
Magnetic resonance imaging (MRI), 
 
Magnetic resonance imaging (MRI), or nuclear magnetic resonance imaging (NMRI), is 
primarily a medical imaging technique most commonly used in radiology to visualize the 
structure and function of the body. It provides detailed images of the body in any plane. MRI 
provides much greater contrast between the different soft tissues of the body than computed 
tomography (CT) does, making it especially useful in neurological (brain), musculoskeletal, 
cardiovascular, and oncological (cancer) imaging. Unlike CT, it uses no ionizing radiation, 
but uses a powerful magnetic field to align the nuclear magnetization of (usually) hydrogen 
atoms in water in the body. Radiofrequency fields are used to systematically alter the 
alignment of this magnetization, causing the hydrogen nuclei to produce a rotating magnetic 
field detectable by the scanner. This signal can be manipulated by additional magnetic fields 
to build up enough information to construct an image of the body. 
The body is mainly composed of water molecules which each contain two hydrogen nuclei or 
protons. When a person goes inside the powerful magnetic field of the scanner these protons 
align with the direction of the field. 
A second radiofrequency electromagnetic field is then briefly turned on causing the protons 
to absorb some of its energy. When this field is turned off the protons release this energy at a 
radiofrequency which can be detected by the scanner. The position of protons in the body can 
be determined by applying additional magnetic fields during the scan which allows an image 
of the body to be built up. These are created by turning gradients coils on and off which 
creates the knocking sounds heard during an MR scan. 
Diseased tissue, such as tumors, can be detected because the protons in different tissues 
return to their equilibrium state at different rates. By changing the parameters on the scanner 
this effect is used to create contrast between different types of body tissue. 
 
Contrast agents may be injected intravenously to enhance the appearance of blood vessels, 
tumors or inflammation. Contrast agents may also be directly injected into a joint, in the case 
of arthrograms, MR images of joints. Unlike CT scanning MRI uses no ionizing radiation and 
is generally a very safe procedure. Patients with some metal implants, cochlear implants, and 
cardiac pacemakers are prevented from having an MRI scan due to effects of the strong 
magnetic field and powerful radiofrequency pulses. 
Applications 

 
In clinical practice, MRI is used to distinguish pathologic tissue (such as a brain tumor) from 
normal tissue. One advantage of an MRI scan is that it is harmless to the patient. It uses 
strong magnetic fields and non-ionizing radiation in the radio frequency range. Compare this 
to CT scans and traditional X-rays which involve doses of ionizing radiation and may 
increase the risk of malignancy, especially in a fetus. 
The typical MRI examination consists of 5-20 sequences, each of which are chosen to provide 
a particular type of information about the subject tissues. This information is then 
synthesized by the interpreting physician. 
 

Functional MRI or functional Magnetic Resonance Imaging (fMRI) is a type of 
specialized MRI scan. It measures the haemodynamic response related to neural activity in 
the brain or spinal cord of humans or other animals. It is one of the most recently developed 



forms of neuroimaging. Since the early 1990s, fMRI has come to dominate the brain mapping 
field due to its low invasiveness, lack of radiation exposure, and relatively wide availability. 
 

Positron emission tomography (PET) 
 
Positron emission tomography (PET) is a nuclear medicine imaging technique which 
produces a three-dimensional image or picture of functional processes in the body. The 
system detects pairs of gamma rays emitted indirectly by a positron-emitting radionuclide 
(tracer), which is introduced into the body on a biologically active molecule. Images of tracer 
concentration in 3-dimensional space within the body are then reconstructed by computer 
analysis. In modern scanners, this reconstruction is often accomplished with the aid of a CT 
X-ray scan performed on the patient during the same session, in the same machine. 
 
If the biologically active molecule chosen for PET is FDG, an analogue of glucose, the 
concentrations of tracer imaged then give tissue metabolic activity, in terms of regional 
glucose uptake. To conduct the scan, a short-lived radioactive tracer isotope, is injected into 
the living subject (usually into blood circulation). The tracer is chemically incorporated into a 
biologically active molecule The molecule most commonly used for this purpose is 
fluorodeoxyglucose (FDG), a sugar, for which the waiting period is typically an hour. 
 
As the radioisotope undergoes positron emission decay (also known as positive beta decay), 
it emits a positron, a particle with the opposite charge of an electron. After travelling up to a 
few millimeters the positron encounters and annihilates with an electron, producing a pair of 
annihilation (gamma) photons moving in opposite directions. These are detected when they 
reach a scintillator in the scanning device, creating a burst of light which is detected by 
photomultiplier tubes or silicon avalanche photodiodes 
 
Radioisotopes 
 
Radionuclides used in PET scanning are typically isotopes with short half lives such as 
carbon-11 (~20 min), nitrogen-13 (~10 min), oxygen-15 (~2 min), and fluorine-18 (~110 min). 
These radionuclides are incorporated either into compounds normally used by the body such 
as glucose (or glucose analogues), water or ammonia, or into molecules that bind to receptors 
or other sites of drug action. Such labelled compounds are known as radiotracers. 
PET is both a medical and research tool. It is used heavily in clinical oncology (medical 
imaging of tumors and the search for metastases), and for clinical diagnosis of certain diffuse 
brain diseases such as those causing various types of dementias. PET is also an important 
research tool to map normal human brain and heart function. 
 

Computed Axial Tomography (CAT)  
 
Computed tomography (CT) is a medical imaging method employing tomography. Digital 
geometry processing is used to generate a three-dimensional image of the inside of an object 
from a large series of two-dimensional X-ray images taken around a single axis of rotation. 
The word "tomography" is derived from the Greek tomos (slice) and graphein (to write). 
 



Computed tomography was originally known as the "EMI scan" as it was developed at a 
research branch of EMI, a company best known today for its music and recording business. It 
was later known as computed axial tomography (CAT or CT scan) and body section 
röntgenography. 
 

Electroencephalography (EEG) 
 

EEG is the recording of electrical activity along the scalp produced by the firing of neurons 
within the brain. In clinical contexts, EEG refers to the recording of the brain's spontaneous 
electrical activity over a short period of time, usually 20-40 minutes, as recorded from 
multiple electrodes placed on the scalp. In neurology, the main diagnostic application of EEG 
is in the case of epilepsy, as epileptic activity can create clear abnormalities on a standard 
EEG study. A secondary clinical use of EEG is in the diagnosis of coma and 
encephalopathies. EEG used to be a first-line method for the diagnosis of tumors, stroke and 
other focal brain disorders, but this use has decreased with the advent of anatomical imaging 
techniques such as MRI and CT. 
 
It is generally accepted that the activity measured by EEG is electrical potentials created by 
the post-synaptic currents, rather than by action potentials. More specifically, the scalp 
electrical potentials that produce EEG are due to the extracellular ionic currents caused by 
dendritic electrical activity (whereas the fields producing magnetoencephalographic signals 
are associated with intracellular ionic currents). 
 

Wave patterns 
 
delta waves. 

Delta is the frequency range up to 3 Hz. It tends to be the highest in amplitude and the 
slowest waves. It is seen normally in adults in slow wave sleep. It is also seen normally in 
babies 

 
 

Theta is the frequency range from 4 Hz to 7 Hz. Theta is seen normally in young children. It 
may be seen in drowsiness or arousal in older children and adults; it can also be seen in 
meditation 
 

 
 

Alpha is the frequency range from 8 Hz to 12 Hz. Hans Berger named the first rhythmic EEG 
activity he saw, the "alpha wave." This is activity in the 8-12 Hz range seen in the posterior 
regions of the head on both sides, being higher in amplitude on the dominant side. It is 
brought out by closing the eyes and by relaxation. 



 
 

Beta is the frequency range from 12 Hz to about 30 Hz. It is seen usually on both sides in 
symmetrical distribution and is most evident frontally. Low amplitude beta with multiple 
and varying frequencies is often associated with active, busy or anxious thinking and active 
concentration. Rhythmic beta with a dominant set of frequencies is associated with various 
pathologies and drug effects, especially benzodiazepines. 
 

 
 
Gamma is the frequency range approximately 26–100 Hz. Gamma rhythms are thought to 
represent binding of different populations of neurons together into a network for the purpose 
of carrying out a certain cognitive or motor function. 
 

 
 


