combines optical and
acoustic methods. Laser-induced light pulses are
absorbed by tissues and converted into acoustic
waves, which are then detected to form images.
This technique leverages the contrast provided
by optical absorption with the resolution of
ultrasound imaging.

Photoacoustic imaging has demonstrated
superior performance in cancer detection,
particularly in identifying breast tumors with an
accuracy rate of 92%, compared to 78% with
traditional mammography [4].

Electrical Impedance Tomography (EIT)

Fig. 2. An Electrical Impedance Tomography Toolkit for Health and Motion Sensing
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3. Comparison with Traditional Techniques

Geophysical techniques offer several advantages
over traditional imaging methods. MRI provides
superior soft-tissue contrast compared to CT
scans, which involve ionizing radiation. EIT offers
dynamic, real-time imaging capabilities that
enhance the monitoring of physiological
changes. Ultrasound and photoacoustic imaging
provide non-invasive alternatives with high-
resolution capabilities, improving diagnostic
accuracy and patient comfort.

3. CASE STUDIES IN MEDICAL IMAGING

3.1 Brain Imaging
1. Magnetoencephalography (MEG)

Magnetoencephalography (MEG) measures the
magnetic fields produced by neuronal activity in
the brain. This technique, akin to the
magnetometers used in geophysics, has become
vital for mapping brain function and diagnosing
neurological disorders. MEG’s ability to detect
brain activity with millisecond precision is
invaluable in understanding conditions such as

epilepsy.

A case study involving MEG in epilepsy
diagnosis demonstrated its effectiveness in
locating epileptic foci with high precision, leading

to successful surgical interventions and improved
patient outcomes [5].

3.2 Cardiovascular Imaging
1. Ultrasound and Elastography

Ultrasound  combined  with  elastography
assesses tissue stiffness, which is crucial for
evaluating cardiovascular health. This technique
has proven effective in detecting arterial stiffness
and early signs of cardiovascular disease. A
study on arterial blockages showed that
elastography could identify changes in arterial
elasticity with an 85% sensitivity and 90%
specificity, surpassing traditional diagnostic
methods [6].

3.3 Cancer Detection

1. Photoacoustic Imaging
Photoacoustic imaging’s high contrast and
resolution capabilities make it particularly

effective in cancer detection. In breast cancer
screening, photoacoustic imaging identified

tumors with a 92% accuracy rate, significantly
outperforming traditional mammography methods
[7]. This enhancement in early detection is
crucial for improving treatment outcomes and
patient prognosis.

Fig. 4. Magnetoencephalography (MEG): A cutting-edge tool for studying brain dynamics
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4. GEOPHYSICAL TECHNIQUES IN
FUNCTIONAL DIAGNOSTICS

4.1 Neurological Diagnostics
1. Transcranial Magnetic Stimulation (TMS)

Transcranial Magnetic Stimulation (TMS) uses
magnetic fields to stimulate brain neurons, a
principle derived from geophysical
electromagnetism. TMS has applications in
diagnosing and treating neurological disorders,
including depression and stroke recovery.

A study on TMS for depression treatment found
that 50% of patients experienced significant
symptom improvement following a series of
sessions, demonstrating TMS’s potential as a
therapeutic tool [8].

4.2 Musculoskeletal Diagnostics
1. Ultrasound in Sports Injuries

Ultrasound imaging is widely used to assess
musculoskeletal injuries, particularly in athletes.
By providing real-time images, ultrasound aids in
diagnosing the extent of injuries and guiding
rehabilitation. A case study of shoulder injuries in
athletes revealed that ultrasound reduced
recovery time by 30% compared to traditional
methods [9].

4.3 Cardiopulmonary Diagnostics
1. Impedance Cardiography

Impedance cardiography measures changes in
thoracic electrical impedance to assess heart
function. This geophysical technique has proven
valuable in monitoring patients with heart failure,
correlating with invasive measurements with a
coefficient of 0.92. This approach enables
accurate tracking of cardiac function and disease
progression [10].

5. THE FUTURE OF GEOPHYSICAL
METHODS IN MEDICINE

5.1 Technological Advancements
1. Emerging Trends
The future of medical imaging is poised for

significant  advancements  with  emerging
geophysical technologies. Quantum imaging and

advanced electromagnetic sensors promise
unprecedented precision and detail. Additionally,
portable and wearable diagnostic devices are set
to revolutionize accessibility and convenience in
medical diagnostics.

5.2 Interdisciplinary Collaboration
1. Importance of Collaboration

Successful integration of geophysical methods
into  medicine relies on interdisciplinary
collaboration between geophysicists and medical
professionals. Research programs  and
collaborative initiatives are essential for
advancing these technologies and translating
innovations into practical applications.

2. Training and Education

Incorporating geophysical principles into medical
training programs can foster a deeper
understanding of these techniques. Educational
initiatives that emphasize the interdisciplinary
nature of medical diagnostics will prepare future
practitioners to leverage these advancements
effectively.

5.3 Ethical and Safety Considerations
1. Ensuring Safe Application

The application of geophysical techniques in
medicine must adhere to strict safety standards.
Research into the long-term effects of these
technologies is crucial for mitigating potential
risks and ensuring patient safety.

2. Regulatory Aspects

Clear regulatory guidelines are necessary to
govern the use of new imaging technigues.
Transparent processes and patient consent
protocols are vital for maintaining trust and
ensuring ethical practices in medical imaging.

6. SCIENTIFIC ANALYSIS
MATHEMATICAL MODELS

AND

The integration of geophysical techniques into
medical imaging has transformed the field,
allowing for deeper analysis through established
mathematical models. Below, we outline key
mathematical  principles underlying these
techniques, demonstrating their quantitative
basis and diagnostic capabilities.
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6.1 Magnetic Resonance Imaging (MRI)
and Nuclear Magnetic Resonance
(NMR)

Magnetic Resonance Imaging (MRI) is based on
nuclear magnetic resonance (NMR), and its
guantitative foundation can be described through
the Larmor equation:

w0=yB0\omega_ 0 =\gamma B_0w0=yB0
Where:

e w0\omega_0w0 is the Larmor frequency in
radians per second,

e vy\gammay is the gyromagnetic ratio, a
constant specific to the nucleus type (e.g.,

for hydrogen,
y/21m=42.58 MHz/Tesla\gamma / 2\pi =
42.58 \,

\text{MHz/Tesla}y/21m=42.58MHz/Tesla),
e BOB_O0BO is the strength of the external
magnetic field in Tesla.

This relationship demonstrates that the
frequency at which atomic nuclei resonate is
directly proportional to the applied magnetic field,
forming the basis for MRI's spatial encoding.
Additionally, the signal detected in MRI decays
over time according to relaxation times, T1T1T1
(longitudinal relaxation) and T2T2T2 (transverse
relaxation), which provide contrast between
different tissues.

For T1-weighted imaging:

S(t)=S0(1-e~tT1)S(t) = S_0 \Vleft( 1 - e
\frac{t{T1}} \right)S(t)=S0(1-e-T1t)

For T2-weighted imaging:

S(t)=S0e-tT2S(t) =
\frac{t{T2}}S(t)=S0e-T2t

S_0

eM-

Where S(t)S(t)S(t) represents the signal intensity
at time ttt, and S0S_0SO0 is the initial signal
intensity. These equations allow the precise
control of tissue contrast in MRI, aiding in the
detection and characterization of soft tissues
such as the brain, muscles, and organs.

6.2 Electrical Impedance Tomography
(EIT)
Electrical Impedance Tomography (EIT) is

derived from electrical resistivity techniques in
geophysics. The governing equation for EIT is
the Poisson equation for electrical potential:

V-(oV$) =0
Where:

e 0O\sigmao is the electrical conductivity of
the medium, which varies across
different tissues,

e ¢\phi¢ is the electric potential.

This equation allows the calculation of potential
distributions based on varying conductivity,
forming the basis of EIT images. The process
involves solving an inverse problem, where
boundary measurements are used to reconstruct
the internal conductivity distribution. Numerical
methods such as finite element analysis (FEA)
are typically employed to solve this complex
inverse problem, offering valuable insights into
dynamic physiological changes, such as lung
function in real time.

6.3 Acoustic Wave Propagation in
Ultrasound and Photoacoustic
Imaging

Ultrasound and photoacoustic imaging are based
on the propagation of acoustic waves, which can
be described by the wave equation:

V2p-1v202pot2=0
Where:

e pisthe acoustic pressure,
e Vs the speed of sound in the medium,
e tistime.

In photoacoustic imaging, the source of the
acoustic wave is laser-induced thermal
expansion. This can be modeled as:

B 9Q
C, ot

e [ is the thermal expansion coefficient,

e Cpis the specific heat capacity,

e Q is the heat source induced by laser
absorption.

This equation models the conversion of absorbed
optical energy into acoustic waves, providing
high-contrast imaging capabilities for cancer
detection and vascular imaging.
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Table 1. The quantitative improvements offered by geophysical techniques, highlighting their
advanced capabilities in non-invasive diagnostics.

Imaging Method Resolution Sensitivity to Soft Tissue Contrast
MRI 1mms3 High

CT SCAN 5mm3 Low

ULTRASOUND 1mm axial Moderate

Photoacoustic Imaging 0.1mm axial High (due to optical absorption)

6.4 Inverse Problems and Optimization

In both EIT and ultrasound imaging, the process
of reconstructing internal tissue properties from
surface  measurements is  mathematically
classified as an inverse problem. This can be
formulated as an optimization problem where the
goal is to minimize the difference between
measured data ddd and the forward model
predictions f(m)f(m)f(m) based on a model mmm
(such as conductivity in EIT or tissue density in
ultrasound):

min ||d — f(m)||* + AR(m)
m

Where:

e R(m) is a regularization term to stabilize
the solution (e.0., Tikhonov
regularization),

e \is a regularization parameter balancing
data fit and model smoothness.

Solving these optimization problems allows for
the precise reconstruction of images, enabling
accurate diagnosis based on the physical
properties of tissues.

6.5 Quantitative Comparison of Imaging

Methods
Quantitatively, geophysically inspired imaging
techniques offer superior resolution and

sensitivity compared to traditional methods. For
example, MRI offers spatial resolutions of
approximately 1 mms3, while CT scans typically
offer resolutions around 5 mms3. Additionally,
MRI's ability to differentiate soft tissue types via
Tl and T2 relaxation times provides more
detailed contrast compared to CT’s focus on
bone structures.

7. CONCLUSION

Summary of Key Points: Geophysical
techniques are significantly enhancing medical

imaging and diagnostics, providing non-invasive,
accurate, and detailed insights into the
human body. Innovations such as MRI, EIT,
ultrasound, and photoacoustic imaging have
transformed diagnostic practices, offering new
possibilities for early detection and effective
treatment.

Final Thoughts: The continued evolution of
geophysical methods in medicine holds great
promise for the future of patient care. Ongoing
research and interdisciplinary collaboration will
drive further innovations, improving diagnostic
accuracy and patient outcomes. The integration
of these advanced techniques underscores the
potential for continued advancements in medical
imaging and diagnostics.
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