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BESA
BioSemi
BrainMaster
Cadwell
CapScan
DeyMed
Lexicor
MindSet
Mitsar
NeuroNav
NeuroPrax
NeuroScan
Nicolet
NuAmps
ProComp
XLTEK
& Many More

Z Score

FFT

Pre vs Post Treatment Statistics 
and Z Score EEG Biofeedback
& LORETA Z Score Biofeedback

NeuroGuide by Applied Neuroscience, Inc.
The most affordable and comprehensive EEG system available: Dynamic EEG Databases, LORETA, Discriminant
Functions, Power, Coherence, Phase, JTFA, Burst Metrics, Phase Reset, Statistics, Instantaneous Coherence & 
Phase Reset, Phase Locking & Phase Shift Duration, Batch Processing, Bi-Spectra & Neurofeedback

Take a test drive – download a FREE NeuroGuide Demo at:
www.appliedneuroscience.com. qeeg@appliedneuroscience.com 727-244-0240

BSI: The EEG 
Expert’s Expert

Become a BSI Affi liate 
Experience a new level 
of clinical success

QEEG Interpretation and 
Neurotherapy

Recommendations by

Jay Gunkelman, QEEGD

********************
EEG Interpretations by

Meyer Proler, MD
Michael Bass, MD

(866) 888-8820 • (925) 416-1400 
www.BrainSInternational.com
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COMPREHENSIVE TRAINING can only come 
from a comprehensive faculty. Our faculty mem-
bers are clinicians with active practices, authors 
of core textbooks and cutting edge studies, and 
neuroscientists with decades of practical experi-
ence and knowledge. We provide three levels of 
neurofeedback classical amplitude training, data 
base guided live Z-Score PZOK, and QEEG 
interpretation and LZT training workshops. 
Most workshops offer APA and BCIA CE hours.
Coming: Web-based workshops!

3401 Enterprise Parkway Suite 340 Beachwood, OH 44122
800-447-8052 or 216-766-5707
stsinc@pantek.com www.stresstherapysolutions.com

To become an expert, 
learn from the experts

What if you could visualize brain activity as 
it happens? What if a system could show you the 
brain signals producing a thought or action, before 
the person themselves knows? What if you could 
see your client’s brain activity in real time, and 
incorporate that information into your practice? 

BrainMaster Technologies, Inc. is proud  to 
introduce BrainAvatar™, the next generation of 
EEG and neurofeedback software. It provides a 
new standard of excellence. 

Using computerized state-of-the-art electro-
magnetic tomography, it is now possible to 
see brain activity as it happens. With an 
instantaneous, EEG-based, live, 3-dimensional 
brain biofeedback system, BrainAvatar™ brings 

With an unprecedented array of displays and 
possibilities, BrainAvatar™ software opens 
the door to new ways to look at and to help 
train the brain. Using proven EEG-based 

the screen in less than 30 milliseconds — 
less than the time it takes for a person to become 
aware of their own brain processes. That makes this 
system truly faster than thought.

With a variety of training options, with or without 
Live Z-Scores, BrainAvatar™ provides unlimited 
possibilities. Monitor the entire head while 
traditionally training 1, 2, 4, or up to 19 channels 
of neurofeedback. With our new ZBuilder, 
practitioners can construct their own normative data 
for live Z-Score training, providing individualized 
surface or sLORETA-based biofeedback. Protocols 
can be combined to include DC, slow cortical 
potentials, or peripheral biofeedback alongside 
live brain imaging and biofeedback. Building 
on research conducted at the Key Institute in 
Switzerland, BrainAvatar™ incorporates advanced 
EEG technology and brings it to live biofeedback.

BrainAvatar™ is based on the concept that the 
foundation of EEG biofeedback is in recognizing 
the power of brain plasticity and its neuronal 
resources to implement change in the context of 
homeostasis. By combining EEG and peripheral 
modalities, BrainAvatar™ provides a means to 
empower the brain and the body to self-regulate 
in productive ways. By addressing the physical, 
mental, and spiritual aspects of self-regulation, 
BrainAvatar™ helps to bridge multiple domains, 
giving you and your client maximum potential for 
change and growth.

195 WILLIS STREET 
BEDFORD, OH 44146

440.232.6000 ext 200 or 201
www.brainmaster.com

sales@brainmaster.com

Field testing through December 2012. All biofeedback systems sold to or on 
the order of a licensed practitioner for relaxation purposes. 20% restocking 
fee within 30 days. No refunds or returns after 30 days. No refunds or 
returns on software, items of hygienic nature, or passkeys. All pricing subject 
to change without notice. Patent pending.

The next generation of 
neurofeedback software is here

BrainAvatar™ 4.0 introduces a new level of seamless 
integration and ease of use to neurofeedback, general 
biofeedback and QEEG. Both Atlantis and Discovery 
BrainAvatar™ 4.0 neurofeedback features include:

Event Wizard —
—

—

Discovery BrainAvatar™ LLP features 
include all the above plus:

Event Wizard

532-022   v. 2.0   2.23.12 NeuroConn

Brain Avatar™ 4.0 waterfall (with training option)

 BrainAvatar™ BrainAvatar BrainAvatar BrainAvatar
BrainMaster

Take the guesswork out of neurofeedback.

Most workshops offer APA and BCIA CE hours.
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EEG/qEEG/ERP Analysis and Education

(866) 888-8820 • (925) 416-1400 
www.BrainSInternational.com

University of Colorado, Boulder 
awarded to those who complete 1- and 3-Day 

Neurofeedback or 1- and 3-Day QEEG courses and also complete 
additional online coursework in neuroscience. 
Instructed by Dr. Donald Cooper, Associate Professor

David Hagedorn, PhD
Ass’t Professor,

US Army

James Thompson, PhD
Director, Int’l Brain 
Research Found.

Elena Labkovsky, PhD
Research Associate

Northwestern University
Inst. of Neuroscience

Michael Lindon, PhD
Director Attention  enters

Enroll In BSI Courses and Receive:
 • Instruction from world-renowned practitioners • Maximum CE/CME credits* • Training with state-of-the-art equipment •

More information? 
www.BrainSInternational.com | Courses

1-Day Intro to Neurofeedback*^ 
 March 25 - San Francisco
   Sept 17 - Orlando
   Oct 3 - Australia
   Oct 30 - San Francisco

3-Day QEEG Training*^
March 26-28 - San Francisco

 Sept 25-27 - Orlando
 Oct 4-6 - Australia
 Oct 31-Nov 2 - San Francisco

3-Day Neurofeedback Training*^
March 26-28 - San Francisco

 Sept 18-20 - Orlando
 Oct 4-6 - Australia
 Oct 31-Nov 2 - San Francisco

1-Day Intro to QEEG*^
 March 25 - San Francisco
 Sept 24 - Orlando
 Oct 3 - Australia
 Oct 30 - San Francisco

1-Day Neurofeedback & QEEG for
            mTBI & PTSD*

June 21 - Chicago

Jay Gunkelman
Chief Science 
Officer, BSI

Cynthia Kerson, PhD
BSI Director of Education

Joel Lubar, PhD
Professor Emeritus, 

Univ of TN

Barry Sterman, PhD
Professor Emeritus, 

UCLA

1-Day Event-Related Potentials 
          & fQEEG*

June 21 - Chicago

1-Day Neurofeedback & QEEG for 
           ASD & ADHD*
       June 21 - Chicago

1-Day Neuroimaging for Psychiatric & 
Psychological Disorders for Medication 
Response & Peonotype Predictions*
 June 21 - Chicago

1-Day Neuromodulatory Approaches*
 Sept 20 - Orlando

Learn About 
Neurotherapy and 
QEEG/ERP/fQEEG
From The Experts

*Continuing education applications on file with SmithBucklin for APA, AMA, MFT and LCSWW         ^BCIA didactic accreditation application on fille
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My first three 
months as ISNR 
President have been 
interesting, to say 
the least, and incred-
ibly busy. ISNR has 
been steadily mak-
ing progress on all 
of the organizational 
changes it has under-
taken. There are sev-
eral things that ISNR 

can proudly announce are in the works or ac-
complished. As of the time of this writing, the 
most exciting news is that ISNR has hired a 
new Executive Director. Cynthia Yablonski, 
MBA will be joining ISNR around the first of 
May. Cynthia has been the Executive Direc-
tor for The Protein Society for the last 8 years 
of her 20+-year career of managing various 
organizations. Her duties at the Protein Soci-
ety included responsibility for the day-to-day 
operational activities, membership, managing 
the monthly professional journal (which has 
over 800 articles a year), and being responsi-
ble for a yearly conference of 1,000 attendees 
in the United States, and an additional Euro-
pean Conference every two years. In addition 
to her MBA, Cynthia has a Bachelor’s degree 
in Biology with an emphasis in neuroscience 
which led her to manage a Brain Bank Data-
base at the National Institute of Mental Health. 
She presently lives in the Virginia/Washing-
ton DC area and has done lobbying work on 
Capitol Hill for The Protein Society and other 
organizations for which she worked. We are 
very excited to welcome Cindy to ISNR and 
look forward to her becoming a part of our 
organization. I will make an announcement 
after she is fully on board and I encourage all 
of you to contact Cindy, introduce yourself, 
and welcome her to ISNR.

I would like to thank the ISNR Search 
Committee for their dedication and perse-
verance in finding and recommending Ms. 

Yablonski. The committee consisted of past 
president, Leslie Sherlin, president elect, 
Randy Lyle, Judy Crawford from BCIA, and 
me. A special thanks to Judy Crawford for go-
ing above and beyond the call to help ISNR in 
its time of need. As well, a thank you to both 
BCIA and The Resource Center for supporting 
Judy’s availability to us. Karen Forbes, INSR 
interim Executive Director, wore two hats as 
staff support and consultant to the committee. 
Personal thanks to you all for your extended 
service during this process. Your diligence 
produced a great result.     

The next great announcement at this 
time of writing is that the new website is up 
and running after being delayed for several 
months during reconstruction. The new web-
site look was showcased at last fall’s ISNR 
conference, and it was intended that the site 
would be functional shortly after that. How-
ever, delays by the company hired to work on 
the site led to a much later completion date. It 
has certainly been worth the wait. The whole 
look and functionality of the site is wonder-
ful and we have received many compliments. 
Thanks to past president Leslie Sherlin for 
making this his pet project and seeing it 
through to the end. If you haven’t checked it 
out, do so and enjoy!

The beginning of the year was the 
deadline for comments on the ISNR practice 
guidelines white paper. We received many 
comments from both members and non-mem-
bers. As most of you witnessed, this kept many 
listserves very active. We had a full range of 
comments from positive to negative and the 
Standards committee has been very hard 
at work utilizing those comments to revise 
the paper. I have been monitoring the prog-

ress and am pleased with the changes I see 
and feel that the membership will be pleased 
with the changes. The process for construc-
tion of this white paper is that the committee 
will finish revising the paper and submit it to 
the ISNR Board for its acceptance of the revi-
sions. Then, the paper will be submitted to the 
Journal of Neurotherapy for publication.  

The call for papers is now open for the 
ISNR Annual Conference that will be held 
September 19-23, 2012 at the Hyatt Regency 
Grand Cypress Hotel in Orlando, Florida. 
Start making your plans to attend this confer-

ence. It promises to be the best conference 
yet, with exceptional speakers and workshops 
and a wonderful location to enjoy meeting 
with friends and colleagues.

This NeuroConnections issue marks a 
change in management for this publication 
with Cindy Kerson stepping down as Man-
aging Editor. I would like to acknowledge 
and thank Cindy for her dedication over the 
years as the Managing Editor. Cindy, along 
with editors Merlyn Hurd and Roger Riss, 
have produced an excellent publication. We 
wish Cindy the best in her future endeavors. I 
would also like to thank Barbara Trumbo for 
filling in as interim Managing Editor for this 
issue.

In closing, I would like to again extend 
the invitation to you to become a part of ISNR 
and join one of its committees or offer to vol-
unteer in some capacity. As well, consider do-
nating to the ISNR Research Fund. Donating 
time and/or money to INSR is an investment 
in our field and yourself.

Richard E. Davis, MS  

�

Richard E. Davis, MS

ISNR	Mission	Statement	
To promote excellence in clinical practice, educational applications, and 
research in applied neuroscience in order to better understand and enhance 
brain function. Our objectives are:
•  Improve lives through neurofeedback and other brain regulation 

modalities
•  Encourage understanding of brain physiology and its impact on behavior 
•  Promote scientific research and peer-reviewed publications
•  Provide information resources for the public and professionals 
•  Develop clinical and ethical guidelines for the practice of applied neuro-

science

AAPB	Neurofeedback	Division		
Mission	Statement
To improve human welfare through the pursuit of its goals. The specific 
goals are:
•  The encouragement and improvement of scientific research and clinical 

applications of EEG technology and neurofeedback.
•  The promotion of high standards of professional practice, peer review, 

ethics, and education in neurofeedback.
•  The promotion of neurofeedback and the dissemination of information to 

the public about neurofeedback.
•  The division is organized for the purpose of carrying on educational and 

scientific objectives and is not to be operated for profit. 

Letter	from	ISNR	President

ISNR	has	been	steadily	making	progress	on	

all	of	the	organizational	changes	it	has	

undertaken.
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Letter	
from	
AAPB	
Co-
Editor
Welcome to the spring 

2012 issue of NeuroConnections. Our theme 
for this special issue focuses on posttraumatic
stress disorder (PTSD). Exposure to trauma 
is certainly not a new phenomenon to hu-
mankind. Writings dating back to the period 
before Christ reflect an understanding that 
trauma can affect an individual for years af-
ter the traumatic event. As early as 490 BC, 
Greek historian Herodotus described an Athe-
nian soldier who became permanently blind 
after witnessing the death of a fellow soldier 
during the Battle of Marathon, although he 
himself had experienced no apparent physi-
cal trauma. Nor do reports of posttraumatic 
stress reactions appear to be unique to the hu-
man species; elephants have been reported to 
suffer from posttraumatic stress upon seeing 
members of their herd shot by hunters, while 
military service dogs deployed in war zones 
have also been observed to develop trauma 
symptoms after witnessing combat.

Although it had been well known that 
the stresses of combat could produce long-
lasting psychological effects, not until 1980 
did the American Psychiatric Association add 

PTSD to the third edition of its Diagnostic 
and Statistical Manual of Mental Disorders 
(DSM-III). Prior to 1980, the disorder now 
known as PTSD had been recognized by such 
varied names as nostalgia (reflecting a Civil 
War era notion that symptoms were caused by 
homesickness), shell shock (reflecting a Word 
War I-era misattribution of symptoms to blast 
exposure), or battle neurosis (reflecting a 
World War II-era notion that development of 
such symptoms were a sign of personal weak-
ness or flaw).

Reflecting on his own experience as 
the survivor of four Nazi concentration camps 
during WWII, psychiatrist Victor Frankel, in 
his book, Man’s Search for Meaning, offered, 
“an abnormal response to an abnormal situa-
tion is normal behavior.” This goes to the heart 
of current views of PTSD, which, informed 
by a growing body of neurophysiological and 
neuroimaging data, have increasingly come to 
understand PTSD as a normal and predictable 
physiological endpoint to the body’s efforts to 
adapt to levels of stress for which it was never 
designed.

A growing body of evidence highlights 
that PTSD is, at its core, a condition defined 
by profound dysregulation of both neural and 
peripheral stress circuitry (Kolassa et al., 2007; 
Krystal & Neumeister, 2009). This modern 
redefinition of PTSD as a neurophysiological, 
rather than a primarily psychological disorder, 
places PTSD squarely in our field of expertise.

As they peruse the current issue, alert 
readers will discern a common theme. Despite 
differences in treatment protocols, practitio-

ners are reporting that, for a substantial per-
centage of sufferers, interventions targeting 
neurophysiological dysregulation are proving 
to be highly effective in addressing symptoms 
of PTSD, improving patient readiness to take 
advantage of more psychologically-based ther-
apies, and in some cases, obviating the need for 
traditional psychological treatment. Moreover, 
leaders in the field are reporting a trend toward 
more efficient protocols, yielding symptom 
improvement in significantly fewer sessions 
than were required even five years ago. These 
findings stand in contrast to primarily phar-
macological and psychotherapeutic treatment, 
where outcome data appears to suggest that the 
disorder is increasingly resistant to treatment 
once symptoms have become chronic.

Roger Riss, PysD 
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Letter	
from	
ISNR	
Interim		
ED

Dear	ISNR	Members,
As you have read in ISNR President Richard 
Davis’ article, ISNR’s Board of Directors has 
hired their permanent Executive Director, 
Cindy Yablonski! While I will miss work-
ing with the Board and members of ISNR, 
I am thrilled that Cindy will be taking over 
the operational leadership of the organization. 
Cindy has the experience, professionalism, 
and vision to lead the organization for growth 
and expanded member services, based on 
strategic thinking, inclusivity of the various 
interests and priorities of the stakeholders and 
a keen understanding of nonprofit best prac-
tices. I congratulate the Search Committee, 
chaired by ISNR President Richard Davis and 
members Judy Crawford, Randy Lyle, and 
Leslie Sherlin on the thoughtful, transparent, 
and thorough process that brings Cindy to the 
ISNR helm, and I was honored to serve as 
their staff advisor.

The search process was time consum-
ing; it began in October 2011 with determin-
ing the process, a review and update of the 
job description, and finally, crafting of the 
job posting. This review exercise allowed 
the committee to determine that they were 
looking for someone with nonprofit/associa-
tion management experience, a track record 
in membership development, and a very high 
level of professionalism, especially in the 
area of relationship building. Once approved, 
the posting was listed on the ISNR website, 
in The Nonprofit Times, Idealist.org, Oppor-
tunity Knocks, and at ASEA (The Center for 
Association Leadership). This variety of sites 
insured that the posting was picked up by var-
ious Executive Director search engines and 
resulted in more than fifty packets of interest.

Each packet was reviewed with an eye 
to the traits and experience the committee had 
identified as critical for the future Executive 
Director, and separated into those who fit the 
criteria, those who had some of the criteria 
and those who did not fit the criteria. Those 
candidates with the closest match were called 
by the members of the Search Committee for 
a preliminary introductory conversation. As 
a result of this conversation, Cindy quickly 
became the leading candidate; however, the 
committee followed through with the pre-
determined process of conducting first and 
second interviews. Cindy remained the first 
choice, and after several follow-up phone 
calls was asked to make a presentation to the 

Board of Directors in January. Her presenta-
tion was professional, creative, and wonder-
fully overreaching!

The Board of Directors unanimously 
approved a face-to-face interview with Rich-
ard or his designee and the opening of the dis-
cussion on the terms of employment. It was an 
exciting, celebratory decision for the Board. 
Richard flew into Baltimore within days, and 
he and Cindy met and sealed the deal! Thanks 
to the efforts of the members of the Search 
Committee, ISNR will have an experienced, 
professional and forward thinking Executive 
Director early in May. The process that began 
with the exhausting Interim Executive Direc-
tor Project through The Nonprofit Center at 
LaSalle University School of Business back 
in May of 2011 will end successfully in May 
of 2012. I congratulate everyone for their 
commitment to a process that points ISNR to 
a bright future!

I also have the pleasure of announc-
ing that NeuroConnections has a new interim 
Managing Editor, Barbara Trumbo. Barbara 
joined the ISNR team in January after we 
learned that the long-time Managing Editor, 
Cindy Kerson would no longer be serving in 
that capacity. Cindy, in partnership with edi-
tors Merlyn Herd and Roger Riss, has done 
an incredible job over the years developing 
the newsletter into the high quality, respected 
member service that it is today. We wish Cin-
dy Kerson well with her future endeavors and 
thank her for her efforts.  

Barbara, using her skills, experience, 
and desire to move NeuroConnections to an 
even higher level, has picked up the reins 
(much to my relief and with Merlyn and Rog-
er’s appreciation). Once Executive Director, 
Cindy Yablonski comes on board, permanent 
arrangements for the Managing Editor posi-
tion will be made; until then, NeuroConnec-
tions will continue to be a valuable member 
service and source of research, information, 
products, and creative thinking in the neuro-
feedback field.

Finally, I congratulate the Board of Di-
rectors for their time and efforts during the In-
terim Executive Director Project. Opening the 
closets to a stranger, listening to recommen-
dations for best practices and improvements 
in organizational structure, and implementing 
those recommendations, is never easy and is 
a process that requires incremental change 
and a long-term commitment. I wish ISNR 
the very best as they continue their journey of 
organizational development and look forward 
to hearing great things in the future.

With best regards,
Karen Forbes  

Letter	
from	
ISNR	
Co-
Editor

First, I want to com-
pliment Roger Riss 

for his work on this edition. It is filled with ar-
ticles that are technically accurate and clinical 
issues that can help you in your work. Second, 
this issue illustrates the many clinicians that 
have worked, and are working with veterans, 
many pro bono, which is a tribute to ISNR’S 
determination to help those who have given 
so much to keep us all safe. 

When I look at the PTSD issue, my 
mind goes back to George Carlin’s note that 
when we as a society wish to distance our-
selves from the reality of something we add 
more syllables; “shell shock” became “post-
traumatic stress disorder.” Frankly, “shell 
shock” captured the truth better. Today, in the 
NY Times, the Armed Forces reports there is 

a higher level of suicides and sexual assaults 
in veterans than ever before. This is looking at 
just the Armed Forces; when one expands out 
to the larger society, the rate of PTSD is truly 
shocking. Now for the really odd part. In the 
DSM IV TM for the diagnosis code that psy-
chologists can use, PTSD is not listed. One 
has to use a number of other codes to portray 
the disorder one is working with. Certainly, 
we can treat anxiety, headaches, dissociation, 
depression, anger, sexual issues, and a score 
of other disorders, so we are not hampered 
by the oversight of the committee who for-
mulated the DSM IV TM or the forthcoming 
DSM V. The articles by the clinicians and 
researchers in this edition are providing you 
with the tools and wisdom necessary to work 
with these clients or refer them appropriately 
to the clinician that has the expertise.

Do read the Collura, Siever, Hagedorn, 
Rutter, Trudeau, and Othmer articles. They 
have technical information and clinical expert 
information that you will find invaluable.

Do have a wonderful winter and see 
you in the spring.

Merlyn Hurd, PhD, BCN Fellow 

Merlyn Hurd, PhD Karen ForbesKaren Forbes

In	the	DSM	IV	TM	for	

the	diagnosis	code	

that	psychologists	

can	use,	PTSD	is	not	

listed.
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Letter	from	
AAPB	ED
Volunteerism:		
the	Life	Blood	of	AAPB

Without the dedica-
tion and support of 
volunteers, organiza-
tions like AAPB and 
ISNR cannot exist. 
Volunteers provide 
the professional ex-
pertise for our orga-
nizations to thrive, 
and guide the ongo-
ing advances that are 

critical in our ever-changing world. AAPB is 
always on the lookout for good volunteers who 
are interested in advancing the mission of the 
organization and the practice of biofeedback 
and neurofeedback.

It’s easy to understand when members 
suggest that they simply don’t have time to 
serve on a committee or task force. Giving of 
volunteer time requires a commitment that may 
not be appropriate for everyone. But, there are 
numerous volunteer options that do not neces-
sarily require huge outlays of time, and the re-
wards can be tremendous. AAPB offers a num-
ber of opportunities for members to volunteer 
for service in ways that are time limited. When 
the task is complete, your responsibility is 

complete. For example, members may serve as 
abstract reviewers, new member, or first time 
conference attendee mentors, or on special task 
forces with short-term goals and objectives.

Naturally, we need volunteers to serve 
on committees with more long-term objec-
tives as well, such as our education, member-
ship, and conference planning committees, to 
name a few. If you find the shorter term vol-
unteer options more appealing, have we got a 
deal for you! A few of the task forces that are 
in need of volunteers and their missions:
• Marketing: develop strategies to market 

AAPB publications, the annual confer-
ence, and other educational offerings; 
create and promote a speaker’s bureau; 
nurture organizational relationships; and 
promote membership growth in AAPB.

• University Outreach: develop a white 
paper on the need for a consistent biofeed-
back curriculum and the recommended 
elements.

• Website: work to increase the Founda-
tion’s presence on the website; keep the 
Clinician’s Resource Library updated; 
and monitor web content for accuracy and 
timeliness. 

• Student: evaluate ways to better engage 
the student community within AAPB. 

• Social Networking: create and execute 
strategies to leverage social networks that 
will reach potential members and educate 
the public on the benefits of biofeedback. 

As AAPB enters its new Board year, 
the Board will be setting its priorities and will 
need volunteers to address the objectives of 
these and possibly other groups.

So, you ask, what’s in it for me? Please 
consider these benefits of volunteerism:
• Hone your leadership skills.
• Make a difference for your professional 

organization and your fellow members.
• Share your knowledge and experience in 

ways that can offer improvements in edu-
cation, best practices, business develop-
ment, and other professional skills.

• Build your network to enhance your pro-
fessional practice and business skills.

• Create and develop changes to positively 
shape your profession. 

• And much, much more.
Participating at the level of the short-

term can also lead to opportunities to serve on 
the Board of Directors, and anyone who has 
served in that capacity will tell you that the ben-
efits far outweigh the costs of time and effort.

Interested? Call me directly at 303-422-
8436 or by email at dstumph@resourcenter.
com. We look forward to hearing from you. 
Together we can make a difference for AAPB 
and for the field of biofeedback. Call or email 
today!

David L. Stumph, IOM, CAE 

David L. Stumph

In the fight against pain, psychophysiology and
biofeedback are valuable, yet little known resources.

In this new edition, author Richard Sherman, PhD, takes a comprehensive
look at:

• the mechanisms behind pain disorders

• provides specific, easy-to-understand analyses of various assessment
and intervention techniques

• an overview of mechanisms of pain involving the central and peripheral
nervous systems

• the endocrine system

• genetic influences

• cognitive and emotional factors that can influence pain perception.

Dr. Sherman then focuses on psychophysiological assessment and
intervention for pain disorders, including headache, backache, phantom

limb pain, Raynauds phenomenon and regional pain disorders.

Order your copy today at www.aapb.org or telephone 800-477-8892
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Continued on page 31

Meet	ISNR’s	New	Executive	Director
Cindy A. Yablonski, MBA, is the new Executive Director of the International Society for Neurofeedback and 
Research (ISNR).

Ms. Yablonski served as the Executive Officer of The Protein Society from 2003–2012. The Protein So-
ciety is a non-profit scientific organization dedicated to furthering research and development of protein science 
through scientific conferences that facilitate communication and collaboration among scientists across the globe. 
During her eight years with the Society, Yablonski brought leadership, vision and strategic direction; focusing on 
increasing membership; providing quality programs; and improving the overall performance of the organization. 
She also had oversight for the Society’s annual U.S. and international conferences as well as the peer-reviewed 
scientific journal, Protein Science.

Ms. Yablonski has held a variety of positions in non-profit organizations, the government, and academia. She has served as the Vice 
President of Research, Science & Technical Affairs at the International Bottled Water Association; as the Research Director of the Drink-
ing Water Research Foundation; and as a Manager of Scientific Programs at the American Industrial Health Council; and as an Associate 
at ICF International.

Early in her career as a biologist, Ms. Yablonski helped manage a brain bank database for use in research programs at the National 
Institute of Mental Health. She also worked at The Johns Hopkins University School of Medicine as a researcher studying Alzheimer’s 
disease and designing and implementing neuropathological research projects.

Cindy holds an MBA from George Washington University, DC. She has a BS in Biology from Dickinson College, PA.
Ms. Yablonski is a member of the American Association for the Advancement of Science (AAAS), the Women’s Council on Energy and 

the Environment, and the Council of Engineering and Scientific Society Executives (CESSE), a network of leading association executives.
A native of New Jersey, Cindy resides in Falls Church, Virginia with her husband, their daughter, and a Jack Russell terrier. 
ISNR looks forward to Cindy’s joining us around the first of May.

Cindy A. Yablonski, MBA

The careers of the scientist/practitioners in 
the field have undoubtedly had in common 
the experience of gradually rising expecta-
tions about what is possible to achieve in 
terms of improved self-regulatory capac-
ity and mental functioning with the aid of 
neurofeedback. One might have expected 
some plateauing after a while, a firming-up 
of one’s expectations, but the surprises keep 
coming and they are consistently on the up-
side. In our own experience, one of the big-
gest surprises has been the growing effec-
tiveness of neurofeedback with PTSD, along 
with the related conditions of developmental 
trauma and the autism spectrum. All of these 
conditions seemed so utterly intractable in 
the past. 

The theme of this issue of Neuro-
Connections is PTSD, so I have been asked 
to focus on this topic as well. But this is a 
newsletter, not a scientific paper, so PTSD 
will merely serve as a focal point for larger 
themes. What sets PTSD apart from our clini-
cal work in general is the concentrated effort 
that has gone into this area by virtue of the 
great need among our returning veterans. We 
have attempted to meet this need through a 
non-profit entity, Homecoming for Veterans 
(hc4v.org), which has attracted even inter-

national participation among clinicians. As a 
result of these collective efforts, a large data-
base of clinical results has been gathered that 
is now available for “data-mining.”

This collection of data has allowed us 
to firm up some expectations even for those 
PTSD symptoms that are not commonly en-
countered in an individual practice. The data 
have the significant advantage of being drawn 
from a wide variety of sources, and therefore 
include contributions to outcome variance 
that would not be an issue in a formal research 
design. This gives any findings an intrinsic 
robustness that could not be matched in any 
single funded study. The accumulated data are 
relevant to clinical effectiveness in realistic 
settings, and thus answer the probative ques-
tion that confronts policy-makers.

Infra-Low	Frequency	
Training
The training technique used almost exclusive-
ly in this work is the Infra-Low Frequency 
(ILF) training that we have developed over 
the past six years. The training can still be 
considered in the same frame as traditional 
frequency-based neurofeedback, in the sense 
that the training effects are highly frequency-
specific. But in this low frequency range, 

where a full cycle can take over an hour, the 
standard signal-processing techniques are not 
applicable. One has no choice but to abandon 
that approach and move simply to signal-fol-
lowing, by analogy to what is commonly done 
in peripheral biofeedback. The neurofeedback 
trainee just observes the evolving time course 
of the differentially amplified slow cortical 
potential. There is no threshold, and there are 
no discrete rewards. The process is no longer 
one of operant conditioning as generally un-
derstood. In the case of infra-low frequency 
training, the differentially-derived signal un-
dulates between positive and negative phases, 
and one is not more virtuous than the other 
in the process of the brain engaging with the 
signal. No positive or negative valence can be 
attached to the signal. It simply is. The brain 
interprets the signal in terms of its own inter-
nal activities through a continuous process 
of correlation. None of the elements of this 
process are perfect, and therein lies the basis 
for a perpetual challenge in which the brain 
attempts to reach closure between its internal 
state and its interpretation of the slowly mi-
grating signal. This is a radical departure from 
the way neurofeedback has been traditionally 

Remediation	of	PTSD	using	Infra-Low	
Frequency	Neurofeedback	and	Its	
Implications	for	the	Reunification	of	
Biofeedback	and	Neurofeedback
Siegfried Othmer
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Continued on page 13

A flurry of articles and Senate Panel post-
traumatic stress disorder (PTSD) hearings 
in November 2011 highlighted what mental 
health clinicians serving the military already 
know—combat-related PTSD is stretching 
the military and Veterans Administration 
mental health resources beyond projections. 
Thousands of military personnel flood the VA 
system each month amid estimates that only 
half of those with PTSD seek treatment. With 
the currently planned large scale combat troop 
reduction, there should be no surprise that we 
are now treating just the tip of the iceberg.

Before these men and women with 
varying degrees of combat stress response 
severity make their way from active duty to 
a medical out-processing procedure they are 
evaluated and treated by active duty and ci-
vilian clinicians for several months. They are 
commonly provided interventions which in-
clude antidepressants, beta- and alpha-block-
ers, atypical antipsychotics, anticonvulsants, 
prolonged exposure therapy, eye movement 
desensitization and reprocessing, and group 
therapy (Benedek, Friedman, Zatzick, & Ur-
sano, 2009). With varying degrees of success, 
these treatments offer symptom reduction and 
condition stability. However, all too often, the 
combat-related PTSD patient laments that he 
or she is tired of trying a different pill or dose 
each month. Sensing a diminishing sense of 
personal control over the symptoms of PTSD, 
grief and depression often complicates the 
condition. After months, sometimes years, of 
medication and different counselors, the ini-
tial desire for a few months of intense treat-
ment in order to make a rapid and deliberate 
recovery for the purpose of returning to the 
unit fit-to-fight begins to wane. Some are able 
to travel to inpatient programs that, in some 
cases, offer only more of the same interven-
tions or less than what they received in the 
outpatient setting. This then further instills a 
growing sense of helplessness and hopeless-
ness that they will ever return to their military 
unit, a source of self-satisfaction and identity 
few understand. Given these dynamics, there 
is a need for an added clinical approach that 
serves two important purposes: (1) to demys-
tify the diagnostic label of “PTSD,” and (2) to 
provide a means of self-regulation on a con-
tinuum of peak performance rather than on 
the basis of a diagnostic pathology model—a 
language that military personnel respect and 
request. The military patient with PTSD is 
generally motivated by self and group reli-
ance, and when offered a method of purpose-
ful physiological self-management there is al-

Multimodal	Management	of		
Military	Combat		
Posttraumatic	Stress	Disorder	(PTSD)
David Hagedorn, PhD

most a 100% immediate buy-in and eagerness 
to begin. Not to mention the frequent state-
ments of thanks that include, “I knew I was 
not crazy or making this stuff up!” 

Through identifying abnormal elec-
trophysiology biomarkers with preliminary 
assessments and an hour of time to explain 
the brain-body connection, to include some 
basic endocrinology, the process can begin to 
break down the negative mental health stigma 
that permeates military culture. This approach 
is well grounded in science and replicated 
around the world yet most clinicians have 
had no formal training and seem not to have 
reviewed the germane literature. The applied 
science is peripheral biofeedback and brain 
computer interface training. 

The purpose of this article is to briefly 
highlight the added value of applied neurosci-
ence assessment and treatment interventions 
that have a unique way of bridging the gap be-
tween stigmatized mental health approaches 
and the military acceptance of a self-motivat-
ed drive for total body fitness and resilience. 

Assessment
There are several traditional assessment in-
struments available with ample literature 
support (e.g., Clinician-Administered PTSD 
Scale (CAPS), PTSD Checklist—Military 
Version (PCL-M), Posttraumatic Diagnostic 
Scale (PDS) that are helpful to quantify the 
symptom combination labeled PTSD. Beyond 
classification, these seem to have greater util-
ity when paired with electrophysiology and 
biochemistry measures, which makes perfect 
sense when the body is exposed to prolonged 

stress and hor-
rific traumatic 
events. When 
the person with an elevated startle response, 
emotional numbing, mastoid and frontalis 
tension-related headaches, irritable bowel 
syndrome, neck and back pain, panic attacks, 
nightmares, inattention, and insomnia can see 
on a computer screen their own measure of 
central and autonomic nervous system bio-
markers of these symptoms, there tends to be 
an “aha” moment that instills a sense of relief 
and control. 

By way of an example, the computer-
based PDS (Foa, 1997; Pearson Assessments) 
offers a simple graphic output (Figure1). One 
benefit of this and other like tests is that it 
points out a degree of severity that military 
personnel grow to minimize, perhaps because 
they know someone that is worse and come 
to use their trauma-exposed peers as the mea-
sure of what is normal. For example, a dis-
tinguished Navy Corpsman of 16 years was 
about to be medically separated from active 
service due to symptoms that included angry 
outbursts at work, choking his wife during a 
nightmare, and low crawling and screaming 
on the bedroom floor in the middle of the 
night. Distraught over the prospect that his 
career would be cut short just 4 years from re-
tirement, he still questioned the need for treat-
ment. He commented that some of his peers 
were worse. It was the threat of divorce and 
loss of access to his children which motivated 
him to be seen for an evaluation. 

Figure 1. Pre- and post-treatment PDS measure of a patient with combat related PTSD (Foa, 
et. al. (1997; Pearson Clinical Assessment).
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When he was provided with a set of 
computer-based questions, followed by a print 
output of the relative severity of his condition, 
it became clearer to him that his symptoms 
warranted treatment (Figure 1). During the 
same visit, he received a quick set of electro-
physiology measures (3-lead ECG, 19-chan-
nel qEEG, and ERPs). His condition was then 
solidified into a clear treatment plan. The 
combined results allowed for a physiological 
system-based explanation for his signs and 
symptoms. A review of the central and auto-
nomic nervous system established a founda-
tion from which he was able to grasp his con-
dition in terms of human performance rather 
than what is often perceived as a nebulous 
“mental disorder” linked to personal failure. 
When basic biochemistry and endocrinology 
were then reviewed, his low testosterone, el-
evated cortisol, and other lab tests also made 
more sense. The collection of resting ECG 
statistics and EEG amplitude graphics most 
often have a pronounced positive impact on 
the person and stirs a desire to pursue nervous 
system health—a peak performance model 
rather than a mental disability model reso-
nates with military patients.

ECG for HRV
Electrocardiograph (ECG) with 3-lead bipolar 
placement at wrist and forearm locations per-
mits an easily measured R-wave from which 
heart rate variability statistics can be quickly 
obtained. Post artifact removal calculations 
such as the standard deviation of normal R-
R intervals (SDNN) can provide a window 
into the degree of autonomic nervous system 
(ANS) balance (Figure 2). As a general guide, 
keeping in mind short interval recording and 
respiration confounds, a healthy SDNN range 
estimate of 65-150 is used along with resting 

heart rate and frequency domain calculations. 
It is often the case, with few exceptions (e.g., 
elevated high frequency power), that those 
with PTSD have a low SDNN and high rela-
tive power in the very low frequency range. 
Although 3-lead placement may be less sen-
sitive than multi-lead monitoring the author 
suggests special attention be paid to the QT-
interval, the indirect measure of ventricular 
repolarizaion, and if abnormal, there should 
be a following referral to cardiology (Drew, 
2004). There is an inherent ethical responsi-
bility when collecting human electrophysi-
ology data to have familiarity with abnor-

malities and to make appropriate referrals to 
medical specialists. While this caution holds 
true in general, the clinician assessing those 
with PTSD should be aware that this popula-
tion of patients is at significantly higher risk 
for heart diseases and sudden cardiac death 
(Boscarino, 2011; Ahmadi, 2011). Because 
coronary artery calcification is one of the 
leading risk factors, use of cholecalciferol 
supplementation for the often low D3 levels 
should be provided slowly, with lab values as 
a guide (25-hydroxyvitamin D3, calcium) and 
perhaps with supplemental K2 or alpha-lipoic 
acid (Rees, 2010; Kim, 2011).

EEG
The added measure of EEG with 19-chan-
nels or more offers additional insight into the 

person’s reported symptoms and can further 
direct individualized self-regulation interven-
tions. In a medication-free military PTSD 
study with qEEG analysis, the authors found 
that diminished alpha1 (7.5-9.5 Hz) power 
and increased frontal and central beta1 (13.5–
18Hz) were significant markers for combat 
exposed patients with PTSD compared to vet-
erans without PTSD (Jokić-begić & Dražen 
Begić, 2003). Beta2 was also reported to have 
been elevated (Begic´ D, 2001). The finding 
of alpha suppression in the left dorsolateral 
prefrontal cortex (DLPFC) thought to be a 
PTSD marker might also be due to hyperven-

tilation (Tot, Ozge, Comelekoglu, Yazici, & 
Bal, 2002) or co-morbid depression. In many 
cases, but certainly not all, we find a feature of 
right frontal beta or beta spindling (Figure 3). 
Although not yet considered pathognomonic, 
this feature seems to be associated with patient 
(and spouse) reports of sudden or minimally 
provoked rage. It seems plausible that there are 
different variants of PTSD among similarly ex-
posed patients corresponding to different elec-
trophysiology markers and symptoms. As such, 
a more individualized treatment plan based on 
these measures makes sense. There appears to 
be a faster alpha frequency amplitude elevation 
(11-13Hz) and lower power in the low (7-9 Hz) 
and high (10-12 Hz) alpha frequency bands 
seen predominantly in the occipital and pari-
etal region (Figure 4). This is conceptualized 
as being influenced by heightened thalamic 
activation (Buzsaki, 1991). Again, this finding 
lacks the empirical scrutiny to be considered 
a biomarker, but the observed correlation with 
insomnia and other PTSD symptoms of over 
arousal is fairly consistent. 

ERPs
Event related potentials (ERPs) provide a rapid 
and relatively simple measure of information 
processing with very good temporal resolution. 
Varied test paradigms have been found useful 
to assess sensory abnormalities beginning with 
early components like the vertex P50 measure 
of auditory sensory gating (Erwin & Buch-
wald, 1986), positive and negative components 
around 100ms and 200ms (Shucard, McCabe, 
& Szymanski, 2008), and later components 
such that a cursory review of ERPs can be 
somewhat confusing. The P3 components as-
sociated with attention and complex memory 
processing are perhaps the most widely stud-
ied. When interpreting the P3 literature it is im-

Figure 2. Heart rate variability frequency and time domain (SDNN) measures of a 61 (left) and 22 (right) 
year-old with combat related PTSD. Frequency reference range: VLF (0.003-0.04 Hz), LF (0.04-0.15 Hz), 
HF (0.15-0.4 Hz).

A	review	of	the	central	and	autonomic	

nervous	system	established	a	foundation	

from	which	he	was	able	to	grasp	his	condition	

in	terms	of	human	performance	rather	than	

what	is	often	perceived	as	a	nebulous	“mental	

disorder”	linked	to	personal	failure.	
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Figure 3. Right frontal beta excess in PTSD with patient with emotional dysregulation

Figure 4. Occipital elevation of fast alpha peak frequency with lower slower alpha power

portant to consider controls for age differences 
and to evaluate the test paradigm as a discrep-
ancy between P3a and P3b amplitudes may, in 
part, have to do with the nature of the task (Ka-
tayama & Polich, 1998). Some use a standard 
oddball task (repeatedly presented NoGo stim-
ulus with an unpredictable target or Go stimu-
li). Others use a continuous performance task, 
which offers a preparatory or warning stimu-
lus followed by a second stimulus; depending 
upon the stimulus type, a decision to respond 
or withhold a response takes place. Varied 
tasks reported in the literature yield different 
measures of early sensory processing, later 
cognitive processing, or both. When thinking 
logically about what ERPs one might expect 
to see among those with combat PTSD, con-
sider that the person adapts to the very physi-
cally and emotionally stressful environment 
sustained over many months. During this time, 
vigilant attention to subtle and seemingly irrel-
ative or previously novel stimuli (e.g., ground 
placement of a small wooden board serving as 

a pressure plate to ignite a bomb) becomes a 
chronic life dependent skill. In fact, this is what 
researchers have found, frontal P3a amplitude 
is larger among those with PTSD when pre-
sented with novel distracter stimuli (Kimble, 
Kaloupek, Kaufman, & Deldin, 2000; Shucard, 
et al., 2008). It has been our observation with 
a Go/NoGo task that there are, at times, with 
combat PTSD cases, a larger N1 (Figure 6), 
a mark of primary sensory cortex activation. 
Perhaps this early component deviation among 
those with PTSD is a result of sensory gating 
mechanism dysfunction resulting from cortical 
over activation and reduced inhibitory process-
es. Additionally, we often see an elevated P2 
that may suggest a cortical excitation for en-
hanced stimuli recognition (Paige, Reid, Allen, 
& Newton, 1990). Clinically, we observe and 
hear from patients that they attend to the most 
seemingly irrelevant sound or visual stimulus 
and that when even a subtle change occurs they 
notice it. This level of vigilance is exhausting.

Treatment

ECG
The assessment using ECG is useful to di-
rect frequency and time domain training with 
paced diaphragmatic breathing. The interven-
tion is offered in a graduated manner using 
abdominal and chest respiration sensors and 
either wrist ECG sensors or a blood volume 
pulse (BVP) sensor. Guided by skill acqui-
sition, the respiration sensors are removed 
leaving just the BVP/ECG sensor feedback. 
Near the end of the training we remove the 
feedback screen and permit occasional view-
ing or access to just auditory feedback. This 
method is used in conjunction with instruc-
tions to practice the skill under real world 
rather than in-office conditions to further help 
achieve skill generalization. The clinician is 
reminded that paradoxical anxiety is not un-
common and should be reviewed prior to and 
during the procedure. Similarly, the mention 
of peripheral warming should be explained 
so it is not a surprise. These and other fac-
tors associated with ethical practice are of 
vital importance (Striefel, 2009). Another 
observation is that once per week training is 
inadequate. Rather, twice per week seems to 
be a minimum number of sessions that are 
enhanced by home practice with tempera-
ture sensors and diaphragmatic breathing or 
home-use devices. When learning a new skill 
such as playing an instrument it is understood 
that the 30-minute lesson once per week is 
followed by daily practice—we find that this 
same model applies with heart rate variability 
biofeedback training. 

EEG
Similarly, the quantification of the EEG am-
plitude with spectral images and source lo-
calization software features can help explain 
certain symptoms and guide the application 
of brain computer interface training (Walker, 
2009). Although there are some general con-
sistencies among those with PTSD, such as 
elevated beta power and decreased low alpha 
band power (Jokić-begić & Dražen Begić, 
2003), it is suggested that the location and 
frequency selections be guided by the com-
bination of symptoms and EEG results. There 
are enough differences that each case merits 
individualized sensor placement and frequen-
cy band selection. Some may have a combina-
tion of excess beta in the right DLPFC and el-
evated parietal and occipital alpha (11-13Hz) 
combined with deficient slower frequency 
alpha yet others may have a different pattern 
with elevated frontal theta. With respect to 
treatment frequency, we suggest a minimum 
of two sessions per week, three if possible 
(Smith, 2008). When these methods are ap-
plied the results are often quite positive. 

A complex case example is a young 
Marine with PTSD and IED blast exposure, 
who was found to have midline vertex and 

Continued on page 16
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A) NX Link Discriminant Analyses: ADD, LD, Depression, Memory/Dementia, Substance Abuse, Head Injury, Schizophrenia/Thought Disorders
02) EureKa3! - Nova Tech EEG LORETA Analysis System and Adult Normative
Database - Eyes Closed
03) Neuroguide - R. Thatcher Normative Database
A) Eyes Closed Linked Ears Z-scores // Eyes Closed LaPlacian Z-Scores
B) Eyes Open Linked Ears Z-Scores // Eyes Open LaPlacian Z-Scores
04) Neurorep - W. Hudspeth QEEG Analysis System
A)  Eyes Closed - Weighted Average, Z-scores, Magnitude,% Power, LaPlacian, Average Spectrum, coherence, connectivity                                                           
B)  Eyes Open - Weighted Average, Z-scores, Magnitude, % Power, LaPlacian, Average Spectrum, coherence, connectivity 
05) Thatcher TBI Discriminant Analysis and Severity Index
06) Thatcher Learning Disabilities Discriminant Analysis and Severity Index
07) Clinical Correlations and Neurotherapy Recommendations by Bob Gurnee

$225.00

$195.00

$70.00

$70.00

$70.00/each

$70.00
$70.00

$70.00

total value: $630$125.00
$70.00

$70.00

$100.00
$35.00
$20.00

$Varies

$70.00/each

AVAILABLE SERVICES

08) Conventional Medical EEG - Read by Neurologist 
09) EureKa3! – Nova Tech EEG LORETA Analysis - Eyes Open-Non Database
10) Neurorep - W. Hudspeth QEEG Analysis System:  Task
Weighted Average, Z-scores, Magnitude,% Power, LaPlacian, Average Spectrum
11) Supervision and Training Hourly Rate 
12) Extra set of Printed Maps sent priority mail
13) Electronic (sent via FTP or E-mail) and Paper Copies of Maps sent priority mail with package purchase
(Standard package rates only include electronic or paper copies of maps, not both)
14) Overnight Shipping & Handling (Price varies with carrier, destination, & package weight)
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Military	Combat	PTSD		
Continued	from	page	14

frontal slowing and right DLPFC beta excess. 
His symptoms included significant inatten-
tion, poor short-term memory, emotional reg-
ulation difficulty (sudden rage), headaches, 
dizziness, violent nightmares, and obsessive-
compulsive symptoms of thinking about and 
needing to take objects that did not belong to 
him. After a medication-free electrophysiol-
ogy assessment requested by his psychiatrist 
he was prescribed Effexor, Trazodone, Mid-
rin, fish oil, vitamin D3, and Prazosin which 
provided some symptom relief. During the 5-
month course of combined heart rate variabil-
ity and qEEG and ERP guided brain computer 
interface, his treating physician was able to 
gradually remove the prescription medication 

Figure 6. EEG amplitude spectra (left) and event-related potential components to novel stimuli N1P2 
(right): pre- and post-treatment comparisons (Note: calculated with Mitsar, Ltd. and HBImed software)

Figure 5. Pre-treatment (left) and post-treatment (right) qEEG amplitude maps of military related PTSD 
with IED blast exposure injury.

and maintain essential fatty acid supplementa-
tion. After 30 sessions a repeat set of electro-
physiology tests were provided (Figure 5). He 
reported a complete remission of symptoms. 
In the previously mentioned case of the Navy 
Corpsman there was also symptom remission 
after 8 months of combined heart rate vari-
ability biofeedback, brain computer interface 
training, slow reduction of psychotropic med-
ications, and several integrated supplements 
(e.g., essential fatty acids, CoQ10, magne-
sium, GABA, acetyl-L-carnitine, phosphyati-
dylserine, glycerophosphocholine, multi-vita-
mins with essential minerals, D3). His EEG 
amplitude and ERPs likewise improved to a 
comparison database (Tereshchenko, Pono-
marev, Müller, & Kropotov, 2009) measure of 
normal (Figure 6).

Conclusion
The complexity of the human stress response 
(e.g., glucocorticoid impact, hypocortisolism) 
and the variations of type of trauma, dura-
tion of trauma, pre-existing early childhood 
trauma neurobiological processes (Bremner 
& Randall, 1997; van der Kolk, 1994), and 
individual brain function or dysfunction dif-
ferences make it difficult to assume a basic set 
of biomarkers and a one-size-fits-all treatment 
approach. The irony worth bearing in mind 
is that the very training and environmental 
conditioning that can keep a young Soldier, 
Airman, Sailor, or Marine alive in a war zone 
does not permit functional adaptation when 
he or she returns home. What appears to be 
somewhat lacking in the clinical approach 
to aid a post-deployment transition is that of 
deliberate and measureable self-regulation 
training. It may be the case that those exposed 
to combat who meet criteria for PTSD differ 
from those that do not based on the capacity 
to allocate attentional resources or the flexi-
bility to differentiate between trauma-relevant 
stimuli and non-relevant stimuli. This corti-
cal discriminant capacity, measureable with 
millisecond resolution of ERPs, might allow 
a measure and training target for improved 
combat resilience. 

With the rapid international growth 
of neuroscience evidence, medical and non-
medical clinicians are advised to expand their 
skills so that they might facilitate the addition 
of self-regulation skills for the person with 
combat PTSD. Though not discussed in this 
article, pituitary and adrenal gland functions 
and hormonal adaptations to chronic stress 
(i.e., daily exposure to 120 degree tempera-
ture, weeks without a shower, being shot at, 
and 15 hours of daily work) are also very 
important facets to an understanding and 
treatment of PTSD (van der Kolk, 1994). 
The military men and women that leave their 
families home and stand beside uniformed 
peers to engage a distant enemy intent on kill-
ing them are exposed to a level of stress few 
understand. So when they swallow their pride 
long enough to make a mental health appoint-
ment and show up early for help, the least we 
as a body of clinicians and researchers can do 
is bring our A-game, which should include an 
understanding of all current and potentially 
effective assessment and treatment methods 
with demonstrated safety. With the growing 
numbers of those in need of treatment for 
PTSD there is ample room for multimodal 
management of combat PTSD.

David Hagedorn, PhD is an Assistant Profes-
sor, Department of Military and Emergency 
Medicine and Assistant Professor of Fam-
ily Medicine, Military Emergency Medicine 
at the Uniformed Services University of the 
Health Sciences, Bethesda, Maryland. In ad-
dition, he is the CEO at Evoke Neuroscience, 
Jacksonville, North Carolina.

Neuroconnections spring 2012.ind16   16 3/8/2012   7:14:09 AM



1�

NeuroConnections	 SPRING	2012

Disclaimer: The opinions expressed by the 
author are not necessarily those of the Gov-
ernment or Uniformed Services University of 
the Health Sciences.  
ernment or Uniformed Services University of 

References

Ahmadi, N., Hajsadeghi, F., Mirshkarlo, H.B., Budoff, 
M., Yehuda, R., & Ebrahimi, R. (2011). Post-traumatic 
stress disorder, coronary atherosclerosis, and mortality. 
American Journal of Cardiology, 108(1):29-33.

Begic´ D. H. L., Jokic´-Begic´ N. (2001). Electroencepha-
lographic comparison of veterans with combat related 
post-traumatic stress disorder and healthy subjects. 
International Journal of Psychophysiology, 40(2): 167-
172.

Benedek, D., Friedman, M., Zatzick, D., & Ursano, R. 
(2009). Guideline Watch (March 2009): Practice guide-
line for the treatment of patients with acute stress dis-
order and posttraumatic stress disorder. American Psy-
chiatric Association.

Boscarino, J.A. (2011). Post-traumatic stress disorder and 
cardiovascular disease link: time to identify specific 
pathways and interventions. American Journal of Car-
diology, 108(7): 1052-1053.

Bremner, J., & Randall, P. (1997). MRI-based measurement 
of hippocampal volume in posttraumatic stress disorder 
related to childhood physical and sexual abuse: A pre-
liminary report. Biological Psychiatry, 41(1): 23-32.

Buzsaki, G. (1991). The thalamic clock: Emergent network 
properties. Neuroscience, 41(2-3): 351-364.

Drew, B.J., Califf, R.M., Funk, M., Kaufman, E.S., Kru-
coff, M.W., Laks, M.M., Macfarlane, P.W., Sommar-

gren, C., Swiryn, S., & Van Hare, G.F. (2004). Practice 
standards for electrocardiographic monitoring in hospi-
tal settings: An American Heart Association scientific 
statement from the Councils on Cardiovascular Nurs-
ing, Clinical Cardiology, and Cardiovascular Disease in 
the young. Circulation, 110: 2721-2746.

Erwin, R. J., & Buchwald, J. S. (1986). Midlatency au-
ditory evoked responses: differential recovery cycle 
characteristics. Electroencephalography and Clinical 
Neurophysiology, 64(5): 417-423.

Foa, E., Chashman, L., Jaycox, L., & Perry, K. (1997). The 
validation of a self-report measure of PTSD: The Post-
traumatic Diagnostic Scale. Psychological Assessment, 
9 (4): 445-451.

Jokić-begić, N., & Dražen Begić, D. (2003). Quantitative 
electroencephalogram (qEEG) in combat veterans with 
post-traumatic stress disorder (PTSD). Nordic Journal 
of Psychiatry, 57(5), 351-355.

Katayama, J., & Polich, J. (1998). Stimulus context deter-
mines P3a and P3b. Psychophysiology, 35(1): 23-33.

Kim, H., Kim, H.J,. Lee, K., Kim, J.M., Kim, H.S., Kim, 
J.R., Ha, C.M., Choi, Y.K., Lee, S.J., Kim, J.Y., Harris, 
R.A., Jeong, D., & Lee, I.K. (2012, In Press). Alpha-
lipoic acid attenuates vascular calcification via reversal 
of mitochondrial function and restoration of Gas6/Axl/
Akt survival pathway. Journal of Cellular Molecular 
Medicine, .

Kimble, M., Kaloupek, D., Kaufman, M., & Deldin, P. 
(2000). Stimulus novelty differentially affects at-
tentional allocation in PTSD. Biological Psychiatry, 
47(10): 880-890.

Paige, S. R., Reid, G. M., Allen, M. G., & Newton, J. E. 
(1990). Psychophysiological correlates of posttrau-
matic stress disorder in Vietnam veterans. Biological 

Psychiatry 27(4): 419-430.

Rees, K., Guraewal, S., Wong, Y.L., Majanbu, D.L., Ma-
vrodaris, A., Stranges, S., Kandala, N.B., Clarke, A., 
& Franco, O.H. (2010). Is vitamin K consumption as-
sociated with cardio-metabolic disorders? A systematic 
review. Maturitas. 67(2):121-8. 

Shucard, J. L., McCabe, D. C., & Szymanski, H. (2008). 
An event-related potential study of attention deficits in 
posttraumatic stress disorder during auditory and visual 
Go/NoGo continuous performance tasks. Biological 
Psychiatry, 79(2): 223-233.

Smith, W. D. (2008). The effect of neurofeedback training 
on PTSD symptoms of depression and attention prob-
lems among military veterans Unpublished Disserta-
tion, Capella University.

Striefel, S. (2009). A posttraumatic stress disorder ethical 
update. Biofeedback, 37(1): 3-6.

Tereshchenko, E., Ponomarev, V., Müller, A., & Kropotov, 
J. (2009). [Normative EEG spectral characteristics in 
healthy subjects from 7 to 89 years]. Fiziol Cheloveka, 
36(1): 5-17.

Tot, S., Ozge, A., Comelekoglu, U., Yazici, K., & Bal, N. 
(2002). Association of QEEG findings with clinical 
characteristics of OCD: evidence of left frontal tempo-
ral dysfunction. Canadian Journal of Psychiatry, 47(6): 
538-545.

van der Kolk, B. (1994). The body keeps the score: Mem-
ory and the evolving psychobiology of post traumatic 
stress. Harvard Review of Psychiatry, 1(5): 253-265.

Walker, J. (2009). Anxiety associated with posttraumatic 
stress disorder—the role of quantitative electroenceph-
alograph in diagnosis and in guiding neurofeedback 
training to remediate the anxiety. Biofeedback, 37(2): 
67-70.

Neuroconnections spring 2012.ind17   17 3/8/2012   7:14:11 AM



1�

NeuroConnections	 SPRING	2012

We have reported in the past on Live Z-Score 
Training (LZT) methods that provide Multi-
variate Proportional (MVP) variables for use 
in training. (Collura, Guan, Tarrant, Bailey, & 
Starr, 2010; Collura, Thatcher, Smith, Lam-
bos, and Stark, 2009; Collura, 2008a, 2008b, 
2009; Smith, 2008; Stark, 2008). This report 
describes further progress in software tech-
nology that focuses on LZT dynamics, and 
real-time feedback. MVP variables are con-
tinuous, proportional values that are used in 
training in the same ways that conventional 
values such as absolute power, relative power, 
or raw coherence values, have been used in 
the past. The key to this approach is that the 
new MVP variables provide complex yet in-
tuitively simple measurements that are field-
proven in producing client results that are rap-
id, concise, and lasting. With the introduction 
of the Z-Plus series of software, we define a 
new area of LZT technology for training of 1, 
2, or up to 19 channels.

Other approaches to using live z-scores 
typically produce only an “on/off” response, 
depending on whether one or more z-scores 
are within a range. Thus, the brain is provided 
with information that tells it whether or not 
it meets a condition, but does not provide 
any proportional or “how much” information 
to the trainee. This limits the brain’s ability 
to learn and respond to the important EEG 
parameters. Also, such methods do not lend 
themselves to tuning the training, beyond set-
ting the target sizes. MVP methods produce 
new quantitative variables that are not simply 
“yes/no,” but provide real-time, proportional 
feedback that can be used for sounds, vid-
eos, games, or other feedback methods that 
respond to either “on/off,” “how much,” or a 
combination of such control variables. This 
provides a level of guidance that reduces the 
number and length of sessions necessary to 
see results. Currently, with the MVP variable 
“Percent Z OK” (PZOK), it is common to see 
visible EEG changes in 1 or 2 sessions, and to 
see results significantly faster and more spe-
cific than seen with conventional amplitude-
based training.

Starting with the PZOK training meth-
od, we have developed a family of training 
variables that intuitively incorporate any or all 
of the z-scores and turn them into a single pro-
portional variable. With these variables, any 
combination of channels, parameters (absolute 
power, relative power, power ratios, coherence, 
phase, asymmetry), or frequency components 
(e.g. delta, theta, etc.) can be trained. Regard-
less of the number of channels or parameters 
chosen, this variable always has the same 

meaning. It is the “percent of z-scores that are 
within the target limits.” It has a maximum 
value of 100 (100% normal) that continuously 
varies in time, and is useful both for training 
and for assessing the overall condition of the 
client. This method has been proven in over 
three years of field experience, and has been 
published in a variety of peer-reviewed jour-
nals, books, and industry publications.

Another key element of our approach 
is the ability to dynamically change the diffi-
culty of the training on multiple levels, in real 
time, without interrupting training. This is 
analogous to being able to adjust the throttle, 
choke, etc. of a vehicle while it is in motion, 
which is an essential element of clinical ap-
plication. With the PZOK method, clinicians 
commonly adjust the size of the training 
window and also the percentage of z-scores 
which are required to be met, in order to ob-
tain a reward. This was a non-obvious, yet 
critical step in the evolution of practical LZT 
technology.

PZOK provides a uniquely flexible and 
powerful approach to adjusting training con-
ditions, particularly in real-time. By alternat-
ing changes in either the target sizes or the 
percentage of z-score required, the clinician 
can adjust the difficulty level of the training, 
as well the distribution of the z-scores which 
are being trained. For example, requiring a 
large percentage of the z-scores to fit within 
a wide range emphasizes the “outliers,” while 
ignoring smaller z-scores. On the other hand, 
requiring a small percentage of the z-scores 
to fit within a narrow target can provide a 
“challenge” form of training that emphasizes 
mid-range values, while ignoring outliers. 
This latter method can, for example, leave 
the brain free to exhibit abnormalities that are 
compensating or coping mechanisms that per-
sist, and allow the brain to formulate its own 
self-regulation strategy. The ability to ignore 
outliers is, at times, an important benefit. At 
other times, it is desirable to focus on outli-
ers. The new metrics in the Z-Plus package 
address the outliers in new ways that increase 
the power and flexibility of PZOK training.

PZOK has been shown to have signifi-
cant clinical value, and it can also be com-
bined with other methods. A number of our 
protocols combine LZT training with “biased” 
training such as alpha up, theta down, or other 
types of protocols. The combined protocols 
provide the same simple feedback to the cli-
ent, but also guide their brain in a particular 
direction desired by the clinician. All new Z-
Plus-based designs can also be combined with 
traditional training, as the clinician sees fit.

Building on experience with the PZOK 
family of protocols, we re-examined the func-
tion and purpose of the LZT approach, and 
now introduce the Z-Plus extensions, designed 
to extend and reinforce the PZOK approach. 
Rather than changing or replacing the PZOK 
methods, the new software and displays pro-
vide additional information, flexibility, and 
direction for LZT training.

We first review PZOK in detail, and 
then introduce the new metrics, PZMO and 
PZME.

PZOK:	percentage	of	all	
trained	z-scores	that	
fall	within	a	given	target	
range
PZOK provides an overall assessment of 
“how normal” by counting how many of the 
z-scores fit within the desired target range. 
The exact position of the z-scores is not im-
portant, only whether or not they are within 
the target limits. PZOK is useful as a real-time 
training variable. The clinician sets the size of 
the targets, and also the percent of z-scores re-
quired to achieve reward, and the client learns 
when the PZOK value exceeds the percent-
age target. It was found important to allow the 
percentage target to go below 100%, in order 
to avoid simply training on “outliers” all the 
time.

PZOK has the following behavior:

• Minimum value: 0 (no z-scores are 
within range).

• Maximum value: 100 (all z-scores are 
within range).

• Intermediate values: 0–100: (what per-
centage of z-scores is within range).

Limiting behavior:

• PZOK with very small target limits 
(<0.5 SD) is less useful: PZOK be-
comes very small, even zero (no z-
scores within range).

Multivariate	Proportional	Neurofeedback		
and	the	Future	of	Live	Z-Score	Training
Thomas F. Collura, PhD, QEEG-D, BCN-A
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• PZOK with very large target limits 
(>3.0 SD) is less useful: PZOK will al-
ways be 100 with very wide limits (all 
z-scores within range).

Strengths of PZOK:

• With any percentage less than 100%, 
PZOK allows you to ignore outliers 
(allows for coping or compensating 
mechanisms).

• Adjustable target sizes to set difficulty 
of targets.

• Adjustable percent of targets setting 
establishes total reward rate.

• Alternates between “challenge” and 
“easy” conditions for dynamic control 
of feedback, training of flexibility.

Weaknesses of PZOK:

• When targets are small, outliers are ig-
nored, might deviate further.

• When targets are wide, inner values are 
ignored, even if they move toward ab-
normal.

• Only counts whether values are in 
range, does not analyze their size.

• Treats all z-scores the same, no weight-
ing at this time.

• Requires attention to target limits, 
which should generally be adjusted.

Z-Plus:	The	next	
generation	of	LZT	
training	software
When introduced, PZOK was met with a mea-
sure of disbelief, even disregard, by some in 
the industry, while it was adopted and studied 
by others. Nonetheless, over time, it has be-
come clear that PZOK is uniquely capable of 
delivering meaningful and useful feedback in 
a wide range of client situations. The existing 
PZOK technology is entirely consistent with 
principles of operant conditioning, learning, 
and physiological adaptation. All that is spe-
cial is that the information fed back (the oper-
ant) is a complex yet useful reflection of brain 
state. This new series of functions extends the 
intuition and usefulness of PZOK into new di-
mensions, the dimensions of Z-Plus.

Based on our experience and analysis, 
we now introduce two new families of met-
rics, plus additional displays, combined into 
the Z-Plus software option. Z-Plus is entirely 
consistent with, and extends, the existing LZT 
software, designs, and methods that have been 
proven over the last five years. Like PZOK, 
the new functions are also accessible as UL 
versions that use different upper and lower 
limits. The new functions are incorporated 
using the Event Wizard, and no new control 
panels or settings are required. This provides 
complete flexibility in how they are used, and 
does not require the clinician to stop using 

PZOK, or to choose between methods. All 
metrics are always available, and protocols 
can be designed as desired combining old 
with new, as desired.

As will be seen below, one interest-
ing aspect of the new metrics is that, while 
they are useful with various target sizes, they 
are particularly useful with very small, even 
zero, target sizes. When target size is zero, the 
new metrics incorporate all z-scores into the 
calculation, providing true indicators of total 
system state and state change, and no z-scores 
will be ignored. This provides the ability to 
account for both outliers and intermediate z-
scores, without ignoring any z-scores.

PZMO:	Percentage	of		
Z-Score	Movement		
(PZ	Motive)	

PZMO is an outgrowth of the PZOK ap-
proach, and is an aggregate statistic reflecting 
change in the outlying z-scores. PZOK tells 
how many z-scores are within the target range, 
as a percentage. We usually use a percentage 
of between 50% and 80%, which means that a 
substantial portion of the z-scores are outliers. 
As a dynamical systems approach, this gives 
the brain flexibility to choose which z-scores 
to normalize, and which to leave as outliers. 
PZMO is the aggregate momentum of these 
outliers. It is a measure of their net motion, 
and is a dynamic systems concept. Think of 
the z-scores as having a life of their own, hav-
ing mass and velocity. PZMO measures the 
group momentum, and tells you what per-
centage of the net motion is toward the target 
range. PZMO is generally below zero, as noth-
ing is moving particularly toward the targets 
in general. However, when PZMO goes posi-
tive, it tells you the net positive movement. A 
value of 5% for PZMO is significant. It means 
that in the last instant, there was 5% net mo-
tion toward the targets. That is a very big deal. 
This is therefore a derivative measure that 
tells your client that at that moment, the outli-
ers moved inward. We typically see only a few 
PZMO reward beeps every few seconds, so it 
is an added reward. It is like giving the brain a 
“gold star” when it has particularly good im-
provement that moment in time. In our view, 
it has a similar effect on the brain as the ef-
fect the derivatives market had on Wall Street. 
Small changes can have huge effects, and ma-
jor learning processes become possible.

PZMO provides an overall assessment 
of the instantaneous movement (change) of all 
z-scores that are outside the specified range. 
Z-scores that are within the target range are 
ignored. PZMO uses concepts from physics 
to introduce the idea of “momentum” of the 
z-scores, which reflects their “velocity, direc-
tion,” and also a weighting factor suggesting 
their “mass.” It is not necessary to weight all 
z-scores the same. With PZMO, it is possible 
to weight different z-scores differently, provid-
ing an additional dimension of flexibility and 
control. PZMO is a z-score motivator and re-
flects the net z-score motion. PZMO takes into 
account not just the direction (towards or away 
from normal) but also the amount of move-
ment (a little or a lot) and the weight of each 
z-score (lightweight versus heavy). PZMO can 
be positive or negative, and reflects the total 

change in momentum of all z-scores. When 
it is positive, then the net movement of all z-
scores outside the target range is inward, to-
ward normal. When it is negative, then the net 
movement of the outlying z-scores is outward, 
away from normal. Thus, PZMO provides an 
instantaneous indicator of the change in the 
z-scores, indicating the brain’s immediate 
tendency toward normalization or toward dys-
regulation. Technically, PZMO is the instan-
taneous change in the total momentum of the 
system, as defined in physics.

PZMO is intended to be used in addi-
tion to PZOK. Existing protocols do not have 
to be changed, only extended (with a single 
Event Wizard event) to incorporate the PZMO 
data. Typically, when PZMO is above some 
positive threshold, the client will receive a 
bell, tone, or other reward. This provides an 
additional, highly dynamic reward (think of 
it as a gold star) when the client moves in the 
right direction.

PZMO incorporates useful and intui-
tive concepts from astronomy, celestial me-
chanics, in particular. The client is learning 
about their gravitational potential which is the 
tendency toward normalization. The training 
limit region is like a star, and the outlying z-
scores are like planets. Ideally, z-scores tend 
to move inward, to be captured by the sun. 
If all planets are in the sun, then all z-scores 
are within range, and the client’s EEG is 
deemed normal. If a client can increase their 
potential, then z-scores will normalize more 
directly and consistently. The training limits 
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define a capture area similar to the event ho-
rizon of a black hole. Once z-scores go inside 
the boundaries, they disappear (are ignored). 
Only the z-scores moving outside the bound-
aries (the orbiting z-scores, if you will) are in-
corporated into PZMO. Thus, PZMO captures 
the tendency for z-scores (planets) to move 
toward, not away from, their sun. This puts 
the training into a highly visual and dynamic 
context. This informs the clinician as well as 
the client, as to what is happening and to what 
extent, in the complex dynamic “z-solar sys-
tem” of the brain.

PZMO does not provide an overall as-
sessment of “how normal” in the way that 
PZOK does. If all z-scores are within the tar-
get range and none are outside, then there is 
no net movement to reflect, and PZMO will be 
zero. At that point, PZOK would be 100. Thus, 
PZMO gives a rapid, intuitive indication of the 
direction of change, and has higher resolution 
and responsiveness than PZOK. As an analo-
gy, it is somewhat like adding a tachometer, or 
actually an accelerometer, to a car dashboard, 
so that you can see how rapidly, and in what 
direction, your velocity is changing. It is also 
like a dieter monitoring the change in their 
weight every day, as an indication of how the 
diet is working. PZMO introduces the idea that 
z-scores closer to normal have lower “potential 
energy,” and that the client’s brain has a natural 
tendency to normalize. The normal brain is a 
“rest state” toward which the brain should nat-
urally move. Abnormalities require the brain to 
expend energy, and can be normalized as the 
brain relaxes, and brain dynamics settle into an 
optimal state.

PZMO can be thought of as convey-
ing motion, movement, momentum, or re-

Continued on page 21

no net movement, that is, there is just as much 
inward movement as outward movement. If 
PZMO is negative, then the z-scores are, in 
general, moving outward. For example, if a 
client clenches their teeth, PZMO will imme-
diately become a very large negative number. 
When they relax, it will become a very large 
positive number. In the long run, if there is net 
improvement, PZMO will be positive more 
often than it is negative. The client should 
get a reward when PZMO is sufficiently posi-
tive; for example, say above 10, which would 
mean that the net motion of the outliers is to 
move 10 percent of the distance towards nor-
mal. PZMO will not generally be positive all 
the time, as the z-scores in their typical pat-
terns of movement simply cannot always be 
moving towards normal all the time.

PZMO emphasizes variability and dy-
namic change. It is analogous to a financial 
derivative that focuses on the change of a sys-
tem, not simply its current state. As such, it 
has the potential to leverage LZT training by 
providing highly accurate information relat-
ing to dynamic change, and delivering it to 
the client. Again, PZMO is not intended to 
replace PZOK; it is intended to be used as a 
supplemental training or assessment variable. 
If the client receives an extra reward every 
time there is a significant inward movement, 
then they will learn that skill as well, and tend 
to reinforce the process of normalization, not 
just the state of being “more normal.”

As an example of the use of PZMO, 
one might use the following Event: 

If “x=PZMO(1);” IS GREATER 
THAN 10 THEN (play wav file)

lated concepts to LZT training. It introduces 
concepts that derive from physics, including 
gravity, velocity, acceleration, and dynamic 
behavior. Using PZMO, the practitioner can 
begin to think of z-scores as objects that have 
mass, direction, even intention. The intuitive 
view of PZMO is that if it is 100, then that is 
the maximum inward movement and thus, all 
the outlying z-scores have just moved inside 
the target limits. If PZMO is zero, then there is 
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This event would allow the user to hear 
a beep every time they achieved a 10% move-
ment toward normal during the session. They 
would hear the reward whenever the z-scores 
had significant improvement, even if PZOK 
was not yet above the target percentage. This, 
consequently, rewards improvement in the 
right direction, regardless of the current state. 
This motivating feedback is a significant ad-
dition to watching the PZOK variable rise and 
fall; it allows the client to know when they are 
moving in the right direction.

PZMO has the following behavior:

• Minimum value: negative value, un-
limited  (z-scores are moving outward)

• Maximum value: 100 (all z-scores have 
just moved within the target range)

• Intermediate values: typically -100 to 
+100: (what is the overall motion to-
ward or away from normal)

Limiting behavior:

• PZMO with very small or zero target 
limits: useful, it simply incorporates all 
z-scores into the metric.

• PZMO with very large target limits: 
not useful: PZMO would also be zero, 
as all z-scores would be ignored.

• PZMOU: provides PZMO for all upper 
z-scores, i.e. those above upper target 
limit

• PZMOL:  provides PZMO for all lower 
z-scores, i.e. those below lower target 
limit

Strengths of PZMO:

• Capable of reflecting all z-scores (with 
target size of zero)

• Reflects dynamic change in the train-
ing process

• Consistent with existing PZOK ap-
proaches

• Provision for giving different weights 
to different types of z-scores

Weaknesses of PZMO:

PZMO can become large in the presence of 
artifact, producing feedback when it is not de-
sired. This is because, as the z-scores normal-
ize when the artifact reduces, PZMO “sees” 
a lot of improvement! But it is improvement 
from an abnormally noisy situation, hence is 
not really to be rewarded. To manage this, de-
signs should include both PZOK and PZMO 
in the reward mechanism. When artifact is 
present, PZOK will fall rapidly, thus inhibit-
ing feedback.

PZME:	PZ	Mean	or	PZ	
Measure	
PZME is a measure of the mean distance of the 
outliers from the zero point. It is a measure of 
the global size of the scattering of outliers in 
the collection of z-scores. As it moves lower, 
the outliers are moving closer to the targets. We 
mostly use this as a long-term statistic through-
out the session, watching for a small change, 
say from 2.5 to 2.2, over the session.

PZME provides a measure of the mean 
size of all z-scores that are outside the target 
range. For every z-score considered, its dis-
tance from zero (normal) is computed, and 
these are combined into population mean 
(average). This provides a simple assessment 
of how abnormal all z-scores are as a group. 
Different types of z-scores can be given dif-
ferent weight, if desired. PZME is intended 
to be used primarily as an indicator of overall 
improvement, but can also be used for train-
ing. Training PZME (downward) would con-
form to the naïve principle of simply “training 
everything toward normal,” and is conceptu-
ally a step backwards, yet is still an important 
new capability.

The interpretation of PZME is simple. 
If it has a value of 1.7, for example, then the 
average size of all the z-scores is simply 1.7. 
Direction is taken into account, so that z-scores 
above the range are treated the same as z-scores 
below the target range. There is also a sepa-
rate function to get the average z-scores in the 
positive direction and in the negative direction. 
Technically, PZME is the mean error as de-
fined by statistics. In the solar system analogy, 
PZME is the average distance of all the plan-
ets, hence reflects the overall size of the client’s 
z-score solar system. Generally, a smaller solar 
system is preferable to a larger one.

PZME is intended to be used as an in-
dicator, to see progress within and across ses-
sions. It provides a single number that has a 
very clear and simple interpretation. It may, 
for example, be useful in assessing the over-
all progress, and whether to terminate train-
ing. For example, when clients tire, z-scores 
sometimes are seen to lose their tendency to 
be improving. If PZME shows an increase for 
more than 3 or 5 minutes, for example, then 
the client is moving in the wrong direction, 
and training should be re-evaluated.

PZME also has the potential for use 
in creating target limits for LZT training. 
By providing an instantaneous measure of 
the average length of all z-scores across the 
board, PZME provides a basis for adjusting 
target limits for training. While the use of 
autothresholding is controversial and may or 
may not be desired in a particular case, PZME 
provides an objective, sound approach to cre-
ating target thresholds that are based on the 
instantaneous state of the desired z-scores. 

For example, the following Event 
Wizard expression: x=PZOKUL(PZMEU(0), 
PZMEL(0)); would automatically train PZOK 
using the average of all positive z-scores as 
the upper target limit, and the average of all 
negative z-scores as the lower target limit.

Ironically, PZME is what some thought 
we were doing with PZOK, when they be-
lieved that we were simply “training them all 
together.” The simplest approach to combin-
ing live z-scores would be to add them togeth-
er (using absolute value) to get a single num-
ber. With PZME, we have decided to provide 
just that, a simple, total assessment of how 
all the z-scores add up. We leave it to clinical 
and research progress to determine the utility 
of PZME for training, control, or for assess-
ment. Intuitively, and from our experience, if 
trained z-scores are seen to visibly move to-
ward normal, then the PZME variable would 
also have to go down in a uniform fashion. 
PZME simply provides a number that can be 
used to estimate the total instantaneous condi-
tion of all z-scores, treated as a whole.

PZME has the following behavior:

• Minimum value: zero (all z-scores are 
exactly normal)

• Maximum value: unlimited, but typi-
cally will not reach as high as 3.0 (if 
z-scores are very abnormal)

• Intermediate values: typically 0 to 2.0 : 
(the average size of all z-scores)

Limiting behavior:

• PZME with very small or zero target 
limits: useful, it simply incorporates all 
z-scores into the metric.

• PZME with very large target limits: not 
useful: PZME would also be zero, as 
all z-scores would be ignored.

Live	Z-Score	Training	
Continued	from	page	20
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• PZMEU: provides PZME for all upper z-scores, i.e. those above 
upper target limit

• PZMEL:  provides PZME for all lower z-scores, i.e. those be-
low lower target limit

Strengths of PZME:

• Extremely simple and intuitive
• Capable of reflecting all z-scores (with target size of zero)
• Reflects total state of the brain
• Consistent with existing PZOK approaches
• Provision for giving different weights to different types of z-

scores
• Can be used to develop targets, i.e. autothresholding for LZT

Weaknesses of PZME:

• Moves very slowly, useful for monitoring, less useful for 
training
In brief, PZOK only knows the percentage inside the target 

range, it does not know about the outliers, except that they must be 
out there someplace. PZMO tells you the net motion of the outliers 
at any instant. PZME tells you how far out they are in general. While 
PZMO is a very fast, derivative measure, PZME is a very slow, ag-
gregate measure. It all feeds into a view of the brain and the z-scores 
as comprising a dynamic system that can determine its own rules for 
self-regulation if you give it the right information.

Thus, this approach, which we call “Z-Plus,” gives you more 
than one type of information. There are various ways to use PZMO, 
but usually people give a reward when it jumps something above zero, 
indicating net motion toward the targets.

Z-Bars
A new display called Z-Bars shows all z-scores as bars with dynamic 
lines that show short-term changes. It is interesting to note that, when 
the instantaneous variations are visible, one live z-score that has es-
sentially no variation is also the most deviant (negative) one. This in-
dicates that this value is stuck and cannot change. This underlies the 
importance of LZT training as flexibility training, not just to make large 
things small or vice versa. Stark (2008) described momentary changes 
visible in LZT text displays, and this approach now makes these chang-
es visible as instantaneous graphic displays. The MVP approach allows 

Live data from actual training, showing PZMO and PZME reflecting the 
training effects.

The effect of changing the target size. The training parameters change in the 
expected way as the targets are widened.

All z-scores as bars with dynamic lines that show short-term changes.

As many z-scores as are being trained can be seen. This panel shows 192 
coherence z-scores from 19 channels.

the brain to let the z-scores vary, and to become aware of their move-
ment. When the deviant z-score breaks loose and can be come variable, 
that is the key to training, not just a change in value.

Z-Maps
In order to provide further access to visualizing brain dynamics, we 
have now introduced Z-Maps. These are live maps of the Z-Scores that 
can be used for training or for following training progress. 

We provide two types of maps. Instantaneous maps show the 
moment-to-moment changes, and can change rapidly. We also offer 
damped maps, which show the damped z-score , which is what is also 
used in the text display. This provides a more stable map for viewing 
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Simultaneous Z-Bars and Z-Maps

and biofeedback. Both types of maps are useful, depending on the pri-
ority. It is possible to display either or both types of maps at the same 
time. Damped z-scores are what are shown in the text, and in the col-
ored Z-Bars. Instantaneous z-scores are shown by the dynamic lines & 
dots on the z-bars display.

With this new set of tools, it is possible to visualize and train 
new metrics and displays that are responsive to brain dynamics. The 
field of QEEG has moved from being focused on assessment and static 
variables, to the realm of dynamics and real-time, providing new av-
enues for operant training and brain conditioning.
variables, to the realm of dynamics and real-time, providing new av
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Editor’s note: Over the past decade, clini-
cians treating returning combat veterans of 
Iraq and Afghanistan have been confronted 
with a large cohort of servicemen and women 
who have been exposed to both psychologi-
cal and biomechanical trauma to the brain. In 
a pioneering 1998 paper, Dr. David Trudeau 
was among the first to report that veterans 
with history of mild brain injury due to blast 
exposure were at increased risk for develop-
ment of PTSD, an observation now supported 
by neuroimaging studies which have consis-
tently identified an overlap in the neurocorti-
cal networks implicated in the two disorders 
(Stein and McAllister 2009). Dr. Trudeau dis-
cusses the background to this seminal work 
with our readers….

In 1995, while working with PTSD vets at the 
Minneapolis Veteran’s Affairs Medical Cen-
ter, I chanced upon a discovery that was a bit 
before its time—a relationship between com-
bat blast trauma exposure and enduring prob-
lems with cognition and PTSD symptoms. I 
was attempting to replicate Gene Peniston’s 
well-known work on alpha-theta feedback in 
combat PTSD. Although my background and 
expertise was in addiction medicine, I made 
my way to the PTSD program because that’s 
where the neurofeedback equipment resided 
at the time, and worked out a deal with Steve 

Barton, MD who headed 
the PTSD program at the 
time, to use his Lexicor 
24 and Capscan, provid-
ing some of my work was 
with veterans in the PTSD 
program.

While in process 
of doing alpha-theta ses-
sions on a number of vets 
with chronic PTSD, I kept 
hearing a similar repeated story from vets who 
had exposure to blasts that resulted in brief 
unconsciousness, ringing ears, and a feeling 
of being dazed—often for hours. “Doc, when 
that grenade went off that killed the man next 
to me it really rang my bell—I haven’t been 
right since.” Many seemed to date the onset 
of their troubles to an event where they were 
exposed to blast and concussed mildly, and 
because there were no other injuries, resumed 
duty. Many times those closer to the blast were 
killed or severely injured. These fellows were 
the “lucky ones,” walking away without a 
scratch but dazed and amnestic and confused.

I looked at quantitative EEGs on these 
men, and although I couldn’t really come up 
with anything common by inspection or analy-
sis, I did Thatcher’s discriminant function 
for mTBI and saw that these blast survivors 
scored in the mTBI range. Of course, this did 

not prove anything as the mTBI 
discriminant can be influenced by 
many things and is not in itself 
diagnostic. PTSD is fraught with 
comorbidities and any of them 
might be influencing these results. I 
went to the literature and could find 
little to help me. There were anec-
dotal accounts of “shell shock” in 
World War I trench warfare. There 
were storied accounts of John Paul 

Jones-era sailors becoming dazed with re-
peated cannon blasts on the gunnery decks in 
old time naval battles where tall-masted men 
o’war traded broadside salvos.

The literature I could find on brain 
damage from blast exposure, however, was 
confined exclusively to underwater explo-
sions, where the percussive shock waves in 
an inelastic medium (water) went straight to 
the brain without the cushioning and dampen-
ing effect of air propagation. Interestingly, the 
studies on animals to produce the contra-coup 
type of injuries incurred in sudden decelera-
tion injuries (read: car crashes) were prob-
lematic because only primates had the nec-
essary cranial vault configuration and head 
bobble to produce anything similar to human 
“whiplash” micro brain trauma. The animals 

Doc,	it	Really	Rang	My	Bell…
David Trudeau, MD
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Figure 1.
Overlap of symptoms associated with mild traumatic brain injury 
(mTBI) and post-traumatic stress disorder (PTSD)
Symptoms that are common to mTBI and PTSD include impaired 
concentration, tension headaches, mental slowness, and indecision. 
Distinct features of PTSD include intrusive flashbacks, recurrent 
nightmares, hyperarousal, and social avoidance. Distinct features 
of TBI include neurological deficits, seizures, and headaches with 
migraine features.

Figure 2.
Traumatic brain injury (TBI) may influence the development of post-traumatic stress 
disorder (PTSD) following a traumatic event
Following a traumatic event, several factors influence whether an individual develops 
PTSD. TBI may influence the likelihood of an individual developing PTSD following 
a traumatic event by compromising the ability of an individual to psychologically 
adjust to a traumatic event. While combat mild TBI appears to increase the likelihood 
of PTSD developing, severe TBI may reduce the likelihood of PTSD developing.

Figures reprinted with permission.
Ruff, RL, Riechers, RG, and Ruff SS. Relationships between mild traumatic brain injury sustained in combat and post-traumatic stress disorder.
F1000 Medicine Reports 2010 2:(64) (19 Aug 2010)
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were strapped into a high-speed sled appa-
ratus and exposed to deceleration. However, 
they lacked the anatomic frontal lobe hyper-
trophy of humans and the force necessary to 
produce corresponding brain lesions of mi-
cro axonal disruption. The successful model 
that emerged for studying deceleration micro 
trauma in animals was a simple apparatus 
that passed a shock wave from a piston pulse 
to a saline filled syringe via a tube inserted 
through a tiny hole in the calvarium commu-
nicating with the cerebral spinal fluid space. 
This could be much more easily applied to 
rodents, and was way less expensive.

So, I thought, there seems to be some 
connection between the possibility of air 
distributed blast effects on the brain and the 
type of injury thought to occur to the brain in 
deceleration accidents, and it might be fair to 
compare combat blast survivors with automo-
bile accident survivors via Thatcher’s mTBI 
discriminant—which of course was derived 
from automobile accident survivors who had 
mTBI. I was also impressed that many of 
these blast survivor veterans complained of 
attention problems, so began to test them with 
T.O.V.A and an assessment of symptoms as-
sociated with ADHD, and even though they 
had no childhood ADHD, they often could 
meet criteria for acquired ADHD.

I began a systematic study of two popu-
lations of chronic combat PTSD veterans who 
were similar in all respects save for one—a 
history of combat-related mild blast concus-
sion that was not recognized or treated as an 
injury at the time. The veterans in the study 
came from WWII, Korea, and Vietnam. There 
were no veterans from Desert Storm, probably 
because there were very few at our VA at that 
time—and I wonder if it takes many years be-
fore veterans come forth with chronic PTSD. 
We eliminated people with other significant 
head trauma, including mTBI, as well as 
those with active substance use disorder and 
additional psychiatric diagnoses other than 
concurrent depressive disorder. We found that 
by comparing chronic PTSD vets with mild 
blast concussion to those without, there were 
statistically significant differences in both 
subjective symptoms and objective perfor-
mance on tests of attention and concentration 
as well as in qEEG mTBI discriminant func-
tion scores. And, this effect seemed to persist 
after many years. What resulted was the first 
study on combat blast mediated mild concus-
sion—presented at ISNR in 1996—and pub-
lished in 1998. It got little attention at first, 
but in the last seven years or so I have had 
many requests for reprints.

With the experiences of the last eleven 
years in blast exposure TBI from IEDs in Iraq 
and Afghanistan, many more investigations 
have been published. It is the bane of return-

ing warriors, whether or not they have other 
serious injuries. Little is yet known about 
how to prevent and treat this type of debili-
tating brain injury and to parse it from PTSD 
and depression and other disorders. Little is 
known about its chronicity and progression. 
From my experiences with combat veterans, I 
believe it is highly likely that a brain flooded 
with excitatory neurotransmitters from chron-
ic war stress, that is then subject to mechanical 
disruption of microarchitecture and ensuing 
inflammatory cascades, will sustain long term 
damage, and that this damage is an important 
component of what is called post combat trau-
matic stress disorder. The bottom line is this: 
developing strategies to diagnose and treat the 
organic insult of combat blast injury is one of 
the most important contributions neurofeed-
back can make to help returning warriors be 
whole again.
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Introduction
Recent advances in technology are chang-
ing the field of neurotherapy by offering 
clinicians information-gathering and feed-
back-producing paradigms that are more so-
phisticated than anything previously avail-
able. Using neurofeedback as an adjunctive 
therapy to promote relaxation and rebalance 
poorly regulated EEG mechanisms is grow-
ing in popularity, with the increasing ability 
of practitioners to scientifically demonstrate 
changes in EEG activational patterns that ap-
pear to correlate with clinical improvements. 
Emerging tools such as live 19 channel EEG 
recordings now equip clinicians with the abil-
ity to create not only measurements of brain 
activity before and after neurofeedback in-
terventions (Thatcher 1999), but can also be 
the basis for complex and intelligent feedback 
that takes into account how individual regions 
function within the global context of the en-
tire brain.

The therapeutic relationship between 
posttraumatic stress disorder (PTSD) and 
neurofeedback can be traced back over forty 
years due to the efforts of researchers such 
as Kamiya (Kamiya, 1970), Peniston and 
Kulkosky (Peniston, 1991), to name a few, 
and has often been comprised of giving the 
brain feedback designed to increase deficient 
alpha and theta rhythms, and decrease excess 
fast beta activity at a few selected 10-20 sites 
at a time. These interventions were devised 
using the knowledge base and technology 
previously available, and in many cases, were 
found to be effective in reducing symptoms 
associated with post-traumatic stress disorder 
(Raymond, 2005).

In 2007, Collura and colleagues re-
leased an innovative software program that 
introduced an entirely new paradigm into the 
field of neurofeedback (Collura, 2009), and 
named it live Z-score training (LZT).  Not only 
did LZT track the power and amplitude mea-
sures of the EEG at each site being recorded, 
but it also tracked connectivity parameters, 
such as amplitude asymmetry, coherence and 
phase.  This allowed practitioners to provide 
feedback to clients based on not only what 
was happening at each individual site being 
observed, but also the dynamic relationships 
between the recorded sites (Collura, 2010). 
Initially, this was only possible between four 
sites at a time, but as the capabilities of the 
software have continued to evolve, it is cur-
rently possible to provide feedback to a brain 

system based on 19 channels of live EEG.  
This means that a practitioner can now cre-
ate training protocols based on global brain 
activity, and even if they choose to focus on 
specific brain regions, the feedback given to 
the client can still be delivered in the context 
of how other areas in the brain are functioning 
and responding to the changes in one particu-
lar location.

Implications	for	PTSD	
treatment
The revolutionary neural integration capabili-
ties of LZT are particularly relevant to a pop-
ulation suffering from PTSD symptoms, not 
the least of which are difficulties with cogni-
tive processing, integration of memories and 
associations, and regulating arousal respons-
es to situational stressors. One of the cur-
rent standards of treatment for PTSD is Eye 
Movement Desensitization and Reprocess-
ing (EMDR). While research on EMDR has 
resulted in mixed reviews (Davidson, 2001), 
one of the theories held by some EMDR pro-
viders is that the physiological tasks often 
involved in EMDR sessions, such as lateral 
eye movements, alternate hand tapping, and  
bi-lateral auditory tones, create an interhemi-
spheric activation in which  the brain assists 
the individual to process and integrate experi-
ences (Levin, 1999).  
The hippocampi, areas in the brain associated 
with storing and retrieving memories, and 
regulating fear responses, are often implicat-
ed as key regions affected by PTSD (Gilbert-
son 2002), while the frontal cortex, the basal
ganglia and the parietal lobes are all involved 
in cognitive processing, attribution of mean-
ing, and an individual’s sense of time (Kol-
assa, 2007). Functional neuroimaging studies 
support the hypothesis  that poor communica-
tion between these brain regions play a role 
in exacerbating symptoms of PTSD, such as 
flashbacks, intrusive thoughts and sensations, 
recurring dreams and panic attacks (Stein & 
McAllister, 2009).

Case	Histories
The following five cases are individuals who 
were diagnosed by medical professionals as 
meeting the DSM-IV criteria for PTSD. A 
qEEG brain map was performed on each per-
son before neurofeedback was introduced, and 
additional qEEG brain maps were acquired 
after a number of sessions of neurofeedback 
were completed.

In Figure 1, the subject is a 44 year-old 
female with a history of early childhood abuse 
and trauma. The map on the left was taken be-
fore any neurofeedback was done.  The map 
on the right was taken after 40 sessions of 
LZT using a Percent-Z OK protocol unique 
to BrainMaster software. All sessions were 
performed using four channels of feedback, 
placed at F3, F4, P3, and P4.  The placements 
were chosen to optimize integration and in-
creased communication between brain areas 
commonly found to be affected in individuals 
exhibiting symptoms of PTSD, as previously 
discussed in this article. 

Before neurofeedback, she reported 
difficulty functioning socially and profession-
ally, and described an inability to form healthy 
romantic relationships.  After completing 40 
sessions, she said that she felt “100% better” 
and “like a different person”, reporting a sig-
nificant decrease in her symptoms, particular-
ly the avoidance and numbing behaviors that 
drove her interpersonal frustrations.

Figure 2 contains the brain maps of a 
19-year-old male from a broken family who 
had severe PTSD symptoms, a history of 
chronic substance abuse and traumatic brain 
injury. He had dropped out of high school, 
could not maintain consistent employment, 
and attempted suicide by slitting open his 
own throat with a kitchen knife.  He spent six 
months in an inpatient facility before he started 
neurofeedback.  The map on the left is pre-in-
tervention, and the map on the right is after 30 
sessions of four-channel LZT neurofeedback, 
site placements at F3, F4, P3, and P4, using the 
Percent-Z OK protocol. In the five years since 
these sessions, he has held a steady job for the 
first time in his life, enrolled in school and mar-
ried a lovely girl.  He credits the neurofeedback 
with having “saved his life”.

These first two cases were individuals 
who received LZT neurofeedback in 2008 
when only four channels of training, using up 
to 248 variables, were available.  The observ-
able changes in the EEG and the reports of 
clinical improvements were welcome, how-
ever the idea of being able to achieve posi-
tive clinical results with fewer sessions was 
appealing.  When BrainMaster Technologies 
released an additional software option that 
allowed practitioners to record and provide 
feedback using up to 19 channels of EEG, 
with 5700 training variables to choose from, 
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the next step was to incorporate additional 
training channels to see if there were discern-
ible clinical improvements in fewer sessions 
using more training sites.

While early forays into training indi-
viduals using the full 19 sites yielded promis-
ing data, the idea of connecting 19 leads to 
a client every session was proving daunting 
to the everyday practitioner.  In an effort to 
create an interim option, the idea of attach-
ing nine training leads was explored, and the 
following two cases (Figures 3 and 4) are 
images of pre- and post-EEG recordings that 
use the LORETA algorithm to project activ-
ity in deeper brain structures and assess how 
feedback from scalp EEG recordings can af-
fect limbic regulation. The images were gen-
erated from 19 channel EEG recordings, and 
analyzed using norms from the NeuroGuide 
2.6.9 database.

In Figure 3, the subject is a 24 year-old 
male diagnosed with PTSD who presented 
with specific triggers related to social inter-
actions. He reported hyper reactivity and ir-
ritability, outbursts of anger and volatility, 
and general difficulty behaving appropriately 
within his environmental context. The image 
on the left is prior to neurotherapy, and shows 
activity 2.98 standard deviations above the 
norm at 19 Hz in the cingulate gyrus, most 
notably Brodmann area 24, a region in the 
anterior part of the cingulate gyrus which is 
involved with emotional and cognitive pro-
cessing (Critchley, 2005).

The image on the right of Figure 3 is 
after five sessions of LZT Percent-Z OK feed-
back using nine training sites: F3, Fz, F4, C3, 
Cz, C4, P3, Pz, and P4. The design was in-
tended to address integration of frontal, central 
and parietal areas.  The subject verbalized that 
he noticed after the first couple sessions he felt 
“calmer and clearer”, and after five sessions 
he found it easier to interact socially, saying 
that he “didn’t get as angry and impatient, and 
thought less about violent acts while talking to 
people”.  The 19 Hz activity in the cingulate 
gyrus reduced from 2.98 standard deviations 
above the norm to 0.6, as can be observed in 
the panel on the right hand side of Figure 3.

The fourth case underwent an identical 
regimen as case number three, which con-
sisted of LZT Percent-Z OK feedback at the 
same nine central 10-20 sites for five sessions. 
Case number four is a 29 year-old female who 
presented with a history of chronically abu-
sive relationships that resulted in her experi-
encing hypersomnia, generalized anxiety and 
avoidance, motoric apathy and indifference to 
daily activities of living, including showering, 
eating, or even getting out of bed. In her pre-
intervention LORETA image, she exhibits ac-
tivity 2.96 standard deviations above norm at 
26 Hz in the cingulate gyrus in the region of 
Brodmann area 23, a location which is cor-
related with limbic associational integration 
(Lane, 1998).

Figure 1

Figure 2

Figure 3

Figure 4
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She reported feeling more relaxed and 
energetic after her first session, and over the 
course of the five sessions said that she was 
in a “happier state, and was finding it easier to 
wake up in the morning and get moving.  She 
also verbalized that she was thinking more 
clearly and was less overwhelmed with day-
to-day activities. In her post-intervention LO-
RETA image, seen in the right panel of Figure 
4, the observed cingulate activation that was 
previously at 2.96 standard deviations above 
the norm was reduced to 1.6.

The final case subject, a 27 year-old 
female, came from a severely abusive family 
of origin, exhibiting the most extreme symp-
toms of PTSD out of all five cases discussed 
in this article. She had a history of insomnia, 
chronic nightmares and flashbacks, emotional 
rigidity, physiological reactivity and startle 
response, multiple panic attacks a week, hy-
perventilation and self-mutilating behaviors.  
She was also given LZT Percent-Z OK feed-
back for five sessions at the same sites as sub-
jects three and four: F3, Fz, F4, C3, Cz, C4, 
P3, Pz, and P4.

She reported she felt relaxed halfway 
through the first training session, after which 
she slept through the night for first time in 
16 months, described reduced symptoms of 
anxiety, a cessation in self-mutilating behav-
iors after third session, a noticeable reduction 
in number of panic attacks and flash backs, 
and more emotional and social flexibility by 
the fifth session.  Her before and after qEEG 
maps can be seen in Figure 5.

Discussion
A review of the data presented in this article 
indicates a positive outlook regarding the use 
of live Z-score training as an adjunctive meth-
od to assist individuals recovering from trau-
matic experiences. Reports of symptomatic 
reduction after LZT neurofeedback sessions 
point toward the potential benefits of further 
investigation into the clinical utility of a train-
ing approach that includes both connectivity 
measures and external referential parameters 
in the informational paradigm presented to 
the brain during feedback.

The first two cases used four channels 
of EEG to inform the training paradigm and the 
brain, and required 40 and 30 sessions respec-
tively, to make the observed changes in brain 
activity seen in the before and after qEEG 
maps in Figures 1 and 2.   The last three cases 
used nine channels of EEG and clients were 
beginning to notice results within the first two 
sessions, in contrast to the first few cases, in 
which clients reported beginning to notice re-
sults between 12 and 20 sessions. Preliminary 
case studies using the full 19 channels simulta-
neously to inform the feedback paradigm have 
also yielded rapid changes in symptomatic pre-
sentation within a few sessions.

A limitation of this study is potential 
reproducibility using Z-score training ap-
proaches created by other software develop-

ers.  The Percent-Z OK protocol used in these 
cases utilizes an algorithm that regulates feed-
back by allowing the brain to meet a percent-
age of the required criterion by interacting or-
ganically with the variables being tracked and 
designing an individualized protocol that is 
updated in real time using continuous propor-
tional feedback. This combination of features 
is currently not available in other software 
packages offering Z-score training options, 
and additional studies will be needed to make 
a valid comparison of results between the dif-
fering approaches.

As with any powerful intervention, 
clinicians using LZT neurofeedback need to 
exercise caution when working with a popu-
lation that suffers from post-traumatic stress 
disorder.  Individuals under the care of a neu-
rofeedback provider will also potentially need 
additional emotional and cognitive support 
to help process experiences and memories 
as neural integration takes place. Clients de-
scribed in the present paper received appropri-
ate amounts of cognitive behavioral therapy 
embedded in the neurofeedback sessions pro-
vided by this clinician.  If not trained in such 
strategies, it is the responsibility of the neu-
rofeedback provider to assist the individuals 
receiving neurofeedback in finding resources 
that can offer the necessary support.  

It is an incredible time to be working 
in neurofeedback, with many brilliant and tal-
ented individuals making contributions to the 
field that are changing the face of healthcare 
forever.  Using a solid scientific approach, 
supported by data and quality standards of 
care, neurofeedback providers will continue 
to assist many individuals suffering from not 
only PTSD, but also a variety of other con-
ditions that can be positively affected with 
improved neural connectivity, systemic relax-
ation and self-regulation.
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Figure 1

done, as well as from the conventional under-
standing of the process. 

A	PTSD	Case	Report
With this brief description of the process, we 
turn to an actual case report. The training his-
tory of a veteran with PTSD is illustrated in 
Figure 1, where symptom-tracking data are 
shown for the dominant complaints. This case 
was chosen over others for two reasons. First, 
this individual had a larger than usual list of 
significant complaints, and secondly the train-
ing was done in our own office, so we have 
familiarity with this person beyond the data. 
In this case as in all others, a wide-ranging 
initial clinical interview established the criti-
cal issues for this person. These are quanti-
fied here in terms of severity on a Likert scale 
of 0-10. (The initial symptom list included 
several hundred items, of which some 60 are 
commonly reported in PTSD. Twenty-five of 
the more significant symptoms in this case are 
shown in the illustration.) 

The impression given by the results of 
brain training over time is one of joint resolu-
tion across the seemingly disparate symptom 
categories. The similarity in learning curves is 
more clearly reflected in Figure 2, which just 
re-plots the same data. It is noteworthy that 
this list includes such varied symptoms as de-
pression, bruxism, migraine, irritable bowel, 
addictive behaviors, and chronic constipation. 
All of the symptoms move toward clinical in-
significance at a similar rate over the period 

of forty training sessions. This pattern is a 
common observation within the entire data 
set of over 400 cases.

PTSD	in	the	
Dysregulation	Model
This striking commonality in learning curves 
across the board allows us to reframe the is-
sue of PTSD as a disorder of dysregulation. 
Resolve the dysregulation and the symptoms 
collectively diminish to clinical insignifi-
cance. If this kind of reframing is supported 
by the collective data set, then it is appro-
priate to shift attention to the dysregulation 
status per se, and attempt to resolve that by 
whatever means are at our disposal, using pri-
marily the methods of applied psychophysiol-
ogy. With the adoption of this perspective, all 
symptoms of dysregulation become criteria 
by which we judge our success in restoring 
self-regulatory integrity, quite irrespective of 
whether or not these are regarded as classic or 
defining symptoms of PTSD.

Regarding PTSD as primarily a psycho-
logical condition has been an understandable 
but unfortunate misdirection. This is not to say 
that traditional psychological approaches are 
entirely irrelevant to the resolution of PTSD. 
Rather, it is to argue that these play only a sup-
portive role, particularly in the early phases 
of recovery. Much of the success of exposure 
therapies is also traceable to physiological 
normalization, an objective which can now 
be achieved much more readily and with less 
drama with psychophysiological techniques. 
Once the physiology has been stabilized, there 
is much still to be done with psychotherapeutic 
methods. But by that time PTSD will likely no 
longer be diagnosable.

Overview	of	Symptom	
Tracking	Data
So what do the collective data indicate with 
respect to the recovery of regulatory integrity 
using ILF feedback? In broad brush, trainees 
can be grouped into three principal groups: 1) 
A rapidly responding group consisted of nom-
inally 25% of the population. Here functional 
recovery could be achieved within twenty ses-
sions, with a median value of less than 10 ses-
sions. 2) A conventionally responding group 
in which recovery was achieved within 20-40 
sessions, in line with common expectations 
within the field for a variety of indications. 
And 3) a treatment-resistant group in which 
recovery could not be achieved by the time 
training was terminated. This group consisted 
of nominally 25% of the population.

These divisions are reflected in the 
trends seen with the most common symptoms. 
Thus flashbacks of trauma were found to re-
solve in 75% of the trainees. Panic attacks 
largely subsided in 80%. Agitation responded 
in 70%; likewise irritability; anger resolved 
in three out of four cases. Anxiety and de-
pression responded very similarly, becoming 
clinically insignificant in about 80% of cases. 
Fears resolved in two-thirds of cases. Sleep 
dysregulations responded in a manner repre-
sentative of the entire data set, with nominally 
25% rapid responders and some 50% typical 
responders. One exception was night sweats, 
where there was 80% favorable response and 
nearly half of all cases responded rapidly. 
The most favorable outcome was seen for 
migraines, where less than 10% were either 
non-responders or very slow responders, and 
some 40% of cases were in the rapid-response 

Remediation	of	PTSD	
using	Infra-Low	Frequency	
Neurofeedback		
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Figure 2

category. Muscle tension headaches, by con-
trast, were found to respond in 75% of cases.

The most intractable symptoms were 
tinnitus, where only 50% were observed to 
largely resolve their symptoms; chronic nerve 
pain (40% response); and joint pain, where 
the recovery was only partial, and observed 
in less than 50% of cases. On the other hand, 
all cases of stomach pain responded, as did all 
cases of jaw pain, of hypertension, of chronic 
constipation, of asthma, and of skin rashes. 
Heart palpitations responded in 80% of cases; 
irritable bowel resolved in 80%; and allergic 
sensitivities eased in 80%. Overall more than 
200 symptom categories were evaluated in 
this survey, of which some 60 were prevalent 
in this population.

Training	Protocols
All of the training was accomplished with 
essentially four electrode placements: right 
parietal training for physical calming; right 
frontal training for emotional calming and 
control; inter-hemispheric training for brain 
stability; and left frontal training for recovery 
of executive function. Either T3 or T4 was 
common to all placements. If one surveys 
the whole population, the modal value for the 
number of sessions to reach effective resolu-
tion was less than ten, which means that the 
greatest likelihood was for rapid remediation 
of symptoms. In such a small number of ses-
sions probably only a single protocol was uti-
lized, or perhaps two. 

This observation helps to consolidate 
the case for the dysregulation model of PTSD. 
It is the same two protocols, after all, which 

are the starting points for all of our clients, 
irrespective of diagnosis, and this is all being 
done within the frame of the dysregulation 
model. Either there is a rather simple core 
deficit underlying all of the disparate symp-
toms being addressed in PTSD, or the simple 
challenge which the brain undergoes in ILF 
training manages to reorganize the whole sys-
tem despite its complexity—or both. 

Historical	Development	
of	ILF	Training
Before we take this further, one must also ask 
whether the quality and comprehensiveness of 
the above results collectively are attributable 
specifically to the ILF training. It is unquestion-
ably our clinical impression that the ILF train-
ing has allowed us to do our best work. But 
we can also bring some supportive evidence to 
bear. The story goes as follows: We have been 
individualizing our training for well over a de-
cade now, and have observed a gradual trend to 
lower and lower reward frequencies over the 
years, with the further development of clinical 
expertise. The modal value in the distribution 
of reward frequencies tended always to be the 
lowest frequency we had available in software. 
For years this was limited to 1.5 Hz because 
the software utilized 3-Hz bandwidth. 

The extension of the reward frequency 
range down to 0.05 Hz occurred in June of 
2006, and over the first six months thereafter 
some 52% of clients trained at the lowest fre-
quency. Over the subsequent six months, this 
dominance increased further to 66% as more 
familiarity was gained with the low-frequency 
training. More than 250 clients were involved 

during this phase. With the extension of the re-
ward frequency range to 0.01 Hz in 2008, mat-
ters stayed in pattern: 65% trained optimally at 
the lowest available frequency. With the further 
extension to 0.001 Hz soon thereafter, the per-
centage training at the lowest frequency rose 
to 77% over a period of time as clinical skills 
were honed. The range was further extended to 
0.1 mHz (0.0001 Hz) in March of 2010, and 
over time some 90% of patients ended up at the 
lowest target frequency within their first few 
sessions. It appeared that the lowest frequency 
was the best tolerated as well as the most effec-
tive. Notably, with each extension of the range 
to a lower limit, the clinical reach extended to 
more complex clinical presentations that had 
not responded well earlier, and outcomes sys-
tematically improved.

The trend in reward frequency distribu-
tion is certainly paradoxical for a number of 
reasons. The more we extend the reward fre-
quency to lower limits, the more the client pop-
ulation congregates at the lowest value. The op-
posite was to be expected. One would think that 
at some point the population would distribute 
itself more broadly across the newly available 
spectrum. A second paradox is that the lower 
the value of the target frequency, the less infor-
mation is being presented back to the brain per 
unit time, and yet clinical outcomes are not only 
better, but are achieved more rapidly.

The	Training	of	Resting	
State	Functional	
Connectivity
All of this makes sense if we postulate that 
the ILF training is efficiently re-normalizing 
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the functional connectivity of our resting state 
networks, and that the relevant information to 
achieve this most efficiently lies at these very 
low frequencies. EEG feedback has largely 
been about the training of resting states of the 
system. SMR training was first modeled as a 
calming of motoric excitability. Alpha train-
ing is certainly about training the brain toward 

calmer states as well. Biofeedback techniques 
are oriented toward calming autonomic ner-
vous system over-activation. It is in the na-
ture of our resting states that they persist over 
time, and to the extent that they are functional, 
they will resist “outside” interference. By op-
erating at these very low frequencies, we are 
challenging resting state functional organiza-
tion where it is most persistent, and intrinsi-
cally most resistant to interference. Hence an 
even subtle challenge can evoke a response 
by the brain, which over time mobilizes its 
functional re-organization.

Let us take a more “wide-angle” per-
spective on all of the above. The facts before 
us are that all of the symptoms of dysregu-
lation that make their appearance within the 
penumbra of PTSD resolve to a greater or 
lesser degree with a very simple protocol, or 
small set of protocols, acting upon the func-
tional connectivity of our persistent states, 
which we now know to be organized around 
a modest number of resting state networks. 
There is no bias in this intervention; no direct-
ed challenge; no explicit targeting; no overt 
conditioning. The brain is simply respond-
ing to information about itself, about its own 
instantaneous state. The immediate impact is 
on activation and tonic arousal, with a lon-
ger-term impact on the regulatory ambient of 
arousal and of specific network activations. 

This in turn implies that the myriad 
symptoms we tracked can be seen as ground-
ed in the dysregulation of core regulatory 
functions—of central arousal, autonomic 
balance, affect regulation, vigilance, execu-
tive function, and of motoric excitability. 
The results indicate that improving state reg-
ulation is sufficient to render most of these 
symptoms clinically insignificant. This fea-
ture of neurofeedback, namely that we ob-
tain broader benefits from the training than 
we feel entitled to for our modest efforts, has 
been noted even from the early days of SMR 
and alpha band training. It is also character-
istic of peripheral biofeedback. 

In fact, the method of ILF training bears 
more resemblance to traditional biofeedback 
than to conventional frequency-based neuro-
feedback. It bears the greatest resemblance 
to heart rate variability training, which also 
happens to be the most promising approach to 
PTSD among the options in “peripheral” bio-
feedback. It seems appropriate at this juncture 

to try to find common ground in the mecha-
nistic underpinnings of our respective tools.

It’s	Relaxation	Training	
after	all
We may finally be in a position to give a more 
scientific description to what we have been 
calling relaxation training. Our brains’ func-
tionality rests ultimately on the functional 
integrity of our resting state networks. But 
how does one access these? Unburdening the 
system by quieting body and mind takes us 
there by a variety of means: increasing the 
amplitude of our cortical resting frequencies 
can take us there; and perhaps the witnessing 
of our own resting state network activity takes 
us there most efficiently. We can finally tell 
the FDA forthrightly that what we are doing 
is relaxation training after all. That claim was 
starting to look a bit threadbare.

Feldenkrais was perhaps the first to 
appreciate the advantage of working near the 
least-challenged state, the still-point of the mo-
tor system, in order to improve its regulatory 
capacity. ILF feedback can likewise be seen 
as still-point training across all of the relevant 
regulatory domains concurrently. Its thera-
peutic complement is Alpha-Theta training, 
the other key contributor to the resolution of 
PTSD. This can also be understood as a kind 
of still-point training, a quieting in the psy-
chodynamic domain. At the time of Eugene 
Peniston’s work, the emphasis was largely on 
the alpha training component of the Menninger 
protocol. With the emergence of ILF feedback, 
Alpha-Theta training has been eased into more 
of a supporting role, and sometimes a minor 
one at that. This is testimony to the fact that as 
our effectiveness in regulating our physiology 
grows, the burden on heavy-duty psychologi-
cal interventions is diminished.

PTSD in this model can be described 
most simply as a disruption of resting state 
network functional connectivity. The cerebral 
turmoil of a severe emotional trauma, or of a 
concatenation of minor traumas, bars a return 

to quiescent baseline states in many people. 
The same holds true in minor traumatic brain 
injury, with physical insult added to the emo-
tional impact that surely must also accom-
pany TBI. A similar mechanism is operative 
in schizophrenia, in the autistic spectrum, in 
developmental trauma, in addiction, in the de-
mentias, and in chronic pain syndromes.

In all of these cases, the first resort 
should be to retrain the brain toward integrity 
in resting state functional connectivity. Over 
time, we benefit from a virtuous cycle in which 
control systems regulate each other as opposed 
to dysregulating each other. At some point, 
of course, the incremental benefits diminish, 
and if necessary, one adds on other meth-
ods—many already well established within the 
field—to complement the ILF training. So, we 
are not claiming that ILF training is the “uni-
versal solvent” of the neurofeedback world, 
but it does appear to get at the core of the most 
intractable psychopathologies, and is therefore 
to be recommended as the central focus, and in 
particular as a starting point, of neurofeedback 
strategies in the general case. 

Finally, a note of caution must be 
sounded. What is probably a general rule in 
feedback applies to ILF training as well: The 
stronger techniques place the greater burden 
on the clinician for proper direction and man-
agement of complex clinical presentations. 
Readers may be enticed by the above to rush 
into practice with ILF training simply because 
their instrument allows it. That temptation 
should be resisted until proper training has 
been undertaken.

Conclusion
The evolution of Infra-Low Frequency train-
ing over the last six years has given us a tech-
nique that bridges the disciplines of traditional 
biofeedback and of conventional neurofeed-
back. It is frequency-based in its construction, 
along with the rest of neurofeedback, and yet 
one is training on a time-domain waveform 
that is more characteristic of biofeedback. 
ILF training is an alternative to biofeedback 
for restoring autonomic regulation, and it ex-
ceeds prior neurofeedback approaches to af-
fect regulation. These are the principal keys 
to the resolution of PTSD, which ILF training 
accomplishes efficiently. 

All this is best understood in a systems 
perspective in which core regulatory func-
tions are targeted as a first priority, yielding 
comprehensive coverage of the state regula-
tion issues that dominate in psychopathology. 
Of course ILF training is not exhaustive, ei-
ther in the perspective of neurofeedback or of 
biofeedback. In application to complex disor-
ders such as PTSD, and with the objective of 
optimal functioning in mind, multiple brain 
challenges are called for. That means bring-
ing our “multiple intelligences” to bear from a 
variety of scientific and clinical perspectives. 
It is time to break down the internal barriers 
within our discipline to bring that about.

Much	of	the	success	of	exposure	therapies	is	

also	traceable	to	physiological	normalization,	

an	objective	which	can	now	be	achieved	

much	more	readily	and	with	less	drama	with	

psychophysiological	techniques.	

Neuroconnections spring 2012.ind33   33 3/8/2012   7:14:35 AM



“I didn’t fail the test; I just 
found 100 ways to do it wrong.” 

~Benjamin Franklin

Written exams are a necessary part of our pro-
fessional lives. While most of us don’t enjoy 
taking them, we do like to challenge ourselves 
and expand our knowledge. We don’t fear 
learning new material; we fear the unknown. 
What will the exam be like? Did I study the 
right material?

According to the Institute for Creden-
tialing Excellence (ICE), formerly the Nation-
al Organization for Competency Assurance 
(NOCA), “certification of specialized skill-sets 
affirms a knowledge and experience base for 
practitioners in a particular field, their employ-
ers, and the public at large. Certification repre-
sents a declaration of a particular individual’s 
professional competence.” Most certifying 
agencies set standards of education and train-
ing to demonstrate entry-level competency. 
Most share the challenge of evaluating whether 
applicants have mastered a body of knowledge 
required for entry-level competence. BCIA, 
like many other certifying agencies, has found 
it challenging to build and maintain meaning-
ful, current, and psychometrically sound as-
sessment instruments. BCIA’s exam task forces 
have taken this work very seriously.

BCIA believes that tests should be fair, 
reflect essential knowledge, and allow test-
takers to demonstrate their mastery. We be-
lieve our tests should have passing scores that 
clearly differentiate candidates with advanced 
knowledge from those who cannot demon-
strate mastery of the fundamentals. We would 
like to demystify how we build our exams.

Exam	101
The Blueprint of Knowledge Statements rele-
vant to each certification program identify the 
fundamental science, history, and concepts 
underlying each modality, independent of 
specific theories, vendors, or brands of equip-
ment. This information is the basis of the di-
dactic training required for certification. We 
divide each blueprint into content areas called 
rubrics and then assign a specific number of 
hours to each rubric to help training programs 
structure their workshops. An 8-hour rubric 
contributes more items to our exams than a 2-
hour rubric. BCIA exams are built using 100 
multiple-choice questions with only one right 
answer. We source each exam item to refer-
ences in our Core Reading Lists.

BCIA now offers our exams in both 
paper/pencil and online formats. A candidate 
may choose any of our regularly scheduled 
exam sites or may locate a nearby university or 
public library proctor to monitor the security of 
their testing. We have successfully offered our 

exams in English in several other countries and 
it appears that 2012 will see many more new 
certificants outside of the US because we have 
made testing locally available.

Sounds so simple when presented like 
that doesn’t it? So, what are you waiting for? 
File your application and set a study schedule!

The	Challenge	of	
Building	Quality	
Certification	Programs
Many certifications are specific to a profes-
sion, such as truck drivers, nurses, or accoun-
tants. BCIA, in contrast, certifies profession-
als with backgrounds as different as neurol-
ogy, counseling, and physical therapy. Our 
applicants’ experience levels also vary. While 
many individuals sit for their exam after years 
of experience, others have just entered the 
field and started to use the modality. While 
some professionals treat a wide range of 
clinical disorders, others focus on problems 
like pain or urinary incontinence. We value 
our applicants’ diverse backgrounds, experi-
ence, and clinical specialization, and have 
developed exams that assess the common 
knowledge base that competent professionals 
should share.

Preparing	for	the	Exam
The BCIA website contains valuable resourc-
es to help you prepare for our exams. You will 
find links to our Blueprints of Knowledge, 
Recommended Reading Lists, didactic educa-
tors, and mentors. Our Blueprint is a roadmap 
of the content you will need to master. . Our 
Core Reading List contains a compact list of 
affordable entry-level references that cover the 
Blueprint and serve as the basis of our exam 
questions. We don’t publish our own textbook 
because excellent resources are already avail-
able and we want to expose our certificants to 
multiple scientific viewpoints.

BCIA does not teach didactic content 
ourselves for the same reason we don’t publish 
a textbook. We want to encourage a “market-
place of ideas” in which didactic instructors 
teach our Blueprint in university courses and 
vendor workshops from their unique perspec-
tives. We believe that our field is stronger when 
applicants can learn from instructors with di-
verse teaching styles, materials, and emphases.

Never underestimate the power of a 
good mentor! Mentors help guide applicants’ 
personal self-regulation training and develop-
ment of clinical skills. They help their men-
tees transform theory into practice. Good 
mentors are invaluable because they can rein-
force didactic training and share their wealth 
of clinical knowledge. Since BCIA-certified 
mentors have passed our exam, they are ideal 
exam coaches.

Passing	the	Exam
More than 70% of our candidates pass our 
exam on their first attempt, compared with 
rates as low as 50% at many larger profes-
sional certification organizations. We find low 
pass rates to be unacceptable. Certification 
should guide and motivate professionals to 
acquire entry-level knowledge and develop 
competent clinical skills; not demoralize them. 
What is the value to the field of a certification 
program that only passes five professionals a 
year? Our applicants are well-educated prac-
titioners. In most cases, they have invested 
their own money in equipment, study materi-
als, didactic training, mentoring, and certifica-
tion fees. Since state law rarely requires them 
to gain our credential, they are motivated by 
their ethics and professionalism.

BCIA has found that we can maintain 
rigorous standards and achieve high pass rates. 
Our applicants pass our exams for two reasons. 
First, they are highly-motivated elite profes-
sionals. Second, we have designed our program 
for success. We provide a detailed Blueprint of 
Knowledge that is directly linked to our Rec-
ommended Reading List. All exam items are 
based on these references and deal with scien-
tific findings instead of opinions. We supply 
applicants with a directory of excellent univer-
sity and vendor-based didactic programs, and a 
list of gifted mentors when they are ready for 
consultation. Finally, we continuously monitor 
the psychometric performance of exam items 
to ensure their validity. 

Does a high pass rate mean that our ap-
plicants know the answers to all of our exam 
questions? Of course not! The exam identifies 
the topics they mastered as well as the areas 
that may require more reading and study. Cer-
tificants can use this feedback to guide their 
future continuing education.

The	Future
BCIA’s exams performed very well during 
2011, both in North America and internation-
ally. This fall, 100% of our new certificants 
in the Netherlands passed our Neurofeedback 
exam with scores that were higher than aver-
age! Keep in mind that English is their second 
language. 

Despite the success of our exams, we 
have already started to reevaluate our Bio-
feedback, Neurofeedback, and Pelvic Muscle 
Dysfunction Biofeedback Blueprints, Read-
ing Lists, and exam questions for the second 
time in five years. We invite you to submit 
multiple-choice exam items using our Rec-
ommended Reading List’s sources. For each 
exam item you submit, you will earn one-half 
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Abstract: Posttraumatic stress disorder 
(PTSD) is the aftermath of trauma. Trauma 
spans a diverse spectrum of unfortunate life 
experiences such as sexual abuse, assault, 
car accidents, war, and natural disasters. 
PTSD occurs when the afflicted can no lon-
ger mentally cope with the situation. Follow-
ing trauma, permanent changes occur within 
the brain that increases “racy-headedness,” 
guardedness, anxiety, depression, insomnia, 
plus memory and cognitive impairments. The 
behavioral aftermath of PTSD also typically 
involves increased aggression and drug and 
alcohol abuse. Audio-visual entrainment 
(AVE) has been shown to reduce anxiety and 
insomnia, and improve coping for police of-
ficers and military personnel. AVE has also 
been shown to reduce depression and anxiety 
among vets with chronic fatigue syndrome 
and fibromyalgia.

Introduction
The American Psychiatric Association defines 
psychological trauma as “the development of 
characteristic symptoms of intense fear, help-
lessness, or horror, following exposure to an 
extreme traumatic stress or involving direct 
personal experience of an event that involves 
actual or threatened death or serious injury, 
or other threat to one’s physical integrity; or 
witnessing an event that involves death, injury, 
or a threat to the physical integrity of another 
person; or learning about unexpected or vio-
lent death, serious harm, or threat of death 
or injury experienced by a family member or 
other close associate,” (American Psychiatric 
Association, 1994).

The ensuing severe and chronic stress 
further brings about a host of trauma spec-
trum disorders, which may include impair-

ments in learning and reasoning, impaired 
alertness, and increased destructive behavior 
including smoking, alcoholism, drug abuse, 
family violence and reckless risk taking 
(Bremner, 2002). 

Somewhere between 25% and 50% 
of all Americans are exposed to a psycho-
logical trauma at some time in their lives, 
related to a wide variety of incidents includ-
ing child abuse, assault, rape, car accidents, 
house fires, and natural disasters, (Acierno, et 
al, 1999). Of these, about 15% will develop 
PTSD, roughly comprising 5% to 8% of the 

Audio-Visual	Entrainment	as		
a	Treatment	Modality	for		
Post-Traumatic	Stress	Disorder
Part	I	of	II

Dave Siever
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American population, making it one of the 
most common illnesses in the USA. PTSD is 
10 times more common than cancer, yet so-
ciety dedicates only one tenth the funding in 
PTSD research as it does for cancer research 
(Bremner, 2002).

The	Aftermath	of	War
About one million young men experienced 
the stress of the Vietnam War between 1963 
and 1971 and several hundred thousand were 
deployed in the Gulf War from 1990 to 1991 
(Bremner, 2002). Service members assigned 

to combat support units that are not on the 
front lines are just as likely to be exposed to 
the effects of PTSD, since rear echelon units 
no longer have the traditional distinction of 
being non-combative. The individual service 
member’s physical condition, training and 
experience for combat will certainly prepare 
him or her for these various traumatic experi-
ences often encountered during military mis-
sions, but no matter how trained an individual 
is to deal with the tragedy of war, trauma is 
inevitable. For all groups responding after 
deployment, there was a strong reported re-
lation between combat experiences, such as 
being shot at, handling dead bodies, knowing 
someone who was killed, or killing enemy 
combatants, and the prevalence of PTSD. For
example, among soldiers and Marines who 
had been deployed to Iraq, the prevalence of 

PTSD increased in a linear manner with the 
number of firefights during deployment: 4.5% 
for no firefights, 9.3% for one to two firefights, 
12.7% for three to five firefights, and 19.3% 
for more than five firefights. Rates for those 
who had been deployed to Afghanistan were 
4.5%, 8.2%, 8.3%, and 18.9%, respectively 
(Hoge, et al., 2004).

 The effects of PTSD are not limited to 
the soldier; as much or more stress is experi-
enced by the spouse and children. If not di-
agnosed and treated promptly, PTSD quickly 
manifests itself into a socio-economic burden 

on society. To exemplify the far-reaching as-
pects of PTSD, it has been reported that more 
veterans have died in motorcycle accidents 
at home in the USA from thrill seeking (350 
deaths) as compared with 259 deaths in Af-
ghanistan (Edmonton Journal, 2006). With the 
exceeding numbers of civilian and military 
Americans that suffer from PTSD, research 
to develop a non-drug treatment/method of 
therapy for treating PTSD, and without ad-
verse side effects, would be an asset to both 
the afflicted as well as society.

About	the	Zone
Socialized mammals, and particularly hu-
mans, have two performance zones (Figure 1), 
one zone requiring higher arousal for simple 
tasks and the other requiring lower arousal for 
complex tasks. Running fast, climbing a tree, 

spearing some food, punching an attacking 
enemy in the nose, are examples of peak per-
formance under high arousal, in other words, 
fight-or-flight activity. A highly aroused state 
of body/mind involves the suppression of 
serotonin and increased production of nor-
epinephrine, the brain’s adrenalin (Bremner, 
2002). This is why athletes who perform 
highly physical activities do better under the 
influence of caffeine, as caffeine has been 
shown to increase norepinephrine.

Complex tasks, on the other hand, such 
as calculating a math formula, learning new 
concepts, driving a car in busy traffic, or so-
cialization, are most efficiently performed 
in a state of calm alertness. Because of their 
chronically high physiological arousal, those 
with PTSD may find it harder to shift into the 
calm-alert state which is optimal to support 
learning, reasoning, and social interaction 
(Bremner, 2002).

Physiology	of	the	Fear	
Response
The survival response rapidly activates via 
the hypothalamic-pituitary-adrenal (HPA) 
axis, comprising a triangle in which the hypo-
thalamus and pituitary glands communicate 
with the adrenals. In response to stress, the 
hypothalamus releases corticotrophin-releas-
ing factor (CRF), which causes the anterior 
pituitary gland to produce adrenocorticotro-
phic hormone (ACTH). This, in turn, causes 
the adrenals to produce glucocorticoids such 
as cortisol and adrenalin (Bremner, 2002).

The	Role	of	Serotonin	in	
Behavior
Serotonin acts as the brain’s brakes, keeping 
basic emotions (such as sex, mood, appetite, 
sleep, arousal, pain, aggression, and suicidal 
ideation) in check. Serotonin also influences 
social competence and has been shown to 
be high in salesmen with outstanding sales 
performance (Walton, et al., 1992). When 
subordinate monkeys were given a serotonin 
reuptake inhibitor like Prozac, they became 
dominant through friendship and alliances 
with the females, whereas dominant monkeys 
deficient in serotonin ruled with aggression 
(Kotulak, 1997). Like the “Prozac monkeys” 
and salesmen, college students with the most 
friends have serotonin levels 20% to 40% 
above the norm, and connect better socially, 
with improved ability to read facial, verbal, 
and body expressions (Harmer, et al., 2003). 
By contrast, low levels of serotonin are tied to 
loss of control and helplessness, which may 
manifest as temper and rage (Sapolsky, 2003), 
and other impulse-control disorders (Kotulak, 
1997). A study by Linnoila (1983) of prison-
ers who were in jail for manslaughter, used 
serotonin levels as a basis in predicting with 
84% accuracy those who would recommit 
manslaughter following their release from 
prison. 

For	all	groups	responding	after	deployment,	

there	was	a	strong	reported	relation	between	

combat	experiences,	such	as	being	shot	at,	

handling	dead	bodies,	knowing	someone	who	

was	killed,	or	killing	enemy	combatants,	and	

the	prevalence	of	PTSD.	

Figure 1 Arousal Curves for Different Types of Function.

Neuroconnections spring 2012.ind36   36 3/8/2012   7:14:41 AM



3�

NeuroConnections	 SPRING	2012

The	Role	of	
Norepinephrine	in	
Behavior
Noradrenalin or norepinephrine (NE), a 
close relative of adrenaline, is also a player 
in vigilance (Bremner, 2002). Low levels of 
noradrenalin are associated with under-arous-
al, including lethargy and mental fuzziness 
(Amen, 1998); while above average levels are 
related to peak performance, abnormally high 
levels correlate to impulsive “hot-headed” 
violence (Kotulak, 1997). 

Norepinephrine activates rapidly with 
the perception of a threat, increasing heart rate, 
blood pressure, and behaviors of aggression 
(Aston-Jones, Chiang & Alexinsky, 1991). 
However, a threshold exists where, past a cer-
tain point, animals exposed to repeated stress 
and who cannot escape, develop the emotion 
of learned helplessness, which correlates with 
the depletion of norepinephrine.

The	Sympathetic	Loop
The aftermath of trauma results in a double-
edged sword. First, with the experience of 
trauma comes a fall in serotonin and increased 
norepinephrine as the mind prepares to pro-
tect itself from further assault by “keeping its 
guard up.” However, these neurotransmitter 
changes also lower the threshold whereby a 
person perceives events in his environment as 
threats; a mere wrong look or sense of rejec-
tion from anyone encountered in the acute/
posttraumatic stress disordered person’s trav-
els (including family members), could consti-
tute a perceived threat and launch the PTSD 
survivor into aggression, thus maintaining a 
trauma-generating mindset to typical daily 
events. The PTSD survivor could blow up 
into rage from a baby crying at the supermar-
ket or into road-rage while driving. 

Survivors of trauma, once crossing 

the serotonin/norepinephrine threshold, get 
locked into the sympathetic loop as shown 
in Figure 2. Long after the original traumatic 
event has come and gone, the loop is main-
tained by persistent thoughts, reminders of, 
and imagination of past threats (and/or new 
threats with the now-reduced fear threshold). 
This continues to suppress serotonin and in-
crease norepinephrine, and in turn maintains 
increased aggression and endless rumination, 
which keeps the self-imagined fear going. 
Eventually, the endocrine system burns out, 
in a condition known as hypoadrenia or adre-
nal fatigue (Wilson, 2001). As the adrenals fa-
tigue, so does the locus coeruleus resulting in 
reduced NE levels in the brain and increased 
suicide ideation.

Human	Socialization
Those with PTSD have diminished capacity 
to perceive the typical range of facial, ver-
bal and body expressions—only the extreme 
ones. They struggle to read social and emo-
tional expression; they generally overreact in 
an impulsive and aggressive way; and often 
don’t realize the hurt they inflict on their vic-
tims (Bremner, 2002). As the PTSD survivor 
alienates and loses his/her support network of 
family and friends, he/she feels more isolated 
and rejected. Like other exaggerated threats, 
this perceived social barrage of threats keeps 
serotonin low, cortisol flowing, norepineph-
rine (and anger) high, and the continual strip-
ping of amygdala GABA receptors, resulting 
in a constantly revving state. 

Cognitive	Damage	from	
Chronic	Fear	and	Trauma
While acute (mild) stress enhances men-
tal function, chronic (severe) stress impairs 
hippocampal function (Gurvits, 1996), and 
correlated with impaired memory, (Brem-
ner, Randall, Scott, et al., 1995). PTSD may 

also lead to increased risk of dementia later 
in life (Esch, et al., 2002). Anxiety and fear 
increases cortisol in the brain, counteracting 
a brain-nourishing hormone called brain-de-
rived neurotrophic factor or BDNF (Brem-
ner, 2002). Loss of BDNF leads to neuronal 
cell death in various regions of the brain. The 
most common structural changes from PTSD 
are reduced hippocampal volume, amygdala 
(emotional) activation, decreased Broca’s 
area activity, and decreased pre-frontal lobe 
activity. Hippocampal damage impairs both 
declarative or explicit memory and the abil-
ity to recall details of events (Sapolsky, 2003). 
Hippocampal loss also plays a major role in 
the early onset of dementia, where the abil-
ity to form memories later in life is impaired 
(Levy, 1996). 

Both Vietnam War veterans and women 
with abuse-related PTSD have reduced blood 
flow in the hippocampus and medial prefrontal 
cortex (Bremner, et al, 1999). The medial as-
pects of the pre-frontal cortex are instrumental 
in extinguishing fear responses to conditioned 
stimuli (Ledoux, 1996). People with PTSD do 
not have normal activation of the prefrontal 
medial cortex and are not able to extinguish 
their own fear responses while watching a 
movie involving violence (Bremner, et al., 
1997), whereas people without PTSD are able 
to rationalize that they are only watching a 
movie and do not show a trauma response to 
the movie. This means that people with PTSD 
have crossed the threshold of being able to re-
turn to a relaxed homeostasis, and therefore 
live in an irrational and constant state of fear. 
This continued state of fear appears to inflict 
damage to the frontal and temporal regions, 
increasing risk for later development of fron-
totemporal dementia (Bremner, 2002). 

Electroencephalographic	
(EEG)	Changes	from	
Chronic	Fear	and	Trauma
The increased norepinephrine and cortisol 
levels in those with PTSD have an effect on 
EEG activity. The bulk of Quantitative EEG 
(QEEG) studies involving PTSD, suggest 
that most often there is reduced alpha activity 
and increased beta activity, coincident with 
high arousal (Jokic’-Begic’ & Begic’, 2003), 
and alpha asymmetry with heightened right-
frontal activity in those who have developed 
depression (Gordon, et al, 2010; Rabe, et al., 
2008), as well as elevated beta and theta ac-
tivity (Begic, et al., (2001).

Affective	Disorders	
Stemming	from	Trauma
Many people, in the aftermath of trauma, also 
succumb to affective disorders, including 
depression, anxiety, and mania. Of these, an 
alarming 15% will commit suicide (Rosen-
feld, 1997). For these unfortunate sufferers, 
the helplessness of depression is not a quiet, 
passive state; rather it can become active, all 
consuming, and deadly! The reality of this Figure 2 The Sympathetic Loop.
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situation in the military is exemplified in The 
New England Journal of Medicine, “Combat’s 
Toll on a Soldier’s Psyche,” by COL Charles 
Hoge, MD, Chief of Psychiatry and Behav-
ioral Science, US Army (Hoge, 2004).

Serotonin depletion has been well im-
plicated as a driving mechanism for suicide, 
where both genetic factors and a string of up-
setting life events combine to trigger suicide 
(Ezzel, 2003). Arango and Mann (Oquendo, 
et al., 2003) observed with positron emission 
tomography (PET) scans, a direct correlation 
between ventral pre-frontal hypofunction lev-
els of serotonin, also in the pre-frontal cortex, 
and the severity of violence of the chosen sui-
cide method. Slightly lower levels may pro-
duce death by an overdose of sleeping pills 
while extreme deficits will lead to the per-
son jumping off of a cliff or blowing his/her 
brains out. Violence and suicide are related. 
Aggression is aimed at others when there is 
a combination of low serotonin and high nor-
epinephrine, whereas aggression is aimed in-
ward (increased suicidal ideation) when there 
is a combination of low serotonin and low
norepinephrine (Kotulak, 1997).

Conclusion
The fear response involves the reduction of 
serotonin and activation of cerebral norepi-
nephrine and the adrenals, as the threatened 
prepare for battle. However, severe traumas 
can cause a dysfunctional and never-ending 
activation of the fear response, which fa-
tigues key neurotransmitters and the adrenals 
as it manifests into PTSD. The implications 
of PTSD include brain damage, a combina-
tion of family and societal violence, alcohol 
and drug abuse, loss of wages and increased 
suicidal ideation. No adequate drug or medi-
cal treatment of PTSD exists today. Often, 
pharmaceutical agents and electroconvulsive 
therapy (ECT) may alleviate the depression, 
but usually drive the brain further into dys-
regulation, leaving the patient feeling emo-
tionally numb and struggling with increased 
cognitive and social impairments. A new 
non-drug and non-ECT approach needs to be 
considered.  
non-drug and non-ECT approach needs to be 
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hour of continuing education toward recertifi-
cation, up to a maximum 20 hours. Yes, you 
heard it correctly. We’re offering free continu-
ing education!

It’s	the	Journey
BCIA has a unique perspective on assessment. 
When most applicants think about certification, 
they mainly focus on the endpoint of passing 
our exam. Our staff believes that their journey, 
which involves independent study, didactic 
training, practice, and mentoring, is far more 
important. When professionals arrive at their 
testing site, BCIA has achieved its mission. 
We have taught them that competent practice 
is based on published research, that training 
should be skill-driven instead of equipment-
driven, and that professionals should be guided 
by science instead of dogma.

A recent certificant shared this insight: 
“The best thing about the BCIA exam experi-
ence is that in the process, I went deeper into 
the material than I ever have; in this sense, it 
was a very rich and professionally growth-en-
hancing exercise.”

We respect the courage and passion 
for learning that motivates our applicants to 
pursue our demanding certification and share 
their excitement, as they become “More than 
qualified—BCIA certified!”
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With over 2500 systems in the market, it is clear 

that NeXus technology is making a big impact on the 

fields of Neuroscience,  Psychophysiology,  Biofeedback, 

and Neurofeedback. The new NeXus-10 Mark II by Mind Media, 

is the latest (r)evolutionary step in the NeXus family. Its design 

is based on the feedback of thousands of world-wide NeXus 

users over the past 7 years. In combination with the BioTrace+  

      Software, the Mark II is probably the most versatile, 

   flexible and powerful feedback system ever built, yet     

           also the easiest to use.  Stens corporation is very proud 

to be the exclusive distributor of NeXus for the US and Canada.

We will be happy to help you with all your questions regarding 

the NeXus-10 Mark II. You may be surprised at its price too!  

Please call us at: 800-257-8367.

The #1 in
Biofeedback and
Neurofeedback
with NeXus

WWW.STENS-BIOFEEDBACK.COM C O R P O R A T I O N
Leading Suppliers of Biofeedback Technology
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