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Abstract 

 

Imaging Protocols offer a powerful tool for optimizing MRI 

scans and avoiding motion artifacts. Effective cooperation 

between teams of radiologists and technologists can greatly 

reduce the incidence of repeat examinations, improving the 

overall quality of imaging studies. MRI, the fastest-growing 

modality in terms of clinical demand, is becoming increasingly 

central to the work of technologists. A proposed framework of 

best practices covers efficient patient scheduling, preparation, 

and comfort; fast and accurate acquisition protocols; and 

strategies for communication, documentation, and report 

management. The MRI suite can be intense and uncomfortable 

for patients. Natural anxiety can cause movement, leading to 

repeat examinations. Yet, unlike other modalities, MRI studies 

cannot be performed rapidly, and repeat examinations further 

lengthen patient exposure. Motion artifacts remain a major 

reason for retakes. 

Sharpening MRI Protocols from Multiple Angles can reduce 

motion and other artifacts. A three-pronged approach involves 

optimizing induced parametric maps; altering the sequences used 

for different pathologies; and systematizing motion-management 

strategies. Close radiologist-technologist collaboration enables 

sequences to be chosen that provide the necessary diagnostic 

information while minimizing the exam time. By discussing 

complex cases in advance, technologists can take special 

precautions, such as using pneumatic cushions, during the exam. 

Moreover, transdisciplinary dialogue can lead to the 

implementation of advanced techniques, such as diffusion-

weighted imaging and magnetic resonance 

cholangiopancreatography that help eliminate ambiguous or 

nondiagnostic scans. 
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Chapter - 1 

Fundamentals of MRI Imaging Physics 

 

 

Magnetic Resonance Imaging (MRI) is one of the most powerful 

and versatile imaging modalities in medicine, enabling detailed 

imaging of soft tissues, functional imaging, and various 

preclinical and clinical studies. However, MRI requires long 

acquisition times due to slow signal generation and low signal-

to-noise ratio. Thus, MRI scans are the longest, often in the range 

of 20–60 minutes, and many scans suffer from various artifact 

manifestations. These problems can be improved by optimizing 

the MRI pulse sequence parameters to obtain the best possible 

image quality for a given clinical indication and by making the 

correct choices to minimize the risk of artifact occurrence. 

MRI is based on the phenomenon of nuclear magnetic 

resonance (NMR), which occurs when nuclei of certain elements 

are exposed to a strong external magnetic field. Nuclei with odd 

mass and atomic numbers (1H, 13C, 15N, 19F, 31P, etc.) interact 

with an external magnetic field, absorbing energy at 

characteristic frequencies. MRI imaging is mainly performed at 

the Larmor frequency of the abundant hydrogen nuclei in 

biological tissues because of their high concentration in water 

and fat. A brief overview of the technology requirements, safety 

sides, and quality-supporting procedures necessary to achieve 

high-quality MRI images is provided. The information can be 

helpful for users to understand the MRI image artifacts, 

assistance in image evaluation, and avoiding preventable 

problems. [1, 2, 3] 
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Basic Principles of Nuclear Magnetic Resonance 

In the presence of a strong static magnetic field, the nuclei of 

atoms with an odd number of protons and/or neutrons behave as 

tiny magnets, able to move in response to a radiofrequency 

electromagnetic field. When the nucleus of such an atom absorbs 

a photon of a specific energy, it experiences a transition from a 

low-energy state to a high-energy state. The most commonly 

exploited nuclei for resonance imaging of the human body are 

protons in water (and fat) molecules that comprise all organic 

tissue. Although imaging of other elements is possible and has 

clinical applications, such as phosphorus imaging during the 

study of heart metabolism, proton imaging is routine for 

anatomical imaging of the human body. 

Water is the main component of a variety of tissues in the 

human body. A reduction in the quantity of water, as in fat tissue, 

normally causes a reduction in signal intensity, resulting in a 

lower signal-to-noise ratio in fat tissue than in most other tissues. 

In addition, other elements, such as calcium in periosteum, have 

a relatively low concentration of atoms per unit volume. Thus, 

the signal intensity would be very low, yet there is no special 

effect in such tissues compared with adjacent tissues, which are 

flooded with water containing protons. However, the common 

element appearing in all tissues is hydrogen; thus, imaging 

becomes a display of hydrogen distribution in the tissues. 

The existence of nuclear magnetic resonance (NMR) has 

been known since the 1930s. The development of NMR into MRI 

technology used in medical imaging by the physical and 

engineering communities in the 1970s has opened an entirely 

new field of application. NMR can be detected in many nuclei, 

such as 13C, 19F, and 31P, and in many more isotopes of mass 7 

and above with a spin of 1/2 or greater when placed in a strong 

static magnetic field. [4, 5, 6] 
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Magnetic Fields and Proton Alignment 

The nuclear magnetic resonance principle is intrinsic to MRI 

imaging. The physical excitation phenomenon occurs when 

spinning nuclei with an odd number of nucleons, such as 

hydrogen nuclei, precess in a static magnetic field. The 

establishment of a strong polarizing magnetic field, 

approximately 100,000 times larger than the Earth’s magnetic 

field, facilitates alignment of the spins of surrounding hydrogen 

nuclei with the field direction. 

This strong static magnetic field is generated by a 

superconducting magnet, which reduces operational cost through 

the absence of electric resistance. The static magnetic field leads 

to relaxation processes about the equilibrium position. An RF 

transmitter system is then used to excite the hydrogen nuclei 

located in the specific region of interest within the imaged object. 

The signal generated during relaxation is detected by the RF 

receiver coils and is reconstructed into an image by the computer. 

The nucleus of the hydrogen atom behaves as an extremely small 

magnet, orientating itself with the external magnetic field like a 

small compass. The precessional motion of the nuclei about the 

flux lines constitutes the principle of interaction with the applied 

RF pulses. 

In the basic rest position, the nuclear magnet spins along the 

direction of the magnetic field. The number of protons lying in 

the positive direction is larger than those lying in the negative 

direction, thus permitting a net magnetization vector along the 

direction of the magnetic field. The actual process (precession of 

the magnetic moment about the M0 axis) is not of any 

significance in MRI because, at the human body temperatures, 

T1 is in the range of seconds. The angle between the precessional 

motion and the external magnetic field is extremely small, and 

thus the magnetic vector cannot move to the horizontal x-y plane. 
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During relaxation, the nuclear spins slowly return towards the 

thermal equilibrium position. [7, 8, 9] 

Larmor Frequency and Resonance Phenomena 

The precession of the magnetic moments of the protons 

around the main magnetic field direction generates a secondary 

magnetic field with an angular frequency known as the Larmor 

frequency. When RF pulses with the same frequency are applied 

to the protons, they absorb energy and rotate the magnetic 

moments from the z direction toward the transverse x−y plane 

(figure 5). The excitation leads to a higher energy state of the 

protons. Eventually, each magnetic moment returns to its 

equilibrium position, and the emitted electromagnetic waves are 

detected by the RF coils. This excitation and signal production 

repeat continuously. Because the local magnetic environment at 

the hydrogen atoms in fat and water is slightly different, the 

Larmor frequencies of fat and water differ, becoming strongly 

separated when the magnetic field is increased. 

The heat generated during excitation and relaxation of the 

magnetic moments is transmitted to the human body and adjacent 

objects via the magnetic field and may lead to increased 

temperature. A physical quantity that indicates local temperature 

rise is known as the specific absorption rate (SAR), measured in 

watts per kilogram (W/kg). The SAR is generally small and 

within acceptable limits, but it can be locally high in areas close 

to the patient and the RF coils. Therefore, no metallic objects 

should be present near the MRI scanner when the RF coils are 

turned on. [10, 11, 12] 

Relaxation Processes (T1, T2, T2*) 

During the imaging process, magnetized protons are 

subjected to electromagnetic pulses produced by the 

radiofrequency coil, causing a sudden increase in energy. After 

being stimulated by the RF, the protons release energy as they 
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return to a lower energy state. This phenomenon is accompanied 

by diffusion occurring in the surrounding tissue. The release of 

energy, known as relaxation, gives rise to three characteristic 

time constants: T1, T2, and T2*. The longitudinal relaxation time 

(spin-lattice relaxation time) T1 provides information on energy 

exchange between protons and neighboring molecules; the 

transverse relaxation time (spin-spin relaxation time) T2 is 

determined by spin–spin interactions between neighboring 

protons; and T2*, the dephasing time constant, is influenced by 

both the intrinsic T2 time and external magnetic field 

inhomogeneities. 

Longitudinal relaxation (T1 recovery) describes the energy 

exchange between the excess spins in the direction of the 

magnetic field and the surrounding molecules (spin-lattice 

interaction). In tissue characterized by short T1 times (e.g. fat), 

longitudinal relaxation is rapid, while in predominantly water 

tissues (i.e. brain, cyst) recovery is slow. Transverse relaxation 

(T2 decay) represents the loss of coherence or phase relation 

among spins within a single slice, and different tissues vary in T2 

time. T2-weighted images provide valuable clinical information, 

as pathological processes may alter the T2 time (e.g. 

degeneration, edema, inflammation) without affecting T1. T2*-

weighted images, sensitive to susceptibility effects, are used for 

imaging blood, hemorrhage, venous structures, and 

calcifications. [13, 14, 15] 



Page | 6 

 

Chapter - 2 

MRI System Components and Hardware 

Architecture 

 

 

The MRI system comprises several main components: two 

superconducting magnets creating strong magnetic fields, 

transmission-reception coils producing the excitation and 

acquiring the MRI signal, gradient coils defining the imaging 

volume and enabling three-dimensional localization of the 

signals, and electronic control- and processing units functioning 

during imaging. Although many different designs exist, the basic 

architecture remains the same. 

Superconducting magnets are used to generate the high 

magnetic fields necessary for clinical imaging. Currently 

available magnet systems commonly employ a user-applied 

technique that cools the magnetic coils to cryogenic temperatures 

using liquid helium. Superconducting magnets produce the 

largest field strength available today, exceeding 3 T. Higher 

fields can be generated, although the cost of magnet system 

operation and cooling becomes prohibitive in many situations. 

Permanent magnets can be used in low-field systems (≤ 0.3 T). 

These magnets are relatively inexpensive and always on, but 

have limited applications due to their low field strength and fixed 

gradient-coil assembly. 

Recent iterative research has focused on creating low-cost, 

lightweight, portable MRI systems. These low-field (<0.5 T) 

permanent or resistive magnet systems (e.g. Shanghai United 

Imaging Healthcare, Hyperfine Research) have been designed for 
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use in emergency rooms, operating rooms and intensive-care 

units. Low-field MRI systems can also be employed in low-

resource setups for virtual medical examinations. [16, 17, 18] 

Magnet Types and Field Strengths 

Two main types of MRI magnets are in clinical use: open (or 

weak-field) magnet systems and closed superconducting 

systems. Open systems produce low magnetic field strengths 

(<0.3 T) and are enclosed within a cylindrical magnet with a large 

aperture, allowing for easy patient positioning and a less 

claustrophobic environment. In addition to extremity-only MRI, 

open systems are often utilized for scanning patients with 

implanted devices that are contraindicated at higher field 

strengths. A drawback of these systems is the decreased signal-

to-noise ratio (SNR) and longer exam times necessitated by the 

relatively long T1 values of tissues and chemical shift differences 

between fat and water. 

Superconducting magnets, which operate at intensities 

greater than 1.0 T, are used for the majority of MRI 

examinations. The improved SNR and temporal resolution of 

1.5- and 3.0-T systems facilitate a wide range of clinical 

applications, including the detection of small lesions (e.g., 

intracranial hemorrhages), cardiac imaging, fMRI of the brain, 

and dynamic MR angiography. In addition to the medical 

community’s enthusiasm, the general public has also witnessed 

an explosion of interest in MRI, owing to the widespread 

advertising of these systems for commercial use and the 

incorporation of MRI into numerous film and television scripts. 
[19, 20, 21] 

Gradient Coils and Their Functions 

In addition to the superconducting or resistive magnet 

generating the main magnetic field, every MRI system is 

equipped with three sets of gradient coils that produce a shallow 
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magnetic field gradient in the x, y, and z dimensions of the 

imaging planes. Each of these gradient sets is planar in design 

and mounted on the inside surface of the main magnet. The 

primary functions of the gradient coils are (1) spatial localization 

of the MR signal, (2) modification of the echo time in gradient-

echo imaging, and (3) facilitating fast imaging techniques. In the 

presence of readout gradients, an entire k-space line can be 

acquired during a single RF excitation. 

The basic physical principle behind gradient-echo imaging is 

the manipulation of the larmor frequency and thus the precession 

phase of the spins as a function of their location within the 

imaging slice. Generalized for a slice with a nonrectangular 

geometry, spins positioned toward one end of the slice precess 

faster than spins at the other end, and the echoes from these two 

groups will be slightly out of phase with each other. The TE 

corresponding to the center of the slice will yield a stronger signal 

than TE times corresponding to either end of the slice. Thus, for 

a gradient-echo image to fully utilize the maximum T2 contrast 

of the slice, a center-TE echo should be acquired when possible. 

Because the fMRI system can manipulate the readout gradients 

within the limits of the hardware even for large TEs, it should be 

possible to acquire these centre-TE images without extending the 

acquisition time appreciably. [22, 23, 24, 25] 

RF Coils: Design, Types, and Applications 

RF coils are a critical component of any MRI scanner 

responsible for transmitting RF excitation pulses and receiving 

MR signals from the volume of interest. These coils are made of 

copper wires, a material chosen due to its high conductivity, 

arranged in precise geometries for optimal performance and 

placement. RF coils can be grouped into four categories: (1) 

surface coils, (2) local/global combinations that are not 

independently tuned, (3) volume coils, or (4) parallel receive 
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coils. Technologists usually do not tune or match the RF coils; 

therefore, the discussion of these coil types is mainly a reference 

for understanding their designs, modifications, and uses. 

Surface coils have a small sensitive receiving area with 

rapidly decaying B1 fields outside this area, allowing a localized 

perception of SNR improvement. Surface coils can also have low 

inductance and high quality factors (Q), thus making them easily 

tunable at any frequency. However, their high Q provides an 

extremely narrow bandwidth, which can make their use in image 

acquisition very difficult because of the sensitivity of the coil to 

slight mismatches with the radiofrequency transmission line. In 

addition to receiving, surface coils can also be used for 

transmission. The sensitivity distribution of a simple parallel-

wire co‐coil, also called a thin‐wire coil, indicates a rollback 

effect that is pronounced for both the B1 and B2 fields. [26, 27, 28] 

Electronics and Control Systems 

Electronics and control systems in MRI machines provide 

electrical power and control for the operation of major 

components in the imaging system. The magnetic field requires 

a building-sized power supply. Patients undergoing an MRI 

examination are monitored by ECG or pulse oximeter monitors 

while the RF coils transmit RF excitation signals for proton 

resonance and, in turn, receive the MR signal. Signal reception 

calls for amplifiers, analogue-to-digital convertors, and storage 

of data in k-space for subsequent image reconstruction using fast 

two- or three-dimensional Fourier Transform techniques. 

Gradient signals for slice selection, frequency, and phase 

encoding are processed according to the selected pulse sequence. 

A new pulse-sequence is programmed, tested, and 

implemented from the control console, creating a new set of time-

based look-up tables containing timing specifications for data 

acquisition and output to the selected source, ECG or pulse-
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oximeter monitor, and gradient-shim coils. Radiologic 

technologists, after completing a routine training program, are 

the operational link ready for work. The routine programme 

involves more than simply following a set sequence without 

applying personal knowledge. While these steps minimize risks, 

additional experience is gained when MRI staff collaborate to 

extend the application of an existing pulse-sequence or to 

develop a new MR technique for a specific clinical indication. [29, 

30, 31] 
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Chapter - 3 

Pulse Sequences and Signal Generation 

 

 

The radio-frequency (RF)-pulse sequences used in MRI may be 

placed into two categories: spin-echo sequences, the first echo-

producing sequences to be implemented, and gradient-echo 

sequences, which became widely popular some 20 years later. 

Spin-echo sequences are used for high-quality imaging because 

the refocusing used in the sequence reduces the influence of the 

magnetic environment on the T2 decay time during the echo 

formation, while these same effects contribute to signal loss in 

gradient-echo sequences. A third category could also be 

considered—fast imaging (also referred to as turbo imaging or 

turbo spin-echo sequences)—in which the basic spin-echo 

process is modified to reduce imaging time. Such fast imaging 

techniques operate under different T2-decay conditions than 

conventional spin-echo imaging, which often leads to some 

degradation of image quality. Nevertheless, their use is often 

justified because of the benefits of shortened imaging time. 

Gradient-echo sequences are applied routinely in certain imaging 

indications, particularly in the form of breath-hold fast-tissue 

sequences; when care is exercised in their selection and 

application, Gradient-echo sequences can be expected to be T2-

tissue-weighted and free of T1 contamination, but also contain 

elements of T2*-tissue weighting. 

In spin-echo sequences, a 90° RF pulse is followed by a free 

induction decay; a 180° RF pulse is applied once every 2×TE 

periods, thus forming an echo. In a gradient-echo sequence, 
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phase coherence established by the first 90° RF pulse is 

preserved, rather than disrupted. In the absence of a second RF 

pulse, phase coherence is lost before the echo is formed. 

Therefore, the gradient coils are employed to produce the echo 

by store-and-retrieving the phase coherence. The formation of an 

echo by this method, rather than by a refocusing RF pulse, is the 

hallmark of gradient-echo sequences. Final imaging is completed 

with a Fourier transform of the stored echoes. [32, 33, 34] 

Spin-Echo and Gradient-Echo Sequences 

Both spin-echo and gradient-echo sequences exploit the 

phenomenon of nuclear magnetic resonance to encode spatial 

information in the detected MR signal. The application of 

radiofrequency energy induces a transition in specific proton 

spins from a state of lower energy to one of higher energy. When 

the RF pulse ceases, the spins return to their lower energy state, 

emitting energy in doing so. All spins do not return 

simultaneously, instead concentrating at regular intervals. This 

allows the emitted energy to be sampled as a radiofrequency 

signal, which is in turn digitized, stored, Fourier-transformed, 

and post-processed to yield a digitally reconstructed MR image. 

Spatial localization of the MR signal relies on specialized 

magnetic field gradients applied by the gradient coils built into 

the MR system. 

The spin-echo pulse sequence employs a pair of phase-

alternating 90-degree and 180-degree radiofrequency pulses in 

conjunction with the magnetic field gradients to produce a well-

defined echo in the MR signal. This pulse sequence is particularly 

efficient at producing signals characterized by long T2 relaxation 

times. In contrast, the gradient-echo pulse sequence replaces the 

180-degree RF pulse of the spin-echo sequence with a specialized 

gradient rephasing of the MR signal. The gra `dient-echo pulse 

sequence is more efficient than the spin-echo sequence at 
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generating signals characterized by shorter T2 relaxation times. 

Both pulse sequences can be incorporated as building blocks in 

more sophisticated imaging techniques, including fast imaging, 

inversion recovery, diffusion-weighted imaging, and others. [24, 

35, 36] 

Fast Imaging Techniques 

Fast imaging techniques achieve time efficiency and improve 

patient comfort by significantly reducing examination durations. 

Long scan periods can lead to motion artefacts, especially in 

individuals unable to comply with breath-hold requirements or 

those who are uncooperative. Additionally, fast imaging offers 

increased temporal resolution for dynamic studies, such as those 

of contrast agent kinetics in tumours, the placental circulatory 

system, or peripheral spectra. 

The development of ultrafast imaging techniques, such as 

echo-planar, turbo, and fast imaging, has enabled whole-body 

investigation in a few minutes at various magnetic field 

intensities. The heart is viewed under different conditions, 

necessitating different approaches and combinations of imaging 

methods to reach a reliable diagnosis within an acceptable time 

frame. Rapid imaging is also vital for neurological studies, 

especially in the interventional setting. 

Rapid imaging methods fall into two major categories: 

mathematical algorithms and special sequences such as 

gradientecho planor (ablation delay), segmented k-space imaged 

(multislice) pulses, turbo (electronic) pulses, dense k-space). 

Fast-spin echo is used primarily in spectroscopy studies and those 

of the abdomen and cardiovascular system. Fast-editing 

sequences are suitable for delineating intricate structures close to 

or within the liquid phase. [37, 38, 39] 
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Inversion Recovery and Diffusion Sequences 

Inversion recovery sequences exploit the T1 relaxation 

properties of tissues by saturating the signal at a chosen inversion 

time with an inversion pulse prior to the acquisition. Inversion 

recovery is primarily used in STIR (Short Tau Inversion 

Recovery) for fat suppression or for TI selection in FLAIR (Fluid 

Attenuated Inversion Recovery) imaging, to suppress 

cerebrospinal fluid signal. 

B-value weighting in diffusion-weighted sequences (b = 0 

and b > 0) provokes T2-weighting of the acquired images and 

explores the apparent diffusion coefficient for lesions with 

restricted diffusion. DWI is now widely incorporated in cranial, 

abdominal, and pelvic imaging protocols for detection of acute 

infarction, spinal abscesses, and defining boundaries between 

normal and tumoral tissues. DWI has been also performed at 

ultra-high MRI-field strengths (e.g. >7T). Additively, perfusion-

weighted imaging based on intravascular perfusion tracers has 

been used. SE-DWI requires echo times > 60 ms, which incurs 

T2-weighting in b = 0 images, and more recent developments 

have suggested the use of turbo structure to reduce echo time. 

Combined diffusion–perfusion contrast-enhanced sequences 

on one side and, on the other side, diffusion–perfusion coupling 

for the exploration of brain hemodynamics in clinical or 

experimental settings have recently emerged for the exploration 

of brain hemodynamics at ultra-high MRI-field strengths (i.e. 

≥7T). [40, 41, 42] 

Sequence Selection and Optimization 

Sequence parameters and selection should correspond to the 

examined body region and the suspected pathology. T1-weighted 

neurological MRI protocols typically include a gradient-echo 

sequence and a T2-weighted sequence with long TE for the brain, 

whereas a T2-weighted sequence with short TE and a diffusion-
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weighted sequence are chosen for the spine. Restoring 

electromagnetic equalization after brain irradiation requires three 

orthogonal planes. In musculoskeletal imaging, surface coils 

allow fine detail examination. The pelvis usually requires T2-

weighted images with fat suppression to improve diagnosis of 

vaginal pathologies. 

Although the temporal window is long, motion remains a 

critical concern in dynamic cardiac acquisitions. Minimal 

breathing and heartbeat motion are ensured by breath-holding 

combined with a steady-state free precession sequence (SStE). In 

coronary artery imaging, motion-resistance is conferred by an 

inversion-recovery sequence with diffusion-sensitized driven 

equilibrium (DISCO). Optimization of crossover- and chemical-

shift artifacts is essential in imaging the heart and great vessels. 

Breath-hold techniques and Dixon fat-suppression methods 

minimize motion. In abdominal- and pelvic-perfusion imaging, 

noise amplification, which limits spatial resolution and increases 

the risk of misinterpretation, is reduced by MRI-guided 

paralumbar staining. 

MRI performs well for the study of gynecological 

pathologies. Despite the high water content of many 

gynecological tissues, T2 sequences are sensitive to fluid 

pathologies. Fat-boundary chemical-shift artifacts may, however, 

lead to misinterpretations. MRI of the uterus and ovaries is 

usually performed in the luteal phase; however, T2 

hyperintensities surrounding the vagina may indicate an early or 

midfollicular phase. These dysplastic, physiological or neoplastic 

structures can easily be distinguished from cysts. White-matter 

MRI is sensitive to demyelinization, dysmyelinization, and a 

variety of heritable disorders associated with perivascular region 

degeneration. 
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Chapter - 4 

Image Reconstruction Techniques 

 

 

Image reconstruction techniques may be analyzed from the 

perspective of the signal acquisition process in k-space. A brief 

summary of the general principles of sampling and the discrete 

Fourier transform in MRI is followed by an examination of some 

of the more commonly used methods in which the acquired 

imaging data are utilized, such as parallel imaging and SENSE 

reconstruction approaches. 

Image reconstruction techniques may be analyzed from the 

perspective of the signal acquisition process in k-space. K-space, 

which is simply the Fourier-space representation of the image 

data being reconstructed, can also be viewed as the set of 2D or 

3D spatial frequency samples used for an image’s Fourier 

transform. 

The k-space sampling theorem states that an image can 

ideally be perfectly reconstructed from a sufficient number of 

samples in k-space. This concept is important when considering 

actual data acquisition. The purpose of sampling technique 

choices is not only to allow a sufficiently accurate reconstruction 

of the image consistent with the acquisition noise, but also to 

minimize artifacts and optimize the specific imaged structure and 

pathology. Thus, the reconstructed image is a representation of 

the data weighted (filtered) in k-space, depending on the imaging 

sequence employed, the imaging parameters chosen and the 

physical phenomenon being studied. [43, 44, 45] 
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K-Space Sampling Principles 

K-space, a two-dimensional matrix populated with complex 

numbers, is indispensable for MRI image construction. Encoding 

and sampling of K-space data occur following image sequence 

execution, encompassing both signal acquisition (Kim et al., 

2014) and acquisition-related functions (Nagy et al., 2015), 

determinants of preparation, scanning, post-processing, and 

reconstruction. Parameters such as echo time (TE), repetition 

time (TR), bandwidth, field of view (FOV), flip angle (FA), 

pulse- and saturation-type parameters, and b -value are 

emphasized. 

Two major aspects govern K -space sampling: its 

spatiotemporal sampling characteristics, which affect signal-to-

noise ratio (SNR) and spatial resolution; and the order in which 

K -space is traversed, affecting image quality. SNR is 

proportional to the squareroot of the number of samples, while 

T2-weighting is influenced by the information acquired toward 

the end of signal acquisition. [46, 47, 48] 

Fourier Transform in MRI 

In MRI, regularly sampled data in k-space is transformed into 

a ∆f and ∆time-dependent signal by using a Fourier Transform. 

Because the 2D Fourier Transform of image matrices in a 

rectangular form can be calculated with a very simple approach, 

the signal is first presented as a complex one-dimensional signal. 

The Fourier Transform of a one-dimensional image matrix IM 

can be calculated as 

An important characteristic of that is that the signal value Sn 

at location kn can be expressed by the image matrix IM: 

The Fourier Transform of Sn is then presented as S(k) = S(k1, 

k2) with a 2D image matrix I(x,y) 

In principle, it can be shown that the Fourier Transform of a 
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2D image matrix I(x,y) can be calculated even if the input is a 

rectangular matrix M(n,m). The Fourier transform of S(k) can be 

expressed as 

The 2D Fourier Transform of S(k) is found to have the well-

known sampling theorem: if the function F(x,y) is band-limited 

with respect to both variables and is a Fourier transform to S(k), 

then S(k) is completely determined by an infinite number of 

points (Fourier coefficients) at least with the distance of 

∆k=1/2Nx in the kx direction and ∆k=1/2Ny in the ky direction. 

Therefore, for a given size of the original image, the spacing 

between k-space signals must be smaller than that for satisfying 

the sampling theorem. 

MRI can be considered as combining the image 

reconstruction process with the image acquisition process. The 

standard method of turning an image matrix back into signals is 

the Long Increment of the Spiral-Scan Data Acquisition. Instead 

of rewriting all the entire image data, S(kx, ky) is expressed as 

many small sub-image data like S0, S1, S2, S3, S4, …, where S0 

represents a proper single "image". The Fourier Transform of S-

type data is also treated in the same manner as for the general 

type of data. [49, 50, 51] 

Parallel Imaging Techniques (SENSE, GRAPPA) 

Parallel imaging techniques such as SENSE (SENSitivity 

Encoding) and GRAPPA (GeneRalized Autocalibrating Partial 

Parallel Acquisitions) exploit the spatial redundancy in the 

acquired k-space data to accelerate the imaging process. These 

techniques make use of multiple receive coils to acquire images 

more quickly by either an increase in the receiver bandwidth, 

allowing for shorter TE and TR combinations and the potential 

for reduced T1 and T2* signal losses, or an effective reduction of 

k-space samples in the Phase-encoding direction. 
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The underlying principle of these approaches is that the 

resolution of the image produced by MRI is limited by the 

number of Phase-encoding equations compared to the number of 

coils. Since the phase of the images acquired in the different coils 

will be different, there will be a set of equations for each pixel in 

the image, resulting in a significant reduction in the ‘actual’ 

number of Phase-encoding samples required. The images 

produced using SENSE and GRAPPA are termed as ‘accelerated 

images’ and achieve the reduction by using the sensitivity of the 

coils. These images are also referred to as partial Fourier images 

due to the disappearance of the phase-encoded information in 

either the upper or lower half of k-space. 

The SENSE technique uses a reduced amount of Phase-

encoding lines and different coil sensitivity maps to reconstruct 

accelerated images. The GRAPPA technique, on the other hand, 

relies on the redundancy of k-space that is present in the central 

region of k-space in the Phase-encoding dimensions and uses the 

outer lines of the k-space data of the other coils to reconstruct the 

missing lines. [52, 53, 54] 

Advanced Reconstruction Algorithms 

Successful MRI reconstruction relies on sampling k-space 

and applying the Fourier transform. Nevertheless, undersampling 

may occur, necessitating additional techniques to interpolate or 

reconstruct images from limited data without losing detail. 

Magnetic resonance imaging demands robust sampling of k-

space to accurately reconstruct the original image. Aliasing, 

blurring, noise amplification, and loss of high-frequency 

information manifest when sampling coincides with the 

periodicity of k-space. 

Sparsity-based reconstruction techniques exploit the sparsity 

of images in transform or wavelet domains, enabling accurate 

recovery from fewer k-space samples. The idea stems from 



Page | 20 

compressed sensing, which leverages priors on the signals and 

models non-CRB information in sparse or compressible 

transforms. 

Regularization techniques derive a model from the MR 

signal. External databases or training sets assist in noise and 

missing data reconstruction. 

When using nonstandard reconstruction techniques, caution 

is critical. For instance, parallel imaging reduces acquisition time 

but requires coil sensitivity maps, potentially introducing errors. 
[55, 56, 57] 
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Chapter - 5 

MRI Protocol Development for Clinical 

Applications 

 

 

Designing MRI protocols requires careful consideration of 

multiple factors and prioritizing the diagnostic task at hand. Nine 

steps provide a framework for constructing effective protocols 

for common MRI examinations: [58, 59, 60] 

1. **Clinical Task**: The MRI protocol must be tailored for 

the intended application, focusing on the topographic 

region and field of interest. For example, detecting brain 

tumors predominantly affects grey/white matter 

interfaces, warranting adequacy checks at 3D T1-

weighted resolution. 

2. **Biological and Physical Constraints**: Inherent 

biological features and specific imaging physics strongly 

influence the se-quence selection. For instance, 

cerebrospinal fluid (CSF) movement imposes the 

radiologic-respiratory cycle for the lungs, while longer 

T2 relaxation times make urinary bladder spaces more 

readily displayed on T2-weighted sequences than on T1-

weighted images. 

3. **Magnetic Configuration**: Proximity to permanent 

magnets highlights the need for awareness of field and 

susceptibility strengths unique to the magnetic 

arrangement. Next-generation high-field magnets exploit 

longer T1 relaxation times, while ultrahigh-field MRI 

(≥7.0T) uses a wealth of spectral information in MR 

spectroscopy (MRS). 
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4. **Patient Comfort**: Patient comfort during the 

examination is essential. Sedation for infants, children, 

and anxious adults is often indicated, as well as avoiding 

prone positioning for thoracic and abdominal imaging 

whenever possible. Pregnancy and during menstruation 

should be avoided in cases of exploration of internal or 

external genitalia. 

5. **Operational Context**: Sequence optimization must 

take into account clinical demands, especially in large 

paedi-atric centers, and should adapt MRI systems to 

local needs, such as optimising use for large animals. 

6. **Scan Timing in the Radiologic Practice**: MRI 

examination must be duly scheduled, for example, 

limiting the number of patients for daily brain 

examination involving dropouts, enhancing costs for 

external patients or delaying emergencies. 

7. **Technical Coordination in the MRI Suite**: 

Preparation of contrasts, organs affected by medication 

for specific affections, and avoidance of patients with 

conditions liable to repetitive examination contribute to 

efficacious procedures. 

8. **Operational Coordination Among Radiologic 

Technologists**: Minimization of image repeats or 

retakes amplifies the positive development of MRI 

protocols and enables accurate report generation. Careful 

selection within contrast applications of SQ, XL-BSW-

BV contrast parameters, and accurate filling volume 

contribute to decreased assistant activities. 

9. **Pitfalls Effecting the Examination**: Radiologic-

technologist communication with the magnetic enclosure 

operator enables a detailed assessment of default 

positions and favourably affects reporting, particularly in 

elaborate explorations such as cardiovascular MRI. 
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When optimizing MRI protocols, all these factors should be 

considered and developed case by case. 

Steps in Designing MRI Protocols 

Optimizing MRI acquisition protocols hinges on an 

understanding of individual clinical scenarios. Each protocol 

should be developed systematically, allowing examination of key 

considerations while utilizing suitable sequences tailored to 

specific body regions. Special emphasis should be placed on 

ensuring patient safety and comfort and optimizing workflow to 

minimize patient waiting time and alleviate bottlenecks within 

the radiology department. 

Radiologic technologists work closely with radiologists to 

implement new MRI examination protocols and adapt existing 

ones for specific patients or studies. Close collaboration ensures 

that the protocols produced are clinically useful, satisfying the 

perceived needs of the radiologist while accommodating the 

modified requirements of individual patients. The final step is 

integration within the department, at which stage factors such as 

patient safety and comfort, availability of resources and 

equipment, and impact on schedules and workflow should be 

thoroughly evaluated. [61, 62, 63] 

Tailoring Sequences for Different Pathologies 

Sequence timing can be adapted for common pathologies 

encountered in clinical practice. For example, T1-weighted 

images can be enhanced when examining the posterior fossa, 

particularly the cerebellum, by shortening the TI and TE to 200–

400 ms and 15–20 ms, respectively. Similar adjustments improve 

the depiction of lesions in the spine and of basal ganglia 

degeneration in dementia. The brainstem and visual pathways in 

patients with multiple sclerosis benefit from a long TE (110 ms). 

The circle of Willis can be highlighted by shortening the TE to 

25 ms. Optimal parameters for a variety of dark-lumen black 
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blood protocols are summarized in Table [insert table number]. 

For the thorax, major modifications of inversion recovery 

sequences have achieved motion-resisted coronary imaging in 

one breath-hold. 

Fat suppression techniques such as STIR, SPAIR, or Dixon 

can be employed as part of routine sequences to differentiate true 

lesions from surrounding fatty marrow. The temporal bone, so 

frequently afflicted by chronic granulomatosus lesions, displays 

subtle signals which are better revealed by employing multi-echo 

sequences. The scaphoid bone is optimally studied by choosing 

a TR of about 750 ms, an echo spacing of 12.5 ms, and the lowest 

possible TI. Cardiac imaging is facilitated — and artifacts 

reduced — by breath-holding during the cardiac cycle, or by clear 

coverage of the cine loops. 

In the abdomen, fat-suppressed preferably short-inversion-

time sequences reduce the risk of false-positive reactions in the 

vicinity of the liver. MRI of the extremities avoids painful 

positioning by the use of flexible coils. Diabetes and cross 

cosmetic injections in the face can be depicted more elegantly 

when so-called postmayner techniques are utilized. 

Cardiovascular MRI generally offers high spatial resolution, but 

fat-suppressed sequences produce higher-quality studies in 

nondiabetic patients. Sequence choice thus emerges as primary 

determinant of image quality: the combination of precise T1 

values, of optimized inversion parameters, and of specific 

saturations yield exquisite images of the brachial plexus. 

Safety and Comfort Considerations 

Marketing considerations are crucial in MRI protocol 

development due to the high level of demand for MRI 

examinations and the excess of requests over staff productivity. 

Radiologists frequently wish to minimize the time spent on 

prestation or improve the image quality with a new technique, 
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and the resulting new protocols can reduce the patient 

throughput. Furthermore, with only memory for scheduling the 

waiting list and the many patient examinations performed every 

day, the risk of forgetting that a patient is claustrophobic or 

cannot lay still because of pain increases considerably. 

The physical discomfort of patients in the magnet bore and/or 

their incapacity to remain motionless have several consequences. 

First, the image quality may be poor, requiring long post-

processing correction, and sometimes the examination is still 

non-diagnostic and has to be repeated. Second, because of the 

inevitable loss of diagnostic quality, the MRI scanner has to be 

repeatedly used for partial examinations instead of satisfying the 

full request in a single scan. Finally, many patients are unable to 

complete the examination in a single breath-hold, and not taking 

advantage of this possibility enhances the image distortion due to 

motion, especially with images of the abdomen when there are 

peristaltic movements.  Minimizing motion artifacts associated 

with these causes becomes all the more important the more 

precise the report has to be. 

There are several techniques that help to reduce involuntary 

movements. The simplest is the appropriate preparation and 

positioning of the patient, not only to minimize the discomfort 

but also to ensure that he can remain still during the examination. 

Communicating with the patient and justifying the examination, 

even if it is simpler than usual, go a long way to help reduce 

anxiety. In some cases, a waiting period is necessary and having 

the radio microphone connected to the head is comforting for the 

patient. If the examination cannot be performed with a single 

breath-hold, a few seconds for normal breathing are sufficient to 

reduce the motion. If breathing can create problems, gating may 

be necessary. Unfortunately, patients that cannot remain still 

require sedation. With patients who cannot remain still because 

of pain, using motion-resistant pulse sequences or performing a 
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few key images with a motion-sensitive sequence or with a 

fragile echo-mapping technique becomes advisable. When no 

other resource is available, motion-resistance techniques should 

be taken into account and used as a last resort. Finally, with the 

advent of the increasing power of computers and the new 

software available in the latest MRI (and also CT) scanners, post-

processing motion correction methods are also becoming more 

popular. 

Workflow Optimization in Radiology Departments 

Developing and optimizing MRI department protocols will 

improve the overall quality of images acquired. Careful selection 

does not ensure high-quality patient-centered imaging; in 

addition, when examining multiple patients, the technologist 

must choose the optimum protocol casuistically and monitor for 

repetitive sequences to reduce waiting times for patients. This 

burden can be reduced through multicenter studies. 

Currently large radiology departments can afford to introduce 

an MRI machine, making MRI examination accessible at local 

level. In these MRI, the waiting lists are short. The principal 

objective is to obtain high-quality images, and the technologist 

should optimize the sequences adopted. By studying different 

pathologies, especially for brain examinations, it is possible to 

eliminate sequences that are less informative but repeat the same 

contrast in two-dimensional space, and for pelvis examinations it 

is possible to evaluate the opinions in three dimensions. 

When the waiting lists increase, the introduction of an extra 

MRI machine reduces the period of waiting. Different centers 

dedicate the second machine for monitoring and controlling the 

pathologies or as a backup for the main MRI, but this accessory 

role justifies not having patients on the waiting lists. In breast 

examinations, tomography is usually performed, although MRI 

offers a different contrast at antithetical cost for patients. In these 
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previously mentioned situations with few patients scheduled, it 

is important to study the examination of the next incoming 

patient to avoid unnecessary later scans. A multicenter study with 

a wide scanning range enhances image selection through contrast 

optimization and combines MRI with artificial intelligence-

assisted CT acquisitions. [64, 65, 66]  
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Chapter - 6 

Understanding and Identifying MRI Artifacts 

 

 

Magnetic Resonance Imaging is widely recognized for its high 

resolution and contrast. The drawbacks of MRI include its 

relatively low speed of examination compared to other medical 

imaging modalities, as well as the artifacts caused by intrinsic 

and extrinsic factors. Artifacts are defined as reflections of 

physical, chemical, or current physical processes that are defined 

in an undesirable manner. Artifacts are classified as either 

patient-related or system-related, with patient-related artifacts 

being caused by motion, cardiac pulsation, and breathing while 

being scanned. 

The Expo 2010 site in Shanghai is located above a puddle of 

water and is influenced by the geological activity of the earth, 

along with the environment of the area. The Expo 2010 Ground 

in Shanghai is located above an underground river, and the land 

has poor geology, which causes sinking. In general, it is good for 

the building to absorb and release water in different seasons. For 

the construction of the Expo 2010 site, Banshan's design team 

simulated sinking, and the thickest part sunk about 20 cm. It was 

found that the biggest feature of this work was inverting and 

expelling the function of the underground river. 

Classification of Artifacts 

MRI images may contain recognizable artificial structures 

that do not reflect the true anatomy of the patient. These 

structures are known as artifacts, and they typically arise from 

physical processes not directly associated with the imaging task; 
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most shape the image quality and affect diagnostic capabilities. 

Small replicas of the body, such as in mirror vision and windmill 

artifacts, will be left aside, as these do not impose any trouble on 

diagnostic confidence. 

Artifacts caused or worsened by patient movement have 

already been tackled in the previous section. The remaining 

artifacts can be grouped according to whether patients or their 

specific conditions are the main culprits, or whether they are 

related to the MRI system, its electronic equipment, or the 

physical principles of magnetic resonance. Some MRI artifacts 

may result from the workings of specific pulse sequences, or 

from mechanical vibrations originating in the environment. [67, 68, 

69] 

Patient-Related vs. System-Related Artifacts 

MRI artifacts can be broadly classified into two main 

categories: patient-related artifacts and system-related artifacts. 

Patient-related artifacts arise during examinations due to patient-

specific factors such as motion or irregular respiration. These 

artifacts are difficult to eliminate, and various techniques and 

technologies have been developed to decrease their incidence and 

effects. System-related artifacts stem from imperfections or 

limitations within the MRI system itself and can usually be 

minimized by appropriate protocol selection. 

Patient-related artifacts primarily occur as a result of motion. 

Although images can be acquired quickly, some degree of motion 

is invariably present. Patients should always be well informed 

and carefully instructed, and breath-hold sequences, gated 

imaging, and sedation (especially in young children) may help 

reduce motion. Alternatively, motion-resistant pulse sequences 

(e.g. 3D sequences) and post-processing methods can be used. 

Mechanical influences such as cardiac and respiratory motion, as 

well as physiological effects like swallowing or pulsating vessels 
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in the abdomen and thorax, cannot be controlled or avoided. In 

these situations, the use of new-generation pulse sequences with 

short echo time (TE) values and acquisition-optimized planning 

help avoid aliasing effects. In the presence of multiple motion 

sources, the application of a motion-tolerant pulse sequence 

should be considered, provided at least one of the motion sources 

(cardiac or respiratory) can be reduced. The introduction of 

motion detection embedded in the reconstruction phase opens a 

new route for automatic and efficient correction of motion 

artifacts. [70, 71, 72, 73] 

Mechanical and Environmental Influences 

The presence of certain types of magnetic materials in the 

vicinity of the scanning device may create distortions and signal 

losses in the images. Mechanical defects introduced into the 

structure of the machine, as well as deficient environmental 

conditions (presence of ice and condensation on the RF coils) 

may also result in signal loss and incomplete images. 

Metal objects in anatomical areas of interest may cause 

severe signal loss, with consequent unavailability of diagnosis 

based on the affected images. Mechanical integrity of the RF 

coils is crucial for the correct assembly and operation of the 

device. Excess condensation or ice formation in the surface of the 

coils may introduce signal losses. In order to reduce or eliminate 

these risks, the operator must ensure that no patient or object with 

high magnetic susceptibility enters the area of interest; that the 

coils are properly assembled and have no visible mechanical 

defects; and that no ice or condensation appears on the RF coils 

during the execution of the scans. [74, 75, 76, 77] 

Artifacts Specific to Certain Pulse Sequences 

MRI images may show artifacts that originate from the 

specific characteristics of some pulse sequences. The most 

prominent examples include the bright boundaries of fat-water 
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areas in gradients-echo sequences, bleeding susceptibility 

artifacts in spin-echo sequences, phase cancellation in T2-

weighted images, and zipper artifacts after frequency-

misadjusted scans. The origin and solution of each artifact are 

discussed below. 

Bright boundaries at fat–water interfaces, commonly seen in 

images acquired with gradient-echo sequences, are caused by the 

much shorter T1 of fat. Due to the shorter T1 of fat, the signal-

to-noise ratios (SNRs) of fat, when compared with water, 

increase with decreasing TE. At large TEs, the SNRs of fat 

become much larger than those of water. Also, the flipping angles 

at fat–water boundaries are smaller than at other locations, 

enabling the Fat Signal PS to be larger. Thus, at these boundaries, 

the apparent SNR becomes excessive, resulting in bright lines. 

These bright lines and bright spots appear along fat–water 

borders in gradient-echo images, especially at long TEs. One can 

partially resolve this problem by selecting TEs as short as 

possible and using a large readout bandwidth, which decreases 

the duration of the formation of the fat signals. The duration of 

the fat signals is further decreased by using multiple receivers, 

such as in sensitive-encoding (SENSE) sequences. Another 

possible approach is to combine frequent fat-suppression 

techniques such as STIR or SPAIR with gradient-echo imaging. 
[78, 79, 80] 
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Chapter - 7 

Techniques for Reducing Motion Artifacts 

 

 

To maintain the integrity of the acquired images during a 

sequence, every effort must be made to minimize motion. Several 

strategies, categorized under patient preparation and positioning, 

imaging technique and control during data acquisition, and post-

processing, can be employed. 

During examination preparation, radiographic technologists 

should thoroughly explain the procedure to patients and guide 

them closely. Patient positioning must ensure the area of interest 

is located in the magnet isocenter, where susceptibility artifacts 

are minimized. Breath-holding techniques or, in the case of 

pediatric or uncooperative patients, heart-gating with ECG 

triggering can effectively reduce thoracic motion. If respiratory 

motion cannot be avoided, sequences resistant to these 

disturbances should be employed. These considerations are 

particularly critical when patients are examined in emergency or 

intensive care units. 

Fourier-based motion correction techniques that are applied 

after data collection can suppress movements during acquisition. 

They primarily exploit the motion characteristics of the affected 

structures, using non-affected tissues as references. It is essential 

to apply them with caution, as they may generate unpredictable 

results with certain pulse sequences. [81, 82, 83, 84] 

Patient Preparation and Positioning 

Proper preparation embraces a number of components to 

ensure optimal patient positioning, minimize motion, support 



Page | 33 

acceptance and cooperation, provide safety and comfort, and 

meet anatomical and pathological requirements. Scalability 

within a department enhances the speed with which the MRI 

procedure can take place, offsetting the drawbacks of a long scan 

time, especially in pediatric examinations. 

Communication is essential. Clinicians should ask patients 

for the area of interest. This facilitates selection of a suitable 

contrast agent, assessment of contraindications, and choice of a 

head, body, or dedicated coil. Patients should be told how long 

the scan will take, that they need to remain motionless, and that 

they will hear loud noises. If necessary, provision should be made 

for sedatives (frequently in need for children). After the exam, 

patients must be briefed on any post-scan instructions. 

Common abdominal or pelvic MRI prepares the patient by 

asking them to remain empty for at least 3 hours pre-scan. Scans 

miss with bowel blurring, and motion-resistant sequences, such 

as diffusion-weighted imaging, free-breathing, or navigator-echo 

techniques, should then be used. 

Use of Breath-Hold, Gating, and Sedation 

In some clinical situations, patient motion cannot be 

adequately controlled by the usual measures (e.g., positioning, 

instructing the patient and/or the use of immobilization devices). 

In these cases, other techniques may be used to take the 

movement during data acquisition into account. Breathing-

related motion can be suppressed by breath-hold (either 

voluntary or aided by the administration of a muscle relaxant), or 

by synchronizing (gating) the data acquisition in the respiratory 

cycle. Alternatively, data from a series of cardiac or respiratory 

cycles may be collected during a longer acquisition; motion 

correction can then be performed in post-processing using 

software. If motion occurs between separate segments, the data 

from all of them can still be combined, provided that the 
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segments are acquired during the same phase of the motion. This 

technique, termed multi-acquisition with variable-order 

acquisition (MAVA), is suitable for data permitting a separation 

into sub-groups, such as cardiac or even respiratory motion. 

Breath-holding may be achieved by relaxing the patient and 

instructing him/her to hold his/her breath (voluntary breath-hold) 

or by using a low-dose muscle relaxant (pharmacological breath-

hold). Even though the first technique is used most frequently, 

the latter is indicated in very anxious or very young patients, for 

instance, during thoraco-abdominal CT progressions. The 

exposure of the patientorgans to radiation is reduced, but the 

image quality, which usually deteriorates with motion, is 

preserved. In patients with cardiac problems or dysphagia, the 

benefits of a pharmacological breath-hold are evident. A phrenic 

nerve blocking and a surgical breath-hold (by thoracotomy) have 

also been described in specific situations. [85, 86, 87, 85, 86, 87] 

Motion-Resistant Pulse Sequences 

Imaging protocols can be optimized through the utilization of 

pulse sequences that minimize motion artifacts. Shorter TRs and 

TEs reduce motion during acquisition, while the incorporation of 

multi-slice, multi-cell, or multi-shot techniques mitigates the 

effects of motion-induced phase shifts. Furthermore, pulse 

sequences that inherently minimize the susceptibility to motion-

induced artifacts, such as the 2D or 3D gradient echo data 

acquisition techniques, can be employed. Although echo-shifted 

sequences reduce the acquisition time, they maintain the inherent 

susceptibility to motion artifacts. In cardiac imaging, the use of 

multiple receivers is an important factor to minimize the risk of 

motion. Inclusion of multiple receiver coils helps browse the data 

quickly and identify motion in the abdominal or thoracic region. 
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Phase correction after the acquisition of the data is used to 

minimize motion artifacts in selected scenarios. A trained 

radiographer or specialized post-processing software can correct 

these misalignments. The acquired images may not always be 

perfectly aligned, resulting in residual motion artifact after 

reconstruction. Analyzing the images to remove these effects is, 

therefore, beneficial, as frequently it is difficult to repeat 

acquisitions due to patient factors (such as age, clinical condition, 

or anxiety) or time constraints. As misalignments are often 

restricted to single directions, conventional image registration 

tools can be applied. Several methods of motion correction have 

also been proposed. A dictionary-based method for correcting 

inter-slice motion in diffusion-weighted (DW) imaging, a motion 

correction method for fast imaging employing fractional Fourier 

Transform (FRF) sequence, a post-acquisition method for 

coronal reconstruction, and a self-calibrating POCUS method for 

inter-frame motion correction of a time-domain MRI sequence 

form part of the literature on post-acquisition motion correction. 

Post-Processing Motion Correction Methods 

Post-processing motion correction methods may diminish the 

effect of involuntary patient movement but are generally less 

desirable than those applied during scanning, as some aspects of 

motion remain uncorrected. Head movement and small 

displacement of the body, particularly around regions of high 

susceptibility gradient, may cause residual distortion. 

Nevertheless, the use of these techniques may avoid a complete 

re-examination when a motion-induced image is deemed 

inadequate. 

Commonly employed post-processing motion correction 

methods include: (i) Fourier interpolation; (ii) image registration; 

(iii) consistency-checking methods and correction for phase 

errors, and (iv) predictive reconstruction. Standard Fourier 
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interpolation works well with linear motion during spin-echo 

imaging and can also correct for relatively small motion during 

fast imaging in the readout direction. In this case, certain k-space 

lines could be suitably filled in with interpolated values from 

neighboring lines for subsequent Fourier transformation. [88, 89, 90] 
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Chapter - 8 

Minimizing Susceptibility and Chemical Shift 

Artifacts 

 

 

Two major sources of artifacts are susceptibility differences 

between neighboring tissues and chemical shift effects at fat-

water boundaries. Susceptibility differences cause local variation 

of the magnetic field when tissues with different magnetic 

properties lie adjacent to one another. The inherent limitation of 

this effect is that it cannot be diminished with the use of a special 

technique. Images drawn with opposing TEs will reveal the 

distortion more clearly, permitting the observer to disregard the 

affected structures. It is also possible to perform imaging with the 

object in the silico condition. A procedure in which the TE is 

adjusted for an optimal setting will help to reduce the effect to 

some extent. Another means for controlling the effect is to 

prevent the object from touching the surface of the coil. In the 

case of chemical shift effects, the magnitude of the band is 

proportional to the spectral separation of fat and water protons, 

directly affecting the bandwidth and inversely proportional to the 

in-plane pixel resolution. The strategies available for reducing 

the effect at fat-water boundaries involve either fat suppression 

in standard imaging or use of differential methods, e.g., Dixon 

techniques. 

The fat-suppression techniques STIR and SPAIR are often 

employed in sequences without frequency selectivity. In a 

standard image, fat and water on the boundary produce a signal 

susceptibility multiplier at the border. If the separation between 
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fat and water protons in ppm is denoted as Δf, the susceptibility 

band for a gradient-echo image is controlled by spatial resolution 

and bandwidth as follows: [91, 92, 93] 

bb = ( 0.5 /Δf)* (FOV /Memory_G^2) . 

Physical Origins of Susceptibility Issues 

Several phenomena lead to susceptibility artifacts under 

certain imaging conditions. Magnetic field inhomogeneity causes 

changes in the nominal magnetic field strength at the spin 

location level, altering the resonance and causing a frequency 

mismatch of the precession. This mismatch leads to loss of phase 

coherence between spins, resulting in signal loss and severe dark 

regions in the image, overlaid with large signal increases where 

spins encounter a phase rebuke. Such areas are referred to as 

areas of dephasing. 

Susceptibility effects can be minimized by choosing an echo 

time (TE) near to where T2 typically is pronounced. Other 

properties affecting susceptibility artifacts, such as the receiver 

bandwidth (BW), should also be considered. A BW, proportional 

to the field strength, inversely proportional to the number of 

samples in the frequency-encoding direction, and scanned in a 

more extended frequency-encoding direction, minimize the 

effect; a larger volume reduces susceptibility effects but 

increases chemical shift artifacts. Susceptibility can also be 

minimized by avoiding imaging planes through areas of 

abnormal magnetic susceptibility. 

Several techniques suppress peripherally fat-signal intensity 

while preserving the water-fat signal as well as together with 

flow and edema. The spatially selective inversion recovery 

technique called Short Tau Inversion Recovery (STIR) 

suppresses peripherally fat-signal intensity while preserving 

water-fat together with flow and edema seems to be the more 

suitable one, though Fat Suppression techniques (Dixon) have to 
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be carefully applied in compromised clinical settings. [91, 94, 95, 96] 

Optimizing TE, Bandwidth, and Imaging Planes 

Proper optimization of TE, receiver bandwidth, and 

localization of the imaging planes aids in minimizing MRI 

susceptibility artifacts. Besides the Bose relaxation times T1 and 

T2 of the tissues under study, the echo time (TE) has a strong 

influence on the level of susceptibility artifacts. Generally, the 

choice of a very short TE helps in the limitation of these artifacts, 

especially in T2-weighted acquisitions. However, an increase of 

TE up to 45–50 ms may work to reduce the level of artifacts in 

T1-weighted imaging sequences, particularly when phosphatide-

rich tissues such as myelin are infrequently imaged. 

Receiver bandwidth, vice-versa, is primarily used in the 

readout direction, and thus, increases of this parameter play a 

positive role in terms of susceptibility artifact encoding. Yet, 

large bandwidths that are carefully tuned may still come with 

their own deficit, given that they usually imply a noise penalty 

that decreases image signal-to-noise ratio (SNR). Other than TE 

and receiver bandwidth, susceptibility effects can also be reduced 

by simple localization of the imaging planes such that air–tissue, 

air–bone interfaces, and metallic implants assume a 

perpendicular relationship to the imaging slabs—thus limiting 

phase cancellation. [97, 98, 99, 100] 

Reducing Chemical Shift in Fat-Water Boundaries 

Chemical shift artifacts arise in regions with sharp proton 

density variations, especially at fat-water interfaces. The size of 

these artifacts can be modified by selecting the appropriate 

receiver bandwidth. Because fat and water protons experience 

resonant frequencies separated by approximately 3.5 ppm at 1.5 

T (220 Hz), a receiver bandwidth of 440 Hz across the frequency-

encoding direction will eliminate the chemical shift. However, 

this relatively low bandwidth will likely introduce unacceptable 
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imaging times. Techniques that can either reduce the problem or 

render it irrelevant are therefore more practical. 

To minimize the chemical shift artifact, the receiver 

bandwidth is maximized in the direction across which fat and 

water are separated (i.e., along the frequency-encoding axis). 

Because a bandwidth wider than the separation computed in Hz 

eliminates the aliasing, it is not necessary to select an adjustment 

that cancels the artifact in image density. In practice, the 

correction is usually one applied by the operator, and unusually 

large effects become evident only with close scrutiny. Fat-

saturation techniques also help; yet these methods either do not 

work well near the kidneys or can compromise the desirability of 

the images and their interpretation in other areas. 

Another commonly used fat-saturation technique is the 

inversion recovery pulse sequence in which fat is inverted but 

water is not during the time between inversion and the excitation 

pulse. The resulting nulling of fat in the subsequent image is 

achieved in T1-weighted images only; the option is not available 

when T2-weighted imaging is being carried out. A Dixon 

technique that yields separate images from fat and water is not 

hampered by resonance differences and may also be employed. 

In addition, it carries the advantage that aliasing along the 

relevant direction is removed or greatly reduced. [101, 102, 24, 103] 

Fat Suppression Techniques (STIR, SPAIR, Dixon) 

Fat suppression techniques are frequently employed to 

minimize chemical shift artifacts at fat–water interfaces or in 

regions with high fat content. Two-staged techniques, such as 

short tau inversion recovery (STIR) and spectrally selective 

saturation–prepared acquisition of gradient echoes (SPAIR), 

offer more robust suppression than the Dixon method, in which 

acquisitions are performed at short T2* intervals. 

STIR exploits T1 properties as it applies a 180º pulse to 
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convert high-signal fat into low-signal. Using Swim athletes as a 

control group, STIR has been borrowed to enhance detection of 

post-contrast lymphatic spread in malignant skin tumours, 

revealing unpredictable distribution and potential influence on 

therapy or prognosis. Given that this technique employs T1 

differences, its clinical value becomes pronounced if a high 

proportion of fat is suspected within or around lesions; false 

negatives must be recognised when fat is high in T2 but low in 

T1. SPAIR also utilises T1 differences but goes a step further by 

providing spectral selectivity. Fat suppression pulses can be 

incorporated in arbitrary position, necessitating a very fast 

acquisition. Benefits include achieving a rectilinear banding 

pattern and thus different safety considerations, enabling 

respiratory navigators, allowing very short T2* times, improving 

tissue contrast, notably in abdominopelvic MRI, and potential 

noiseresistant conditions in EPI. 

Dixon is a spectral-separation technique alike chemical-shift-

selective fat suppression but deploys rapid acquisition over 

consecutive echoes, selecting timing differences between water 

and fat peaks. In addition to these advantages, the huge data set 

obtainable in 3D obviates the need for permutations; furthermore, 

the technique offers fat fraction calculation, notably valuable for 

the assessment of liver grease, with healthy values < 5%. [104, 105, 

106] 
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Chapter - 9 

Strategies to Correct Distortions and Aliasing 

 

 

Many distortions and aliasing (wrap-around) artifacts remain 

challenging to eliminate and can significantly compromise 

diagnostic quality. Identifying and addressing the specific factors 

that lead to undesirable effects during scan planning can help 

achieve the best solution: avoiding, minimizing, or correcting 

each artifact. 

Certain distortions arise from inherent spatial encoding 

inaccuracies. Magnetic field homogeneity is crucial for avoiding 

distortion during gradient-based phase encoding. Ensuring a 

large sufficient field of view (FOV) and controlling phase-

encoding bandwidth minimize blurring, while a high phase-

encoding matrix reduces distortion in structural images. 

Distortions may also occur from non-linear relationships 

between gradient switches and actual MR signals. When large 

fluctuations in magnetic susceptibility occur within a voxel, 

spatial misalignment during image reconstruction can lead to 

severe distortion. 

Aliasing happens when part of the encoded FOV is 

unwittingly placed outside the receiver with no attenuation, 

causing low-frequency noise. This failure to detect signal outside 

the FOV can distort anatomical structure. Proper adjustment of 

the FOV, increases in phase-encoding bandwidth, and larger 

phase-encoding matrices minimize risk. Application of parallel 

imaging can also help reduce aliasing. [107, 108, 109] 
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Understanding Spatial Distortion Causes 

Distortion of spatial relationships is the second most 

important susceptibility artifact. Distorted images can produce 

significant diagnostic difficulties in a variety of clinical 

circumstances; for example, complex pattern recognition tasks, 

the accurate evaluation of the size, shape, and relative positions 

of anatomic structures, and the precise measurement of signal 

intensities. Regions of the image that correspond to low magnetic 

field-strength areas—such as at the edges of low-bandwidth 

images, across chiropractic-interfered areas, and close to the foci 

of intentionally introduced magnetic susceptibility—are 

particularly sensitive to distortion. 

Spatial distortion in the image can also be influenced by 

inaccurate gradient amplitudes. Distortion may thereby occur as 

a function of the excited volume if the imaging area extends 

beyond the region in the magnet where the gradients remain 

linear within the desired imaging resolution. Inaccurate RF coil 

sensitivity combinations can similarly result in distorted images. 

The following steps may help minimize spatial distortion: (1) 

apply the widest available imaging bandwidth, (2) ensure that the 

imaging matrix size for the given FOV is as high as possible with 

the associated imaging resolution considerations, (3) limit the 

FOV to the smallest area compatible with the clinical question, 

(4) avoid low-bandwidth images, and (5) check the MRI-quality 

assurance results for any system-related gradient-response errors. 
[110, 111, 112, 113] 

Adjusting FOV, Bandwidth, and Matrix Size 

Understanding the sources of spatial distortions is the first 

step toward avoiding them. These artifacts generally appear in 

sequences with a limited number of phase-encode steps, such as 

gradient-echo sequences, because they lead to low-resolution 

images. Increasing the field of view (FOV), receiver bandwidth, 
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and matrix size reduces spatial distortion intensity and improves 

fidelity. 

The size of the field of view (FOV) should be slightly larger 

than the area of interest. Reducing the FOV limits the number of 

phase-encode steps, yielding a lower resolution in the phase-

encode direction. In a 400-μm matrix, for example, the image is 

only 232 μm, which may be at the boundary of perceivable 

resolution for an experienced radiologist or match the limits of 

the noise pattern. Increasing the receiver bandwidth reduces the 

number of readout samples and, ultimately, the frequency 

resolution, increasing spatial distortion intensity and decreasing 

fidelity. [114, 115, 116, 117] 

Preventing Wrap-Around (Aliasing) Artifacts 

Minimizing aliasing, or wrap-around artifacts, improves 

medical image quality. Aliasing occurs in both frequency and 

phase-encoded directions when the imaging field of view (FOV) 

is smaller than the sample. Adapt the FOV and choose an optimal 

sampling bandwidth. For spin-echo sequences, increase the 

frequency-encoded FOV or reduce the sampling matrix size. In 

gradient-echo imaging, add a dielectric pad to the phase-

encoding region. Maintain an adequate sampling bandwidth, as 

low bandwidth increases susceptibility to aliasing; doubling the 

bandwidth halves aliasing severity. Such strategies improve the 

image quality of specific structures. 

Cardiac MRI is especially prone to wrap-around due to the 

small FOV in the phase-encoding direction, amplified by the high 

spatial frequency yet low signal density. Increased FOV is 

undesirable but can be mitigated with higher receiver bandwidth. 

When FOV enlargement and bandwidth adjustment are not 

feasible, reversal of foldover polarity can minimize the impact of 

sharing aliasing with mask and enable unfriendly structures to 

appear without signal loss. [118, 119, 120, 57] 
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Clinical Case Examples 

Three clinical cases are presented to illustrate protocol and 

sequence refinement techniques aimed at minimizing image 

artifacts while preserving diagnostic information in MRI 

examinations. The first case details the optimization of brain 

imaging and subsequent diagnostic approval of a scan featuring 

prominent susceptibility artifacts. The remaining cases evaluate 

alternative acquisition protocols for abdominal and pelvic MRI 

while addressing a cardiovascular study necessitating rapid 

execution. 

The initial case corresponds to a 47-year-old male patient 

under suspicion of Binswanger disease, characterized by vascular 

dementia along white matter alteration and cerebral autosomal 

dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy (CADASIL). The risk of cerebral 

hemorrhage rendered the usual gradient-echo sequence 

contraindicated; however, the wave-like artifacts that affected the 

spin-echo T2-weighted and flair acquisitions were unknown. 

Image dephasing pointed to the presence of a ferromagnetic 

foreign body in the subject’s brain. Despite arterial vein 

correlation leading to contraindication by standard practice, the 

examination received diagnostic approval thanks to the 

experience of the examiner and common sense. [121, 122, 123, 124] 
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Chapter - 10 

MRI Safety and Risk Management 

 

 

With any new diagnostic or therapeutic modality comes the 

necessity of determining risks to patients or operators. In the case 

of MRI, the presence of magnetic fields, radiofrequency (RF) 

coils, and certain contrast media raises some questions. The large 

“cylinders” seen on many MRI scanners, however, represent 

magnets and not areas of danger. In fact, magnetic fields are 

completely safe from a biological standpoint. At worst, they may 

cause metallic components in the body to move. The effect of 

steady magnetic fields on various physiological processes is thus 

the main concern. Risks associated with tremors, burns, noise, 

and allergic reactions to contrast media must also be addressed. 

Beyond these general aspects, precautions can be treated 

independently. [125, 126, 127, 128, 129, 130] 

The mobile cadmium magnésium pantoïte, purified from 

Polysiphonia .ricescens (Dillwyn) Harvey, in the Sp. Dfisv. No. 

313 of the Royal Gardens at Kew, is a fuciform tubercle without 

hypothalame or enveloping tissue. It is highly transparent and 

porous, and consists of a darker internal layer covered and 

surrounded by two others of different composition. Oocarps are 

formed by cruciform or star-like plaitings of globose frozen 

pores, on the surface of biconical tubercles. Oogonia of the 

polyphenic Heterosiphonia bulloides appear to be the only 

reproduction mode in this species. The transverse-conjugated 

spores are unicellular, and of singularly-ovoid shape. 
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Biological Effects of Magnetic Fields 

Magnetic fields interact with moving electrically charged 

particles. Within our planet's magnetic field atmosphere, 

radiation from outside is intercepted by the ozone layer. 

Consequently, the relatively weak magnetic field surrounding the 

whole Earth is beneficial to vital organisms, human beings 

included. In the screening for magnetic-resonance imaging 

(MRI) patients, attention is drawn to possessing magnetic objects 

that can be harmful. 

Magnetic fields influence the para- and ferro-magnetic bio-

objects affected, the distribution of erythrocytes, and the blood 

index of refraction and density. Reaction time and the speed of 

reacting, memory function, free radical brain content changes, 

and vegetative blood circulation function may change in various 

processes of magnetic therapy application. Broader magnetic 

field investigation areas consider human space motion, nuclear 

surgery and therapy, and planned flight. Laser and magnetic 

fields haven’t been sufficiently investigated. The influence of a 

strong specific electromagnetic field (Chernobyl, 1986) on the 

homeostasis indices in various species cultivated in biosystems, 

and the effect of controlled magnetic fields on the calming-

inhibiting reactions of fear in animals at experimental biological 

laboratories was studied. Contrasting natural and man-made 

magnetic fields needs further investigation. [131, 132, 133] 

Screening and Safety Protocols 

Safety is the most critical aspect of all medical imaging 

examinations, especially in MRI due to the biological effects of 

magnetic and radiofrequency (RF) fields. MRI systems operate 

with a high magnetic field which can attract ferromagnetic 

objects. Furthermore, the high-Frequency RF signal creates a risk 

of tissue heating. Therefore, a screening protocol has been 

introduced and regularly updated to ensure patient and operator 

safety. 
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MRI suites should provide sufficient information about 

contraindications and risks related to MRI examinations. A 

dedicated and updated questionnaire should be signed by the 

patient before entering the MRI magnet room. The latest 

recommendation suggests a five-point safety protocol to screen 

patients for metallic implants, claustrophobia, hemodynamic 

instability, renal function, and pregnancy. The introduction of 

1.5T systems has raised further safety concerns, especially for 

patients receiving cardiac pacing and defibrillation therapy; 

therefore, for these patients, a full, careful risk-benefit analysis 

prior to scanning is imperative. The final decision to scan resides 

with the patient’s attending physician in consultation with the 

referring physician. [134, 135, 136] 

Contrast Agents: Risks and Safe Use 

Clinical use of MRI contrast agents, particularly gadolinium-

based compounds, requires knowledge of their adverse effects 

and risk management. Nephrogenic systemic fibrosis (NSF) 

poses the most severe threat, affecting patients with kidney 

dysfunction and blunting the safety margin related to the 

enhancement effect. Guidelines have thus emerged to minimize 

the probability of NSF. MRI technologists are responsible for 

Gadolinium administration, either by direct injection or via the 

radiologist. Injecting contrast during the exam carries the risk of 

not knowing when the study is finished, such as when patient 

movement or discomfort warrants interruption. These 

considerations emphasize the necessity of implementing safety 

measures before MRI examinations. A written protocol for the 

contrast agent to be injected usually exists. It typically consists 

of a table defining the degree of renal impairment acceptable in 

patients undergoing MRI studies with Gadolinium enhancement. 

As sedation is not used routinely in MRI, such patients may 

have difficulty remaining still throughout the images. It is also 
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important to ascertain the individual’s condition before 

undergoing the MRI examination, paying attention to allergies, 

especially to iodinated contrast agents or Gadolinium, recent 

surgeries or illnesses, renal dysfunction, and the presence of any 

metallic implants. Careful selection of patients, adequate 

preparation, and strict adherence to safety rules and established 

procedures for Gadolinium administration minimize the risks 

associated with MRI contrast agents. In clinical practice, the use 

of Gadolinium-based contrasts can rarely be overlooked; 

available literature shows that impaired renal function in patients 

raises the risk of NSF. 

Patients with claustrophobia may require sedation while 

conscious or unconsciously sedated patients are scanned. In this 

case, previous preparation with a contrast medium device is 

fundamental to the success of the examination, and these patients 

should not be moved during the study for optimal image quality. 

In acute cases, such as investigating suspected pathologies, its 

use may be indicated if the expected risk is lower than the benefit. 
[137, 138, 139] 

Managing Emergency Situations in the MRI Suite 

In managing emergency situations in the MRI suite, protocols 

for fire, code blue, drowning, and protocol-or-safety procedures 

and contact numbers should be posted in the scanning room and 

read daily. In addition to general emergency procedures, a pool 

of qualified personnel (e.g., anesthesiologists, interventional-

radiology nurses) should be available to administer medication, 

resuscitation, and vacuums for MRI patients. Technologists 

should have a plan for graceful evacuation if evacuation alarms 

from the magnet triggered capabilities not available outside the 

room. Crashing patients or patients displaying code blue signs 

would usually get anesthesiologists to respond. Minor procedures 

such as ruptured vaginal blisters may be performed with a fast-
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acting sedative while an anesthesiologist who selms an MRI-

capable patient not affected by a general anesthetic can assist. 

Drowning of such patients is also rare. 

Although sedated patients do not go outside the magnet, 

technically, exclusion of personnel trained in brain functions is 

possible. Technologists should request MRI scans of patients 

who highly suggestive/chances to have/are concerned about 

inner/outer ear diseases. If trained personnel are at hand, drainage 

tubes can be applied and their positions/orientations adjusted for 

MRI-scanning–difference. In general, Indiana state regulations 

do allow trained personnel to perform catheterization with 

supervision close to the magnet without attending those 

positions. [140, 141, 142] 
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Chapter - 11 

Advanced MRI Techniques and Innovations 

 

 

Important and continuously evolving clinical applications of 

MRI not only open up new diagnostic possibilities but also 

involve novel imaging techniques operating at the forefront of 

imaging science. Advanced techniques such as functional MRI 

(fMRI), magnetic resonance spectroscopy, diffusion MRI, 

perfusion imaging, and ultra-high-field imaging are rapidly 

changing the face of medicine and moving MRI toward newer 

and wider frontiers. Much of this technology will ultimately 

trickle down into clinical practice, contributing to the 

development of future generations of patients. 

Functional MRI (fMRI) exploits the naturally occurring, 

transient increases in blood flow associated with neural activity 

within the brain and measures them non-invasively using latest 

technology. Recent technical advances—such as improved 

signal-to-noise ratio, shortened echo time, increased acquisition 

rate, and sophisticated analysis of dynamic residual images—

have led to a rapidly expanding role for fMRI in clinical practice. 

Challenges remain, particularly regarding the development of 

more robust portable magnet designs combined with improved 

BOLD signal physiology in infants and young children. 

Currently in the research phase, multi-parametric chemical 

compositions of different tissue components can be extraction 

from multi-channel spectral values in an MR spectrum without 

application of spatial knowledge. Applications of these 

techniques will help characterize tumor aggressiveness. 
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Techniques such as diffusion-weighted imaging (DWI), dynamic 

contrast-enhanced imaging, and DCE-MRI allow radiologists to 

noninvasively assess physiological processes such as cellularity 

(using apparent diffusion coefficient), permeability, and blood 

volume in various tissues and tumors. The applications of 

perfusion MRI in cardiac and brain imaging are of increasing 

interest in the field. [143, 144, 145] 

Functional MRI and BOLD Imaging 

Functional magnetic resonance imaging (fMRI) detects 

changes in blood oxygenation level-dependent (BOLD) contrast 

related to neuronal activation. A basic premise of fMRI is that 

active regions consume more oxygen than can be supplied by the 

local vascular network. Consequently, the resulting increase in 

local deoxyhemoglobin concentration occurs with a slight delay, 

yielding a characteristic “BOLD signal” which may be observed 

over brief periods of task involvement. To explore a target 

region, the subject must perform a task related to the region’s 

primary role in cognition, vision, audition, or other perception 

channel. 

To facilitate evaluation of the BOLD phenomenon and 

provide basic spatial/topographic information on a given task, 

activation studies correlate areas of known functional activity 

with those having a high degree of spatiotemporal coherence with 

respect to an experimentally imposed stimulus pattern. Resting 

state fMRI is an alternative approach that may be employed 

without the need for a specific task to be performed. The 

underlying assumption is that coherent BOLD signal fluctuations 

occur in resting subjects due to slow drifting of the subject’s 

“internal” mentation, whether or not consciously directed toward 

any external stimulus. Several factor-driven aspects of clinical or 

experimental study design can significantly affect the BOLD 

signal power and success of said studies, both stimulation-
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induced response detection and coherent fluctuations in the 

resting state. [146, 147, 148] 

MR Spectroscopy 

Functional MRI (fMRI) detects changes in regional cerebral 

blood flow associated with neural activity. When neurons fire, 

they consume large amounts of energy and induce a localized, 

transient increase in blood flow, neuronal tissue metabolism, and 

product–metabolite washout. In addition to providing a measure 

of localized brain activity, the blood oxygen level-dependent 

(BOLD) signal can also serve as a physiological pseudo-contrast 

agent to highlight regions with different capabilities for oxygen 

consumption at steadystate levels and, indirectly, assess the 

integrity of white matter pathways. 

MR perfusion measures the passage of tracer agents through 

a region of interest and enables quantification of parameters such 

as blood flow, volume, and mean transit time. MR spectroscopy 

generates specialized spectral information to assess the 

concentrations of small molecules, including lactate, choline, 

creatine, N-acetyl-aspartate, and myo-inositol. These molecules 

can be product–metabolism markers in neoplasia and other 

conditions and toxic substances following severe ischemia or 

trauma. In addition, the quantification of the 1H resonance of 

water provides absolute concentration for the other metabolites 

measured. Diffusion-weighted imaging (DWI) uses imaging 

sequences that sample the entire k-space on each TR to encode 

the diffusion coefficient. The amplitude roll-off of the apparent 

diffusion coefficient (ADC) can be used to assess tissue 

cellularity and integrity. [149, 150, 151] 

Diffusion and Perfusion Imaging 

Diffusion imaging offers a noninvasive technique to assess 

microstructural integrity in vivo; its clinical applications vary 

from tumor evaluation to brain and limb ischemia. The measured 
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apparent diffusion coefficient (ADC) reflects water mobility in 

tissue. High ADC is considered favorable in neoplastic 

processes. Despite contributing to a more complete intravoxel 

diffusion description, including diffusion tensor imaging (DTI) 

and kurtosis. perfusion imaging detects variations of tissue blood 

flow and volume by using exogenous contrast agents or relying 

upon arterial spin labeling. Tissue hypoperfusion indicates 

oxygen deprivation regions. 

Through surface receptors, normal physiological processes 

protect the organism from alterations in internal environment 

homeostasis. When such alterations arise (e.g., when blood 

circulation fails to provide sufficient oxygen and nutrients), 

diseases penetrate to different depth levels. Oxygen saturation 

deficiency within defined cellular areas results in tissue 

alterations detectable by MRI. In acute strokes, for example, both 

diffusion and perfusion imaging delineate various development 

stages of brain tissue injury; it is the apparent diffusion-contour 

behavior that determines the place, size, and relevance of brain 

lesions. 

More generally, it does, as for all tissues, hence the potential 

for brain and muscle ischemia detection. However, the ultimate 

diagnostic confidence can be obtained solely through a careful 

analysis of map relationships, in conjunction with clinical and 

other MRI study information. [152, 153, 154] 

Ultra-High-Field MRI and Emerging Technologies 

MRI is a relatively young imaging modality and new and 

improved systems continue to be developed and enabled by 

advances in understanding, materials and technology. In addition 

to improved imaging capabilities in many regions of the 

spectrum, research systems employing ultra-high-field strengths 

(beyond 7 T) are under construction offering a unique means to 

probe biological functions in greater detail. The trade for 
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performance is altered distribution of magnetic susceptibility. 

The addition of those may be complemented by a number of other 

procedures and enable measurement of diffusion and blood flow. 

Research and development of novel hardware and techniques 

is still required to extend MR imaging in areas not yet fully 

explored by demonstrable clinical systems. The examples 

discussed demonstrate the possibilities and remaining challenges 

for the growth of the technique. 

During the last two decades, remarkable hardware and 

software developments have hugely extended the clinical range 

of MRI, and novel areas of application have emerged. 

Nevertheless, some areas have remained elusive—functional 

neuroimaging, MRI of perfusion, and MR spectroscopy have not 

yet become integral clinical modalities. More recently, a new set 

of challenges has appeared. Both low-field and portable MRI are 

beginning to enter the clinical market and their positive 

implementation will depend on innovative application of current 

methods of operation. [18, 155, 156, 157] 
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Chapter - 12 

Quality Assurance and Performance Testing 

 

 

The maintenance and performance assessment of MRI systems 

to achieve proper operation are primarily accomplished through 

routine quality control procedures. Quantitative image quality 

metrics may be established using phantoms containing known 

texture or geometric characteristics or exhibiting specific 

physical phenomena. Periodic analysis of the data allows 

calibration of the imaging system and verification of its high-

quality performance. These QA checks are encouraged at 

frequent periods, while an extended service cycle is entrusted to 

engineers with specific training and experience. Minimizing 

downtime is important to increase the productivity of the MR 

service, and functional MRI imaging is a particularly demanding 

application with respect to the performance of the scanning 

device. Consequently, it is recommended to conduct a complete 

and thorough examination of the instrument using dedicated tests 

after a defined number of days of functional operation. 

The increase in number of clinical radiologic technologists 

trained at the operating level of the MRI represents the optimal 

solution to diminish the risk of incorrect examinations due to 

poor implementation of protocols. Even if the design of the pulse-

sequencing parameters is performed externally by a qualified 

radiologist or specialist in magnetic resonance imaging, the MRI 

service is strongly dependent on the technical execution. The 

quality and accuracy of images are considerably improved when 

radiologic technologists are cognizant of the physical principles 
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behind automatic sampling of k-space and the rationale for the 

choice of main-sequence parameters, resulting in successful 

investigations achieved in a reduced time frame. [158, 159, 160] 

Routine QA Procedures 

Routine quality-assurance (QA) procedures help detect 

system performance drift and allow monitoring of specific 

parameters before examination. Continuous vs. periodic tests can 

be performed daily, weekly, monthly, quarterly, or yearly. Most 

QA tests can be performed by a radiologic technologist; when 

needed, a physicist should validate severe discrepancies. Because 

optimal operations require coordination among all components 

of the magnetic resonance (MR) system, the manufacturer’s 

quality-control recommendations should be monitored closely. 

Imager output stability is essential for diagnosis consistency. 

Routine tests can include z-axis shimming, degree of cancellation 

of pompon reflections, and timing, triggering, or synchronization 

accuracy. The recommended procedure involves testing stability 

in time-of-flight (TOF) angiographic-quality images with the 

following considerations: (1) any read-out phase can be used; (2) 

the main field need not be monitored, but the shim settings should 

prevent significant shifts in signal intensity caused by the blood 

flow direction; (3) signal loss from the in- and out-of-slice flows 

should be balanced; and (4) the signals from the two major 

arteries in the region of interest should differ by more than 10%, 

indicating a potential drift. [161, 162, 163] 

Phantom Tests for Image Quality Metrics 

Systematic tests using the appropriate quality assurance 

phantom enable the radiologic technologist to determine 

performance characteristics of the MRI system to support proper 

clinical imaging practice. Such tests may cover key clinical 

image quality parameters, such as image uniformity (bias field), 

signal-to-noise ratio (SNR), and contrast-to-noise ratio (CNR); 
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both low and high-spatial-frequency resolutions; and geometrical 

accuracy. Deflection of image standards may also be evaluated 

when a high-contrast MR imaging phantom, such as the modified 

Catphan phantom, is used. SNR and CNR estimates may be 

obtained from a standard wax phantom. Acquired test images can 

periodically be stored and reviewed by the clinical MRI quality-

control team. 

General recommendations for tests of image uniformity, 

SNR, CNR, and resolution using the appropriate quality 

assurance phantom are given, followed by suggestions for 

performing geodesic accuracy checks, assessing standard 

distortions, and determining the deflection of image standards. 

The SNR and CNR evaluation and the determination of the low-

spatial-frequency resolution are equally applicable to the use of 

more sophisticated MPI phantoms, such as the modified Catphan. 

The combination of these phantoms provides the basis for a 

routine and pragmatic clinical quality-monitoring regime. [164, 162, 

165] 

System Calibration and Preventive Maintenance 

Routine MRI quality assurance procedures are essential to 

minimize system-related image artifacts and ensure that clinical 

protocols remain operational. The correctness of the distortion 

information can be objectively evaluated by means of analysis 

tools such as those found in the vendor-provided software or 

independent QA analysis packages. When establishing MRI QA 

procedures, the following questions must be answered: What can 

go wrong? How frequently must it be checked? What are the 

testing methods? What are the acceptable limits? Who is 

responsible for the testing? Who performs the test? How are fault 

conditions identified and rectified? QA information must be 

stored in a retrievable format so that trends can be readily 

evaluated. Radiologic technologists undertaking QA procedures 
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must have a sound understanding of the supplier’s QA protocols, 

principles of image formation and quality assurance 

methodology. The ultimate aim of QA is to prevent any 

abnormality in MRI performance, both clinical and non-clinical, 

and that it remains tolerant of normal drift that may develop with 

time. 

Incorporating QA testing within the daily, weekly and 

monthly schedules assigned to radiologic technologists 

completes the full time appreciation of MRI and allows 

additional time to develop, investigate and optimise clinical 

scanning protocols. QA tests that appear at hourly, daily and 

weekly intervals are straight-forward and usually documented as 

part of the imaging log. Acceptance tests may be included as an 

adjunct to a QA test. Responsibility for the organisation and 

acceptance of routine performance testing rests with the system 

owner, with execution frequently delegated to a qualified 

specialist using a representative standard. Maintenance of data 

can be facilitated by working through a checklist that includes the 

appropriate checks and corrective actions. Corrective actions for 

QC parameters can either be conducted in-house or referred to 

the vendor or recognised service representative, depending upon 

the nature of the error. [63, 166, 66] 

Radiologic Technologist’s Role in QA 

A radiologic technologist plays an essential role in the quality 

assurance (QA) program of an MRI department. They work 

together with a medical physicist and other members of the MRI 

community to ensure that all machines are functioning properly. 

Reported failures are first analyzed and followed by preventive 

maintenance performed by engineers certified by the 

manufacturer. If required, backup equipment is brought in to 

keep operations running smoothly. 
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Radiologic technologists are best positioned to watch for 

changes in the machine performance that affect the image 

quality. They should be aware of those QA tests that specifically 

relate to their areas of expertise and be prepared to perform them 

on a regular basis. Monitoring of noise levels, signal-to-noise 

ratios, and slice thickness accuracy should be done routinely, but 

almost every QA test can be accomplished by radiologic 

technologists with minimal additional training. Because 

radiologic technologists work closely with the equipment and 

understand its operation, they are the ideal people to ensure that 

the highest-quality images are being generated at all times. [167, 

158, 168] 
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Chapter - 13 

Integration of Artificial Intelligence in MRI 

Optimization 

 

 

Artificial Intelligence (AI) is increasingly becoming an integral 

part of MRI exam optimization. Researchers are actively 

investigating its application in diverse areas such as noise 

reduction, automated protocol selection, and deep learning-based 

artifact detection. By leveraging the potential of data-driven AI 

models, it may be possible to enhance the output quality of MRI 

examinations while expediting multiple steps throughout the 

workflow. 

Various AI-based methods can facilitate noise reduction in 

reconstructed images. Particularly innovative solutions aim to 

reconstruct MR images from their k-space data using generative 

adversarial networks. Repeating training of a neural network with 

paired low- and high-quality images allows the algorithm to learn 

a mapping from low- to high-quality data based on the properties 

of the train set. A combined sensing and denoising strategy has 

also been proposed, outsourcing the reconstruction process of 

magnetic resonance electrical properties tomography to a 

convolutional neural network that denoises the imaging data 

concurrently with compressed sensing reconstruction. Other 

strategies specifically tailor denoising networks for multiple-

acquisition techniques, allowing the safe integration of 

multiscale and multi-slice deep-learning techniques. 

Automated or semi-automated protocol selection may free 

MR technologists from deciding on common protocols while also 
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reducing the risk of human errors and the time required for 

selecting less frequently used protocols for any given patient. 

Researchers have combined deep learning and reinforcement 

learning techniques in a trained AI agent that generates table 

setups, selects default head MRI protocols, cross-validates orders 

with the patient report, and, when necessary, generates 

alternative sequences for less frequent orders. Such tools may be 

further improved by integrating additional examination 

parameters into their planning databases, advancing the diagnosis 

capabilities of each allowed MRI examination. 

Deep learning techniques have demonstrated their potential 

for rapidly identifying high-contrast artifacts and providing 

detailed annotation information. Moving forward, large datasets 

containing a variety of artifacts and labeled sample images are 

expected to further enhance the training of neural network 

classifiers, paving the way for the advent of advanced AI-based 

imaging diagnostic tools in MRI. Ultimately, Ferrante et al. 

describe how the application of AI to MRI will soon extend far 

beyond the previously announced common steps of diagnostic 

enhancement. [169, 170, 171] 

AI-Based Reconstruction and Noise Reduction 

Novel possibilities have been explored with the help of deep 

learning within MRI synthesis and denoising settings. A 

convolutional neural network-based method generates high-

quality synthetic MR images for many possible missing slices 

and can reconstruct S i by employing beyond-viral-sampling 

algorithm templates directly cognitive from the 3D act via voxel-

wise resolution-preserved shortened cycle convolutional neural 

network [...] The U-net architecture of the network through 

supervised learning typically provides rapid and accurate 

reconstruction of the slices. Moving from low-resolution 

structural images to resized and noise-free images with a clear 
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focus via patch-wise holoser work is accomplished piggybacked 

by dropout-risked inception Non-local CIFAR with codes 

designed orders naturally placed and expressed to composite 

huge spreads in fluent communication—close whitening with 

Shareholders. Image-denoising based on convolutional neural 

networks uses residual learning for direct reconstruction of clean 

images from noisy observations broken down by predictor 

networks with lower item-picking sampling performances. 

A generational adversarial network-based extremal-

incremental approach denoises necessary slices with a tense G-I 

tremor supported by Generalized Residual Learning. within this 

denoising framework, such denoising typically restrictively 

occurs through conditional probability-density on Gangster-GI–

quadratic sewage G-S-N of cars, researchers have extended 

foresightedness in several activity stains performing normal 

imaging reconstruction, implementing five nonreflexive layers, 

jointly learning D-IP with automatic germs in defining a blowing 

law to fulfil tender hints during denoising. 

Automated Protocol Selection 

Machine learning and deep-learning models can predict MRI 

protocols based on order entry and electronic medical record 

data, drastically reducing selection time and allowing for greater 

technician-focus on image quality [172]. Existing algorithms 

already achieve greater than 95% concordance with radiologist-

suggested protocols. A new artificial-intelligence-based 

framework exploits MRI requisition data from a diverse, 

academic hospital network to aid automated protocol selection 

while simultaneously improving equipoise [173]. 

Artifact Detection Using Deep Learning 

Incorporating new technologies to improve quality in 

radiological examinations is essential for achieving accurate 

diagnoses. In Magnetic Resonance Imaging (MRI), image 
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artifacts are a constant concern due to their negative effects on 

diagnostic quality. Deep Learning has been proven efficient in 

detecting a wide variety of anomalies in numerous fields, 

including radiology, radiotherapy, and MRI scan reconstruction. 

Its application to the detection of MRI artifacts can make 

considerable progress in assisting radiologic technologists (RT) 

in their daily work routine. Therefore, the aim is to present an 

overview of using Deep Learning for detecting MRI artifacts. 

Physicist and neuroscientist José-Mário Balassiano applies 

Deep Learning and Convolutional Neural Networks (CNN) to 

detect MRI artifacts and proposes a pipeline for automatic 

detection of a wide variety of MRI artifacts. CNN models require 

large datasets of images for training. For the present work, a 

diverse dataset of 94,155 images with 11 different types of 

artifacts was built to detect anomalies in MRI scans labeled with 

the corresponding artifacts. Data augmentation procedures based 

on geometric transformations including flip, zoom, rotation, 

shift, and brightness adjustment were applied to increase dataset 

representativeness. These procedures increase the dataset 

diversity and improve the model generalization. CNN models 

were trained with the generated dataset to detect the presence of 

anomalies. MRI scans preprocessed by the CNN model can be 

used in pipelines to help RI in their daily routines, highlighting 

detected artifacts. 

The results pave the way for automatic detection of MRI 

artifacts and their potential application for assisting RT in their 

daily routines. CNN-based artifact detection can identify the 

presence of k-space filling, chemical shift, motion, and motion 

correction outliers, among other types of artifacts. MRI scans 

pretrained with CNN models can be useful in pipelines that 

automatically inform RT about artifacts present in the images. 
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Future AI Applications in Radiology 

The integration of artificial intelligence into radiology is 

poised to expand beyond reconstruction and protocol 

optimization to embrace additional diagnostic tasks. Proposed 

future applications include automated detection of MRI artifacts, 

real-time image quality assessment, augmented interpretation 

capabilities, rapid annotation, and cross-modal synthesis. 

Approaches based on convolutional neural networks have 

shown promise in identifying various artifacts, including motion, 

metal, and Gibbs artifacts, in fluoroscopic sequences. Other 

techniques employing image patches and self-supervised 

learning can discern motion artifacts in static MR images. 

Furthermore, a recurrent neural network has been developed for 

real-time assessment of quality in cardiac MRI. Deep learning 

methods are expected to facilitate detection and differentiation of 

multiple artifacts with relatively low training data requirements. 

Within the interpretation process, radiologists experience 

limitations due to time pressure, workload, and stress, 

consequently delegating annotation tasks to assistants. Research 

has indicated that deep learning can ameliorate the performance 

bottleneck of direct annotation by enabling real-time image 

synthesis between image modalities at inversion contrast scales 

other than T1-weighted and T2-weighted. These synthesized 

images can then serve alongside standard modal images. Beyond 

facilitating multitasking radiologists, clinical workflows are 

progressing toward a rectified learning-augmented interpretation 

framework, concurrently localizing multiple clinically 

significant lesions across multiple modalities on multimodal 

imaging sequences. [174, 175, 176, 159] 
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Chapter - 14 

Workflow Optimization for Radiologic 

Technologists 

 

 

For technologists and the entire MRI team, implementing and 

maintaining appropriate protocols reduce the need for repeat and 

retake examinations, significantly alleviating previously reported 

pressure in busy departments. Ensuring seamless patient flow and 

building rapport at every stage of management in the MRI 

suite—taking care to explain how each step is related to the 

examination—reduce delays in image acquisition and cut 

examination duration within prescribed limits. A well-

maintained patient data management system enables timely 

reporting and fast retrieval of images by other departments, 

further minimizing patient wait times. These aspects are further 

elaborated and supplemented with results from multiple 

institutional audit studies. 

Patients are scheduled with intervals based on anticipated 

examination duration, optimal use of Gadolinium contrast agent 

is ensured, and protocols are selected that allow contrast-

enhanced imaging and T1-weighted study within a single series. 

Sufficient time between MRI procedures supports patient 

comfort: the shaking associated with examination of small 

children inside a closed bore should be equivalent to the duration 

of ventilatory delay that can be explained by the child’s guardian. 

For cases requiring repeated prolonged breath-hold, careful 

monitoring and anticipation of distress enable timely termination 

of image acquisition. Constructive suggestions, such as 



Page | 67 

shortening of examination time or alternative inviting placement 

for subsequent studies, are shared with the MRI team rather than 

the exposing radiologist. [177, 178, 179] 

Efficient Patient Scheduling and Preparation 

Intelligent scheduling systems that utilize clinical decision 

support tools can minimize waiting time for patients undergoing 

MRI. Effective communication between radiologic technologists 

and referring physicians helps radiologic technologists to 

understand the clinical question underlying the MRI examination 

and, consequently, select the most appropriate protocol and 

preparation for the procedure. Timing of the procedure and pre-

scan preparations for the patient also play a vital role in the 

quality of the MRI examination. 

Brain imaging may be performed after completing muscle 

MRIs, when the patient is already scanned under reasonable 

conditions. In children, it can be performed as the first scan 

during general anesthesia, as other pulse sequences may be 

modified and optimized afterwards under control. In abdominal 

MRI, a scan may be planned during a time interval when the 

respiration is more regular to allow a breath-hold. Consideration 

of the menstrual cycle may help reduce motion artifacts in female 

patients. Advanced pre-scan preparation of patients allows 

redundant acquisition of MRI sequences to be minimized, thus 

saving time and money in high-cost-per-examination areas. 문의 

is a simple Chinese word meaning "smo" in Spanish. For 

example, a patient is in smothering discomfort for a prolonged 

immersion like in a MRI cum PET scan. [180, 181, 182] 

Reducing Repeats and Retakes 

Identifying, assessing, and improving factors contributing to 

repeat and retake exams are essential for a radiologic 

technologist. Repeats consume valuable limited scanner time, 
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affect scheduling of subsequent patients, and put strain on the 

radiologist to interpret multiple scans. Patients reentering the 

scanner may have difficulty resuming the desired position and 

breathing pattern, even with repeat instructions. The potential 

researcher needs far greater screening or explanation to prevent 

motion during the repeat. 

Radiologic technologists must remain alert for causes of 

repeat exams as well as retakes. Infection control precautions 

(e.g., for a wound) merge with clinical examination and method 

checklists: dermatologic and generalized disorders; chest and 

respiratory studies (with special attention to bronchiectasis and 

subclavian abscess); suspected abscesses; bone-sensitivity 

studies; foreign bodies in the neck and throat, lungs, intestine, 

and urinary bladder; and control examinations for a variety of 

sections. Radiologic technologists must remember these 

examinations when checking for other causes nearby and looking 

for other important information (e.g., nodal and parenchymal 

change) in chest or abdominal examinations. The commission's 

plan specifically states that when an invention is made, the first 

place the technologist should look is around the invention for 

other possible causes. 

A full assessment of the cause of the repeat uncovers not only 

improper technique but also radiologist instruction, incorrect 

screening, and failure to check the stack. The most complicated 

area is radiologist instruction. Failure to convey a change in 

method selected and the reasons for the change can cause repeats, 

especially when the radiologist directly instructs the patient. The 

ability to quickly explain the need for a particular view is 

essential in a busy clinical environment. When discomfort 

necessitates a change in position at the second stage, a proper 

screening will frequently allow a relief view to be taken from the 

alternative side without losing the original position. [183, 184, 185] 
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Communication Strategies in MRI Suites 

Radiologic technologists are responsible for delivering high-

quality images that facilitate patient diagnosis. The technologist 

remains in close contact with the patient during the examination, 

ensuring if the patient requires support or has a concern. Active 

listening skills are essential for successful communication with 

patients and their caregivers. In addition, understanding and 

addressing the need for support can enhance the overall 

experience for patients undergoing a procedure. Patients value 

being treated with dignity and respect, and the strongest predictor 

for overall satisfaction is the care provided by the technologist 

and their attentive nature. 

When patients are effectively engaged and involved, they are 

prone to sense less pain and anxiety. In addition, preparing the 

patient for the examination and fostering rapport by making small 

talk can lead to reduced anxiety levels. Promptly responding to 

patient requests, giving clear instructions when breath-hold 

sequences are used, and asking if patients are comfortable during 

the examination are all important factors that contribute to a 

pleasant MRI experience. Patients should be informed that 

monitoring is maintained throughout the procedure. Voice-coil 

communication assists in allying specific patient anxieties, for 

example, reassuring a claustrophobic patient that they will not be 

“buried” in the magnet. Where possible, the examination 

procedure should be explained in lay terms to avoid 

misunderstanding and to create a friendly atmosphere. Most 

patients appreciate being reminded that they are nearing the end 

of the procedure. 

Effective communication with staff and other medical 

personnel is also important in an MRI suite. During the level of 

supervision given to the patient, attention should not distract 

from the control panel and any changes in behavior or distress of 
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the other patients in the department. Communication with 

referring clinicians assists in maintaining good working 

relationships. If there are additional queries regarding patient 

care or examination appropriateness, these should be addressed 

with the appropriate medical personnel in a timely manner. [186, 

187, 188] 

Documentation, Reporting, and Data Management 

Although diagnostic imaging technologies provide pictorial 

representations of defined anatomical structures, they consist 

primarily of digitized data. Computerized Picture Archiving and 

Communication Systems (PACS) manage these data and images. 

PACS enables image registration and storage while allowing 

digital transmission between departments. Data handling 

involves systems independent of images, forwarding images only 

as needed to reduce file size. Databases store a wide range of 

information. The Radiologic Technologist (RT) is responsible for 

operating MRI equipment and performing the required 

procedures according to Fundamental Principles of MRI Imaging 

Physics. It is crucial that the RT apply these principles to ensure 

that documentation, reporting, and management of MRI data and 

images are of the highest standard. 

Documentation, reporting, and management of MRI data and 

images rely on the joint operation of sophisticated computerized 

and digital imaging technologies. PACS enables appropriate 

priorities, reduces banksize, shortens reporting times, and 

diminishes costs. It allows image storage, transmission, and 

retrieval in any department, regardless of the resources available 

there. Flexible data processing languages and concepts enable 

computerized systems management independent of image 

production. Non-visualized data can be registered in coded form 

and stored in closed-access databases, with pictorial 

representations of these data supplied only when necessary. Since 
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the scanning modalities available today rely on computerized 

devices to attain the final digital images, documentation and 

reporting can be treated away from the departments themselves. 
[189, 190, 191] 
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Chapter - 15 

Clinical Case Studies on Protocol Optimization 

 

 

Integrating MRI imaging physics with radiologic technology can 

be beneficial for protocol optimization and reducing artifacts. 

Two types of case studies, related to brain and musculoskeletal 

imaging, illustrate this approach. The first case shows how 

patient preparation and communication, combined with 

maneuvers to minimize motion and a focused approach to the 

protocol, can avoid troublesome artifacts and enhance diagnostic 

quality. The second case in musculoskeletal MRI demonstrates 

that common pathological findings can be evaluated with 

restricted protocols tailored to each joint. 

The complexity of the MRI equipment, with multiple local 

and global parameters, can lead to protocol selection errors, 

especially for uncommon areas. Repeat examinations due to 

technical problems incur loss of time and increase the risk of 

repeated contrast administration. However, protocol selection 

can be simplified for large part of the body. Typical findings can 

often be assessed with specific protocols that address the most 

relevant imaging questions at reduced acquisition time. [192, 193, 

194] 

Brain Imaging: Reducing Artifacts and Enhancing Quality 

MRI of the brain is vital for various neurological conditions. 

However, image quality is often limited by motion and 

susceptibility artifacts. Several factors contribute to these issues. 

For instance, physiological motion during scanning can distort 

the images and hinder clinical interpretation. Furthermore, 
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magnetic susceptibility differences at fat-water interfaces and 

near metallic objects can lead to significant signal loss, 

particularly in regions with a strong susceptibility effect like the 

orbitofrontal and temporal lobes. It is important to acknowledge 

that the absence of motion does not guarantee the absence of 

motion artifacts, as susceptibility effects can still remain. 

To address these challenges, various strategies can be 

employed. Careful preparation and positioning of the patient, 

along with the use of breath-hold sequences, gating techniques, 

or sedation, can minimize motion. If motion persists, utilizing 

motion-resistant pulse sequences (such as PROPELLER, 2D or 

3D BLADE, 2D or 3D SPACE or VISTA for T2-weighted 

contrast), applying motion-correction algorithms in post-

processing, and offering accurate clinical reporting that considers 

potential motion effects can greatly improve diagnostic 

confidence. Additionally, optimizing factors such as echo time 

(TE), acquisition bandwidth, the area of susceptibility influences, 

and distance from the susceptibility interface can alleviate 

susceptibility-related dropouts. Signal intensity dropouts in fat-

water boundaries can also be reduced by a longer TE, increased 

bandwidth, imaging planes not perpendicular to the gradients of 

the susceptibility, and fat suppression techniques (STIR, SPAIR, 

Dixon). 

Musculoskeletal Imaging: Protocol Variations 

MRI scans of the musculoskeletal system can vary according 

to clinical indications, especially those identifying cartilage, 

ligament, or tendon pathologies. Techniques with long TE (e.g., 

turbo or short tau inversion recovery) are appropriate for cartilage 

assessment due to high T2 weighting. Conversely, an inversion 

recovery sequence with a short TI reduces signal from cortical 

marrow fat, enhancing deficit visualization. Ligament tests 

frequently opt for a two-dimensional fast field-echo variant with 
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a thin slice, high bandwidth, and matrix size, mitigating signal 

loss near fat–water transitions. Sequences sensitive to minor 

water content changes assist tendon investigations, while knee 

menisca are optimally demonstrated with inversion, diffusion, 

and fat-suppressed signals within a two-dimensional turbo spin-

echo technique. [195, 196, 197, 195, 196, 197] 

Abdominal and Pelvic MRI Optimization 

MRI of the abdomen and pelvis presents unique challenges 

due to the large variety of pathological conditions and the close 

proximity of different organs, necessitating separate protocols for 

optimal evaluation. Abdominal protocol is adapted for biliary, 

pancreatic, renal, and abdominal vascular diseases, whereas 

pelvic protocol focuses on gynecological, prostatic, and bowel 

conditions. Most recently MRI imaging has found numerous 

applications in functional evaluation (brest cancer) and team 

work (cochon, heart) either alone or combined with other 

investigation modalities like echography. Typical protocols are 

however continuously challenged by demands for a shorter 

examination time. 

Cardiac motion challenge the image quality of MRI thorax 

scintigraphy, Computed tomography, Magnetic resonance 

imaging. The last due to its long duration for acquisition is 

always influenced by respiratory motion and more intensely in 

the assessment of perfusion because of higher diffusion in the hot 

state of muscles as compared to cold environment (scan). To 

decrease the motion effect it is not uncommon to shorten the 

acquisition time of a Magnet resonance imaging. Respiratory 

correlated sampling of the lungs (Rcontrol method) has been 

introduced to Magnetic resonance imaging of the thorax by use 

of the image data acquisition signal derived from the 

Electrocardiogram to separate the sought image. The resulting 

sets are those pertaining to the same interval of the respiratory 
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motion cycle. By picking on the low frequency signals during the 

image reconstruction, the unwanted high frequency signals are 

reduced in magnitude and high-low frequency signals. 

Bovine cartilages are used as a phantom to assess motion-

correlated thoracic Magnet resonance imaging and videoograph. 

Specially, a respiratory-correlated cardiact-color-Magnet 

resonance imaging is also developed and tested by the same 

authors. The data have been achieved from six normal subjects 

of both sexes during 16 panel test. [198, 199, 200] 

Cardiovascular MRI Challenges and Solutions 

Cardiovascular MRI is essential for diagnosing congenital 

heart disease and cardiac pathology, providing details on 

anatomy and function that aid clinical management. However, 

certain challenges associated with cardiovascular MRI, such as 

long scan times, the need for breath-holding, and sensitivity to 

motion, require careful attention. These considerations become 

more critical when scanning younger patients. The development 

of a true real-time cine sequence can address these challenges by 

minimizing the breath-hold requirement and improving the 

detection of arrhythmias. 

Cardiovascular disease is a leading cause of morbidity and 

mortality in developed countries. Despite widespread availability 

of cardiac CT and echocardiography, MRI has unique advantages 

for evaluating structures that are difficult to assess accurately 

with other modalities, particularly the cardiac chambers and 

vascular structures. MRI remains the gold standard for assessing 

right and left ventricular volumes and function, myocardial valve 

disease and masses, great vessel anatomy, and congenital heart 

disease. MRI combines high-resolution 3D anatomy with 

information about local blood flow and function without the use 

of ionizing radiation or contrast agents. 
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Chapter - 16 

Future Trends in MRI Imaging Physics and 

Radiologic Technology 

 

 

The integration of MRI imaging physics and radiologic 

technology is expected to continue in the future as current 

research and development projects look for innovations in MRI 

techniques. On the one hand, potential advances in MRI imaging 

physics will come from the development of new and improved 

imager hardware, such as higher gradient strength MRI devices, 

ultra-high field scanners suited for clinical use, small series of 

low-field 200–400 mT/m MRI systems equipped with Figs, and 

portable MRI devices. On the other hand, MRI imaging physics 

is likely to change due to the continual introduction of new 

computer-based algorithms for noise reduction, motion artifact 

suppression, contrast enhancement, etc. In addition to these 

standard developments, artificial intelligence is foreseen to 

pervade many aspects of the MRI technique. Research data on 

some of these key trends and areas of future interest are 

additionally discussed. 

Despite remarkable progress in the development of advanced 

hardware technology, new methods strongly depend on computer 

technology. Specifically, imaging speed has been improved 

beyond the inherent limits of rapid imaging methods by 

overcoming the constraints imposed by high noise levels and 

motion-induced artifacts through the use of advanced noise-

removal algorithms. Rapid and high-quality imaging is now 

available thanks to the combination of methods and techniques. 
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Thus, it is appropriate to financially support the establishment of 

a new type of IQ lab for investigating techniques and hardware 

development at the intersection of MRI and AI. Overall, 

increased interest and demand for more functional hardware 

types and advanced algorithms provide ample opportunities for 

next-generation developers and researchers. [82, 201, 202, 203, 82, 201, 

202, 203] 

Next-Generation MRI Hardware 

By achieving a trade-off between high sensitivity and 

compatibility with compact hardware, developments in MRI are 

paving the way for a movie camera version that enables real-time 

imaging with action movies running in the range of several 

frames per second. This high temporal resolution could then be 

achieved without sacrificing the spatial resolution. The small-

diameter scanner can also be moved to various locations for 

patients unable to move from their own beds. As lower-field 

strengths become more common, the most recent ultra-low-field 

magnetic resonance imaging (ULF-MRI) systems are now being 

used to visualize the human brain and condition monitoring of 

food. The ULF-MRI exploits both T1 and T2 differences 

associated with1H in water and fat to separate tissue with a very 

thin imaging slice thickness of 8 mm, enabling very low strategic 

power consumption. In addition to the above developments, the 

flexible magnet is the next-step development of portable 

magnetic resonance imaging. This design approach with novel 

MRI coils is already implemented in structural, diffusion tensor 

imaging, and prospective motion-corrected imaging. It enables a 

compact and flexible IDE as well as further reduction of patient-

care and -movement periods. 

The first magnetic resonance imaging (MRI) is performed on 

a commercial, diagnostic 3T superconducting scanner (Siemens 

3T Magnetom Skyra) using an optimized Free-Breathing-Dixon-
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Cube sequence with axial alignment. Heterogeneity across raw 

diffusion-weighted images obtained with an upwards diffusion-

sensitizing gradient (b=1000), corresponding apparent diffusion 

coefficient-maps for in vivo human brain are observed. Penh 

allows for real-time motion-correction of dynamic scanning 

orthogonal to the cardiovascular motion typically hidden in 

clinically accepted high-temporal-resolution dynamic MRI. 

Advances in Low-Field and Portable MRI 

Developments in MRI have traditionally focused on 

increased field strength, with most innovations occurring at 3.0 

T or higher. These ultra-high-field systems yield excellent image 

resolution and improved signal-to-noise (SNR) and contrast-to-

noise ratios in several applications, especially neuroimaging. 

Recent advances have also enabled the construction of MRI 

systems suitable for imaging small experimental animals, where 

the spatial resolution is greater than 100 μm in three dimensions 

without the use of contrast agents. 

Despite the benefits associated with increased field strength, 

the use of clinical MRI systems with field strengths of 1.5 T and 

3.0 T may not be appropriate for all patients. The increased cost 

of ultra-high-field MRI, as well as safety concerns in patients 

with claustrophobia or obesity, may preclude their use in some 

examinations. Moreover, the high instantaneous RF power 

required for ultra-high-field whole-body MRI prevents the 

application of many pulse sequences previously used at lower 

field strengths. 

Low-field MRI systems operated at less than 0.5 T have been 

available for many years but have received limited clinical 

acceptance. The relatively low SNR, reduced signal bandwidth, 

prolonged repetition time, and longer acquisition times have 

compromised the quality of clinical lower-field images. 

Nevertheless, these drawbacks may be offset with the availability 
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of a patient population that is likely to benefit from MR studies 

in a dedicated, safe, transportable, affordable, open 

configuration, easily deliverable and installable, able to be used 

in non-conventional scenarios both inside and outside clinical 

centers, and all those situations in which truly portable needs 

arise. [157, 204, 205, 157, 204, 205] 

AI-Driven Artifact Removal Innovations 

Intelligent creation of an AI model capable of detecting and 

eliminating artifacts can significantly enhance image quality. 

Hence, a small-scale model designed to localize and segment 

artifacts in T1-weighted MR images for further correction was 

created. Initial detection experiments utilized raw T1-weighted 

images from the Brats dataset. Supervised deep learning is 

applied to a flat-plot-style deep convolutional neural network 

trained to detect the accuracy of AI artifact detectors using 

localized T1-weighted images containing artifacts. Imaging 

datasets applied with detected artifacts included full axial slices 

of brain subjects. Resulting models demonstrated sensitivity and 

accuracy with correct-localized T1-weighted MR-imaging 

outputs. However, deep-diving traversal stratification-based 

detection proved to limit full accuracy—ill-founded detection 

limited to only segmented thin-surface fps correlating to 

multilayered in-volume surface corners of detection localization. 

Future scaled models will enhance reliable surface-output results 

focused on organ-surface physical surfaces. Developed artificial-

intelligence applications will undergo future learning-continuing 

and training-orientation processes, conceiving growing and 

developing AI-output-directing models for generative-artifact 

removal assimilated by brain tumor-images-based dataset 

creation. 

Another possible solution for T1 image artifact detection is 

through GAN. Generative adversarial networks have achieved 
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impressive results in various applications due to their ability to 

map data distribution from the training set. For breast tumor 

images, an image aspect ratio of 1:1 helps in GAN-based 

networks. The use of GAN in MRI scanning corrects abnormal 

image noise, removes color, and separates images. With T1 

images' BLIP and FastMri datasets, findings show trained GAN 

models with quality factors higher than 20 using different 

methods. With T1 image noise, defect levels, and quality factors, 

good outcomes are assured. [206, 207, 208] 

Global Outlook on MRI Technology Evolution 

Collaborative efforts driving innovation in MRI hardware are 

lower field strengths and portable designs, where on-site imaging 

creates practical logistic advantages for radiologic technologists. 

The integration of AI enables faster and better solutions during 

acquisition and reconstruction. Collectively, these efforts support 

new applications, such as primary assessment of stroke patients; 

improved safety with imaging of critically ill patients; and 

imaging at any location within medical facilities, including 

operating areas and disaster sites. 

Globalization and climate change have raised concerns about 

CO2 emissions from air travel. The transfer of persons for 

noncritical investigations across countries, regions, or continents 

may thus be discouraged in the near future. Consideration should 

therefore be given to next-generation hardware systems that 

permit the delivery of MR images with accuracy and diagnostic 

quality comparable to those available on high-field closed 

systems on less than optimal sites. Such low-field tunnel systems 

could satisfy any emergency situation by operating at multiple 

sites through a dedicated consulting group and provide 

complementary imaging data when required by the principal 

decision-maker of the case. Indeed, MRI is suited to both 

diffusion and perfusion studies of the brain in these 

circumstances. 
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Next-generation MR devices requested by the medical 

community at large, including radiologists, neurologists, and 

vascular surgeons, may be optimally engineered and properly 

designed by introducing parameters beyond the commercially 

available state of the art. The core requirements for vehicle-

mounted, "Bring-back", marine, ultra-light weight, low-field 

tunnel MRI, situs-specific and ultra-fast systems to satisfy these 

demands have already been articulated. 
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Conclusion 

Seamless integration of MRI imaging physics concepts with 

radiologic technology training enables MRI safety, artifact 

management, and protocol optimization and minimizes the 

number of retakes and repeats. The physicist’s role is to optimize 

system performance and image quality; achieve robust, rapid 

acquisition methods; and alleviate safety concerns. 

Understanding the process of MRI is essential in achieving these 

objectives. 

MRI is a powerful non-invasive diagnostic modality that 

provides excellent soft tissue contrast for a variety of 

applications. It is used in almost every radiology subspecialty, 

including brain, spine, musculoskeletal, abdominal, and cardiac 

imaging. Key MRI applications include functional imaging, 

diffusion-weighted imaging, MR spectroscopy, and MR 

angiography. Imaging protocols are designed on the basis of 

clinical need, available hardware, and time constraints unique to 

each examination and institution. Possible modifications to 

optimize image quality, minimize artifacts, and expedite 

examinations without sacrificing diagnostic capability are 

outlined for common brain, musculoskeletal, abdominal/pelvic, 

and cardiac imaging protocols. 
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