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A
Acceleration, 167
Adiabatic condition, 66
Advanced magnetic resonance (MR) imaging
techniques, 180
Advection-diffusion equation
constant diffusion coefficient, 104
molecular diffusion, 103
molecular diffusion coefficient, 103
one-dimensional, 104
operator, 103
variable diffusion coefficient, 105
Alzheimer’s disease/epilepsy, 2
Amedian filter, 270
Anatomical hydrogen-based MR image, 28
Andrew curves, 210
Angular frequency, 241
absolute values, 132
image, 137
MR transverse magnetization, 129
profiles, 136
resonant, 136
Angular momentum commutators, 70
Antibodies, 139
Artificial intelligence (Al), 167, 205, 347
Artificial neural networks, 205
Asymptotic behaviour, 232
Asymptotic suction profile, 140, 146, 166, 167
Atomic nuclei, 12, 21
Avizo software image analysis
binarization, grayscale images, 294, 295
extracted numerical data
label analysis module, 298

necrosis image, 300, 309
tumor image, 302, 309
image analysis, 298
image-based filtering, 301, 305, 306
image separation, 295, 297
interactive selection, data, 299, 301
processing grayscale images, 292, 293
2D image/3D stack, 293
visualizations, extracted data, 299
AWSNeT1, 348
AWSNet2, 348

B
Bessel differential equation, 182, 227
Bessel functions, 157, 210, 229
Big data, 325
Binarization, grayscale images
binary image, 294
gray level image, 295
necrosis, 296
tumor, 296
interactive thresholding, 295
thresholding, 294
Binding energy, 232
Biocompatibility testing, 28
Biological systems, 1
Bloch equations, 29, 30
equilibrium value, 45
equivalence principle, 46, 47
excitation pulses, 51, 52
harmonic oscillator (see Harmonic oscillator
model)

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 377
M. O. Dada, B. O. Awojoyogbe, Computational Molecular Magnetic Resonance

Imaging for Neuro-oncology, Biological and Medical Physics, Biomedical

Engineering, https://doi.org/10.1007/978-3-030-76728-0


https://doi.org/10.1007/978-3-030-76728-0#DOI

378

Bloch equations (cont.)
linearity and saturation (see Linearity and
saturation, Bloch equations
magnetization components, 45
motion equations, 48, 49
oscillating field, 49-51
reference rotating frame, 46
relaxation process, 45
rotating field, 49-51
rotating frame transformation, 47, 48
transverse relaxation (see Transverse
relaxation function)
Bloch formulation
constant fluid velocity (see NMR flow,
constant fluid velocity)
field gradient, 92
fluid motion, 92
fluid motion kinematic, 92, 93
molecular process, 91
NMR flow equations, 93
NMR tagging, 91
spin magnetic moments, 91
Bloch NMR flow equations, 93, 180, 276, 347
analytical solutions, 217
arterial blood and tissues, 181
Bessel differential equation, 182
Bessel functions, 210
challenges, 276
constant fluid velocity, 95
description, 117
dynamics of fluid flow, 118, 141
and employ MRF-derived relaxometry
data, 181
equilibrium magnetization, 181
and Hermite functions (see Hermite
functions)
hydrogen atom, 248
hydrogen-like atom (see Hydrogen-like
atom)
Larmor condition, 181
mathematical analysis, 118-122
mechanical wave function, 249
modification, 108
multidimensional diffusion, 114
nanotechnology, 248
NMR diffusion, 100
NMR signal, 182
and NMR transverse magnetization, 137
one-dimensional diffusion-advection, 113,
114
parameters, 210
perturbation theory (see Perturbation
theory)
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properties, 141
quantum mechanical tools, 264
quantum mechanics, 219, 220
radio frequency, 249, 250
radiomics, 347
RF B, field, 250
RF field, 181
RF system, 117
second-order differential equations, 166
time-independent, 110, 111, 117, 140
variable diffusion coefficient, 112
variable fluid velocity, 108, 110
Bloch-Torrey equation, 99
Bloch-Torrey partial differential equations, 115
Blood-brain barrier (BBB), 8, 20
Blood clotting, 243
Blood flow at suction points
asymptotic profile in uniform suction, 146
asymptotic suction profile, 146
computational analysis
NMR transverse magnetization against
h=y (within the plates), 157-165
NMR transverse magnetization within
the plates, 149-155, 157
real power, 157
heart, 139, 140
Hermite polynomials, 142, 143, 145
Hermite’s differential equation, 144
and MRI, 139, 140
NMR transverse magnetization, 148
recursion formula, 145
Reynolds number, 147
RFID (see Radiofrequency identification
system (RFID) systems)
suction parameter, 147, 148
velocity component, 147
Blood oxygen level dependent (BOLD) effect,
18, 139
Bohr’s expression, 221
Bohr’s theory, 221, 242
Boltzmann constant, 21, 38, 72
Boltzmann distribution, 43, 78
Boltzmann principle, 38
Born’s formulations, 80
Brain mapping, 167
Brain metastases, 179, 180, 291
Brain surface extractor algorithm, 273
Brain tissue diagnosis, 347
Brain tissues
anisotropy, 116
profiles of angular frequency, 129, 130
relaxation times, 128, 129
RFID systems, 135
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transverse magnetization, 136

Brain tumors
advanced MRI techniques, 180
biological features, 180
Bloch NMR flow equation, 181
classification, 210
ConvNet-based approach, 291
data visualization, 183
deep learning, 290
diagnostics, 180
GBM, 179, 180
imaging techniques, 180
MREF, 180
MRI fingerprinting (see MRI fingerprinting)
primary and metastatic malignant, 179
relaxometry data, 182, 183
semi-supervised learning model, 291
tissue features, 180

Brain tumor segmentation and detection
Amedian filter, 270
brain surface extractor algorithm, 273
brain mutual-information histogram, 273
Canny edge detection, 270, 272
clinical noisy images, 271
computer-aided detection system,

MRIs, 274

dataset types, 273
deep learning, 272
FCM, 271
feature extraction, 270, 274
genetic algorithm, 273
histogram, 271-273
hybrid clustering technique, 273
image pixels, 271
K-means algorithm, 272
median filter, 272
methodology, 272
Meyer’s flooding watershed, 270
MRI images, 270, 272
MRI scans, 269, 272
noise elimination, 270
noise removal, 271, 272
orthogonal polynomial transformation, 273
Otsu‘s thresholding method, 272
post processing, 270
pre-processing techniques, 270, 271
skull-striping techniques, 273
threshold segmentation, 271
T, relaxation time, 274
T, relaxometry, 274

Brain tumor segmentation (BRATS)

datasets, 273
Bubble charts, 131, 136

379

Bulk magnetization, 83
b-value, 116

C
Cancer-based relaxometry, 128
Canny edge detection, 270, 272
Capture velocities, 149-155, 157
Carcinogenesis, 237
Cardiovascular diseases, 316
Cardiovascular function, 140
Cardiovascular magnetic resonance (CMR), 18
Caudate, 133, 136
Causing light of energy, 2
Cellular function visualization method, 67
Cellular imaging, 3
Chemical kinetics, 24
Chemical microenvironment, 9
Chemical paramagnetic exchange saturation
transfer (PARACEST), 6
Chemical shifts, 19
Classification of human brain tumors
artificial neural network system, 273
deep learning, 275
FNN, 273
LDA model, 286
machine learning, 275, 288
MRI images, 270, 348
MR relaxation properties, 286
“R” machine learning, 275, 276
supervised learning, 275
Clinical MRI systems, 15
Complex relaxation profile, 91
Complex susceptibility, 56, 57
Compressed sensing (CS), 34, 35
Computational model
advantages, 33, 34
MRI contrast agents
concentration profiles, 342
fluid velocity, 319
graphic user interface, simulation
computer program, 321
imaging objectives, 318
magnetic properties, 318
NMR relaxometric properties, 320
physiological environments, 321
quantitative imaging techniques, 341
reconstructed image, 338-340, 342-344
simulation program, 323
Ty and T, relaxation rates, 321
time-independent Bloch NMR flow
equation, 319
transverse magnetization, 321



380

Computational model (cont.)
Wolfram Mathematica software, 320
Computational molecular magnetic resonance
imaging (CMMRI), 10
Computational MRI modelling and differential
equations, 90, 91
Computational pharmacology, 31
Computational science
computer science, 32
computer technology, 31
definition, 31
fundamental questions, 31
grand challenge category, 31
mathematical model, 32
models construction, 31
scientific application, 31
scientific fields, 31, 32
Computational techniques, 31
Computer aided diagnosis of brain tumor
(CADBRAT), 348
Computer science, 32
Computer technology, 31
Constant fluid velocity, 105
Continuous wave (CW), 64
Contralateral white matter, 128, 129, 132
glioblastoma multiforme, 135, 136
low grade glioma, 135
metastasis, 135
Contrast agents, 20
Convection/advection, 103
Conventional invitro cell/tissue culture, 8
Conventional molecular imaging methods, 2
Conventional spectroscopy, 56
Convolutional neural networks (ConvNet), 273,
291, 348
Coriolis forces, 221
Corpus callosum, 133
Correlation matrices, 192
Coulomb potential, 226, 231-236, 238-242,
244, 245
Curie constant, 39
Curie’s Law, 39, 74-76
Cytochrome C protein, 237-240, 242, 244, 245

D

Damped oscillator, 53, 54

Data science, 345

Data visualization, 183

de Broglie equation, 250

Decision tree, 202, 203

Deep learning, 167, 272, 275, 290, 291, 347
Deep neural networks, 205, 208-210

Index

Del operator, 93
Delta function excitation, 59
Diethylenetriaminepentaacetate (DTPA), 24
Diffusion coefficient, 116, 117, 126, 137
Diffusion imaging, 19
Diffusion MRI
Bloch’s NMR flow equation (see Bloch’s
NMR flow equation)
Bloch-Torrey partial differential equations,
115
clinical and research applications, 115
diffusion coefficient, 126
diffusion image, 127
dimensionless parameter, 116
DWI, 131
gradient system, 116
Hermite polynomials, 125, 126
measuring-time-dependent diffusion
coefficient, 117
Rodrigues formula, 125
scaling laws, 116
scanner, 116
sequence design, 116
Stejskal-Tanner formula, 116
surface-to-volume ratio, 117
transverse magnetizations, 125
Diffusion tensor imaging (DTI), 19, 180
Diffusion time, 116
Diffusion weighted image (DWI), 127, 131,
136, 137
Dimensional variables, 147
Discrete flow velocities, 157
Discrete velocities, 157
Drug delivery and development, 347
Dynamic magnetic susceptibility, 57-59

E

Earth’s magnetic field, 15
Effective magnetic field, 50, 51
Electron mass, 229

Electron microscopy, 14
Electrostatic and van der Waals forces, 237
Elementary Fourier synthesis, 55
Embedding geometry, 117
Environment sensing agents, 27
Epilepsy, 275

Equilibrium magnetization, 77
Equilibrium states, 43

Equivalence principle, 46, 47
Equivalence value computation, 71
Excitation pulses, 51, 52
Explicitness, 33
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Exponential function, 119
Extra trees, 204

F
Faraday’s Law, 65
FCM soft clustering method, 271
Feed-forward Neural Network technique, 271
Ferromagnetics, 25
Ferromagnetism, 25
Ferumoxides, 27
FLASH imaging sequence, 337, 341, 344
Flow velocity, 141, 149, 157, 167, 177
Fluid attenuated inversion recovery (FLAIR)
hyperintensity, 182
Fluid velocities, 108, 121, 124, 141, 220, 230,
238,243
Fluorodeoxyglucose (FDG), 180
Forward neural network (FNN), 273
Fourier duality, 55, 56
Fourier series, 210
Fourier transform, 56, 61
Free space permeability, 58
Frontal gray matter, 133
Functionalization of MR contrast agents
analytical platform, 28
biocompatibility, 28
design and engineering, 28
designing, 27
developments, 26
environmentally influenced agents, 27
ferrimagnetic, 27
in-vitrolin-vivo, 27
in-vivo MR signal detection, 28
iron oxides, 27
molecular imaging, 29
sensitivity, 27
single beam optical trap, 29
T, agents, 28
Functional magnetic resonance imaging
(fMRI), 3, 18, 139, 167
Functional nano-MRI, 36
Functional/pharmacological magnetic
resonance imaging (f/phMRI), 9
Fuzzy expert systems, 271

G

Gadolinium, 24, 27

Gd-DTPA complex, 24

GE Healthcare Systems, 131
Gene-based designer drugs, 248
Generalized susceptibility, 54, 56
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General relaxivity behaviour, 26
Glioblastoma multiforme (GBM), 136, 179,
180
contralateral white matter, 135, 136
peritumoral white matter, 134
solid tumor, 134
Glioma grades, 180
Gradients, 15
Ground state, 157
Gyromagnetic ratio, 181

H
Hamiltonian, 72
Hamiltonian operator, 82, 234
Hamilton’s equations, 68
Harmonic oscillator model
complex susceptibility, 56, 57
damped harmonic oscillator, 53
dynamic magnetic susceptibility, 57-59
Fourier duality, 55, 56
linearity and superposition, 54, 55
NMR share, 52
Heisenberg equation, 68
Heisenberg picture, 86, 87
Hermite differential equation, 122
Hermite polynomials, 122, 124-126, 135, 137,
140, 142, 143, 145, 148, 149, 167
Hermite’s differential equation, 144
Hierarchical self-organizing map (HSOM), 272
Histogram, 271-273
Histopathology, 2
Human blood vessels
hemodynamic properties, 253
NMR transverse magnetization, 253, 258,
265-267
Human medicine, 3
Hybrid clustering technique, 273
Hydrogen atom, 13, 245, 248, 252
Hydrogen-like atom
advantages, 245
Coulomb potential, 231-236
eigenvalue, 242
electrolytes, 243
electron charge, 220
and hydrogen-like ions, 221
internal motion, 220
neuro-oncology (see Neuro-oncology)
NMR parameters, 220
N-space dimensions, 231
nucleus charge, 220
radial distance, 240, 241, 244, 245
radiofrequency pulse, 240, 241, 244, 245
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Hydrogen-like atom (cont.)
RF magnetic field, 221
(3-D) position and time, 242
Schrodinger’s equation, 221
structure, 220, 243
translational motion, 220
Yukawa potential, 223-231
Hydrogen-like ions, 221
Hydrogen nuclear spins, 13
Hydrogen nucleus, 13

I

Image analysis, 298

Image-based filtering, 301, 305, 306

Image computation algorithms, 16

Image contrast, 16, 17

Imagel software, 132, 136

Image processing algorithm, 293

Image separation, 295, 297

Imaging techniques, 180

Incident light of energy, 2

Infrared imaging, 14

Intact physiological systems, 2

Interaction (Dirac) picture, 88—90

Interaction Hamiltonian, 88

Interactive thresholding, 294, 295

Inter-nuclear dipole-dipole interaction, 76

Inter-spin interactions, 75

Interventional magnetic resonance imaging
(iMRI), 9

In-vivo assessment, 4

In vivo molecular dynamics, 8

In vivo molecular imaging, 8

In vivo pharmacokinetics, 9

10T, 167, 177

Iron oxide nanoparticles, 262

K
Kinetic energy, 256, 264
K-means clustering, 269, 272
K-Nearest Neighbors (KNN), 204, 210
accuracy, 284
Cohen’s Kappa, 284
nonlinear models, 284
Knowledge-based unsupervised fuzzy
clustering approach, 275
K-space, 16, 34

L

Label analysis module, 298, 307
Label encoding, 191
Lagrangian derivative, 93
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Laplace’s operator, 224
Laplacian, 101
Larmor condition, 181
Larmor frequency, 11, 40, 128, 140, 146, 222
Larmor precession, 49
frequency, 46
magnetization vector, 42
motion spin equation, 40
RF pulse, 40
spin precession, 41, 42
transverse magnetization, 43
Larmor relationship, 13
Larmor resonance frequency, 13
Learning vector quantization (LVQ), 270
Light microscopy, 14
Linear Discriminant Analysis (LDA), 286
accuracy, 284, 288
Cohen’s Kappa, 284, 285
computer-based diagnosis, brain tumours,
288
confusion matrix, 286, 287
evaluation results, 285
human brain tumor, 288
linear model, 284
performance statistics, 286
Linearity and saturation, Bloch equations
adiabatic condition, 66
conditions, 63
CW, 64
Larmor frequency, 64
magnetization components, 64
non-adiabatic condition, 65, 66
response and excitation, 64
transverse component, 63
Linearly polarized magnetic field, 62, 63
Linear regression, 183, 193, 194, 210
Liouville equation, 30
Localized neuro-chemical changes, 5
Logistic regression, 191
Longitudinal/spin-lattice relaxation, 17
Lorentzian behaviour, 66
Low grade glioma, 136
contralateral white matter, 135
peritumoral white matter, 134, 136
solid tumor, 134, 136
Lysozyme protein molecule, 238

M

Machine learning, 275, 311, 347
classical models, 205
classification accuracies, 217
decision tree, 202, 203
extra trees, 204
human intervention/assistance, 191
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KNN, 204
label encoding, 191
logistic regression, 191
models, 287
Naive Bayes, 202
radiomics, 290
random forest, 204
scikit-learn Python library, 191
SVM, 202
XGBoost, 204
Macroscopic magnetization, 70
Macroscopic quantum mechanical
phenomenon, 68
Magnetic moment operator, 69
Magnetic resonance (MR), 3
Magnetic resonance angiography (MRA), 18
Magnetic resonance fingerprinting (MRF), 180
Magnetic resonance force microscopy
(MRFM), 35
Magnetic resonance imaging (MRI), 3
applications, 17-19
and blood flow, 139, 140
clinical scanners, 9
components, 11
diffusion (see Diffusion MRI)
equipment, 15-16
experimental studies, 9
image acquisition and computation, 16
image contrast, 16, 17
NMR (see Nuclear magnetic resonance
(NMR) imaging)
non-gradient, 123, 124
non-invasive visualization, 11
nuclear magnetic resonance signals, 9
paramagnetic contrast media, 6
PET, 8
physical properties, 8
physics, 14
principles, 12-14
processing
Avizo software (see Avizo software
image analysis)
brain scans, 307
RFID, 118
RF signals, 117
spatial resolution, 6, 9
types, 9
versatile technique, 9
Magnetic resonance spectroscopy (MRS), 9, 13
Magnetic Resonance Zeugmatography, 14
Magnetization, 38, 39, 43, 51
Magnets, 15
Mathematica program, 129, 136
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Mathematical model, 32, 33
Median filter, 272, 293, 307
Median Lethal Dose (LDsg), 24
Medical imaging, 4
Medical interventions, 1
Mesial temporal sclerosis (MTS), 274
Metal complex stability, 24
Metastasis, 180
contralateral white matter, 135
peritumoral white matter, 134
solid tumor, 134
Microcrystalline iron oxide nanoparticles
(MION ), 25
Micro-environment, 313
Microscopic blood vessels, 263-265
Microscopic magnetism, 12
Mobile charge carriers, 231
Molecular and cellular studies, 2
Molecular biology, 2—4
Molecular cardiovascular imaging, 20
Molecular/cellular processes, 1
Molecular dynamics, 5
Molecular imaging, 180
clinical practice, 5
vs. conventional imaging, 3
definition, 3
developments, 5
disease diagnosis and treatment, 9
human medicine, 4-5
interactions, 3
MR, 3
non-invasive visualization, 3
techniques (see Molecular imaging
techniques)
technologies, 4
visual representation, 3
Molecular imaging techniques
biomedical imaging method, 6
characteristics, 7
clinical application test, 8
functional connectivity and human
behaviour, 5
imaging with radionuclide, 6
MRI, 6
optical imaging, 6
spatial resolution challenges mitigation, 4
treatment planning, 4
ultrasound, 6
Molecular interactions, 3
Molecular medicine
advantages, 5
analytical technique, 2
goal, 4
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Molecular medicine (cont.)
inter-dependence, 2
knowledge-based molecular information, 2
molecular level disease treatment, 1
perspective tissue diseases, 5

Molecular MR imaging, 18, 29

Molecular pathology, 5

Molecular sensitivity, 21

Molecular signatures, 128, 135

Molecular-targeted drugs, 10

MR contrast agents
antibody, 19
atomic basis, 21, 22
cellular events, 19
chemical features, 20
flexible process, 19
functionalization, 26-29
generating methods, 20
multifunctional assemblies, 20
T, agents, 24, 25
Tl, T2, and Tz*, 22-24
T, agents, 25, 26

MR diffusion process
Bloch NMR equation, 99
diffusion coefficient, 100
expression, 99
fluid spins, 99
magnetization, 100
multidimensional diffusion

constant diffusion coefficient, 100
variable diffusion coefficient, 101
nuclear spins, 99

MR fingerprints, 135

MR molecular imaging
detection sensitivity, 35
diamond-based nanomagnetometer, 36
image voxel size, 35
independent studies, 35
medical diagnostics, 35
MREFM, 36
noise suppression techniques, 36
NV, 36
radiofrequency field, 36
single nuclear spins, 36

MR optics principles, 29, 30

MR relaxometry, 136

MR sensitivity, 6

MR signal, 14

MR signal dataset
Andrew curves, 216
correlation matrices, 192
linear regression, 193, 194
machine learning, 217
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MRI fingerprinting, 183-191, 195-202
MR signal, 203, 213-215
NMR signal, 212
scatter plots, 211, 212
transverse magnetization, 203, 212-215
MR signal distribution, 136
MR spectroscopy, 180
MR theoretical background
Curie’s law, 37, 39
Larmor precession, 40
magnetic susceptibility, 39, 40
NMR relaxation, 43, 44
paramagnetism, 37-39
spin interactions, 44
spin-lattice, 44
spin-spin relaxation, 44
MRI applications
diffusion imaging, 19
functional imaging, 18
MRA, 18
physiological, 18
spectroscopy, 19
MRI-based diagnosis, 303
MRI contrast agents, 17
Bloch NMR flow equation, 314
blood vessel types, 316
cardiovascular diseases, 316
clinical analysis, 337
computational model, 314
Curie law, 314
FLASH imaging sequence, 337, 341
imaging parameters, 345
Mathematica computer program, 337
monitor blood flow, human blood vessels,
316
physiological system, 314
relaxation parameters, 316
transverse magnetization, 316-318
MRI devices, 349
MRI equipment
gradients, 15
magnets, 15
RF system, 16
MRI fingerprinting
magnetic resonance signal dataset,
183-191, 195-202
measurements and equation, 184—191,
195-202
relaxation measurements, 182, 183
MRI-guided surgical procedures, 15
MRI paramagnetic contrast media, 314
MRI principles
atomic nuclei, 12
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hydrogen atom, 13
Larmor relationship, 13
microscopic magnetism, 12
NMR signals, 13
nuclear resonance, 12
nuclear spins, 12, 13
nuclei, 12
Planck’s constant, 13
polarizing magnetic field, 13
sequences and methods, 14
three-dimensional imaging, 14
tissue metabolism, 13

MRI relaxometry dataset
correlation matrix, 283
statistical summary, 280, 281
tumor types, 276, 277, 287
visualization, 281, 282

MRI signals, 229

Multi-element phased arrays, 16

Multimodal agents, 29

Muscle contraction, 243

Myocardial function, 140

N
Naive Bayes, 202, 210
Nanodevices, 247, 251, 264
Nano-diamonds, 36
Nano-drug, 263
Nanomachines
gene-based designer drugs, 248
localization, 264
medical procedures, 265
transverse magnetization, 265
Nanomedicine
goal, 247
nanodevices, 247
nanoparticles, 248
nanotechnology, 247
NMR/MRI application, 248
Nanoparticles, 248
Nanotechnology
Bloch NMR flow equation, 248
modern medicine, 264
nanodevices, 251
nanomedicine, 247
nanometre, 247
Necrosis image component separation, 297
Nerve conduction, 243
Neuro-oncology
COH bonds, 237
cytochrome C protein, 237, 238
electrostatic and van der Waals forces, 237
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electrostatic interaction, 237
hydrogen atoms, 237
lysozyme protein molecule, 238
protein matrix, 237
Receptor-tyrosine-kinase-like Orphan
Receptor 1, 237
SANS experiments, 238
2Y fluid model, 238
Newton’s Second Law, 40
Nitrogen-vacancy (NV), 36
NMR absorption signal, 64
NMR diffusion-advection equation, 105
NMR excitation and response, 63
NMR flow, constant fluid velocity
general Bloch equation, 94, 96
time-dependent Bloch equation, 98
time-independent Bloch equation, 96, 97
NMR free precession signal, 38
NMR frequency range, 21
NMR/MRI
Bohr’s expression, 221
flow parameters, 220
fluid particle, 220
microscopic method, 220
quantum mechanical domain, 221-223
Schrodinger equation, 221
spins, 220
NMR parameters, 96
NMR proton, 235
NMR relaxation, 43, 44, 281, 282
NMR relaxation quantum treatment
classical equations, 71
Curie’s Law, 74-76
equilibrium state, 72
equilibrium system, 72-74
expectation values, 72
mechanical pictures (see Quantum
mechanical pictures)
pulsed NMR (see Pulsed NMR
magnetization)
rotating magnetic field, 83-86
static field B, 79-83
NMR resonant (angular) frequency, 42
NMR-sensitive nuclei, 29
NMR signal, 182
NMR signal damping, 103
NMR spectroscopy, 242
NMR systems, 252
NMR tagging, 91
NMR transverse magnetization, 276
against h=y (within the plates), 157-165
cytochrome C, 239, 240
nth-order Hermite polynomial, 167
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NMR transverse magnetization (cont.)
RFIDs and velocities for different tissues,
166, 168-177
and signal, 140
within the plates, 149-155, 157
NMR wave equation, 249
Coulomb potential, 231-236
description, 222
quantity, 222
Yukawa potential, 223-231
Noise suppression techniques, 36
Non-adiabatic condition, 65, 66
Non-gradient MRI, 123, 124
Non-polarized bonds (COH bonds), 237
Nuclear magnetic moment operator, 70
Nuclear magnetic resonance (NMR) imaging
Advection-Diffusion (see Advection-
Diffusion equation)
analytical chemistry, 19
applied RF pulse, 128
Bloch equations (see Bloch equations)
Bloch NMR flow equation (see Bloch NMR
flow equation)
chemical diagnostic, 35
linearity condition, 223
relaxation, 22
relaxometers, 138
relaxometry data, 128
spectroscopy, 17
transverse magnetization, 124, 135, 136
Nuclear paramagnetic susceptibility, 63
Nuclear spins, 12, 13, 99

(0]

Occipital gray matter, 133

Occipital white matter, 133

One-dimensional diffusion-advection, 104,
113,114

One-dimensional NMR diffusion equation, 113

Optical Bloch Equations, 37

Optical imaging, 6, 8

Ordinary differential equations (ODEs), 91

Ortho Slice module, 292

Orthogonal polynomial transformation, 273

Otsu‘s thresholding method, 272

Outer-sphere relaxation, 25

P

PARACEST agents, 24
Paramagnetic substance, 17
Paramagnetism, 25, 38
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Partial differential equation (PDE), 91
Particle energy, 243, 244
Perfusion imaging, 180
Peritumoral white matter, 128, 129, 131, 136
glioblastoma multiforme, 134
low grade glioma, 134
metastasis, 134
Permanent iron-core magnets, 15
Personalized molecular medicine, 4
Perturbation theory, 140, 146, 166
PET/SPECT, 6
Pharmacological agents, 4
Physical sensation/activity, 167
Physiological MR imaging, 18
Planck’s constant, 13, 21, 223
Plaque characteristics, 262, 263
Plaque pathogenicity, 262
Polarization, 12
Positron emission tomography (PET), 5, 8, 9,
180
Probabilistic artificial neural networks
(PNN), 270
Prognostic information, 179
Protein, 2
Protein-based anti-cancer remedies, 237
Protein matrix, 237
Protein-structured nanomachines, 264
Proton-electron system, 238, 242
Pseudo-progression, 180
Pseudo-response, 180
Pulsed NMR magnetization
approximation, 76, 77
Hamiltonian, 76, 77
longitudinal and transverse magnetization,
78,79
quantum responses, 77, 78
Putamen, 133, 136
Python-based classification algorithm, 325
Python deep learning, 205-207

Q
QM-designed drugs, 264
Quantum drugs
barrier potential, human heart, 260
energy, 251, 252
hemodynamic properties, human blood
vessels, 253
kinetic energy, 251
magnetic resonance, 252
nanomachine, 251, 252
tunnelling effect (see Quantum tunnelling)
Quantum mechanical laws, 266
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