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ABSTRACT
Studying the electroencephalography (EEG) of hyperkinetic and impulsive children in 1938 it 
was discovered that they presented brain waves that were slower than the normal waves in the 
prefrontal cortex (PFC). Thus it was explained why these children have an executive function that 
was so ineffective: the rational brain lacks control over the emotional brain. In 2013 U.S. Food and 
Drug Administration (FDA) certified prefrontal activity of slow cerebral waves as a biomarker 
for attention-deficit/hyperactivity disorder (ADHD). There are numerous studies that found out 
that neurofeedback could be an effective treatment that leads to results in a short time in children 
diagnosed with ADHD, proving itself to be as effective as conventional medicines. However, unlike 
drugs that are effective just as long as they are used and that could not modify the fundamental 
activity of the brain, neurofeedback could train the brain to produce different patterns of electrical 
communication and possible long-term treatment may not be necessary.  
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INTRODUCTION

Attention-deficit/hyperactivity disorder 
(ADHD) is described by attention deficit, 
hyperkinetic behavior and impulsiveness. 
These symptoms may be accompanied by 
impairment in cognitive function, thus being 
observed a poor executive operation, leading 
to hardship at school and in decision mak-
ing or organization. The clinical signs can be 
manifested in the first 5 years, but when chil-
dren go to school, around the age of 7 years 
old, there appears to be a peak of diagnosis 
explained by the difficulties of concentra-
tion and/or to stay still and have patience at 
classes [1].

Neurofeedback was first studied in the 
1930s by two French scientists, Gustave 
Durup and Alfred Fessard, who noted that 
brain activity could be modified by a combi-
nation between an EEG activity, a cognitive 

response, a behavior and a feedback signal. 
But first attempts for its implementation in 
practice was only in the 1960s.

In 1938 it was discovered that impulsive 
and hyperkinetic children had slow waves 
in prefrontal cortex (PFC) on their electroen-
cephalograpy (EEG). In 2016 U.S. Food and 
Drug Administration (FDA) approved the 
prefrontal activity as slow waves as a bio-
marker for ADHD [2, 3].

Neurofeedback is a type of non-inva-
sive brain stimulation, its mechanism of 
action is less understood compared to that 
of deep brain stimulation (DBS). It can also 
be described as a neurocognitive therapy 
founded on the interaction between human 
and computer. Brain activity can be self-reg-
ulated and its core mechanism is reinforce-
ment learning. Thus neurofeedback is a brain 
training that consists in subjects asked to 
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transform a parameter of their brain activity 
in order to become more functional [3-5].

MATERIAL AND METHODS

The electronic database PubMed was 
searched for the most illustrative articles on 
ADHD and the application of neurofeedback 
in the treatment of this disorder. The number 
of scientific studies depicts a high interest in 
neurofeedback being used not only in ADHD 
cure, but also in post-traumatic stress disor-
der, learning disorders, autism, depression, 
schizophrenia, addiction, eating disorders, 
pain, insomnia, epilepsy and more. 

RESULTS

When compared to healthy subjects, 
patients with ADHD are characterized by 
reduced beta and increased delta and theta 
waves on EEG. Neurofeedback in ADHD 
aims to increase the appearance on beta 
waves and decrease slower brain waves. 
Moreover, ADHS is known to be character-
ized by discontinued link between default 
mode network (DMN) or task-negative 
network and task-positive network, when 
neurofeedback suppressed alpha-rhythm 
amplitudes, it upregulated task-positive net-
work and downregulated DMN, therefore 
improving the attention deficit that is a core 
symptom in children with ADHD [3, 5, 6, 7].

Throughout the years, neurofeedback 
evolved from a low beta range (12-15 Hz) 
called Sensori-Motor Rhythm (SMR) to a 
slower rhythm in the theta range (4-7 Hz), 
those two were called Theta/Beta EEG Ratio 
(TBR). A fairly similar model of neurofeed-
back was developed, named Slow Cortical 
Potential (SCP) neurofeedback that was 
used not only in epilepsy, but also in ADHD. 
These three remained the most investigated 
and effective neurofeedback protocols [8-15].

Neurofeedback has been applied to these 
patients by training them to modify their 
EEG oscillations. Therefore, the subjects 

augment or inhibit a specific parameter and 
are given an immediate feedback, the conse-
quence being the positive reinforcement of 
the desired behavior. These modifications 
were observed to persist after the training, 
this phenomenon is explained by actions of 
neuroplasticity, the brain being reorganized 
on the long-term [5, 6].

The chosen parameter is depicted as a 
visual, tactile or/and auditory stimulus that 
helps the subject to control it. For example, 
a video game would be more suited for chil-
dren who are asked to control the speed of a 
car until they reach a certain threshold. Then 
a vocal feedback or a reward is given to pos-
itively reinforce the pursued mental state [6].

There have been proposed the following 
models underlying neurofeedback learning: 
operant (or instrumental) learning, motor 
learning, dual process theory, awareness 
theory, global workspace theory and skill 
learning. Operant (or instrumental) learning 
states that adequate behavior is reinforced 
by feedback or reward when brain activ-
ity is controlled. Motor learning claims that 
the acquisition of ordered movements and 
emblematic information is analogous to the 
acquisition of neurophysiological signals. 
Dual process theory consists in the fact that 
the learner has to choose between a men-
tal strategy of its own or one that has been 
instructed and when an effective strategy is 
revealed, it becomes automatic by positive 
reinforcement. Awareness theory posits that 
when the information about brain activity 
is brought into the awareness of the subject, 
it determines a deliberate control over the 
response. Global workspace theory presents 
the idea that only when a feedback signal 
becomes conscious it leads to the learnt con-
trol over the neural activity. Skill learning 
implies that there are two phases of perfor-
mance: an initial state of rapid improvement 
and a late state in which gradual perfecting 
occurs leading to skill consolidation [7].
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The brain areas that characterize differ-
ent components of neurofeedback are the 
following: the anterior insular cortex(AIC), 
anterior cingulate cortex(ACC), posterior 
parietal cortex(PPC) and dorsolateral pre-
frontal cortex(dlPFC) are involved in visual 
feedback and the subject being attentive to 
the signal implies the activation of the lateral 
occipital cortex(LOC), also dlPFC and PPC 
are implicated when executive task are being 
performed and ACC and AIC are activated 
by conscious feedback and reward, uncon-
scious reward is processed in the ventral stri-
atum(VS) and neurofeedback learning in the 
dorsal striatum(DS) ; the thalamus and the 
basal ganglia are involved in self-regulation 
[7].

Due to dysregulation of the dopamine 
pathway, children with ADHD have low 
levels of motivation leading to difficulties to 
perform cognitive task and reduced self-reg-
ulation, but neurofeedback could motivate 
youngsters to stay engaged [8].

In comparison with pharmacological 
treatment such as methylphenidate that rep-
resents a frequent medicine used in ADHD, 
neurofeedback scored as an option that 
should be regarded after treatment is com-
pleted and ceased, although other studies 
have shown that methylphenidate was more 
efficacious than neurofeedback in decreasing 
ADHD symptoms, such as inattention and 
inhibition. At the follow-up assessment the 
teacher’s evaluation indicated that methyl-
phenidate was more efficacious than neuro-
feedback, but the parent’s evaluation stated 
vice versa [9,16,17].

After sessions of TBR neurofeedback 
were performed, changes in resting EEG 
power have been showed, such as decresed 
theta waves and after SCP training there has 
been found an increased alpha activity. TBR, 
SMR and SCP neurofeedback have been 
found to be clinically effective for children 
with ADHD and their effect are lasting. Also, 
images from functional magnetic resonance 

imaging(fMRI) depicted results of neuro-
feedback on brain regions of selective atten-
tion in ADHD [11].

It was demonstrated that neurofeedback 
is has significant effects on inattention, impul-
sivity and hyperkinetic symptoms described 
in ADHD. Other studies showed that it can 
be useful in self-regulation of neural activ-
ity that could improve cognitive skills and 
increase control over behavior, two impor-
tant assets of normal children that are found 
to be deficient in ADHD [12].

Some studies claim that neurofeedback 
is effective by increasing levels of activated 
cortex which is important in ADHD where 
attention deficit could be improved. The cor-
tical activation occurs not only due to the 
immediate feedback, but also by creating new 
brain connections and pathways. When com-
pared to pharmacological treatment, neuro-
feedback ameliorated executive control to a 
greater extent. Operant suppression of theta 
waves and augmentation of beta activity 
works on reduction of impulsivity and inat-
tention, lowering of hyperkinetic symptoms 
by enhancing SMR and regulation of cortical 
activation with the help of modified SCP are 
used in children with ADHD. The efficacy of 
neurofeedback was different on innatention 
and impulsivity vs hyperactivity, thus on the 
first two it was more effective [13,15].

CONCLUSIONS

Notwithstanding pharmaceutical prod-
ucts promise to alleviate ADHD symptoms, 
but still have limited effects and they work 
as long as they are being administered, the 
need for alternative treatments is on the rise. 
Neurofeedback provides pacients with a 
way to deal better with their difficulties and 
parents and doctors alike should give this 
method a chance, especially that there are 
no side effects and children can be engaged 
in a pleasurable activity. Further studies are 
needed to better understand the mechanism 
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of action of neurofeedback and therefore, 
new ways of applying it could be discovered 
and maybe even better results. 
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