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INTRODUCTION

Neurobiofeedback (NBF), also called neurofeedback, neurotherapy, or electroencephalogram biofeedback (EEGBF) is a promising therapy that is reportedly utilized by more than 1500 practitioners to treat a range of populations, disorders, and diagnoses (Toplak, Connors, Shuster, Knezevic, & Park, 2008). However, in part due to methodological obstacles that will be discussed later in this review, NBF has yet to be fully established as an acceptable and effective practice. Through a review of current literature, this paper will explore the definition of BPF, specific treatment modalities, proposed treatment populations, and outcome data on NBF. 

NBF can be defined as a therapeutic technique that presents a client with real-time feedback on brainwave activity as measured by sensors on the scalp, ear lobes, and/or spine (Hammond, 2006). Broadly stated, the goal of NBF is to train the individual to normalize abnormal neural frequencies by increasing awareness of a normalized EEG pattern. The theoretical basis of NBF is based on a biological model which focuses on mental illness as a disorder of regulation and arousal (Toplak, Connors, Shuster, Knezevic, & Park, 2008). Thus, NBF is a type of learning as it involves the operant conditioning of brain wave activity (Hammond, 2002). 

TREATMENT MODALITIES

NBF is primarily concerned with cortical electrical activity (the electrical activity that happens in the brain), commonly called “brainwaves.” Brainwaves occur at various frequencies: some electrical impulses are slow and others are fast. Brainwaves are classified by how slow or fast they are. Alpha waves are the dominant frequency and occur eight to thirteen times a second or at eight to thirteen Hertz (Hz). Alpha waves represent a “ready but not doing much” idle state that disappears with mental activity such as opening the eyes, doing intense mental work with eyes closed or with drowsiness.  Thus, the presence of alpha waves reflects an awake, resting state and abnormalities in the pattern and presentation of alpha waves can indicate specific issues that warrant clinical attention. For instance, if alpha waves are present at a high voltage even when the eyes are open, the individual is likely experiencing an inattentive or daydream-like state even when awake. Interestingly, high voltage alpha waves in individuals with eyes open are common in individuals with attentional difficulties (Fischer-Williams, 1986).

Other types of brainwaves are theta, delta, and beta. Beta waves occur from sixteen to thirty-five Hz and normally replace alpha waves as mental activity increases. Delta and theta waves are relatively slow compared to beta waves and occur at one to four and four to seven Hz respectively. Theta waves replace alpha waves as an individual falls asleep, and theta waves gradually give way to the slower delta waves when an individual enters deep sleep. Normally, individuals show a very small presence of delta and theta waves when awake, and high amplitude delta or theta waves are associated with various neurological and psychological problems including epilepsy and ADHD (Fischer-Williams, 1986). 


NBF presents the client with real-time feedback on brainwave activity. The feedback can be presented in the form of a video, display, vibration, or sound. If brainwave activity over a particular cortical region changes in the direction desired by the clinician, then the participant is given “reward” feedback; if brainwave activity does not change in the desired direction, then either negative feedback or no feedback is given. Rewards can be simple, like the presentation of a tone, vibration, or image that informs the participant that brain activity has changed in the desired way (Harmon-Jones, Harmon-Jones, Fearn, Sigelman, & Johnson, 2008).

NBF treatment involves setting and striving to attain specific brainwave goals. Depending on the needs of a specific client or population, a number of different brainwave goals have been proposed. These brainwave goals are based either on research describing abnormal electroencephalogram (EEG) patterns or by creating an individualized baseline “brain map” by administering a quantitative EEG (QEEG). A QEEG is an instrument that uses digital technology to measure electrical patterns at the surface of the scalp and is widely used to measure the brainwaves of individual clients. Thus, although the basic goal of normalizing brainwave patterns is common to all NBF treatment, the exact strategy or brainwave goal is based on the individual needs of the client (Sokhadze, Cannon, & Trudeau, 2008). Often the need of the individual is understood in terms of a client’s diagnosis or presenting problem. For instance, Sokhadze, Cannon, & Trudeau describe a NBF treatment technique called alpha-theta feedback that is commonly used with chemically dependent individuals who exhibit alpha and theta wave abnormalities. Alpha-theta training

 “…involves the simultaneous measurement of…alpha…and theta [waves]…and feedback by separate auditory tones for each frequency representing amplitudes greater than pre set thresholds. The subject is encouraged to relax and to increase the amount of time the signal is heard, that is to say, to increase the amount of time that the amplitude of each defined bandwidth exceeds the threshold”  (Sokhadze, Cannon, & Trudeau, 2008, p 14).

Other factors to consider in the use of NBF include proper training and research methods. Hammond (2006) cautions that quality baseline measurements must be gathered before administering any treatment because individual brainwave patterns cannot be distinguished by observing behavioral symptoms and assuming to know their causes. Additionally, Hammond (2006) strongly states that any provider administering NBF must have specialized expertise concerning brain function, and be knowledgeable about “much more than simply how to operate [the] equipment and software” (p. 27) involved in NBF treatment. 

TARGET POPULATIONS AND EFFICACY


A sizeable body of research has accumulated on the effectiveness of NBF in the treatment of attention deficit/attention deficit hyperactivity disorder (ADD/ADHD), learning disabilities, depression, anxiety  (including generalized anxiety disorder, obsessive-compulsive disorder, and post-traumatic stress disorder) alcoholism, substance use disorders, uncontrolled epilepsy, chronic fatigue syndrome, sleep disorders, Tourette’s disorder, Parkinson’s tremors, tinnitus, incontinence, mild head injuries, stroke, fibromyalgia, autism, insomnia, tinnitus, headaches, problems with physical balance and for the enhancement of peak performance (Hammond, 2006). This review will explore the current research on the NBF treatment of ADD/ADHD, learning disabilities, depression, anxiety, and substance use disorders.


The most common and well-documented use of NBF is in the treatment of ADHD.  The first NBF studies in ADHD were conducted in the mid 1970s (see Lubar and Shouse, 1976) and currently there are at least 20 published studies reporting the effects of NBF treatment for children with ADHD. The observed baseline EEG activity of children with ADHD is characterized by increased theta and decreased alpha and beta waves. Studies that aim for self-regulation of theta and beta consistently indicate that NBF reduces ADHD symptoms, improves cognitive measures (i.e. variables of attention and intelligence), improves functioning in everyday life (i.e. decreased impulsivity, hyperactivity, and distractibility), and contributes to a reduction or discontinuation of stimulant medications (Leins, Goth, Hinterberger, Klinger, Rumpf & Strehl, 2007). Alpha training did not appear to be significant to effective NBF treatment of ADHD.  In addition, recent research found neurofeedback to be significantly more effective than Ritalin in changing ADD/ADHD without having to remain on drugs (Monastra, 2002).

NBF has also been applied to children with learning disabilities. In a study of 16 Mexican children ages seven to eleven, Fernandez et al. (2007) administered NBF to eleven learning disabled (LD) children and a placebo treatment to five LD children. Children who received a placebo treatment displayed change in behavior or qEEG. Children who were treated with NBF immediately showed behavioral and cognitive improvements, and maintained lower theta frequencies and high alpha frequencies at two month follow up. The authors conclude NBF to be a “possibly efficacious” treatment for LD children who exhibit high theta/alpha ratios. In addition, Walker & Norman (2006) report improved reading speed and comprehension by at least two grade levels in dyslexic children following 30-35 sessions of NBF focused on increasing 16-18 Hz activity at the mid-temporal area 

D. Corydon Hammond (2005a) reviewed research on NBF treatment of depression and anxiety.  Individuals that are either depressed or anxious display an idling alpha rhythm in the left hemisphere that is correlated with more withdrawn behavior and a deficit in positive affect. Hammond found that alpha EEG enhancement demonstrated significant reductions in test anxiety and scores on anxiety measures for individuals diagnosed with either generalized anxiety disorder (GAD), obsessive-compulsive disorder (OCD), and post-traumatic stress disorder (PTSD). The author concluded NBF treatment for anxiety is “possibly efficacious.” 

Hammond also found that while no controlled research on NBF and depression has yet been completed, follow-up studies indicate alpha symmetry that is seen in non-depressed individuals occurred in depressed individuals who had been treated with NBF for 1-5 years after treatment.  The study concludes that when patients have the front alpha asymmetry that reflects biological predisposition to depression, NBF can create enduring improvements approximately 80% of the time. Hammond also suggests that NBF also improves depression that is medication resistant.(Hammond, 2005a).
 


In a review of published clinical studies, Sokhadze, Cannon & Trudeau (2008) analyzed the efficacy of NBF techniques to treat various substance use disorders. The authors compare QEEG results for individuals with dependency on a variety of substances and provide treatment recommendations that vary based on the substance used by the individual. Thus, the NBF needs of individual clients are largely predicted by their substance of choice. For instance, alcoholism was most effectively treated by alpha-theta training. Stimulant substance abuse and mixed substance abuse were best treated by alpha-theta training in combination with beta training and residential treatment programs. Using the efficacy criteria adapted by the Association for Applied Psychophysiology and Biofeedback and the International Society for Neurofeedback and Research, the authors determined that alpha-theta training is “probably efficacious” (p.1). 

LIMITATIONS


Accumulating evidence suggests NBF can have transient side effects and serious adverse reactions (Hammond & Kirk, 2008) such as emotional lability, vocal tics, deterioration/loss of improvements, regression, somatic symptoms, muscle twitches, explosiveness, incontinence, enuresis, mental fogginess and cognitive inefficiency, sleep disturbance, OCD symptoms, fatigue, seizure, anxiety, agitation, rage, depression, manic reactions, and slurred speech. Factors associated with the presentation of side effects or adverse reactions include failure to individualize treatment, inappropriately applied alpha-theta training, and fewer clinician training hours dedicated to NBF. While Hammond & Kirk are quick to point out that reports of adverse effects cited in their research are uncontrolled case reports that do not account for other confounding events in the client’s lives, clearly NBF can be associated with adverse effects. 

CONCLUSION


NBF is a promising therapeutic technique that has been applied to the treatment of many populations and diagnoses with clinically significant results. The body of knowledge about NBF, however, is incomplete. Like many other therapeutic techniques that must rely on the use of human test subjects, research on NBF is hindered by a lack of controlled studies. Future research must further explore possible adverse or side effects of NBF in order to improve safety of the technique and address the challenges associated with NBF research. 


 Agencies interested in the use of NBF should invest in proper clinician training. Research indicates that proper clinician training is highly correlated with effective NBF. Conversely, clients of untrained or improperly trained NBF clinicians have higher rates of adverse effects. Vigilant monitoring for side effects and thorough baseline measurements before treatment can also decrease the likelihood of adverse reaction to NBF. (Hammond & Kirk, 2008)
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