
Magnetic  Resonance  Imaging:  A 

Comprehensive Guide

Introduction

Magnetic  resonance  imaging  (MRI)  is  a  medical 

imaging technique that uses magnetic fields and radio 

waves  to  create  detailed  images  of  the  inside  of  the 

body.  MRI  is  a  non-invasive  and  painless  procedure 

that can be used to diagnose a wide range of medical 

conditions, including cancer, heart disease, and stroke.

MRI  is  based  on  the  principle  of  nuclear  magnetic 

resonance (NMR).  NMR is  a phenomenon that occurs 

when certain atomic nuclei  are placed in a magnetic 

field.  The  nuclei  align  themselves  with  the  magnetic 

field  and  then  absorb  and  emit  radio  waves.  The 

amount of radio waves that are absorbed and emitted 
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depends on the type of atom and the strength of the 

magnetic field.

MRI machines use powerful magnets to create a strong 

magnetic field. The magnetic field causes the hydrogen 

atoms in the body to align themselves. Radio waves are 

then emitted into the body,  and the hydrogen atoms 

absorb  and  emit  radio  waves.  The  amount  of  radio 

waves that are absorbed and emitted depends on the 

type of tissue. For example, water-rich tissues, such as 

blood and cerebrospinal fluid, absorb and emit more 

radio waves than fat-rich tissues.

The  MRI  machine  detects  the  radio  waves  that  are 

emitted by the hydrogen atoms. The data from the MRI 

machine is then used to create images of the inside of 

the body.

MRI is a versatile imaging technique that can be used 

to diagnose a wide range of medical conditions. MRI is 

particularly useful for imaging soft tissues, such as the 
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brain,  heart,  and  muscles.  MRI  can  also  be  used  to 

image blood vessels and organs.

MRI is a safe and painless procedure. However, MRI is 

not  suitable  for  everyone.  For  example,  people  who 

have metal implants or pacemakers may not be able to 

have an MRI.

MRI  is  a  powerful  imaging  tool  that  can  provide 

valuable information about the inside of the body. MRI 

is used to diagnose a wide range of medical conditions 

and is an essential tool for many medical procedures.
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Book Description

Magnetic  Resonance  Imaging:  A  Comprehensive 

Guide is a comprehensive guide to magnetic resonance 

imaging  (MRI),  a  powerful  imaging  technique  that 

provides detailed images of the inside of the body. MRI 

is used to diagnose a wide range of medical conditions, 

including cancer, heart disease, and stroke.

This  book  covers  all  aspects  of  MRI,  from  the  basic 

principles  to  the  most  advanced  techniques.  It  is 

written  in  a  clear  and  concise  style,  with  numerous 

illustrations  and  examples  to  help  the  reader 

understand the complex concepts involved.

Chapter 1 provides an overview of MRI, including its 

history,  advantages,  and  disadvantages.  Chapter  2 

discusses  the  physics  of  MRI,  including  nuclear 

magnetic  resonance,  relaxation  times,  and  image 

formation.  Chapter  3  covers  MRI  instrumentation, 
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including magnets, gradient coils, and radiofrequency 

coils.

Chapter  4  discusses  MRI  contrast  agents,  which  are 

used  to  enhance  the  visibility  of  certain  tissues  and 

organs. Chapter 5 discusses MRI of the brain, including 

normal anatomy, brain tumors, stroke, dementia, and 

epilepsy.  Chapter  6  discusses  MRI  of  the  spine, 

including  normal  anatomy,  spinal  cord  injuries, 

herniated discs, spinal stenosis, and spondylolisthesis.

Chapter 7 discusses MRI of the musculoskeletal system, 

including  normal  anatomy,  muscle  injuries,  ligament 

injuries, tendon injuries, and bone tumors. Chapter 8 

discusses MRI of the cardiovascular system, including 

normal  anatomy,  coronary  artery  disease,  aortic 

dissection,  peripheral  artery  disease,  and  congenital 

heart disease.

Chapter  9  discusses  MRI  of  the  abdomen and pelvis, 

including  normal  anatomy,  liver  disease,  kidney 

disease,  pelvic  inflammatory  disease,  and  prostate 
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cancer. Chapter 10 discusses advanced MRI techniques, 

including  diffusion  weighted  imaging,  perfusion 

weighted imaging, functional MRI, magnetic resonance 

spectroscopy, and MR elastography.

Magnetic  Resonance  Imaging:  A  Comprehensive 

Guide is an essential resource for anyone who wants to 

learn  more  about  MRI.  It  is  a  valuable  tool  for 

radiologists,  MRI  technologists,  and  other  healthcare 

professionals who use MRI in their practice. 

6



Chapter 1: Introduction to MRI

1. History of MRI

MRI  (magnetic  resonance  imaging)  is  a  medical 

imaging technique that uses magnetic fields and radio 

waves  to  create  detailed  images  of  the  inside  of  the 

body.  MRI  is  a  non-invasive  and  painless  procedure 

that can be used to diagnose a wide range of medical 

conditions, including cancer, heart disease, and stroke.

The history of MRI can be traced back to the early 19th 

century,  when  scientists  first  discovered  that  certain 

materials  could  be  magnetized.  In  1820,  the  Danish 

physicist  Hans  Christian  Ørsted  discovered  that  an 

electric  current  could  create  a  magnetic  field.  This 

discovery  led  to  the  development  of  the  first 

electromagnets,  which  were  used  to  create  stronger 

magnetic fields.

In  1846,  the  English  physicist  Michael  Faraday 

discovered that a changing magnetic field could induce 
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an electric current in a conductor. This discovery led to 

the development of  the first  generators,  which could 

produce alternating current (AC).

In  1896,  the  German  physicist  Wilhelm  Röntgen 

discovered X-rays. X-rays are a form of electromagnetic 

radiation  that  can  penetrate  the  body  and  create 

images  of  the  bones.  Röntgen's  discovery  led  to  the 

development of the first X-ray machines, which were 

used to diagnose a variety of medical conditions.

In the early 20th century, scientists began to investigate 

the use of  magnetic fields and radio waves to create 

images of the inside of the body. In 1938, the American 

physicist Isidor Isaac Rabi developed the first nuclear 

magnetic  resonance  (NMR)  spectrometer.  NMR  is  a 

technique that uses magnetic fields and radio waves to 

study the structure of molecules.

In  1952,  the  American  physicists  Felix  Bloch  and 

Edward Mills Purcell independently developed the first 

MRI  machines.  Bloch  and  Purcell's  work  led  to  the 
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development  of  the  first  MRI  images  of  the  human 

body in the early 1970s.

Since the early 1970s, MRI has become a widely used 

medical  imaging  technique.  MRI  is  now  used  to 

diagnose a wide range of medical conditions, including 

cancer, heart disease, and stroke. MRI is also used to 

guide surgery and to monitor the effects of treatment.
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Chapter 1: Introduction to MRI

2. Basic principles of MRI

Magnetic  resonance  imaging  (MRI)  is  a  medical 

imaging technique that uses magnetic fields and radio 

waves  to  create  detailed  images  of  the  inside  of  the 

body.  MRI  is  a  non-invasive  and  painless  procedure 

that can be used to diagnose a wide range of medical 

conditions, including cancer, heart disease, and stroke.

MRI  is  based  on  the  principle  of  nuclear  magnetic 

resonance (NMR).  NMR is  a phenomenon that occurs 

when certain atomic nuclei  are placed in a magnetic 

field.  The  nuclei  align  themselves  with  the  magnetic 

field  and  then  absorb  and  emit  radio  waves.  The 

amount of radio waves that are absorbed and emitted 

depends on the type of atom and the strength of the 

magnetic field.

The MRI machine uses a powerful magnet to create a 

strong  magnetic  field.  The  magnetic  field  causes  the 
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hydrogen atoms in the body to align themselves. Radio 

waves  are  then  emitted  into  the  body,  and  the 

hydrogen  atoms  absorb  and  emit  radio  waves.  The 

amount of radio waves that are absorbed and emitted 

depends on the type of tissue. For example, water-rich 

tissues, such as blood and cerebrospinal fluid, absorb 

and emit more radio waves than fat-rich tissues.

The  MRI  machine  detects  the  radio  waves  that  are 

emitted by the hydrogen atoms. The data from the MRI 

machine is then used to create images of the inside of 

the body.

The  basic  principles  of  MRI  are  relatively  simple. 

However, the technology behind MRI is complex. MRI 

machines are large and expensive, and they require a 

high level of technical expertise to operate.

Despite the challenges, MRI is a powerful imaging tool 

that has revolutionized the way we diagnose and treat 

medical  conditions.  MRI  is  used  to  diagnose  a  wide 

range  of  medical  conditions,  including  cancer,  heart 
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disease, and stroke. MRI is also used to guide surgery 

and to monitor the effectiveness of treatment.

MRI is a safe and painless procedure. However, MRI is 

not  suitable  for  everyone.  For  example,  people  who 

have metal implants or pacemakers may not be able to 

have an MRI.

If you are considering having an MRI, it is important to 

talk to your doctor about the risks and benefits of the 

procedure.
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Chapter 1: Introduction to MRI

3. Advantages and Disadvantages of MRI

MRI  offers  several  advantages  over  other  medical 

imaging techniques. MRI is non-invasive, painless, and 

does  not  involve  the  use  of  radiation.  MRI  can  also 

provide detailed images of soft tissues, which are not 

always visible on other imaging techniques.

One of the biggest advantages of MRI is its  ability to 

image  soft  tissues.  MRI  can  be  used  to  visualize  the 

brain,  heart,  muscles,  and other  soft  tissues  in  great 

detail.  This  makes  MRI  particularly  useful  for 

diagnosing and monitoring conditions that affect these 

tissues, such as cancer, heart disease, and stroke.

Another advantage of MRI is that it is non-invasive and 

painless. MRI does not involve the use of radiation or 

needles.  This  makes  MRI  a  more  comfortable  and 

convenient option for patients, especially for children 

and pregnant women.
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However,  MRI  also  has  some  disadvantages.  One 

disadvantage  is  that  MRI  is  a  relatively  expensive 

imaging  technique.  MRI  machines  are  complex  and 

require  a  lot  of  maintenance.  This  makes  MRI  more 

expensive than other  imaging techniques,  such as  X-

rays and CT scans.

Another  disadvantage  of  MRI  is  that  it  can  be  time-

consuming.  MRI  scans  can  take  anywhere  from  30 

minutes to an hour or more. This can be a problem for 

patients who are claustrophobic or who have difficulty 

lying still for long periods of time.

Overall, MRI is a valuable imaging technique that offers 

several advantages over other imaging techniques. MRI 

is non-invasive, painless, and does not involve the use 

of radiation. MRI can also provide detailed images of 

soft tissues. However, MRI is a relatively expensive and 

time-consuming imaging technique.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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