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Neuroimaging techniques

Electroencephalography (EEG)

functional magnetic resonance imaging (fMRI),
positron emission tomography (PET),
magnetoencephalography (MEG),

nuclear magnetic resonance spectroscopy (NMR),

electrocorticographysinglephoton emission computed
tomography (SPECT),

nearinfrared spectroscopiNIRS)
eventrelated optical sighdERQOS).



In what ways Is EEG superior to other
neuroimaging techniques?

1) EEG has a history of acceptance and is taught in medical schools;
then, followedup in residency training for neurologists; also,
comparatively easier to find technologists.

2) Equipment is less bulky and less expensive (by several tons and
several million dollars in some cases).

3) Modern EEG data collection systems record at sampling rates abov
20,000Hz, Iif desired, giving EEG very high temporal resolution

4) EEG is relatively tolerant of subject movement and there are
methods for minimizing and sometimes eliminating movement
artifacts.



5) EEG is silent, allowing for better study of the responses to auditory stimu
6) EEG does not aggravate claustrophobia.

/) EEG does not involve exposure to higkensity magnetic fields or
radioactive substances.

8) EEG Is extremely nemvasive.

9) EEG can detect covert processing (i.e., processing that does not require
response)

10) EEG can be used in subjects incapable of making a motor response



11) EEG can be recorded when the subject is not attending to the stimuli

12) EEG and ERP can measure and elucidate stages of processing or state
consciousness on a dynamic continuum, not just the final end result.

13) EEG is highly reliable and a powerful tool for tracking brain changes
during In the stages of life, the timing of braevelopmenand degree of
maturation.

14) Having beestudieds i nce t he 19300s, the EE
signal, in terms of what Is beimgeasuredgompared to othdechniques

15) EEG issometimes morsensitive to subtle impairments then more
expensive neuroimaging tests (ex., MRI)



Quanti tati ve EEG (

e. also known as Dbrainmapping
analyzing brain electrical activity from the cerebral cortex.

QEEG provides a standardized way to measure electrical
energy (power) within familiar frequency bands (delta, theta,
alpha, beta).

Used to estimate the probability that certain measurements In
the EEG reflect abnormalities, instabilities, or deficiencies In
proper communication pathways necessary for optimal brain
functioning.



Therapists in our field do not agree on:

Vwhich frequencies are important to train,
Vwhich areas of the brain should be targeted,

V proper degree of interaction between the
therapist and patient,

Vthe importance of integrating biofeedback
devices or other types of therapy, and

Vthe frequency per week and duration of time
for training sessionse.
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The QEEG lacks agreement on:

V choice of reference electrode placement,
V defined bandwidths,

Vthe utility of certain analyses,

Vlength of time for a recording,

V best method for artifacting data,

V database selection parameters, and,;

V even the usefulness of the QEEG Itself.



We are a diverse group!

Some use the QEEG as a tool in treatment planning to determine
parameters of various protocols,

Some use the QEEG continually in what is calleHcore training,

Some donot wuse the QEEG at al | ,
One expert: Nt 1 s unethical t 0
What 1 s fascinatingeéeé

eEveryone gets g:



Complex fields embrace the fact that there are

many pathways to ad

AThe key to progress is to view differences as complementary and
avoid creating or focusing on simplistic and artificial ideas.

AYou dono6t come against anothe
Indignant adversarial pronouncements.

AYou present your ideas based on evidence.

AWhich brings me to a disclosure that is more important for you to
know than my financial disclosure

Aln the spirit of the father of clinical neurofeedback, my mentor,
who said

NShow me t he dat ao

Al am grounded in the theoretical foundation set down by M. Barry
Sterman



Theoretical underpinning for how neurofeedback works
or
The neurophysiological basis of efficacy for neurofeedba
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Figure Legends

FIG. 1. Diagrammatic representation of thalamic relay nuclei organization. Primary
afferent axons form dedicated sensory and integrative pathways (tracts) which project to
thalamic relay nuclei. Thalamic relay cells, in turn, send their axons in functionally
organized “radiation” pathways to layer IV of the cortical areas where this information is
organized for conscious awareness and functional integration. En-route to the cortex,
thalamic relay cell axons send collateral branches into the adjacent region of the Thalamic
Reticular Nucleus (TRN), also referred to as nucleus Reticularis Thalami. The TRN cells,
in turn, send their axons back to the relay cells which activate them, Finally, pyramidal
cells im layer VI of the receiving cortical area send information back to both the same
thalamic relay and TRN cells. (From Sherman and Guillery, 1996)



Global thalamocortical geometry and white matter anatomy of a normal human brain
obtained by means of diffusion tensor imaging (DTI).

©2008 by National Academy of Sciences



Training strategy
generalized vs focal abnormalities

AGeneralized abnormalities (not due to diffuse
metabolic or toxicity problems) probably represent
dysfunction of thalamic generators for the given
rhythm. Training is indicated at CGz, and C4.

AFocal abnormalities are more likely to represent
localized cortical abnormalities than thalamic
dysfunction.
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M. Barry Ster man, Ph . e

e . . rel ates the generation of f1I e
on the thalamus of three integrative activities of the brain he calls 1)
vigilance, 2) sensorimotor integration, and 3) cognitive integration. The
vigilance system involves diffuse networks and specific centers in the
brainstem and their ascending influence on thalamic, subcortical and
cortical centers. The sensorimotor system involves the ascending touch
and proprioceptive pathways and their projections to thalamus and on to
sensorimotor cortex, and tefferentsfrom this cortical area. This

system generates the sensorimotor rhythm (SMR), the 12 to 14 Hz
rhythm over the sensorimotor strip. Cognitive integration involves a
range of centers that process and integrate sensory inputs and motor
responses.



DESCRIPTION:
The neurofeedback field is comprised of a

di ver si ty To faclldateotha t s é . .
advancement of Our .
practiced model has
that Includes a proper understanding

and Integration of quantitative
electroencephalography (QEEQG.



What does nbest pr ac

A commitment to using the best practices in any field Is a
commitment to using all the knowledge and technology at
one's disposal to ensure success.

In healthcare we call these
Standards of Carel ori1 Practice Guidelines



Practice guidelines are developed by:

U An examination of evideneleased practices.

U Consensus statemerfitem practitioners and
experts within a field.

U Peefreviewed research



Who defines the parameters of
a NBest Practiceo

Guidelines are usually created by national or
International professional associations or
governmental bodies.

NOTE: Governmental bodies like the United
StatesAgency for Healthcare Research and Quality
often defer to professional associations, ex., The
American Academy of Pediatrics.
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