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A Summary 

•  Many of the greatest challenges encountered 
in a mental health practice can be seen in 
terms of acquired brain characteristics—-its 
traumas, habits, learned dependences, missed 
developmental stages, and robust defenses.  

•  With neurofeedback we are discovering that 
these lie largely in the functional realm and 
are available for a functional remedy at any 
age.  

 



A Summary 

•  Neurofeedback is brain training—the 
enhancement of self-regulatory 
competence.  

•  How can the health professional best take 
advantage of this new therapeutic option? 
It is by getting into conversation with the 
brain and by bringing the brain into the 
conversation with the client.  



Summary, continued 

•  In neurofeedback the brain sees itself in 
action, and it reacts to that information in 
direct analogy to ordinary skill learning. 
With the guidance of a clinician, the brain 
is able to restore good function through 
that continuous feedback process.  



Summary, continued 

•  We present a new kind of neurofeedback that 
takes us to the foundations of our regulatory 
hierarchy. The most intractable issues 
encountered in mental health practices are those 
traceable to early childhood developmental 
disruptions and deviations. This determines the 
brain’s basic patterns of functioning and 
constrains what can be accomplished with 
prevailing therapies. 



Summary, continued 

•  We are now in a position to restore 
functionality to our brain’s core 
regulatory framework. This is 
hierarchically organized, and should be 
addressed as such. This scaffolding 
approach rebuilds function sequentially 
from the bottom up.  



Summary, continued 

•  The new method is effective for disorders of 
attachment, developmental trauma, traumatic 
brain injury, PTSD, the autistic spectrum, the 
personality disorders, and the spectrum of 
addictions and of eating disorders.  

•  It works effectively with the anxiety-
depression spectrum, including Bipolar 
Disorder, and with the behavioral disorders. 
The method enlarges the scope of what can be 
accomplished with psychotherapeutic methods.  



Who are we? 
•  Siegfried Othmer,—  

– Ph.D in physics, Cornell, 1970 
•  Sue Othmer—  

– BA Physics,  Ph.D. candidate, neurobiology 
Cornell   

•  30-year history of doing neurofeedback  
– Developing instrumentation and protocols 
– Clinical service delivery 
– Professional training  
– Clinical research and publication 



Partitioning between the psychological 
and physiological domains 

•  The partitioning between psychology and 
medicine—1950s 

•  Restoration of Cartesian dualism  
•  What are the implications in the age of 

the brain?  
– We’ll be having the debate all over again! 



Applied Psychophysiology 
Biofeedback and Neurofeedback  

Medical/biological 
remedies 

Psychotherapy 



We meet again at the brain!  

The Divide:  
•  Structure/Function dichotomy 
•  The realm of the mind versus the 

domain of psychophysiology  
  



Historical Precedent  
•  Physiological self-regulation is a transplant 

from the East, along with mindfulness 
– Beginning of the twentieth century 
– Western contribution: the addition of 

instrumentation support: Biofeedback  
– This development was entirely at the hands of 

psychologists and research physiologists 
–  Interest in biofeedback peaked in the 1970s 
– Has been slowly eclipsed by pharmacology 
– Handicapped by separate coding of biofeedback  



Psychopharmacology 

•  Biological psychiatry has been a 
disappointment 
– Based on a flawed model 
–  “The catecholamine hypothesis”   

•  The pharmaceutical industry is 
abandoning research into brain drugs 

•  Key problems not addressed at all with 
pharmacotherapy 



Neuroregulation  

•  Neuroregulation is a matter of the organization 
and behavior of neural networks 

•  Crosses the boundaries of neuromodulator systems  
•  Biofeedback and neurofeedback are behavioral 

techniques that train the behavior of our neural 
networks 

•  Neurofeedback does that more directly  
•  This is the new frontier of mental health 



The Bold Hypothesis:  

•  In its physiological aspects, 
psychopathology relates principally to brain 
function in the bioelectrical domain 
– The orchestration of the neural dance 

•  The neurochemical effects are secondary 
– They are more likely to be consequences rather 

than causes  



PTSD in the psychophysiology model  

Consider ‘pure’ psychological trauma (shock 
trauma): 

•  It is first experienced, processed, and managed by 
the cerebral networks 

•  As an ‘essential threat’ it is registered in the body-
mind as a unitary experience 
–  Subject to recall as a unitary experience 
–  And permanently altering physiological set-points that 

involve orientation to threat 

•  All subsequent physiological sequelae are traceable 
to this network ‘experience’ 



PTSD is a system response  

•  Traumatic memories are state-stamped more 
than they are date-stamped 

•  The “state memory” is encoded diffusely in 
the body-mind 



Time course of PTSD in the physiological perspective 
Early phase:  Intermediate time scale:  

The longer term: 
Emotional  
  dysregulation 
Hyper-arousal 
Sleep dysregulation  
Cognitive deficits 
Executive function 
problems 
Pain syndromes 
Panic anxiety  
 
 

  
 

GI symptoms 
 --irritable bowel  

Cardiovascular disease 
Chronic pain  
Chronic fatigue 
Fibromyalgia 
Depression  
Arthritis 
Psoriasis  
Diabetes 
Sleep apnea 
Hyperthyroidism 
Substance dependency 
 

Accelerated disease 
   progression 
Organic effects of  
   drug addiction  
Dementia 
Suicide risk 
Premature death 
 



The Bimodal Model of PTSD 
We are caught in the mind-body split: 
•  Either the sequelae of PTSD are seen as 

psychologically grounded 
•  Or PTSD eventuates in medical issues  
•  Treatment follows the paradigm 

– Exposure therapy 
– Pharmacotherapy  



PCL-5: physiological symptoms 

1.  Disturbing recall 
2.  Disturbing dreams 
3.  Re-experiencing 
4.  Strong physical reactions upon trigger 
5.  Memory problems 
6.  Irritable behavior, angry, aggressive outbursts 
7.  Jumpiness, elevated startle response 
8.  Difficulty concentrating  
9.  Difficulty staying or falling asleep  



PCL psychological symptoms  

1.  Feeling very upset when triggered 
2.  Avoiding memories, thoughts, feelings 
3.  Avoiding reminders of stressful experiences 
4.  Strong negative beliefs about self 
5.  Blaming yourself or others 
6.  Strong negative feelings such as fear, horror, anger, 

guilt, or shame 
7.  Loss of interest in activities 
8.  Risk-taking behavior 
9.  Being super-alert or watchful  



Health impact of psychological stress 



Health impact of psychological 
stress 

•  Even the incidence of 1-2 major 
psychological stressors results in 
measurable impact on later incidence of 
disability due to medical conditions. 



Fragility of network functioning 

•  “…even mild psychological distress was 
associated with later onset of long-term 
disability” 

•  “…over a quarter of…disability pensions 
granted for somatic diagnoses…could be 
attributed to psychological distress.”  



The network connection between 
emotional and physical problems  

•  The nexus between emotional trauma and 
medical problems is our cerebral networks 

•  Emotional trauma is registered in our regulatory 
networks generally 
–  Neural, humoral, hormonal and visceral  

•  Adverse physiological consequences must 
therefore be traceable to dysregulation in these 
networks  



Impact of early childhood development on 
health 

•  Harvard profiled 200 medical students in the 
1950’s regarding emotional early childhood 
environment 

•  40 years later, the health of the remaining 160 
was evaluated for the usual diseases of aging: 
heart disease, arthritis, cancer, etc. 
– Positive emotional environment: 25% incidence 
– Negative emotional environment: 89% incidence 



Traumatic brain injury  
•  Post-concussion syndrome 

– No imputation of structural injury 
– Full recovery is expected 

•  Now recognizing the significance of even 
sub-concussive events  
– Cumulative effect of many hits over time  
– What carries over?  

•  Network dysfunction!  



The Disregulation Model 

•  Psychopathology involves neurophysiological 
disregulation as a primary feature 

•  Disregulation exacerbates a variety of medical 
conditions and frustrates their resolution 

•  A self-regulation strategy can be helpful in 
remediating the disregulation  

Observe the changed spelling: Disregulation vs Dysregulation. 
The medical term dysregulation carries the implication of an 
organic foundation that we wish to avoid.  



The Disregulation Model, continued  

•  We are dealing with behavior at another level  
•  Overt behavior is mediated by neuronal behavior 
•  Dysfunction is mediated by disregulation at the 

level of the neuronal networks  
•  Neuroregulation is a largely a learned skill in the 

human species 
•  When neuroregulation is disrupted or disturbed, 

rehabilitation is possible via the same route 
–  Instrumentally augmented skill learning   



The Bold Hypothesis, continued  

•  State regulation is also organized by neural 
networks 

•  Brain regulation then is mainly an issue of 
communication.  

•  Communication integrity is mainly a matter 
of timing 

•  Timing is dynamically controlled, and hence 
should always be subject to modification 



How did we get here?  

•  The story of Brian  
– Discovery of the impactfulness of 

neurofeedback for his mysterious 
condition  

– Confronted with the role of 
psychophysiology in behavioral control  



Brian’s Extraordinary 
Life Story 

•  Difficult Birth 
•  Behavioral Difficulties 
•  Death of baby sister 
•  Violent Behavior 
•  Expulsion from school 
•  Diagnosis of epilepsy 
•  Diagnostic confusion 
•  “Discovery” of 

neurofeedback 
•  Success in college 
•  Nocturnal seizure 
•  Brian’s Diary 



The Diagnoses: 

Temporal lobe epilepsy 
Tourette syndrome 
Asperger’s syndrome 
Childhood depression 
Childhood Bipolar Disorder 
Episodic Explosive Disorder 
Disorder of Attachment  
 
 





Two schools of neurofeedback: 
The Medical and Psychological Models  

The Medical Model:   
•  Identify the particulars of the dysfunction in the 

networks and train to expunge them 
–  Diagnosis-based  
–  Operant conditioning model 
–  Specific targeting of multiple identified deficits 
–  Deficit-focused  



Two schools of neurofeedback, continued  

The Psychological Model(s): 
•  Restore functional competence through 

enhancement and facilitation of positive brain 
behavior 
–  The skill learning model 
–  Based on unitary functional model   

•  Utilize state-management to facilitate 
psychological resolution  
–  Addictions and substance dependency 
–  Trauma formations 



The Systems Perspective  

•  An organic systems perspective is needed 
to complement the particularity of 
medicine and the localization bias of 
neuropsychology  

•  Functional partitioning reveals a 
regulatory hierarchy….  



The Regulatory 
Hierarchy: Arousal  

Affect Regulation 

Motor Activation 

Sensory Systems Excitability 

Autonomic balance 

Interoception 

Cognition 

Executive  
Function  

Motor planning 



The regulatory hierarchy 
1.  Unconditional brain stability  
2.  State Regulation (tonic) 

1.  Arousal regulation (central arousal)  
2.  Affect regulation  
3.  Autonomic regulation 
4.  Interoception  
5.  Sensory systems excitability 
6.  Motoric regulation and motor control 
7.  Executive function 
8.  Cognition, working memory 

  



The regulatory hierarchy 
1.  Unconditional brain stability  
2.  State Regulation (tonic) 

1.  Arousal regulation (central arousal)  
2.  Affect regulation  
3.  Autonomic regulation 
4.  Interoception  
5.  Sensory systems excitability 
6.  Motoric regulation and motor control 
7.  Executive function 
8.  Cognition, working memory 

  

RH 

LH 



Developmental hierarchy 

•  The regulatory hierarchy is also the 
developmental hierarchy 

•  Both correspond to a hierarchy in the 
frequency domain 

•  The frequency domain has its own 
hierarchy  
– From simplicity to complexity  



Arousal  

Affect Regulation 

Motor Activation 

Sensory Systems Excitability 

Autonomic balance 

Interoception 

Cognition 

Executive  
Function  

Motor planning 

RH Domain 

ILF Domain 
LH Domain 

EEG Domain 



How do we train these regulatory 
networks? 

•  By making the brain’s behavior visible to 
the brain itself by means of the EEG 

•  The key to all skills acquired by the brain 
over the course of life is that it must be able 
to see the outcome of its actions 
–  It must see its successes and its failures 
– The same goes for its own behavior, its self-

management  



The tactics of recovery 

•  Tactically, we invite the body/mind to move 
toward a state of  
– Calmness in mind and body 
– Feeling in control: alert and vigilant 
– Feeling safe and euthymic 

•  From this, the most calm and stable state of 
which this body/mind is capable at the 
particular moment, we very subtly challenge 
the system… 



The analogy to physical exercise 

•  The repetition of this challenge strengthens 
our regulatory loops and leaves us more 
robust to face the stresses of life 

•  The process is analogous to health 
maintenance by means of physical exercise 



With one key difference… 

•  In physical exercise, the trained body is 
capable of doing more, exerting itself more, 
utilizing more energy than before 
– We are training functional capacity 

•  In brain-based self-regulation, success 
means that the brain is doing less, operating 
more at ease, functioning effortlessly.  
– We are training functional competence 
– The brain is incapable of working harder 
–  It can only work better, more efficiently   



Two classes of remedies 

1.  Challenge the system to perform 
–  Cognitive skills training 

2.  De-stress the system and allow it to re-
organize  

–  Relaxation training  
–  Mindfulness 
–  Cranio-sacral work  



Case illustration  

•  Showing breadth of impact of starting 
protocols  

•  Demonstrating rapidity of response 



Vietnam era veteran 

•  40-year history of PTSD 
•  Abandoned by family 
•  Past drug abuse 
•  Past prison history 
•  Living in homeless shelter 



Symptom severity rating (out of ten): 

10  Difficulty maintaining sleep 
9  Restless sleep 
9        Emotional reactivity  
8  Anxiety 
8  Irritability 
7  Nightmares and vivid dreams 
7  Anger 
5  Binging and Purging 
4  Suicidal thoughts  
4  Flashbacks of trauma  
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Classic PTSD-related symptoms 

•  The most critical (classical PTSD) 
symptoms resolved within three sessions: 
– Suicidal thoughts 
– Flashbacks of trauma 
– Nightmares or vivid dreams  

•  Nocturnal flashbacks 

•  Also rapidly responding: 
– Binging and purging 

•  50% overall symptom reduction in three 
sessions 



Observations, cont’d 

•  Eight of ten symptoms completely resolved 
within eighteen sessions  

•  Including, in addition to the previous four: 
–  Irritability 
– Anxiety 
– Anger 
– Emotional reactivity 

•  93% overall symptom reduction in 18 
sessions 



Other fast-resolving symptoms 

Session 18 

* 

* Flare-up due to reconnecting with family 

Irritability 

Anxiety 
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Observations, cont’d 

•  The only residual symptoms at 
session 18 related to sleep 
– Restless sleep 
– Difficulty maintaining sleep  

•  Traceable to sleep apnea  



In addition to classic PTSD symptoms: 
– Peripheral neuropathy pain (diabetes)  
– Chronic nerve pain 
– High blood pressure 
– Difficulty walking or moving (obesity) 
– Lack of appetite awareness 
– Tinnitus 
– Sleep apnea 
– Fatigue 
–  (Binging and purging) 
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Observations: 
•  Overall >80% symptom severity decrement 

in 18 sessions 
•  11 of 20 symptom categories scored 0/10 
•  None scored greater than 4/10: 

– Peripheral neuropathy pain (related to diabetes) 
– Difficulty walking or moving (obesity) 
– Sleep apnea 
– Fatigue (related to sleep apnea)  



Extended training 
Eighteen sessions 



Neurofeedback for PTSD 

•  Our first obligation is to calm a 
distressed nervous system; to tame the 
fear response; and to provide a stable 
platform for the resolution of traumas 

•  In PTSD, the groundwork must be laid 
in the neural architecture before the 
more refined process of psychotherapy 
has a beachhead.  



Group data for PTSD 

Based on cohort of 300 active duty service 
members trained on a US military base for 
trauma symptoms 
•  Non-responders removed 
•  Assessment ~ weekly 
•  Typically three sessions per week 
•  Cohorts segregated by length of stay in 

training   
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 Depression (n > 100)  
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 Anxiety  
77% Responders  
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Mood swings 
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 Irritability  
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Training for optimal functioning 

•  Evaluate impulsivity with a continuous 
performance test on every trainee capable 
of taking the test 
–  Irrespective of diagnosis 



Pre-post results for twenty training 
sessions in cohort of 5,746 



Figure Caption  

•  Figure 1. The plots show the distribution of 
impulsivity in terms of standard scores for a 
clinical population of 5746. The population 
is unselected, consisting of everyone in the 
customer base who had done the QIKtest 
both before and after twenty session of 
neurofeedback training. The training was 
offered for a variety of indications.   



•  The black curve shows the Gaussian distribution for the 
norming pool. The green curve illustrates the 
distribution prior to training; the red curve, post-training.  

•  Improvement by nominally 0.75 standard deviations 
with training is indicated. The likelihood of scoring two 
standard deviations above the norm was doubled.  

•  The data are not naturally Gaussian-distributed. Non-
parametric statistics were used throughout. Conversion 
from percentile scores to standard scores was performed 
for ease of interpretation.  



What happens to the deficited population?  
Survey cohort up to the 16th percentile: 



The implications: 

•  We have no idea how well a brain is 
capable of functioning until it has had an 
opportunity to train with neurofeedback  

•  Resolving physiological impediments 
supports psychotherapeutic objectives 

•  The availability of such a tool for self-
recovery imposes an ethical obligation on 
mental health practitioners  


