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Neuroimaging techniques

Electroencephalography (EEG) 

functional magnetic resonance imaging (fMRI),

positron emission tomography (PET),

magnetoencephalography (MEG),

nuclear magnetic resonance spectroscopy (NMR),

electrocorticography,single-photon emission computed 
tomography (SPECT),

near-infrared spectroscopy(NIRS) 

event-related optical signal(EROS).



1) EEG has a history of acceptance and is taught in medical schools; 

then, followed-up 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 above 

20,000Hz, if 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.

In what ways is EEG superior to other 
neuroimaging techniques?



5) EEG is silent, allowing for better study of the responses to auditory stimuli.

6) EEG does not aggravate claustrophobia.

7) EEG does not involve exposure to high-intensity magnetic fields or 
radioactive substances.

8)  EEG is extremely non-invasive.

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

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 states of 

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 brain development and degree of 

maturation.

14) Having been studied since the 1930ôs, the EEG is a better understood 

signal, in terms of what is being measured, compared to other techniques.

15) EEG is sometimes more sensitive to subtle impairments then more 

expensive neuroimaging tests (ex., MRI)



Quantitative EEG (QEEG)é.

é.also known as brainmapping, is a method of measuring and 
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,

Vproper 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 sessionsé.

éso, it should be no surprise



The QEEG lacks agreement on:

Vchoice of reference electrode placement, 

Vdefined bandwidths, 

Vthe utility of certain analyses, 

Vlength of time for a recording, 

Vbest method for artifacting data, 

Vdatabase selection parameters, and; 

Veven 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 called Z-Score training,

Some donôt use the QEEG at all, and;

One expert: ñIt is unethical to do neurofeedback without a QEEG.

What is fascinatingé

éEveryone gets good results. 



Complex fields embrace the fact that there are 
many pathways to advance onesô goals

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

ÅYou donôt come against another professionalôs ideas with 
indignant adversarial pronouncements.

ÅYou present your ideas based on evidence.  

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

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

ñShow me the dataò

ÅI 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 neurofeedback

(from Greek ǦǚǩǟǪǭǰ = bedroom, chamber)

Constitutes the main part of  the diencephalon

òThe gateway to the cortexó

Thalamus



Implanted Electrodes and 
EEG at the Cortical Level



Thalamocortical Axis or Radiations
fibers between thethalamusand thecerebral cortex



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

ÅGeneralized abnormalities (not due to diffuse 
metabolic or toxicity problems) probably represent 
dysfunction of thalamic generators for the given 
rhythm.  Training is indicated at C3, Cz, and C4. 

ÅFocal abnormalities are more likely to represent 
localized cortical abnormalities than thalamic 
dysfunction.



Hudspeth Relative Power Z-Score of  a 17 yr. old with AD/HD (Beta) and Conduct Disorder



M. Barry Sterman, Ph.D. (1994)é.

é.. relates the generation of field potentials at scalp level to the influence 

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 the efferentsfrom 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 

diversity of expertsé.. To facilitate the 

advancement of our field, a òbest 

practiceó model has been promoted 

that includes a proper understanding 

and integration of  quantitative 

electroencephalography (QEEG).  



What does ñbest practiceò mean?

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 Care ïor ïPractice Guidelines



Practice guidelines are developed by:

üAn examination of evidence-based practices.

üConsensus statementsfrom practitioners and 

experts within a field.

üPeer-reviewed research



Who defines the parameters of

a ñBest Practiceò model?

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. 






