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INTRODUCTION

4

• On July 3, 1977, the first MRI exam was performed on a human being,

• It took almost five hours to produce one image.

• Dr. Raymond Damadian, a physician and scientist, along with colleagues  
Dr. Larry Minkoff and Dr. Michael Goldsmith, labored for seven years to  
reach that point.

• They named their original machine "Indomitable." This machine is now in
the Smithsonian Institution.

• By 1982, there were a handful of MRI scanners in the United States. Today  
there are thousands, and images can be created in seconds what used to  
take hours.



Definition
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• Magnetic resonance imaging (MRI) or 

Nuclear magnetic resonance imaging  

(NMRI), or

Magnetic resonance tomography (MRT) is a  

test that uses a magnetic field and pulses of  

radio wave energy to make pictures of organs  

and structures inside the body.



• MRI gives different information about  

structures in the body cannot be seen with an  

X-ray, ultrasound, or computed  

tomography(CT) scan. MRI also may show  

problems that cannot be seen with other  

imaging methods.

• Intensity is the term used in MRI , density in  

CT and echo in USG.
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• A magnetic resonance imaging (MRI) test is  

usually done by an MRI technologist. The  

pictures are usually interpreted by a  

radiologist.
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Structure of MRI Machine
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• The basic design of an MRI machine resembles a cube,
typically measuring 7 feet tall by 7 feet wide by 10 feet
long.

• There is a horizontal tube running from front to back  
through the center of the machine which houses an  
extraordinary strong magnet. This tube is known as the bore  
of the magnet.

• The patient, lying on his or her back, slides into the bore on
a special table. The patient goes in head first or feet first, as
well as how far in the magnet they will go, is determined by
the type of exam to be performed.

• MRI machine consists of two main parts the magnets and  
the scanner.
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www.similima.com 9

http://www.similima.com/


MRI MAGNET
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There are three basic types of magnets used in  
MRI systems:

• Resistive magnets consist of many windings or  
coils of wire wrapped around a cylinder or bore  
through which an electric current is passed. This  
causes a magnetic field to be generated. If the  
electricity is turned off, the magnetic field dies  
out
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• A permanent magnet's magnetic field is  

always there and always on full strength, so it  

costs nothing to maintain the field. The major  

drawback is that these magnets are extremely  

heavy. They weigh many, many tons at the 0.4-

tesla level.
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• Superconducting magnets are the most  

commonly used. A superconducting magnet is  

somewhat similar to a resistive magnet -- coils  

or windings of wire through which a current of  

electricity is passed create the magnetic field.  

The important difference is that the wire is  

continually bathed in liquid helium at 452.4  

degrees below zero.
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PATIENT PREPARATION
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• Patient need to remove all metal objects (such  

as hearing aids, dentures, jewelry, watches, and  

hairpins) from his/her body because these  

objects may be attracted to the powerful  

magnet used for the test.

http://www.similima.com/
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• Patient need to take off all or most of clothes,  

depending on which area is examined.

• Pt. may be given a gown to use during the  

test.

• If pt. is allowed to keep some of the clothes to  

wear, he should empty his pockets of any coins  

and cards (such as credit cards or ATM cards)  

with scanner strips on them because the MRI  

magnet may erase the information on the  

cards.
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• During the test pt. will lie on back on a table  
that is part of the MRI scanner.

• Pt.’s head, chest, and arms may be held with  
straps to help remain still.

• The table will slide into the space that contains  
the magnet.

• A device called a coil may be placed over or  
wrapped around the area to be scanned.

• A special belt strap may be used to sense pt.’s  
breathing or heartbeat. This triggers the  
machine to take the scan at the right time.
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• Some people feel nervous (claustrophobic) 

inside the MRI magnet. If this keeps pt. from  

lying still, can be given a medicine (sedative)  

to relax.

www.similima.com 20

http://www.similima.com/


• Inside the scanner pt. will hear a fan and feel air  
moving. He may also hear tapping or snapping  
noises as the MRI scans are taken. He may be  
given earplugs or headphones with music to  
reduce the noise. It is very important to hold  
completely still while the scan is being done. He  
may be asked to hold breath for short periods of  
time.

• During the test, pt. may be alone in the scanner  
room. But the technologist will watch him  
through a window. He will be able to talk with the  
technologist through a two-way intercom.
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• If contrast material is needed, the technologist  

will put it in an intravenous (IV) line in your  

arm. The material may be given over 1 to 2  

minutes. Then more MRI scans are done.

• An MRI test usually takes 30 to 60 minutes

but can take as long as 2 hours.
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• Pt. will not have pain from the magnetic field  

or radio waves used for the MRI test.

• The table we lie on may feel hard and the room  

may be cool.

• Pt. may be tired or sore from lying in one  

position for a long time.

• If a contrast material is used, pt. may feel some  

coolness and flushing as it is put into IV.
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• In rare cases, pt. may feel:

• A tingling feeling in the mouth if he have  

metal dental fillings.

• Warmth in the area being examined. This is  

normal. Pt. has Tell the technologist if he has  

nausea, vomiting, headache, dizziness, pain,  

burning, or breathing problems.
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MECHANISM OF MRI
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• The body is largely composed of water molecules.  
Each water molecule has two hydrogen nuclei or  
protons. When a person goes inside the powerful  
magnetic field of the scanner, the magnetic  
moments of some of these protons changes, and  
aligns with the direction of the field.

• In conjunction with radio wave pulses of energy,  
the MRI scanner can pick out a very small point  
inside the patient's body . The point might be a  
cube that is half a millimeter on each side.

http://www.similima.com/


• The MRI system goes through the patient's  

body point by point, building up a 2-D or 3-D  

map of tissue types. It then integrates all of  

this information together to create 2-D images  

or 3-D models.
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• The MRI machine applies an RF (radio
frequency) pulse that is specific only to
hydrogen.

• The system directs the pulse toward the area of  
the body we want to examine.

• The pulse causes the protons in that area to  
absorb the energy required to make them spin,  
or precess, in a different direction. This is the 
“Resonance" part of MRI.

www.similima.com
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• The RF pulse forces them (only the one or two  

extra unmatched protons per million) to spin at  

a particular frequency, in a particular  

direction.

• The specific frequency of resonance is called  

the Larmour frequency and is calculated based  

on the particular tissue being imaged and the  

strength of the main magnetic field.
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• These RF pulses are usually applied through a  

coil.

• MRI machines come with many different coils  

designed for different parts of the body:  

knees, shoulders, wrists, heads, necks and so

on. These coils usually conform to the contour  

of the body part being imaged, or at least  

reside very close to it during the exam.

www.similima.com
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• At approximately the same time, the three  

gradient magnets jump into the act. They are  

arranged in such a manner inside the main  

magnet that when they are turned on and off  

very rapidly in a specific manner, they alter the  

main magnetic field on a very local

level. Then we can pick exactly which area we  

want a picture of.
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• In MRI we speak of "slices." Think of a loaf of
bread with slices as thin as a few millimeters --
the slices in MRI are that precise.

• We can "slice" any part of the body in any  
direction, giving us a huge advantage over any  
other imaging modality.

• Means that we don't have to move for the  
machine to get an image from a different direction
-- the machine can manipulate everything with the  
gradient magnets.

www.similima.com
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• When the RF pulse is turned off, the hydrogen  

protons begin to slowly return to their natural  

alignment within the magnetic field and  

release their excess stored energy. When they  

do this, they give off a signal that the coil now  

picks up and sends to the computer system.

• Then system receives a mathematical data that  

is converted into a picture that we can put on  

film. That is the “Imaging" part of MRI.

www.similima.com
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• An image can be constructed because the  

protons in different tissues return to their  

equilibrium state at different rates, which is a  

difference that can be detected.

www.similima.com
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MRI SCANNERS
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• MRI scanners vary in size and shape, and  
newer or specially designed models have some  
degree of openness around the sides, but the  
basic design is the same.

• In General there are

Open MRI and Closed MRI.

• Once the body part to be scanned is in the  
exact center or isocenter of the magnetic field,  
the scan can begin
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CT SCAN MACHINE
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• Pictures from an MRI scan are digital images 

that can be saved and stored on a computer for  

more study. The images can be reviewed  

remotely.

• In some cases, contrast material may be used  

during the MRI scan to show certain structures  

more clearly.

www.similima.com
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APPLICATIONS
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• Magnetic resonance imaging (MRI) is done for  
many reasons. It is used to find problems such as 
tumors, bleeding, injury, bloodvessel diseases, or  
infection.

• MRI also may be done to provide more  
information about a problem seen on an X-ray,  
ultrasound scan, or CT scan.

• Contrast material may be used during MRI to  
show abnormal tissue more clearly. An MRI scan  
can be done for the:

http://www.similima.com/
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• Head. MRI can look at the brain for tumors,  

an aneurysm, bleeding in the brain, nerve  

injury, and other problems, such as damage  

caused by a stroke. MRI can also find  

problems of the eyes and optic nerves, and the  

ears and auditory nerves.

• Chest. MRI of the chest can look at the heart,  

the valves, and coronary blood vessels. It can  

show if the heart or lungs are damaged. MRI  

of the chest may also be used to look for breast  

or lung cancer.

www.similima.com
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• Blood vessels. Using MRI to look at blood  
vessels and the flow of blood through them is  
called magnetic resonance angiography (MRA). It  
can find problems of the arteries and veins, such  
as an aneurysm, a blocked blood vessel, or the  
torn lining of a blood vessel (dissection).  
Sometimes contrast material is used to see the  
blood vessels more clearly.

• Abdomen and pelvis. MRI can find problems in
the organs and structures in the belly, such as the
liver, gallbladder, pancreas, kidneys, and bladder.
It is used to find tumors, bleeding, infection, and
blockage. In women, it can look at the uterus and
ovaries. In men, it looks at the prostate.

www.similima.com
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• Bones and joints. MRI can check for  

problems of the bones and joints, such as 

arthritis, problems with the 

temporomandibular joint, bone marrow  

problems, bone tumors, cartilage problems, 

torn ligaments or tendons, or infection. MRI is  

done more commonly than other tests to check  

for some bone and joint problems.

• Spine. MRI can check the discs and nerves of  

the spine for conditions such as spinal stenosis,  

disc bulges, and spinal tumors.

www.similima.com
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TYPES 0F MRI SCANS
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• 1 .Basic MRI scans

• A. T1-weighted MRI T1-weighted scans are a standard  

basic scan, in particular differentiating fat from water -

with water darker and fat brighter .

• This is one of the basic types of MR contrast and is a  

commonly run clinical scan.

• B. T2- weighted MRI T2-weighted scans are another  

basic type. Like the T1-weighted scan, fat is  

differentiated from water - but in this case fat shows  

darker, and water lighter. They are therefore particularly  

well suited to imaging edema.

http://www.similima.com/
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Effects of TR, TE, T1 and T2 on MR  
signal

54
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• C . T*2-weighted MRI2

(pronounced "T 2 star") weighted scans use a

gradient echo (GRE) sequence, with long TE

and long TR.

• This also makes it more prone to susceptibility  

losses at air/tissue boundaries, but can increase  

contrast for certain types of tissue, such as  

venous blood.

www.similima.com
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• D. Spin density weighted MRI

• Spin density, also called proton density,  

weighted scans try to have no contrast from  

either T2 or T1 decay.the only signal change  

coming from differences in the amount of  

available spins (hydrogen nuclei in water

www.similima.com
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2. Specialized MRI scans

• A. Diffusion MRI

• Diffusion MRI measures the diffusion of water  

molecules in biological tissues.
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• B. Magnetization Transfer MRI

• Magnetization transfer (MT) refers to the transfer of  

longitudinal magnetization from free water protons to  

hydration water protons in NMR and MRI.

C. Fluid attenuated inversion recovery (FLAIR)

is an inversion-recovery pulse sequence used to null  

signal from fluids.

• it can be used in brain imaging to suppress  

cerebrospinal fluid (CSF) so as to bring out the  

periventricular hyperintense lesions, such as multiple  

sclerosis (MS) plaques.

www.similima.com
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• D. Magnetic resonance angiography (MRA)

Generates pictures of the arteries to evaluate them for

stenosis (abnormal narrowing) or aneurysms (vessel

wall dilatations, at risk of rupture).

MRA is often used to evaluate the arteries of the neck  

and brain, the thoracic and abdominal aorta, the renal  

arteries, and the legs (called a "run-off").

www.similima.com
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• E. Magnetic resonance gated intracranial CSF  

dynamics (MR-GILD)

• Used to demonstrate CSF pulsatile flow in ventricles,  

cisterns, aqueduct of Sylvius and entire intracranial CSF  

pathway. It is a method for analyzing CSF circulatory  

system dynamics in patients with CSF obstructive  

lesions such as normal pressure hydrocephalus. It also  

allows visualization of both arterial and venous pulsatile  

blood flow in vessels without use of contrast agents.
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• F. Magnetic resonance spectroscopy (MRS)

is used to measure the levels of different metabolites in  
body tissues, to diagnose certain metabolic disorders,  
especially those affecting the brain,and to provide  
information on tumor metabolism.

• G. Functional MRI(fMRI)

• measures signal changes in the brain that are due to  
changing neural activity.

The brain is scanned at low resolution but at a rapid  
rate (typically once every 2–3 seconds). Increases in  
neural activity cause changes in the MR signal via T*  
2 changes;[20] this mechanism is referred to as the  
BOLD (blood-oxygen-level dependent) effect.
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• A f MRI scan showing regions of activation in orange,  
including the primary visual cortex.

• H. Real-time MRI.
• Real time MRI refers to the continuous monitoring

(“filming”) of moving objects in real time. about diseases  
of the joints and the heart.

•

www.similima.com
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3. Interventional MRI

The lack of harmful effects on the patient and  

the operator make MRI well-suited for  

"interventional radiology", here the images  

produced by a MRI scanner are used to  

guide minimally invasive procedures.

www.similima.com
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4. Radiation therapy simulation

to locate tumors within the body in preparation for  

radiation therapy treatments.

For therapy simulation, a patient is placed in  

specific, reproducible, body position and scanned.

The MRI system then computes the precise location,  

shape and orientation of the tumor mass, correcting  

for any spatial distortion inherent in the system.

The patient is then marked or tattooed with points  

that, when combined with the specific body  

position, permits precise triangulation for radiation  

therapy.

www.similima.com
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A. Current density imaging.(CDI)

Is used to phase the information from images to

reconstruct current densities within a subject.

B.Magnetic resonance guided focused ultrasound  

(MRgFUS ),

ultrasound beams are focused on a tissue—guided and  

controlled using MR thermal imaging.

www.similima.com
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• C. Multinuclear imaging

• Hydrogen is the most frequently imaged  

nucleus in MRI because it is present in  

biological tissues in great abundance.

• helium-3, carbon-13, fluorine-19, oxygen-17,  

sodium-23, phosphorus-31 and xenon-129. 
23Na, 31P and 17O are naturally abundant in the  

body, so can be imaged directly.

www.similima.com
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• Multinuclear imaging is primarily a research  

technique at present. Potential applications  

include functional imaging and imaging of  

organs poorly seen on 1H MRI (e.g. lungs and  

bones) or as alternative contrast agents.  

Inhaled hyperpolarized 3He can be used to  

image the distribution of air spaces within the  

lungs.

www.similima.com
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• . Injectable solutions containing 13C or  

stabilized bubbles of hyperpolarized 129Xe  

have been studied as contrast agents for  

angiography and perfusion imaging. 31P can  

potentially provide information on bone  

density and structure, as well as functional  

imaging of the brain.

www.similima.com
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• D. Susceptibility weighted imaging (SWI)

is a new type of contrast in MRI different from  

spin density, T1, or T2 imaging.

• This method exploits the susceptibility  

differences between tissues and uses a fully  

velocity compensated, three dimensional, RF  

spoiled, high-resolution, 3D gradient echo scan.

www.similima.com
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• .It is used to enhance the detection and  

diagnosis of tumors, vascular and  

neurovascular diseases (stroke and  

hemorrhage, multiple sclerosis,  

Alzheimer's), and also detects traumatic  

brain injuries that may not be diagnosed  

using other methods.

www.similima.com
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• E. Other specialized MRI technique

new methods and variants are often

published when they are able to get

better results in specific fields.

Examples of these recent improvements

are

• T*2-weighted turbo spin-echo (T2 TSE

MRI),

• Double inversion recovery MRI (DIR-

MRI)

www.similima.com
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• Phase-sensitive inversion recovery MRI 

(PSIR-MRI), to improve imaging of  

the brain lesions.

• MP-RAGE (magnetization-prepared  

rapid acquisition with gradient echo),  

which improves images of multiple  

sclerosis cortical lesions.

• Portable magnetic resonance  

instruments are available for use in  

education and field research.

www.similima.com
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After the Scan….
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• The radiologist may discuss initial results of  

the MRI with you right after the test. Complete  

results are usually ready in 1 to 2 days.

• An MRI can sometimes find a problem in a  

tissue or organ even when the size and shape  

of the tissue or organ looks normal.
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RISKS
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• There are no known harmful effects from the  
strong magnetic field used for MRI.

• But the magnet is very powerful. The magnet  
may affect pacemakers, artificial limbs, and  
other medical devices that contain iron.

• The magnet will stop a watch that is close to  
the magnet. Any loose metal object has the risk  
of causing damage or injury if it gets pulled  
toward the strong magnet.

http://www.similima.com/


• Metal parts in the eyes can damage the retina.  

If you may have metal fragments in the eye, an  

X-ray of the eyes may be done before the MRI.  

If metal is found, the MRI will not be done.

•

• Iron pigments in tattoos or tattooed eyeliner  

can cause skin or eye irritation.

www.similima.com
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• An MRI can cause a burn with some  

medication patches. Be sure to tell your health  

professional if you are wearing a patch.

• There is a slight risk of an allergic reaction if  

contrast material is used during the MRI. But  

most reactions are mild and can be treated  

using medicine. There also is a slight risk of an  

infection at the IV site.

www.similima.com
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CONTRAINDICATIONS OF MRI

www.similima.com

• Pregnancy. An MRI test usually is not done  
during pregnancy. But MRI may be done to get  
more information about a possible problem  
that cannot be seen clearly with ultrasound.

• Obesity. A person who is very overweightmay  
not fit into standard MRI machines.

• Allergic to any medicines

http://www.similima.com/
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• Have a pacemaker, artificial limb, any metal  

pins or metal parts in the body (especially in  

the eyes), metal heart valves, metal clips in  

brain, metal implants in your ear, tattooed  

eyeliner, or any other implanted or prosthetic  

medical device (such as a medicine infusion  

pump).

www.similima.com
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• Had an accident or work around metal. This

increases the possibility that you have metal

fragments in your head, eyes, skin, or spine.

• An X-ray may be taken first, to see if you can

have the MRI test.

www.similima.com
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• Had recent surgery on a blood vessel. In some  

cases you may not be able to have the MRI  

test.

• Have an intrauterine device (IUD) in place.  

An IUD may prevent you from having the  

MRI test.
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MRI Vs CT
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• A computed tomography (CT) scanner uses X-
rays, a type of ionizing radiation, to acquire its  
images, making it a good tool for examining  
tissue composed of elements of a higher atomic  
number than the tissue surrounding them, such as  
bone and calcifications (calcium based) within the  
body (carbon based flesh), or of structures  
(vessels, bowel).

• MRI, on the other hand, uses non-ionizing radio  
frequency(RF) signals to acquire its images and  
is best suited for non- calcified tissue, though MR  
images can also be acquired from bones and teeth  
as well as fossils.
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• CT may be enhanced by use of contrast agents 

containing elements of a higher atomic number  

than the surrounding flesh such as iodine or 

barium.

• Contrast agents for MRI have paramagnetic 

properties, e.g., gadolinium and manganese.

www.similima.com
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• CT, uses only X-ray attenuation to generate  

image contrast.

• MRI has a long list of properties that may be  

used to generate image contrast. By variation  

of scanning parameters, tissue contrast can be  

altered and enhanced in various ways to detect  

different features.
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• Both CT and MRI scanners are able to  

generate multiple two-dimensional cross-

sections (slices) of tissue and three-

dimensional reconstructions.
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• MRI can generate cross-sectional images in  
any plane (including oblique planes).

•

• In the past, CT was limited to acquiring  
images in the axial (or near axial) plane. The  
scans used to be called Computed Axial  
Tomography scans (CAT scans).

But with, the development of multi-detector  
CT scanners with near-isotropic resolution,  
allows the CT scanner to produce data that can  
be retrospectively reconstructed in any plane  
with minimal loss of image quality.
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• For purposes of tumor detection and  

identification in the brain, MRI is generally  

superior.

• However, in the case of solid tumors of the  

abdomen and chest, CT is often preferred due  

to less motion artifact. Furthermore, CT  

usually is more widely available, faster, less  

expensive, and may be less likely to require  

the person to be sedated or anesthetized.
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• MRI is also best suited for cases when a  

patient is to undergo the exam several times  

successively in the short term, because, unlike  

CT, it does not expose the patient to the  

hazards of ionizing radiation.
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ADVANTAGES OF MRI
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• MRI is a noninvasive imaging technique that  
does not involve exposure to radiation.

• MRI images of the soft-tissue structures of the  
body—such as the heart, liver and many other  
organs— is more likely to identify and  
characterize abnormalities and focal lesions  
than other imaging methods. This detail makes  
MRI an invaluable tool in early diagnosis and  
evaluation of many focal lesions and tumors.
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• MRI has proven valuable in diagnosing a  
broad range of conditions, including cancer,  
heart and vascular disease and muscular and  
bone abnormalities.

• MRI enables the detection of abnormalities  
that might be obscured by bone with other  
imaging methods.
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• MRI allows physicians to assess the biliary

system non invasively and without contrast

injection.

• The contrast material used in MRI exams is  

less likely to produce an allergic reaction than  

the iodine-based materials used for  

conventional x-rays and CT scanning.

• MRI provides a fast, noninvasive alternative to  

x-ray angiography for diagnosing problems of  

the heart and blood vessels.
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DISADVANTAGES OF MRI
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• High-quality images are assured only if you are  
able to remain perfectly still while the images are  
being recorded. If you are anxious, confused or in  
severe pain, you may find it difficult to lie still  
during imaging.

• A person who is very large may not fit into the  
opening of a conventional MRI machine.

• The presence of an implant or other metallic  
object often makes it difficult to obtain clear  
images and patient movement can have the same  
effect.

http://www.similima.com/


• Breathing may cause artifacts or image distortions,  
during MRI’s of the chest, abdomen and pelvis. Bowel  
motion is another source of motion artifacts in abdomen  
and pelvic MRI studies.

• Although there is no reason to believe that magnetic
resonance imaging harms the fetus, pregnant women
usually are advised not to have an MRI exam unless
medically necessary.

• MRI may not always distinguish between cancer tissue  
and edema fluid.

• MRI typically costs more and may take more time to
perform than other imaging modalities.
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Future………
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• Scientists are developing newer MRI scanners  

that are smaller, portable devices. These new  

scanners apparently can be most useful in  

detecting infections and tumors of the soft  

tissues of the hands, feet, elbows, and knees.  

The application of these scanners to medical  

practice is now being tested.
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MRI BRAIN
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FULL BODYMRI
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MRI PELVIS
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MRI WRIST JOINT
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ROTATOR CUFF SHOULDER  

JOINT
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CXR n MRI CHEST
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KNEE JOINT
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Interlobular septal thickening is  

commonly seen in patients with  

interstitial lung disease.
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RENALMASS
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PULMONARY EMBOLI
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Herniated disc between L4 and L5
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The tumor  

is located  

between  

the 5th  

and 6th  

thoracic  

vertabrae.
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MRI BREAST
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• The normal MRI brain scan above, showing  

no atrophy, depicts the three areas of  

interest in the brain's medial temporal lobe:  

hippocampus (outlined in red); entorhinal  

cortex (blue) and perirhinal cortex (green).
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ALZHEIMER’S DISEASE
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MULTIPLE SCLEROSIS
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CHRONIC SUBDURAL  

HAEMATOMA
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SUBACUTE EXTRADURAL  

HAEMATOMA
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Axial T1 & T2 WI shows large  

mixed age chronic SDH with fluid –

fluid levels
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A) Head CT scan demonstrating  
ventriculomegaly without  
significant cortical atrophy.

(B) Brain MRI demonstrating  
ventriculomegaly and evidence of  
subcortical ischemic changes.
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Thank you….
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