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A Step-by-Step Discussion about fMRI with Other Methods
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ABSTRACT: Since twenty years ago, functional magnetic resonance imaging (fMRI) has been used in
numerous studies neural effects of human cognition. On that time fMRI was important in context of clinical
application as well as pharmacological application. Now the scope of fMRI is not restricted only in clinical or
pathological aspects; now it is also used in crime detection and other works. So a lot of automation in terms of
image processing is required to minimize computation and decision making time. As a result there is an opening
for computer science professional, but they have no prior knowledge regarding fMRI. This document gives a
clear idea about fMRI for those who are neither radiologist nor neurologist but interested in fMRI. This
document also discusses about fMRI image database and Data format for image processing. .
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I. INTRODUCTION

Functional magnetic resonance imaging or functional MRI (fMRI) is an MRI procedure that measures
brain activity by detecting associated changes in blood flow. This technique relies on the fact that cerebral blood
flow and neuronal activation are coupled. When an area of the brain is in use, blood flow to that region also
increases. The primary form of fMRI uses the blood-oxygen-level-dependent (BOLD) [1] [2] [3] contrast,
discovered by Seiji Ogawa in the year of 1990. fMRI is based on the idea that blood carrying oxygen from the
lungs behaves differently in a magnetic field than blood that has already released its oxygen to the cells. In other
words, oxygen-rich blood and oxygen-poor blood have a different magnetic resonance. Scientists know that
more active areas of the brain receive more oxygenated i.e., deoxy-hemoglobin concentrated [4] [5] [6] [7] [8]
[9] blood. The fMRI picks up this increased blood flow to pinpoint greater activity. The measurement of blood
flow, blood volume and oxygen use is called the blood-oxygen-level-dependent (BOLD) signal. The central
thrust behind fMRI was to extend MRI to capture functional changes in the brain caused by neuronal activity.
Both conventional and functional MRI use a powerful magnet and radio waves to produce images of the brain.
Conventional MRI images show beautifully detailed anatomy, and are an essential part of modern medicine. In
fMRI, the same scanner is optimized to detect small changes in blood flow in the brain in response to
scientifically designed stimuli. In principle, fMRI can be used to observe the activation of brain structures in
response to almost any kind of brief stimulation, ranging from sounds, to visual images, to gentle touching of
the skin. Currently, fMRI is being used across the world as a powerful neuroscientific research tool to study how
the brain works, although some medical applications are being discovered as well. Fig 1 shows BOLD design
fMRI experiment showing an overlapping Paradigm consisting of visual and auditory stimulation epoch. The
auditory stimulus consisted of recorded speaking \oices for 45 seconds alternated with 45 seconds of rest. A
combined Analysis was applied to reveal the visual (yellow-red) and Auditory (green—blue) processing areas of

the brain.
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Fig 1 Shows BOLD design fMRI experiment along with fMRI paradigm (a), and an eventrelated fMRI paradigm (b)..
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I1. DETAILOFfMRI

fMRI stands for functional magnetic resonance imaging. In order to understand how it works, it is first
necessary to understand conventional magnetic resonance imaging, or MRI. MRI is a technique for producing
astonishingly detailed images of the brain or other bodily structures (see Fig 1). These images demonstrate the
anatomy of the subject's brain at high resolution, and are used in virtually all modern hospitals to diagnose a
wide variety of brain disorders, including brain tumors, multiple sclerosis, and stroke. MRI scanning uses a very
strong magnet and radio waves to produce these spectacular images. The subject lies on a table, with his head
surrounded by a large magnet. The magnet causes some of the atoms (or, more precisely, particles inside the
atoms, called protons) inside the patient's head to align with the magnetic field. A pulse of radio waves is then
directed at the patient's head and some of it is absorbed by the protons, knocking them out of alignment. The
protons, however, gradually realign themselves, emitting radio waves as they do. These radio waves are
captured by a radio receiver and are sent to a computer, which constructs the brain image. The patient cannot
sense either the magnet or the radio waves; in fact, the patient only knows the machine is working because of
the noise it makes during scanning. Different parts of the brain respond to the radio waves differently, and emit
slightly different radio signals depending, among other things, on the local water and fat content. The computer
that receives all of the signals, therefore, is able to distinguish one brain structure from another, and produce
remarkable anatomical images, such as that shown in Fig 2.

The subject is facing to the right (the nose is in the lower right), and this slice is taken straight down the
middle of the brain. The blood contains iron, which is the oxygen-carrying part of hemoglobin inside red blood
cells. Iron atoms cause small distortions in the magnetic field around them. Not all iron atoms do this: for the
case of blood, only iron not bound to oxygen does this (“deoxyhemoglobin™) [10][11][12]. fMRI is the
physiological principle that whenever any part of the brain becomes active, the small blood vessels in that
localized region dilate, causing more blood to rush in. The blood is presumably needed to provide extra oxygen
and fuel (glucose) for the active brain cells. The result, however, is that a large amount of freshly oxygenated
blood pours into any activated brain structure, reducing the amount of oxygen-free (deoxy) hemoglobin. This
causes a small change in the magnetic field, and thus the MRI signal, it was shown that an MRI scanner can be
used to detect this small change in the signal, and thus detect which areas of the brain have been activated. So,
for example, if a patient lying in a scanner is suddenly shown a flash of light, the visual cortex in his brain will
become activated, blood flow there will quickly increase, and the MRI signal will change. The result is usually
displayed as a patchy area of color, representing the brain area activated, superimposed upon a conventional,
high-resolution, gray-scale image of the subject's brain (Fig 3). The signal is often called a BOLD signal
[13][14][15], standing for Blood Oxygen Level Dependent signal.

CU|I|.DUS Frontal
callosum cottex
Cerebellum Pons
Fig 3: Conventional MRI of the human brain Fig 4: firm image

Note that the yellow-orange area indicates the part of the brain that was significantly activated during
the study. This is the ventral striatum, which was activated in this case by unpredicted squirts of juice into the
subject's mouth. This area of activation is shown superimposed upon a high-resolution, 'conventional’ MRI scan
of the subject's brain, shown in gray-scale. To orient yourself, imagine that the subject is facing you, and you are
looking at a slice of his brain taken from the mid-to-frontal part of his head. Although an fMRI test
[16][17][18][19][20]doesn't use radiation, its strong magnetic field and radio waves may not be recommended
for certain groups of people including pregnant women, people with an internal defibrillator or pacemaker, those
with artificial heart valves or limbs, people with cochlear implants, people with an infusion catheter, those with
clips used on brain aneurysms, women with an intrauterine device (IUD) and people with metal pins, screws,
plates or surgical staples
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I1l. OTHER BRAIN IMAGING TECHNIQUES AND COMPARISON WITH fMRI

fMRI complements a number of other ways of looking at the brain. [21][22][23][24]

CT: Computed tomography (CT) scanning builds up a picture of the brain based on the differential absorption of
X-rays. During a CT scan the subject lies on a table that slides in and out of a hollow, cylindrical apparatus. An
X-ray source rides on aring around the inside of the tube, with its beam aimed at the subjects head. After passing
through the head, the beam is sampled by one of the many detectors that line the machine’s circumference.
Images made using x-rays depend on the absorption of the beam by the tissue it passes through. Bone and hard
tissue absorb x-rays well, air and water absorb very little and soft tissue is somewhere in between. Thus, CT
scans reveal the gross features of the brain but do not resolve its structure well.

PET: Positron Emission Tomography (PET) uses trace amounts of short-lived radioactive material to
map functional processes in the brain. When the material undergoes radioactive decay a positron is emitted,
which can be picked up be the detector. Areas of high radioactivity are associated with brain activity.

EEG: Electroencephalography (EEG) is the measurement of the electrical activity of the brain by
recording from electrodes placed on the scalp. The resulting traces are known as an electroencephalogram
(EEG) and represent an electrical signal from a large number of neurons. EEGs are frequently used in
experimentation because the process is non-invasive to the research subject. The EEG is capable of detecting
changes in electrical activity in the brain on a millisecond-level. It is one of the few techniques available that has
such high temporal resolution.

MEG: Magnetoencephalography (MEG) is an imaging technique used to measure the magnetic fields
produced by electrical activity in the brain via extremely sensitive devices known as SQUIDs. These
measurements are commonly used in both research and clinical settings. There are many uses for the MEG,
including assisting surgeons in localizing a pathology, assisting researchers in determining the function of
various parts of the brain, neuron-feedback, and others.

NIRS: Near infrared spectroscopy is an optical technique for measuring blood oxygenation in the brain.
It works by shining light in the near infrared part of the spectrum (700-900nm) through the skull and detecting
how much the remerging light is attenuated. How much the light is attenuated depends on blood oxygenation
and thus NIRS can provide an indirect measure of brain activity.

ADVANTAGES OF fMRI

« The big advantage of fMRI is that it doesn't use radiation like X-rays, computed tomography (CT) and
positron emission tomography (PET) scans. If done correctly, fMRI has virtually no risks. It can evaluate
brain function safely, noninvasively and effectively.

« fMRI is easy to use, and the images it produces are very high resolution (as detailed as 1 millimeter). Also,
compared to the traditional questionnaire methods of psychological evaluation, fMRI is far more objective.

DISADVANTAGES OF fMRI

* It'stoo expensive.

» Second, it can only capture a clear image if the person being scanned stays completely still.

» Researchers still don't completely understand how it works.

«  The biggest complaint from researchers is that fMRI can only look at blood flow in the brain. It can't home
in on the activities of individual nerve cells (neurons), which are critical to mental function.

» Inaddition, the results of an fMRI scan can be difficult to interpret.

« fMRI has often been used to show activation localized to specific regions, thus minimizing the distributed
nature of processing in neural networks.

« The images produced must be interpreted carefully, since correlation does not imply causality, and brain
processes are complex and often non-localized.

« fMRI has poor temporal resolution. The BOLD response peaks approximately 5 seconds after neuronal
firing begins in an area. This means that it is hard to distinguish BOLD responses to different events which
occur within a short time window. Careful experimental design can reduce this problem. Also, some
research groups are attempting to combine fMRI signals that have relatively high spatial resolution with
signals recorded with other techniques, electroencephalography (EEG) or magnetoencephalography (MEG),
which have higher temporal resolution but worse spatial resolution[25][26][27][28][29][30].

1V. APPLICATION OF MRI
Magnetic resonance imaging (MRI)[31][32][33][34][35] [36]can be used to produce detailed images of
almost any part of the body. MRI scans are often used to examine the brain and spinal cord, bones and joints,
breasts, heart and blood vessels etc. It is also possible for an MRI scan to be used to examine other internal
organs, such as the lungs or liver.
An MRI scan can produce very detailed images of the brain and spinal. This makes MRI ideal for
helping to diagnose conditions that affect the brain and nervous system. For example:
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Brain tumours, Dementia, Alzheimer’s disease, Stroke, Parkinson’s disease, Multiple sclerosis, Motor
neurone disease , Brain infections like meningitis and encephalitis, Injuries to the brain or spinal cord, Bones
and joints etc.

MRI scans are a very effective way of checking for damage or abnormalities to the soft tissue found in
bones and joints, such as cartilage, tendons, muscles and ligaments. This means that an MRI scan can be used to
help diagnose conditions that assess damage to the cartilage, tendons, muscles and ligaments in the bones and
joints.

MRI scans are now often used to help diagnose breast cancer. They can provide a way of checking how
much of the breast is affected by cancer, although they are not needed in all cases. MRI is also sometimes used
to assess breast implants.

MRI scans can be used to produce detailed images of your heart. The images can often help detect
specific problems with the heart, such as defects with the valves or chambers. MRI scans can also help assess
whether a person’s heart has been significantly damaged after having a heart attack.

V. APPLICATION OF fMRI

Functional MRI is a fairly new technique that is used to study the workings of the brain. A functional
MRI takes repeated scans, usually one a second, rather than a single scan. The scans are used to track the
movement of blood through the brain. This allows the sections of the brain that are particularly active to be
identified. It also shows how brain activity responds to outside events and activities. For example, a volunteer
may be asked to solve a problem or to remember a short phrase. Functional MRI can then be used to determine
which parts of the brain are active during these tasks.

Functional MRI is sometimes used to help surgeons when planning complex brain surgery. Functional
MRI (fMRI) [37][38][39][40] has had a major impact in cognitive neuroscience. fMRI now has a small but
growing role in clinical neuroimaging, with initial applications to neurosurgical planning. There is a wider
potential for clinical fMRI in applications ranging from presymptomatic diagnosis, through drug development
and individualization of therapies, to understanding functional brain disorders.

Another push to use fMRI lie detection technology and also used to detect critical crime case in the
world. The advanced magnetic scanning technology has been reported to determine whether someone is lying
with around 90% accuracy by measuring blood flow in different parts of the brain. By tracking changes in
cerebral blood flow as a subject performs a mental task, fMRI shows which brain regions “light up” when
making a movement, thinking of a loved one, or telling a lie. fMRI scans of brain activity as inmates perform
various tasks, including tests of moral reasoning.

Use in Early Alzheimer's Disease [10] And In Clinical Trials: Schizophrenia is a debilitating psychiatric
disorder characterized by the presence of certain types of ‘positive’ symptoms such as delusions, hallucinations
and thought disorder (Andreasen 1995). These ‘positive’ symptoms are usually complemented by ‘negative’
symptoms such as psychomotor retardation and affective fl attening. FMRI has been used to investigate the
neural correlates associated with both positive symptoms, negative symptoms and cognitive dysfunction over
recent years.

«  Examine the anatomy of the brain.

« Determine precisely which part of the brain is handling critical functions such as thought, speech,
movement and sensation, which is called brain mapping.

*  Monitor the growth and function of brain tumours.

»  Guide the planning of surgery, radiation therapy, or other surgical treatments for the brain.

«  Pre-surgical planning with functional neuroimaging has been undergoing evaluation over the past few
years, particularly in cases involving resections of brain tumors and arterio-venous malformations, as well
as in surgery for epilepsy. One important problem with these procedures is the collateral damage inflicted
by surgery on vitally important structures and tracts in the vicinity of the lesion. By a pre-operative fMRI
evaluation, it is relatively easy to visualize what cognitive, motor or sensory functions are likely to be
impaired following the resection, and counsel the patient accordingly.

VI. AVAILABILITY OF fMRI DATA AND DATA FORMAT

The ultimate goal of fMRI data analysis is to detect correlations between brain activation and the task
the subject performs during the scan. The BOLD signature of activation is relatively weak, however, so other
sources of noise in the acquired data must be carefully controlled. This means that a series of processing steps
must be performed on the acquired images before the actual statistical search for task-related activation can
begin. For a typical fMRI scan, the 3D volume of the subject's head is imaged every one or two seconds,
producing a few hundred to a few thousand complete images per scanning session. Some organisation put their
fMRI data in the web. Like Open fMRI provides their data free of cost. They follows ‘“Neuroimaging
Informatics Technology Initiative” recommended format with file extension *.nii. [41][42][43][44][45]
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VII. CONCLUSION

fMRI has a great impact not only in medical science but also in society in order to maintain the societal
equilibrium. Due to urban life style and nuclear family culture young generation are facing some psychological
problems. fMRI can diagnose this problem in pathological ends. So in near future the demand of computer
science specialists, who are familiar with the functionality of fMRI, will increase to design the automatic
diagnostic equipments which can able to solve specific psychological and societal problems like aggressive in
nature, tendency of crime etc. The fMRI technique is mostly used in research on normal brain functioning
because it has yet to be proved that consistent results could be obtained in patients with pathological conditions.
However, a major research advantage to fMRI is that there is a natural correspondence to MRI structural
images. This provides an anatomic basis to the functional localizations. It can also easily identify multiple
regions of activation without the modeling or registration complications of other imaging techniques. Using
these features we can solve the above mentioned problems. This document illustrates the basic concepts of fMRI
and authors are interested to write a complete overview for the beginners.
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