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\ Aim of the Lecture. _

 To critically discuss neuroimaging

techniques (continued from last weeks
lecture).

* To provide scope into how researchers
have used these tools.

* To discuss issues such as Spatial and
Temporal Resolution.
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Neuroimaging Technigques.

« Structural Imaging.

— CT scan.
— MRI scan.

* Functional Imaging.
— EEG
— MEG
— FMRI
— PET

 Can also be structural

— SPECT

 Can also be structural.

— TMS?

« Single Cell Recording.
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\ Spatial Resolution

« Spatial resolution refers to the abillity to
sharply and clearly define the extent or
shape of features within an image. It
describes how close two features can be
within an image and still be resolved as

unique.
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« Synapse — site at

which neural Synapse
messages travel from | K\ P et
one neuron to \t _'.f_j‘
another. o

* Some synapses are
10 times smaller than
a Micron (1 millionth
of a metre).




 How the Brain changes over time.

e |ssues at BOTH ends of the time frame.

— E.g. How the brain develops from Child to
Adult.

 Slow process.

— Electrical Signals pass through at very very
quick speeds (thousandths of seconds).
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_Computed Tomography.

« Computed = Use of a
computer.

« Tomography = imaging by
sections or sectioning,
through the use of wave
of energy. A device used
In tomography is called a
tomograph, while the
Image produced is a
tomogram


http://upload.wikimedia.org/wikipedia/commons/d/da/Head_CT_scan.jpg

* Introduced in the early 80’s.

* Also known as a CAT scan (Computed
Axial Tomography).

* Very important medical tool for structural
Imaging and assessing neurological
damage in living people.




* Advanced version of a conventional x-ray.

« X-ray compresses 3D objects into 2D.

« CT allows for the reconstruction of three
dimensional space from the compressed
2d images.







Scan has two main parts.
— X-ray source and a set of radiation detectors.

Rotation.

Process is repeated until x-rays have been projected over 180
degrees.

Tube

Computer reconstruction.

Detectors




Absorption of x-ray radiation is correlated with tissue
density.

— Bone = High Density (lot of Absorption).
— Air/Blood = Low Density (little, but some absorption).

Neural tissue (between these extremes).

— CT scans provide an image of the differential absorption of
the tissue.

— Issues with clarity.

High density = Light
Low density = Dark.






http://www.google.co.uk/imgres?imgurl=http://schrier.files.wordpress.com/2008/07/bill-arm-broken-before-surgery-06-03-08.jpg&imgrefurl=http://schrier.wordpress.com/essays/bills-bicycle-accident-and-medical-technology/&usg=__0bYMxI2UEiz9FAAzdoI4CqJN8pk=&h=610&w=495&sz=48&hl=en&start=3&zoom=1&tbnid=XteisxXSMNjYbM:&tbnh=136&tbnw=110&ei=m7CdTqvoBNGwhAeD4fC0CQ&prev=/search%3Fq%3Dx%2Bray%2Bbroken%2Barm%26um%3D1%26hl%3Den%26safe%3Dactive%26sa%3DN%26tbm%3Disch&um=1&itbs=1

Absorption of x-ray radiation is correlated with tissue
density.

— Bone = High Density (lot of Absorption).
— Air/Blood = Low Density (little, but some absorption).

Neural tissue (between these extremes).

— CT scans provide an image of the differential absorption of
the tissue.

— Issues with clarity.

High density = Light
Low density = Dark.
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\About the CT/scan. ,,///

 http://www.youtube.com/watch?v=rN4E8Y
HloAs&feature=related

 http://www.youtube.com/watch?v=TX-
ODemidm8sé&feature=related



http://www.youtube.com/watch?v=rN4E8Y5loAs&feature=related
http://www.youtube.com/watch?v=Tx-0emi4m8s&feature=related

 Still widely used.
 Clarity issue though.
« Radiation.

* Highly avalilable.

* Fast

* Cheap.
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Magnetic Resonance Imaging




« Magnetic resonance imaging (MRI) is a
type of scan that is often used to diagnose
health conditions that affect organs, tissue

and bone.

* EXploits the magnetic properties of organic
tissue.




Most of the human body iIs made up of
water molecules, which consist of
hydrogen and oxygen atoms.

Proton = Subatomic Particle found in the
nucleus.

Hydrogen atoms consist of a single proton.




* Protons are in constant motion which
creates a tiny magnetic field.

* When the powerful magnets that are used
In MRI are switched on, all the protons

become oriented In the direction parallel to
the magnetic force.




 The MRI scanner sends radio signals to
certain areas of the body which ‘snap’ the
protons out of position.

* When this happens, each proton transmits
a radio signal that provides information
about its exact location in the bodly.




 MRI measures the distribution of protons
and other magnetic agents in the tissue.




 http://www.youtube.com/watch?v=H5979R

OC-mké&feature=related



http://www.youtube.com/watch?v=H5q79R9C-mk&feature=related

Better Spatial resolution than CT scan.

Not exposing Radiation.

Some people cannot use it (e.g. Pacemakers).
More expensive, slower.
Sedated participants.
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\Functional Imaging. /"

* Single Cell Recording .
« PET
e TMS?

* FMRI.

 EEG.
* MEG.




Functlonal I\/Iagnetlc Resonance




Works by detecting the changes in blood
oxygenation and flow that occur in response to
neural activity.

Oxyhemoglobin has a different magnetic
resonance than deoxyhemaoglobin.

When a brain area is more active it consumes
more oxygen and to meet this increased
demand blood flow Iincreases to the active area.




« After an area of the brain Is activated — there Is
an increase flow of arterial blood to the active
area.

* The relative concentration of deoxyhemogloblin
decreases.... leads to localised changing in MR.

* Blood Oxygenated Level Dependent (BOLD)
MR.




 http://www.youtube.com/watch?v=3JBHY
mfcksg




Very good spatial resolution. Has some limits.

All regions of the Brain.

Temporal Resolution better than PET but still
low.

Widely Avalilable.




Non-invasive

No radiation.

|dentifies a network of regions.

Indirect measure of Neural Activity.
— Correlation doesn’t necessarily imply causality.
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Electroencephalography (EEG). |
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Pioneering technigue to measure brain
activity.

Measures brain electrical brain activity,
non-invasively.

When large populations of neurons are
active together, they produce large electric
potential.




« Same principle as single cell recording but
with larger electrodes that can be placed on
the scalp (non invasive).

* Measuring the change in voltage
corresponding to the difference in potential.

» Tissues of the brain, skull and scalp passively
conduct electrical currents.




* Electroencephalogram = Record of the
signals... “Lets look at the
Electroencephalogram of Joe Bloggs”.

 EEG — Continuous recording.

* Important for Clinical Application —
Predictable EEG signatures.

» ECG — Electrocardiogram — Heart.

B

- e . /
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\ EEG and Epilepsy.

 Valuable information in the assessment
and treatment of Epilepsy.

* Focal seizures — begin in a restricted area
— spreading throughout the brain.

 First hint of a neurological abnormality.
— E.g. Tumors.




!
\ |

EEG\and Cognitive /Processes.

« Fairly limited - because it is very global.

« However, by extracting an evoked response from
the EEG signal it is possible to explore how brain
activity responds to a particular task.

 EEG traces from a series of trials are averaged
out aligning the records according to an external
event.
— Evoked Response = Event-related Potential (ERP).




* Event related Potential (ERP) is the change
In electrical activity that is time locked to
specific events.

 When the events are repeated many many
many times — small neural changes can be
observed (CONSISTENT changes).

— Background fluctuations removed — leaving an
Event related signal....great temporal resolution.




 http://www.youtube.com/watch?v=HX7L11

rhRTwé&feature=fvw



http://www.youtube.com/watch?v=HX7L11rhRTw&feature=fvw

* Poor Spatial Resolution.

* Not specific for Cognitive Function.

« Superficial Layers of the Cortex

» Side effects (Seizures).




Excellent temporal resolution.

Measure state effects (sleep).
Non-invasive.

Inexpensive.

Speed.
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Magnetoencephalography (M EG).

(right) (left) s (right)
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I\/Iagﬁeto,é‘ncephalc)graphy (MEG /.

* Active Neurons produce small magnetic
fields.

 MEG records the magnetic fields being

naturally generated by the neural sources
In the brain.




* Detected by sophisticated technology
based on super-conducting detectors and
analysers known as SQUID.

— Superconducting quantum interference
devices

* Magnetic Fields are analysed to find the
location of the active neural sources.




 http://www.youtube.com/watch?v=sFax54

OxJ5Q



http://www.youtube.com/watch?v=sFaX549xJ5g

« Non Invasive.

* Very high temporal resolution (as with
EEG).

» Better spatial localisation than EEG.




Expensive.

Interference.

Activity may be associated with but not essential
for the task.

Limited spatial resolution compared to PET.




