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STRESZCZENIE
Neurofeedback (NFB) jest odmianą terapii biofeedback, w 
której wykorzystywana jest analiza sygnałów EEG. W tej tech-
nice uczenia pacjentowi przekazywane są informacje zwrotne o 
tym, jak działa jego mózg. Celem terapii NFB jest redukcja zabu-
rzeń psychicznych i neurologicznych, poprawa zdrowia i wydaj-
ności pacjenta. Metoda ta zakłada, że czynność bioelektryczna 
mózgu odzwierciedla poziom aktywacji i wzbudzenia procesów 
psychicznych pacjenta i może być trenowana. NFB jest stoso-
wany na całym świecie od ponad 40 lat. Celem tego artykułu 
jest przedstawienie istoty terapii NFB, przegląd aktualnych 
doniesień naukowych dotyczących skuteczności, potencjal-
nych skutków ubocznych, jak również omówienie wymogów 
prawnych. Autorzy przedstawiają powszechnie stosowane 
procedury diagnostyki i późniejszego leczenia. Jednostki cho-
robowe, w których NFB ma zastosowanie to m.in. zespół defi-
cytów uwagi z nadpobudliwością (ADHD), padaczka, stany 
lękowe, depresja, autyzm i zespół Aspergera, migrena i bóle 
głowy typu napięciowego oraz urazy czaszkowo-mózgowe.
Słowa kluczowe: biofeedback, neurofeedback, neuroterapia, 
rehabilitacja, QEEG, zastosowanie, skuteczność

ABSTRACT
Neurofeedback (NFB) is a form of a biofeedback in which the 
analysis of EEG signals is used. It is also called Brain-Computer 
Interface (BCI) training. This learning technique provides feed-
back to the patient about how the brain works in order to reduce 
neurological and psychic symptoms, improve patients’ health 
and performance. This method assumes that the electrical 
activity of the brain reflects the mental state of the patient and 
can be trained. Neurofeedback has been used worldwide for 
over 40 years. The goal of this paper is to present the essence 
of this therapy and a condensed review of current reports 
regarding efficacy, potential adverse effects, as well as legal 
requirements for practitioners. The authors outline the com-
monly used assessment procedures and subsequent course 
of treatment. Disorders that respond to neurofeedback include 
attention-deficit/hyperactivity disorder (ADHD), epilepsy, anxi-
ety, depression, autism and Asperger’s syndrome, migraine 
and tension type headache and traumatic brain injury (TBI).
Key words: biofeedback, neurofeedback, neurotherapy, reha-
bilitation, QEEG, application, efficacy

INTRODUCTION
Biofeedbac� �B�B� i� a �ea��i�� ��oce��� �� i��o��e� ��o�� �B�B� i� a �ea��i�� ��oce��� �� i��o��e� ��o�
�idi�� a� i�di�idua� wi�h objec�i�e mea�u�eme��� co�ce���
i�� hi� o� he� �hy�io�o�ica� ��oce��e� �o �ha� �hey ca� be 
b�ou�h� u�de� �e�f��e�u�a�o�y co���o�� The�e �hy�io�o�ica� 
mea�u�eme��� i�c�ude �e�i�he�a� ��i� �em�e�a�u�e, ��i� 
co�duc�io� �a��o ca��ed e�ec��ode�ma� �e��o��e o� EDR�, 
mu�c�e �e��io� �e�ec��omyo��am o� EMG�, �e��i�a�io�, 
heart rate, and heart rate variability (HRV). With sufficient 
commi�me�� a�d ac�i�e exe�ci�e, �he �a�ie�� ca� be �au�h� 
�o co��ciou��y co���o� �hy�io�o�ica� ��oce��e� i� o�de� �o 
o��imize hi� o� he� bodi�y fu�c�io��� �� addi�io�, �he �a�ie�� 
can learn to maximize the brain’s efficiency as well as to 

e�imi�a�e o� a��e�ia�e �he �ym��om� of �ome di�o�de�� u�i�� 
EEG biofeedbac�, a��o ca��ed �eu�ofeedbac� [1, 2]� 

Neu�ofeedbac� �N�B� o� b�ai��com�u�e� i��e�face 
�BC�� ��ai�i�� i� e��e��ia��y a fo�m of biofeedbac� which 
em��oy� �he a�a�y�i� of EEG �i��a�� [3]� EEG i� a �o��
i��a�i�e me�hod fo� mo�i�o�i�� bioe�ec��ica� ac�i�i�y of �he 
b�ai�� �� wa� o�i�i�a��y de�e�o�ed �o a�a�yze me��a� ��o�
ce��e�� La�e� i� �u��ed ou� �o ha�e a b�oad c�i�ica� a���ica�
�io�, e��ecia��y i� �he dia��o�i� of e�i�e��y� S�a��i�� i� �he 
1960s, the EEG visual patterns were quantified (QEEG) 
a�d co��e�a�ed wi�h fu�c�io�� a�d di�o�de�� of �he ce���a� 
�e��ou� �y��em� Thi� me�hodo�o�y ha� become o�e of 
�he �ey dia��o��ic �oo�� i� �eu�o�hy�io�o�y [4]� The �ed�
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e�a� D�u� Admi�i���a�io� ��DA� i� �he U�i�ed S�a�e� ha� 
�ece���y �eco��ized �hi� dia��o��ic �o�e��ia� by a���o�i�� 
a� i����ume�� �ha� u�e� EEG mea�u�eme��� a�d �he�a/be�a 
ratios for use in the diagnosis of attention-deficit/hyperac�
�i�i�y di�o�de� �ADHD� [5]�

By mo�i�o�i�� bioe�ec��ica� ac�i�i�y of �eu�o�� u�i�� 
EEG mea�u�eme��� we a�e ab�e �o ��o�ide �he �a�ie�� 
wi�h feedbac� �e�a�di�� �he b�ai�’� fu�c�io�i�� i� o�de� �o 
im��o�e i� [2]� Neu�o�he�a�y ba�ed o� �hi� me�hod a��ume� 
that the brain’s electrical activity reflects the patient’s mental 
��a�e� a�d �ha� i� ca� be ��ai�ed� A� me��a� ��a�e� cha��e, 
�o do �he am��i�ude� of diffe�e�� b�ai� wa�e f�eque�cie�� 
The i�fo�ma�io� abou� b�ai� wa�e ac�i�i�y of i��e�e�� i� di��
��ayed i� �ea���ime o� a com�u�e� �c�ee�� Whi�e ob�e��i�� 
it, the patient tries to influence the brain waves in order to 
complete specific exercises and achieve the set goal, thus 
de�e�o�i�� �he abi�i�y of �e�f��e�u�a�io� of �a�iou� me��a� 
��a�e�, i�c�udi�� a��e��io� a�d mood [1, 3]�

HISTORY
The ba�ic cha�ac�e�i��ic� of �he e�ec��oe�ce�ha�o��am �EEG� 
we�e ou��i�ed by a Ge�ma� ��ychia��i��, Ha�� Be��e� [6]� �� 
1929 he �ub�i�hed hi� �e�ea�ch a�d de�c�ibed �he mai� �y�e� 
of brain waves and assigned the name of the first letter of the 
G�ee� a��habe� �o �he hi�he� am��i�ude �y�ch�o�ou� wa�e� 
�a��ha� a�d �he �eco�d �e��e� �o �he fa��e�, de�y�ch�o�ized, 
�owe� am��i�ude ac�i�i�y �be�a� [7]� �� 1934 �wo B�i�i�h 
scientists, E. Adrian and B. Matthews, confirmed his fin�
di��� which a�e ��i�� �e�e�a�� �oday [8]�

The o�i�i�� of B�B da�e bac� �o �he 1950� a�d 1960�� 
A� �he �ime, Joh� Ba�majia� a�d Nea� Mi��e� �ub�i�hed 
�hei� ��udie� o� i����ume��a� co�di�io�i�� of �he au�o�
�omic �e��ou� �y��em� �����ume��a� co�di�io�i��, a��o 
ca��ed o�e�a�� co�di�io�i��, i� ba�ed o� �he ob�e��a�io� 
�ha� �ewa�ded beha�io� i� mo�e �i�e�y �o occu� a�ai�� �� 
��ycho�o�y, Edwa�d Tho��di�e i� 1905 ca��ed i� ‘The Law 
of Effect’ bu� �he ��i�ci��e� i��o��ed ha�e a�way� bee� 
��ac�iced by �a�e��� a�d by a�ima�� ��ai�e��� Wi�h �e��ec� 
�o �he de�e�o�me�� of EEG Biofeedbac�, Joe Kamiya wa� 
o�e of �he �io�ee��� �� ex�e�ime��� co�duc�ed i� �he 1950� 
he demo����a�ed �ha� �a�ie��� we�e ca�ab�e of �eco��iz�
i�� whe� �hei� b�ai� ��oduced a��ha wa�e�� Be�i��i�� 
i� �he �a�e 1960� M�B� S�e�ma� e� a�� co�duc�ed a�ima� 
��udie� �o� bo�h mo��ey� a�d ca���, which �howed �ha� 
instrumental conditioning had an influence on brain wave 
changes [9]. Moreover, they identified a spindling, low fre�
que�cy be�a �hy�hm �12–15 Hz� �ha� he �e�med �e��o�imo�
�o� �hy�hm �SMR� becau�e i� wa� o��y ob�e��ed o�e� �he 
�e��o�imo�o� co��ex a�d i� �e�a�ed �o i�hibi�io� of �e��o�y 
i��u� a�d mo�o� ou��u�� T�ai�i�� a �a�ie�� �o i�c�ea�e �hi� 
SMR ac�i�i�y wa� �how� �o �educe �he f�eque�cy of e�i�
�e��ic �eizu�e� [10]� �� �he 1970� M� Shou�e a�d J� Luba� 
made the first attempt to use NFB in treating children with 
ADHD [11]�

The first publications in Poland regarding the use of 
N�B a��ea�ed i� �he ea��y 2000� i� �e�e�a� medica� ci�c�e�, 
including the Department of Pediatrics Neurology and 
Rehabi�i�a�io� a� �he U�i�e��i�y Chi�d�e�’� C�i�ica� Ho��i�
tal in Białystok [12–14].

LEARNING THEORIES AND EEG BIOFEEDBACK
Two ba�ic �ea��i�� mode�� a�e em��oyed i� �eu�o�he�a�y:

1� Classical conditioning (Pavlovian conditioning), 
ba�ed o� a��ocia�i�� a ��imu�u� wi�h a� au�o�omic 
�e��o��e� 

2� �����ume��a� co�di�io�i�� �o�e�a�� co�di�io��
i���, dea�i�� wi�h �o�u��a�y �e��o��e� �ha� �emai� 
u�de� co��ciou� co���o��

Classical conditioning was first described by a Russian 
physiologist, Ivan Pavlov [15]. He studied conditioned 
�e��o��e� i� do��� Ha�i�� �o�iced �ha� do�� �a�i�a�ed a� �he 
�i�h� of food, he made �hem a��ocia�e �ecei�i�� food wi�h 
�he �i�� of a be��� He wa� �oo� ab�e �o e�ici� �he do��’ �a�i�
�a�io� a� �he �ou�d of �he be��� The u�co�di�io�ed ��imu�u� 
��he food� wa� �e��aced wi�h �he co�di�io�ed ��imu�u� ��he 
be�� �ou�d�, which e�o�ed �he �ame �e��o��e, i�e� �a�i�a�
�io�� 

�����ume��a� co�di�io�i�� i� ba�ed o� Edwa�d Tho���
di�e’� �aw of effec�, a� me��io�ed abo�e� Acco�di�� �o hi� 
findings, rewarded particular behaviors increase the prob�
abi�i�y of �hei� �ecu��e�ce i� �he fu�u�e� 

�� EEG biofeedbac� �he �ewa�d fo� achie�i�� �he 
beha�io� of a de�i�ed me��a� ��a�e, co��e��o�di�� �o ��e�
cific brain wave patterns, is feedback to the patient that 
i� bo�h �i�ua� a�d audi�o�y� The �i�ua� feedbac� i� �i�e� 
o� a com�u�e� mo�i�o� i� �he fo�m of ba����a�h�, ca�cu�
�a�io��, a�ima�io��, a�d �ame�� U�i�� �he ��o�ided da�a, 
the patient tries to find the correct physiological state to 
fulfill the task (i.e., change their brain wave pattern to a 
mo�e de�i�ab�e o�e� a�d �ecei�e �he �ewa�d� Af�e� mu��i��e 
�e�e�i�io�� of a �i�e� exe�ci�e �he �a�ie�� achie�e� �he �e� 
�oa� wi�h mo�e ea�e [1]� Mo�eo�e�, wi�h e�ou�h ��ac�ice, 
�he cha��e� i� b�ai�wa�e �a��e��� a��ea� �o �a�� e�e� af�e� 
��ai�i�� ha� bee� di�co��i�ued [16]�

PRELIMINARY DIAGNOSIS AND TRAINING GUIDELINES
Re�a�di�� ou� ex�e�ie�ce, ��io� �o N�B �he�a�y, a �ho�ou�h 
medica� hi��o�y �hou�d be �a�e� f�om �he �a�ie��� Nex�, a 
dia��o�i� �hou�d be de�e�mi�ed o� �he ba�i� of a com��ehe��
�i�e exami�a�io�� Thi� i�fo�ma�io� �a�he�i�� may i�c�ude 
�edia��ic, �eu�o�o�ica�, �o�o�edic, �ehabi�i�a�io�a� a� we�� 
a� ��ycho�o�ica� exami�a�io��� Thi� com��ehe��i�e hi��o�y 
a�d exami�a�io� wi�� a��ow �o ma�e deci�io�� �e�a�di�� i�c�
�udi�� N�B a� �a�� of a �a�ie��’� ��ea�me��� Neu�ofeedbac� 
i� �o� a ��a�d�a�o�e �he�a�y bu� i� u�ua��y combi�ed wi�h 
o�he� fo�m� of ��ea�me�� a���o��ia�e fo� �he �a�ie��� Af�e� 
�ai�i�� a de�ai�ed i��i�h� i��o �he ca�e, �eu�o�hy�io�o�ica� 
dia��o��ic �e��� a�e �ecomme�ded� Thi� �e��i�� i�c�ude�: a� 
e�ec��oe�ceha�o��am �EEG� fo��owed by a qua�i�a�i�e a�d 
qua��i�a�i�e a�a�y�i� af�e� a��ifac�� ha�e bee� �emo�ed [17]� 
The EEG a��e��me�� u�ua��y com��i�e� bo�h �i���e cha��e� 
�a� Cz� a�d 19 cha��e� �eco�di���� �� i� a�way� do�e bo�h 
wi�h eye� c�o�ed a�d eye� o�e� a�d may a��o be do�e i� 
o�he� me��a� ��a�e� which i�c�ude �eadi�� a�d ma�hema�ic�� 
The �e�� �e�u��� wi�� de�e�mi�e whe�he� �he �a�ie�� i� a �ood 
ca�dida�e fo� ��ai�i��� �� wi�� a��o e�ab�e �he ��ac�i�io�e� �o 
di�cu�� wi�h �he �a�ie�� �hi� fo�m of ��ea�me��’� �o�e��ia� 
efficacy and to set realistic goals for the therapy. 
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EEG AND QEEG DIAGNOSTICS
EEG �eco�di��� ca� be a�a�yzed qua�i�a�i�e�y i� �he �ime 
domai� o� qua��i�a�i�e�y i� �he f�eque�cy domai�� �� qua�i�
�a�i�e a�a�y�i�, commo��y u�ed i� �eu�o�o�y a�d ��ee� ��u�
die�, cha�ac�e�i��ic� of EEG �eco�di��� a�e de�c�ibed i� a 
�e�e�a� ma��e� [18]� Vi�ua� i���ec�io� de�e�mi�e� if �he�e 
a�e ab�o�ma� wa�e fo�m� ��uch a� e�i�e��ic di�cha��e�� o� 
�a��e��� u�u�ua� fo� a�e a�d ��a�e ��uch a� a��ha i���u�io�� 
du�i�� ��ee�� [4]� The a��e��me�� of �he �eco�di��� i� �ub�
jec�i�e a�d may �a�y de�e�di�� o� �he e�ec��oe�ce�ha�o��a�
�he�’� ex�e�ie�ce a�d ��ecia��y� By co���a��, i� qua��i�a�i�e 
EEG (QEEG), broadly applied in psychological studies and 
�eu�o�o�ica� ��ea�me��, �he �i��a�’� �a�ame�e�� a�d cha�ac�
�e�i��ic� a�e �ubjec� �o ma�hema�ica� a�d ��a�i��ica� a�a�y�i� 
[19]� �� �eu�o�he�a�y, qua�i�a�i�e a�a�y�i� i� he��fu� a�d i� 
i� �u���eme��ed by i�� qua��i�a�i�e cou��e��a��� They bo�h 
com��eme�� each o�he�, ��o�idi�� a com��ehe��i�e �iew of 
�he �a�ie��’� c�i�ica� ��a�e [2, 17]� 

Preliminary QEEG tests prior to NFB training may be 
ba�ed o� �eco�di��� f�om o�e �o fou� �i�e�� Howe�e�, i� 
ca�e� of com��ex di�o�de�� �uch a� de��e��io� o� co�cu��
sion (TBI), a quantitative electroencephalogram (QEEG) 
i� ca��ied ou� wi�h a� �ea�� 19 cha��e�� u�i�� �he i��e��a�
�io�a� 10–20 e�ec��ode ��aceme�� �i�e� [20]� The 19 cha��
�e� a��e��me�� i� f�eque���y ca��ed a “fu���ca�” a��e��me�� 
becau�e �he e�ec��ode� a�e imbedded i� a ���e�chab�e ca� �o 
e��u�e ��a�da�d di��a�ce� be�wee� e�ec��ode�� 

The EEG �i��a� i� �eco�ded i� a �e��i�� �o�i�io�, wi�h 
eye� o�e� �EO� a�d c�o�ed �EC� a�d fo� �a�iou� ��a�e� of 
b�ai� ac�i�i�y whi�e �e�fo�mi�� �a���, �uch a� �eadi��, 
cou��i��, �i��e�i�� e�c� Befo�e qua��i�a�i�e a�a�y�i� ca� be 
�e�fo�med, �he �eco�di��� �hou�d be �e�iewed i� o�de� �o 
�emo�e a��ifac�� [21]� The�e may be cau�ed, fo� exam��e, 

by �he mo�eme�� of e�ec��ode� o� wi�e�, b�i��i��, eye o� 
�o��ue mo�eme��, mu�c�e co���ac�io��, ca�dio�a�cu�a� 
ac�i�i�y o� i��e�fe�e�ce f�om e�ec��ica� de�ice� [22]� O�e 
should also take into account other factors influencing the 
b�ai�’� bioe�ec��ica� ac�i�i�y, �uch a� medica�io��, �ico�i�e, 
caffei�e, a�coho� o� d�u��� 

The QEEG results should be compared with data from 
�he co���o� ��ou� o� �he �o�ma�i�e da�aba�e [23], bo�h 
of which co���i�u�e a� objec�i�e �ou�ce of i�fo�ma�io� 
�e�a�di�� �he ex�ec�ed fu�c�io�i�� of �he b�ai� i� a �i�e� 
a�e ��ou� a�d i� a �i�e� ��a�e of b�ai� ac�i�i�y [24]� Thu�, 
�he �he�a�i�� de�e�mi�e� whe�he� bioe�ec��ica� ac�i�i�y of 
�he �a�ie��’� b�ai� de�ia�e� f�om �he �o�m, a�d if �o, �o 
wha� ex�e�� a�d i� wha� �e��ec�� A �eque�ce of �a�e�� by 
�a�iou� au�ho�� em�ha�ize� �he �eed fo� i�di�idua�iza�io� 
in NFB [25–28]. QEEG analysis prior to NFB therapy pro�
�ide� �e�iab�e, �o��i��a�i�e, objec�i�e, cu��u�e�f�ee a�d 
�e�a�i�e�y �ow co�� e�a�ua�io� of b�ai� fu�c�io�i��, �e�mi��
�i�� i�di�idua�iza�io� of ��ea�me�� a�d added �iabi�i�y ��o�
�ec�io� [27, 29]�

BRAIN WAVES AND TRAINING
Mode� wa�e �a��e��� fo� �a��icu�a� ��a�e� of b�ai� ��imu�a�
�io� a� a �i�e� a�e a�e u�ed i� o�de� �o e�a�ua�e �hy�io�o�ica� 
�a�ame�e�� of EEG �eco�di��� a� we�� a� �hei� ab�o�ma�i�
�ie�� Ba�ic �y�e� of wa�e� ��e�e�� i� EEG �eco�di��� i�c�ude 
de��a, �he�a, a��ha, SMR, be�a�1, be�a�2 a�d �amma wa�e� 
�Tab� ��� ��di�idua� f�eque�cy ba�d� a�e �hou�h� �o �e��e�e�� 
diffe�e�� me��a� ��a�e� [1, 4]� No�e �ha� diffe�e�� au�ho�� wi�� 
u�e diffe�e�� f�eque�cy �a��e� fo� �he G�ee� �e��e� de�i��a�
tions, so it is always best to define the frequency range and 
�o� ju�� u�e a �ame �i�e “be�a�1”�

Tab. I. Characteristics of individual frequency bands [1]

Frequency band (Hz) Wave type Characteristics

0.5–4 Delta Dominant in infants up to the age of 6 months, they reflect decreased activity of pyramidal 
cells. They are also recorded during deep sleep and in cases of brain damage (e.g. tumors) 
and learning disabilities.

4–8 Theta Dominant in children between the ages of 6 months and 6–7 years, also present in the 
hypnagogic state just before falling asleep, when creative thoughts may occur. Increased 
presence in frontal lobes is found in association with lack of concentration and difficulty 
focusing attention.

8–12 Alpha Dominant in recordings from parieto-occiptal sites in adults, eyes closed (EC). Characteristic 
of a state of rest or “standby mode”.

13–15 SMR Sensorimotor Rhythm. Recorded in the central area of the cerebral cortex (C3, Cz and C4), 
indicative of relaxation and calmness, motorically still but mentally alert. 

13–21 Beta-1 Dominant in states of alertness when recorded in frontal sites. Indicates concentration, 
increased mental activity and problem solving.

21–32 Beta-2 Indicative of a “busy-brain”, which can be due to emotional arousal, anxiety and rumination.

> 30 Gamma Frequencies over 30 Hz are not usually trained using neurofeedback as they are low amplitude 
and prone to EMG artifact. The 40 Hz response has been called a binding rhythm and may be 
associated with learning. 
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Neu�ofeedbac� a�d i����ume��a� co�di�io�i�� e�ab�e 
one to develop the ability to influence brain wave patterns. 
This, in turn, may lead to a specific behavioral change, and 
�ha� i� �he ��i�ci��e �ha� u�de��ie� effec�i�e �eu�o�he�a�y: 
whe� you cha��e b�ai� wa�e� you cha��e beha�io�� �� 
��ac�ice, �a��icu�a� f�eque�cy ba�d� a�e of�e� u�ed �e��� 
3–7 Hz, 12–15 Hz, 13–17 Hz, 20–24 Hz�, i�di�idua��y 
fine-tuned with respect to QEEG analysis as well as the 
�a�ie��’� �ym��om� a�d �eed� [14]� 

Du�i�� �eu�ofeedbac� ��ai�i�� u�ua��y 1 o� 2 ac�i�e 
e�ec��ode� �eco�di�� EEG �i��a�� a�e ��aced o� �he 
�a�ie��’� �ca��� The �emai�i�� o�e�, i�e� �he �efe�e�ce a�d 
�he ��ou�d e�ec��ode�, mo�� of�e� a�e a��ached �o ea��obe� 
bu�, a��e��a�i�e�y, �hey may be ��aced o�e� �he �i�h� a�d 
�ef� ma��oid bo�e�� Nex�, im�eda�ce, �he �e�i��a�ce �o �he 
flow of an alternating current, must be checked. Its values 
should be lower than 5kΩ and the difference between elec�
trode pairs should not exceed 1kΩ [30]. Higher impedance 
may i�c�ea�e a��ifac��, dec�ea�e �ea� �owe� of EEG �i��a� 
a�d co��eque���y di��o�� �he �e�u��� of N�B ��ai�i�� o� ��e�
�imi�a�y a�a�y�i� [22]� 

A �i���e N�B ��ai�i�� �e��io� u�ua��y �a��� 20 �o 45 
mi�u�e�� �� be�i�� wi�h a o�e� �o �h�ee�mi�u�e ba�e�i�e 
�eco�di��, o� who�e ba�i� �he ��ai�i�� �h�e�ho�d� a�e �e�� 
The�, wi�h co��ecu�i�e ��ai�i�� �a��� o� �ame �i�e di��
��ay�, �he �a�ie�� �ecei�e� audi�o�y a�d �i�ua� feedbac� 
whe� �e�e�a�i�� �he de�i�ed b�ai� wa�e �a��e�� [30]� The 
feedbac� di���ay may co��ai� ��a�h�, cha���, �umbe��, a�i�
ma�io��, mo�ie�, a�d �ame� [1, 31]� The du�a�io� of a fu�� 
��ai�i�� cyc�e de�e�d� o� �he �oa� of ��ai�i�� a�d o� ��e�
cific disorders, ailments and practical considerations, like 
�he �a�ie��’� a�ai�abi�i�y� T�ai�i�� mo�� f�eque���y com�
prises several dozen sessions (over 40), with first possible 
cha��e� �o�iceab�e af�e� 20–25 �i�i��� �� com��ex ca�e� of 
ADHD, �ea��i�� di�o�de��, A��e��e�’�, au�i�m, co�cu��
�io�, o� affec� di�o�de��, �he �o�a� �umbe� of �e��io�� may 
i�c�ea�e �o 50�100 ��ai�i�� �e��io�� o� mo�e [2]� 

Ty�ica� N�B ��ai�i�� ca� be com��eme��ed by ��ac�ic�
i�� me�aco��i�i�e ���a�e�ie� a�d i��e��ec�ua� �a���, �uch a� 
�eadi��, cou��i�� a�d co�ce���a�io� exe�ci�e�� Acco�di�� 
�o c�a��ica� co�di�io�i�� ��i�ci��e�, a �ew�y �ea��ed b�ai� 
wa�e �a��e��, accom�a�ied by a �ew beha�io�, wi�� be 
u�ed whi�e �e�fo�mi�� i��e��ec�ua� �a���� Audio feedbac� 
du�i�� exe�ci�e�, �uch a� �eadi�� o� �o��i�� a ma�hema�i�

ca� ��ob�em, i�dica�e� �ha� �he de�i�ed ��a�e of co�ce���a�
�io� i� mai��ai�ed� �f �he �ou�d ��o��, �he �a�ie�� �hou�d 
focu� a�ai� o� �he ��ai�i�� �c�ee� [1, 31]� 

BIOFEEDBACK APPLICATIONS
The �i�� of di�ea�e e��i�ie� which ca� be ��ea�ed wi�h B�B 
a�d N�B i� a �a�� o�e a�d i�c�ude�, amo�� o�he��, �uch 
di�o�de�� a� ADHD, e�i�e��y, �ea��i�� di�abi�i�ie�, au�i�m, 
A��e��e�’� �y�d�ome, de��e��io�, a�coho� a�d �ub��a�ce 
abu�e, ob�e��i�e com�u��i�e di�o�de� �OCD�, mood di�o��
de��, �e�e�a� a�xie�y di�o�de�, �e��io� headache� a�d mi��a�
ines, closed head injuries, Tourette’s syndrome, Parkinson’s 
disease, dystonia, chronic fatigue syndrome and fibromyal�
�ia [30, 32, 33]� The c�i�ica� effec�� of N�B i� �he ��ea��
me�� of e�i�e��y a�d ADHD ca� be �e�a�ded a� c�i�ica��y 
mea�i��fu� [34, 35]� �o� o�he� di�o�de�� �he�e a�e ��omi�i�� 
c�i�ica� ou�come� u�i�� N�B bu� �o� ye� e�ou�h �a�domi�
zed or controlled studies to establish efficacy, hence the need 
fo� o��oi�� �e�ea�ch� Mai� fac�o�� �imi�i�� ��udie� wi�h B� 
a�d N�B i�c�ude �ac� of �a��e �am��e�, doub�e b�i�di�� a�d 
�e��i�� of b�i�d �a�idi�y a�d �ham i�e���e��� Ma�y au�ho�� 
u�de��i�e �ha� �he ��ima�y a�d e��e��ia� a�ea fo� im��o�i�� 
�e�ea�ch i��o��e� �ee���e�iewed a�d �ub�i�hed, doub�e�
�b�i�d �ham�N�B co���o��ed ��ia��, wi�h �a��e �am��e� a�d 
fo��ow�u� [36–39]�

�� 2001 a� ex�e�� ��ou� co��i��i�� of membe�� of �he 
���e��a�io�a� Socie�y fo� Neu�ofeedbac� a�d Re�ea�ch 
(ISNR) and the Association of Applied Psychophysiology 
and Biofeedback (AAPB) developed a five-scale efficacy 
�a�i��� fo� B�B ba�ed ��ea�me�� of �a�iou� di�o�de�� �Tab� 
��� [40, 41]� The �a�i�� c�i�e�ia we�e ba�ed o� �he �umbe� 
of scientific studies, the number of cases and randomiza�
�io�� The o�e�a�� �umma�y i� co��i�uou��y u�da�ed wi�h 
da�a f�om �ew �e�ea�ch ��udie� [32, 42]�

Addi�io�a��y, N�B ca� be a���ied i� o�de� �o o��imize 
one’s mental capabilities, to improve cognitive flexibility 
a�d �o �ea�� �o achie�e ��a�e� of a�e���e��, �e�axa�io� a�d 
focu�ed a��e��io�� The�e a��ec�� of �eu�o�he�a�y ca� be 
beneficial to students,       managers, athletes, and even musi�
cia�� [43–47]�

According to the AAPB and ISNR, five levels of effi�
cacy we�e di��i��ui�hed: 

Tab. II. AAPB’s 2008 efficacy ratings for biofeedback based treatment of selected disorders [32, 48]

Level of 
efficacy

Description Disorder NFB BFB

5 Efficacious and specific urinary incontinence in females +

4 Efficacious  
(based on randomized studies)

ADHD
anxiety
headache in adults 
epilepsy
hypertension 
temporomandibular disorders
urinary incontinence in males 

+
+
+
+

+
+

+
+
+
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LIMITATIONS AND ADVERSE EFFECTS
Hammo�d a�d Ki�� �2007� �i�� a �ume�ou� u�co���o��ed 
ca�e �e�o���, �howi�� �he �o�e��ia� ad�e��e effec�� which 
ca� occu� f�om i�a���o��ia�e N�B ��ai�i��, ie� „i�c�ea�ed 
a�xie�y a�d a�i�a�io�, �a�ic a��ac�� a�d, ma�ic��i�e beha�
�io�, headache�, �au�ea, fa�i�ue, ��ee� di��u�ba�ce, a��e� 
a�d i��i�abi�i�y, c�yi�� a�d emo�io�a� �abi�i�y, i�co��i�e�ce, 
e�u�e�i�, a� i�c�ea�e i� de��e��io�, a�d dec�i�e i� co��i�i�e 
fu�c�io�i��, i�c�ea�e i� �oma�ic �ym��om�, �oca� �ic�, �eizu�
�e�, a�d �o�� of ��e�iou� �ym��oma�ic� im��o�eme���” [29]� 
O�e of �he �ea�o�� �hey me��io� i� �ha� �he ��ai�i��� a�e co��
ducted on a fixed frequency bands (alpha, beta, theta, etc.) 
i���ead of i�di�idua��y adju��ed �o �he ��ob�ema�ic EEG ac�i�
�i�y� A�o�he� i� �ha� �he �he�a�y i� ca��ied ou� by �o� we�� 
educa�ed a�d i�ex�e�ie�ced ��ac�i�io�e��� 

ADHD
ADHD (Attention-Deficit/Hyperactivity Disorder) is a disor�
de� cha�ac�e�ized by i�a��e��io�, hy�e�ac�i�i�y a�d im�u��i�
�i�y [49]� Affec�i�� 3–10% of �choo� chi�d�e�, i� i� �he mo�� 
commo��y dia��o�ed ��ychia��ic di�o�de� i� �hi� a�e ��ou�� 
�f u�ma�a�ed, ADHD may �ead �o �e�iou� mood a�d beha�
vior disturbances, as well as difficulties in concentrating and 
�ea��i��, which �ead� �o u�de�achie�eme�� i� �choo�� The 
��ea�me�� u�ua��y i��o��e� ��imu�a�� medica�io�� �am�he�a�
mi�e de�i�a�i�e�, amo�� o�he���, which, a��hou�h effec�i�e, 
ha�e �ume�ou� ad�e��e effec��� S�imu�a���, �hou�h effec�i�e 
fo� �he �ho����e�m ma�a�eme�� of beha�io�, ha�e �o� bee� 
�how� �o im��o�e �ea��i�� a�d do �o� ha�e �a��i�� effec��� 
The effec�i�e�e�� of co��i�i�e�beha�io�a� �he�a�y a� we�� a� 
fami�y �he�a�y i� �imi�ed [50, 51]�

Monastra et al. (2002) found, through QEEG analysis, 
�ha� 85–90% of ADHD �a�ie��� demo����a�ed exce�� �he�a 
ac�i�i�y, dec�ea�ed a��ha a�d be�a ac�i�i�y, a�d i�c�ea�ed 
�he�a/a��ha a�d �he�a/be�a �a�io�, e��ecia��y a� f�o��a� a�d 

ce���a� �i�e� [49]� �� i� be�ie�ed �ha� hi�h �he�a ac�i�i�y co��
relates with attention deficit, whereas low SMR is corre�
lated with hyperactivity and impulsiveness. A significantly 
�ma��e� �umbe� of �a�ie��� �howed �he ��e�a�e�ce of be�a 
wa�e�, �ow a��ha ac�i�i�y, a�d dec�ea�ed �he�a/be�a �a�io�� 
Patients with increased beta activity do not respond well 
�o ��ycho��imu�a��� whe�ea� abou� 70–75% of �ho�e wi�h 
exce�� �he�a wi�� �how �educed �ym��om�, e��ecia��y wi�h 
respect to hyperactivity [52, 53]. Both groups can benefit 
f�om i�di�idua�ized N�B ��ai�i���

�� 1998, �he �e�u��� ob�ai�ed a� �he ADD Ce���e i� 
To�o��o, Ca�ada u�i�� �eu�ofeedbac� o� a ��ou� of 111 
�ubjec�� wi�h ADHD we�e �ub�i�hed� The 98 chi�d�e� a�d 
13 adu��� u�de�we�� 40 �e��io��� The �oa� of �he�e �e��io�� 
wa� �o dec�ea�e ��ow wa�e ac�i�i�y �mai��y 4–7 Hz� a�d 
i�c�ea�e fa�� wa�e ac�i�i�y �15–18 Hz� fo� mo�� �a�ie��� 
a�d 13–15 Hz fo� �a�ie��� wi�h hy�e�ac�i�i�y a�d im�u��
�i�e�e���� Me�aco��i�i�e ���a�e�ie� we�e �au�h� du�i�� 
a� �ea�� o�e �e�me�� of each �e��io�� The �he�a�y �uc�
ceeded in producing significantly lower theta/beta ratios. 
A� a �e�u��, �he �e�ce��a�e of chi�d�e� �a�i�� me�hy��he�
�ida�e dwi�d�ed f�om 30% befo�e �he ��ai�i�� �o 6% af�e� 
�he ��ai�i��� A� im��o�eme�� i� focu�i�� a�d �u��ai�i�� 
attention was observed with significant improvements on 
�he objec�i�e Te�� of Va�iab�e� i� A��e��io� �TOVA�� The 
Weschler Intelligence Scale (IQ) scores rose with an aver�
a�e i�c�ea�e of 12 �oi��� [31]�

�� 2002, Mo�a���a e� a�� �2002� co�duc�ed a ��udy �wi�h 
a co���o� ��ou�� o� 100 �a�ie��� wi�h ADHD a�ed 6 �o 19� 
They we�e ���i� i��o �wo ��ou��� Each of �he 49 chi�d�e� 
in the first group underwent a year-long therapy, which 
i�c�uded me�hy��he�ida�e, �choo� co��u��� a�d �a�e��i�� 
c�a��e�� The o�he� ��ou� �ecei�ed �he �ame �he�a�y, bu� 
addi�io�a��y a��e�ded �eu�ofeedbac� �e��io��� The �e�u��� 
we�e e�a�ua�ed i� �he cou��e of u�i�� �he medica�io� a�d a 

Level of 
efficacy

Description Disorder NFB BFB

3 Probably efficacious  
(based on multiple  
non-randomized studies)

alcoholism , substance abuse
chronic pain
fecal elimination disorders
headache in children
insomnia
arthritis
traumatic brain injury

+

+
+

+

+
+
+
+
+

2 Possibly efficacious 
(based on at least one non-
randomized study with well defined 
results) 

asthma 
cerebral palsy 
irritable bowel syndrome 
Reynaud's disease 
stroke
tinnitus 
depression
fibromyalgia
Post-Traumatic Stress Disorder

+
+
+
+
+

+
+
+
+
+

+

1 Not yet empirically supported Autism
eating disorders
multiple sclerosis (except for urinary incontinence disorders)
spinal cord injuries

+
+
+
+
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wee� af�e� �he �a�ie��� ��o��ed �a�i�� i�� Whi�e bo�h ��ou�� 
demonstrated significant clinical improvement, only those 
patients who received EEG training retained the beneficial 
effec�� of �he ��ea�me�� af�e� �hey ��o��ed �a�i�� medi�
cation. Also, their QEEG showed decreased slow wave 
ac�i�i�y� The abo�e ��udy i�dica�e� �ha� �he effec�i�e�e�� 
of ��ycho��imu�a�� medica�io� i� �ho����i�ed, whe�ea� �eu�
�o�he�a�y wi�h N�B ba�ed o� �ea��i�� mecha�i�m� b�i��� 
�a��i�� im��o�eme�� [54]�

The me�a�a�a�y�i� i��e��i�a�i�� �he effec� of N�B i� 
chi�d�e� co�duc�ed by A��� a� a�� �2009� i�c�uded 15 ��ud�
ie�, f�om which 6 we�e wi�h �a�domiza�io� a�d 3 com�a�ed 
wi�h ��imu�a�� medica�io�, wi�h a �o�a� of 1194 �ubjec��� 
�i�a� co�c�u�io� we�e �ha� “N�B ��ea�me�� fo� ADHD ca� 
be considered “Efficacious and Specific” (Level 5 accord�
ing to AAPB and ISNR guidelines) with a large effect size 
fo� i�a��e��io� a�d im�u��i�i�y a�d a medium effec� �ize 
fo� hy�e�ac�i�i�y” [34]� Thi� �e�u�� wa� u�de�mi�ed by 
Lofthouse at al. (2012), who applying the American Psy�
chiatric Association guidelines concluded that NF efficacy 
for pediatric ADHD is only “probably efficacious” [39]. 
Au�ho�� �u��e��ed �ha� mo�e �e�ea�ch wi�h �a�domiza�io�, 
doub�e�b�i�d wi�h �e��i�� �he �a�idi�y of �he b�i�ded, �ham�
N��co���o��ed ��ia�� wi�h �e��i�� �he i�e���e�� of �ham�
N�B a�d �a��e �am��e� a�e �eeded� �� wou�d im��o�e �he 
im�o��a�ce of fu��he� �e�ea�ch a�d �educe me�hodo�o�ica� 
mi���a�eme����

�� 2012 �he �umma�y �e�o�� ��e�a�ed by �he Ame�ica� 
Academy of Pediatrics, biofeedback was recommended as 
bei�� amo�� �he mo�� effec�i�e i��e��e��io�� �Le�e� 1 – 
Be�� �u��o��� i� ��ea�i�� ADHD [55]� 

EPILEPSY
E�i�e��y i��a�iab�y co���i�u�e� a �e�iou� dia��o��ic a�d �he�a�
�eu�ic cha��e��e� A��ie�i�e��ic medica�io�� ��i�� ha�e �ume�
�ou� ad�e��e effec��, a�d wha� i� mo�e, 20–30% of �he �a�ie��� 
a�e �e�i��a�� �o �ha�maco�he�a�y [56]� EEG biofeedbac� i� 
�he�efo�e a �a�id com��eme��a�y ��ea�me�� �ha� ca� �ub��a��
�ia��y im��o�e �hei� ��o��o�i� [48, 57]� A��ie�i�e��ic effec�� 
of SMR ��ai�i�� we�e demo����a�ed by M�B� S�e�ma�, who 
i� �he �a�e 1960� ��udied �he co��u��i�e �e��o��e �o hyd�azi�e 
[58]� Thi� �oxic �ub��a�ce ��e�e�� i� �oc�e� fue� wa� fea�ed 
to cause seizures in people working on the manned space fli�
�h�� fo� NASA� Af�e� �ecei�i�� a ��a�� �o ��udy �he co��u��
�a�� effec�� of hyd�azi�e, S�e�ma� u�ed 50 ca�� of which 10 
��e�iou��y had a �ix�wee� ��ai�i�� aimed a� i�c�ea�i�� SMR 
ac�i�i�y� A�� ca�� we�e admi�i��e�ed a 9 m�/�� do�e of hyd�a�
zi�e� Seizu�e� i� �he co���o� ��ou� occu��ed a���oxima�e�y 60 
mi�u�e� af�e� �he i�jec�io�� They we�e ��eceded by �omi�i��, 
i�c�ea�ed �e��i�a�o�y �a�e, exce��i�e �a�i�a�io� a�d hy�e�ac�i�
�i�y� �� ca�� wi�h SMR ��ai�i�� �he �eizu�e� did �o� occu� a� 
a�� o� we�e ��eceded by a �o��e� ��od�oma� �e�iod �80–220 
mi�� Howe�e�, ��emo�i�o�y �ym��om� we�e ��e�e�� i� bo�h 
��ou��, which �howed �ha� SMR ��ai�i��, whi�e i�c�ea�i�� 
�he �eizu�e �h�e�ho�d, did �o� cha��e �he �oxic ��o�e��ie� of 
hydrazine [9, 59, 60]. There was thus a serendipitous finding 
�ha� ��ai�i�� �o i�c�ea�e SMR ac�i�i�y i� �he mamma�ia� b�ai� 
made i� �e�i��a�� �o �eizu�e�� Sub�eque�� wo�� wi�h mo��ey� 
and humans confirmed the finding.

O�e of �he EEG biofeedbac� me�hod� a���ied i� ��ea��
i�� e�i�e��ic �eizu�e� i� ba�ed o� i�hibi�i�� ��ow wa�e 
ac�i�i�y i� �eizu�e o��e� a�ea� a�d e�ha�ci�� SMR ac�i��
i�y o�e� �he �e��o�y�mo�o� ���i�� Acco�di�� �o S�e�ma�, a 
�i�e i� SMR wa�e ��oduc�io� f�om �he �e���oba�a� �uc�ei 
of �he �ha�amu� cau�e� a dec�ea�e i� �he f�eque�cy of �he 
�ed �uc�eu� di�cha��e, �oca�ed i� �he midb�ai� a�d co��
nected by nerve fibres to muscle spindles [61]. Inhibiting 
�he �ed �uc�eu� ac�i�i�y dec�ea�e� mu�c�e �o�e� Addi�io��
a��y, e�ha�ci�� SMR ac�i�i�y, by i�c�ea�i�� �he exci�a�io� 
�h�e�ho�d of �y�amida� ce��� �ha� ��oduce EEG ac�i�i�y, 
dimi�i�he� bo�h �he f�eque�cy a�d i��e��i�y of e�i�e��ic 
�eizu�e� a� we�� a� �ho��e�� �hei� du�a�io� [62, 63]� 

�� 2000, M�B� S�e�ma�’� �e�iew of �he ��udie� f�om 
1972–1996 on a total of 174 epileptic patients confirmed 
�he effec�i�e�e�� of SMR ��ai�i��� A� ma�y a� 142 �a�ie��� 
�82%� demo����a�ed c�i�ica� im��o�eme�� wi�h a� �ea�� a 
50% �educ�io� i� �he �umbe� of �eizu�e� [64]� O�e of �he 
��udie� �e�iewed, co�duc�ed by Luba� a�d hi� co��ea�ue�, 
used an ABA design. During the first phase of rewarding an 
i�c�ea�e i� SMR ��oduc�io� �hei� �eizu�e �a�e� dec�ea�ed, 
a�d du�i�� �he �eco�d ��a�e whe� a �educ�io� of SMR wa� 
�ewa�ded, �eizu�e� i�c�ea�ed� �� �he �hi�d �ha�e, af�e� ��ai��
i�� �he co��ec� �a�ame�e�� a� a� �he be�i��i��, �eizu�e� 
dec�ea�ed a�ai�� Thei� �e�u��� ��a�ed �ha� u�co���o��ed 
e�i�e��y cou�d be ��ea�ed wi�h N�B o� made wo��e if �he 
w�o�� �i�d of N�B wa� co�duc�ed� Thou�h a� u�e�hica� 
research design for human studies, now that efficacy for 
SMR ��ai�i�� ha� bee� e��ab�i�hed, �hi� ABA de�i�� ��udy 
��a�d� a� a �owe�fu� �emi�de� �ha� ��ai�i�� �ucce�� i� ��e�
cific to training the amplitude of a specific frequency band 
in the right direction for a specific disorder. 

A�o�he� exam��e of �ha� ba�ic ��i�ci��e i� �ha� ��e�i�
ou��y ci�ed �e�ea�ch �how� �ha� you dec�ea�e �he�a am��i�
�ude� fo� �ucce��fu� ��ea�me�� of chi�d�e� wi�h ADHD 
[22] bu� i�c�ea�e �he�a am��i�ude� �o im��o�e a��ec�� of 
�e�fo�ma�ce �e��ecia��y �he emo�io�a� i��e���e�a�io� of 
�he mu�ic� i� ��i��ed mu�icia�� [46, 65]� Ob�iou��y, �he�e 
�wo ��ou�� wou�d ha�e diffe�e�� ��e���ai�i�� EEG ��o�
files; since highly trained musicians have no problem with 
�u��ai�ed a��e��io�, �hey wou�d �o� �how �he exce�� �he�a 
cha�ac�e�i��ic of �eo��e wi�h ADHD� A �e�a�a�e me�a�
a�a�y�i� by G� Ta� e� a�� i� 2009 e�com�a��ed 10 ��ud�
ie� co�duc�ed be�wee� 197–�2005 �ha� me� hi� c�i�e�ia fo� 
a�a�y�i�� Ac�o�� �he ��udie�, �he�e wa� a �o�a� of 87 �a�ie��� 
wi�h d�u���e�i��a�� e�i�e��y� Wi�h EEG biofeedbac�, �he 
�educ�io� i� �eizu�e f�eque�cy of > 50% wa� ob�e��ed i� 
74% of �he �ubjec�� [48]� 

AUTISM AND ASPERGER’S SYNDROME 
Au�i�m i� a �e��a�i�e de�e�o�me��a� di�o�de� cha�ac�e�ized 
by im�ai�ed �ocia� i��e�ac�io� a�d commu�ica�io�, a�d by 
�e���ic�ed ��e�eo�y�ica� beha�io� �a��e��� [66]� �� i� of�e� 
defined as a spectrum condition, which means that its symp�
�om� ca� be ma�ife��ed i� �a�iou� fo�m� a�d wi�h diffe�e�� 
i��e��i�y� ��� e�io�o�y i� mu��ifac�o�ia�, i�e� bo�h �e�e�ic a�d 
e��i�o�me��a� [67]� A��hou�h exac� cau�e� ha�e �o� ye� 
bee� de�e�mi�ed, co��em�o�a�y ��udie� �i�� au�i�m �o bio�
�o�ica� a�d �eu�o�o�ica� ma�fu�c�io� of �he b�ai� [68, 69]� 
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Ea��y dia��o�i� a�d ��ea�me�� a�e e��e��ia� i� e��u��
i�� a� au�i��ic chi�d’� o��ima� de�e�o�me��� T�adi�io�a� 
me�hod� of ��ea�i�� au�i�m i�c�ude �ha�maco�o�y a� we�� 
a� beha�io�a� �ech�ique�, �uch a� ��eech �he�a�y, �e��
�o�y �he�a�y, mu�ic �he�a�y a�d hi��o�he�a�y ��he�a�eu�
�ic ho��ebac� �idi��� [70, 71]� De��i�e a �a��e �umbe� of 
�he�a�eu�ic me�hod� commo��y u�ed wi�h au�i��ic chi�d�e�, 
�o �he�a�y a� ��e�e�� ��oduce� �a�i�fac�o�y �e�u���� How�
e�e�, i� �ece�� yea�� �eu�ofeedbac� a� a �eu�o�hy�io�o�i�
cal treatment has been gaining significance [72].

B� Ja�u�iewicz co�duc�ed a ��udy i��o �he effec�� of 
EEG biofeedbac� o� au�i��ic �a�ie��� [73]� The �e�u��� fo� 
12 chi�d�e� �11 boy�, 1 �i���, a�ed 4–13, we�e com�a�ed 
with a control group of 20 children. Patients attended an 
a�e�a�e of 36 ��ai�i�� �e��io�� �f�om 20 u� �o 69�� The 
��ea�me�� ��oduced a 26��e�ce�� �educ�io� i� ATEC �ym��
�om �co�e� �The Au�i�m T�ea�me�� E�a�ua�io� Chec��i���� 
A� im��o�eme�� wa� a��o �e�o��ed i� �a�e�� i��e��iew�� 

A�o�he� ��udy wa� co�duc�ed by R� Cobe� e� a�� o� a 
��ou� of 37 au�i��ic chi�d�e� wi�h a co���o� ��ou� of 12 
chi�d�e� [74]� The ��ai�i�� ��o�oco�� we�e cho�e� i�di�
vidually, based on QEEG. The results showed significant 
im��o�eme�� i� �a�ie��� who �ecei�ed N�B ��ai�i��, com�
�a�ed wi�h �he co���o� ��ou�� Acco�di�� �o ATEC �co�i��, 
ASD �ym��om� dec�ea�ed by 40% a�d EEG cohe�e�ce 
dec�ea�ed i� 76% of �he �ubjec���

Ho��ma� a� a�� �e�iewed ca�e �e�o��� a�d co���o��ed 
��ia�� ��io� �o 2011, i��e��i�a�i�� �he effec�i�e�e�� of N�B 
a� a ��ea�me�� of �he co�e �ym��om� of ASD� They co��
c�uded �ha� exi��i�� e�ide�ce doe� �o� �u��o�� N�B a� a 
��ea�me�� �ecomme�ded fo� ASD co�e �ym��om�, mo���y 
�howi�� a� im��o�eme�� i� como�bid ADHD �ym��om� 
[72]� Kouijze� a� a�� e�a�ua�ed �he effec�� of N�B i� chi��
d�e� a�d ado�e�ce��� wi�h ASD i� a ��e�e����o���e�� co���o� 
��ou� de�i�� ��udy� 38 �a�ie��� we�e �a�dom�y di�ided �o 
N�B, ��i� co�duc�a�ce biofeedbac� a�d wai�i�� �i�� ��ou�, 
�a��ici�a�ed i� 40 i�di�idua� �e��io�� ��o�ided �wice a 
week. QEEG analysis indicated that 54% of the partici�
�a��� �educed �hei� ��ow ac�i�i�y i� EEG a�d im��o�ed 
co��i�i�e�y� Ou�come� �u��e��ed �ha� N�B ca� be u�ed �o 
�e�u�a�e EEG ac�i�i�y i� �co�e of im��o�me�� i� co��i�
tive flexibility but does not result in significant reduction 
i� �ym��om� of ASD [75]�

U��i�e o�he� au�i�m ��ec��um di�o�de��, A��e��e�’� 
�y�d�ome doe� �o� im�ai� �he de�e�o�me�� of ��eech a�d 
co��i�i�e fu�c�io�� [76]� Amo�� o�he� EEG diffe�e�ce�, 
�a�ie��� wi�h A��e��e�’� �y�d�ome demo����a�e �ow ac�i��
i�y i� �he �i�h� hemi��he�e a�ea� �e��o��ib�e fo� emo�io� 
��oce��i��� C�i�ica� ma�ife��a�io�� of ab�o�ma� ac�i�i�y i� 
�he �i�h� �em�o�a���a�ie�a� ju�c�io� i�c�ude �e��o�y a��o�o�
dia, i�e� �he i�abi�i�y �o com��ehe�d emo�io� i� ��eech a�d 
�e��u�e�, a�d i��e���e� �ua�ce a�d i��ue�do� Thi� may be 
accom�a�ied by ab�o�ma� ac�i�i�y i� �he �i�h� f�o��a� �obe 
a��ocia�ed wi�h mo�o� a��o�odia, i�e� �he i�abi�i�y �o co��ey 
emo�io� i� ��eech �h�ou�h �hy�hm, �i�ch a�d �o�e of �oice� 
No effec�i�e �ha�maco�o�ica� �he�a�y fo� A��e��e�’� �y��
d�ome i� ��ow�, �hou�h ma�y d�u��, �a��i�� f�om ��imu�
�a��� �o a��ide��e��a��� a�d a��i��ycho�ic�, a�e f�eque���y 
prescribed to try to reduce symptoms. Psychotropic drugs 

do not reduce the basic difficulties in social interaction and 
commu�ica�io� [77] a�d �ome, �uch a� ��imu�a���, may 
i�c�ea�e a�xie�y� Neu�ofeedbac�, combi�ed wi�h hea�� �a�e 
�a�iabi�i�y, ��i� �em�e�a�u�e a�d mu�c�e �e��io� biofeed�
bac�, ca� be a� effec�i�e com�o�e�� of �he�a�y [33, 78]� 

�� 2009, L� Thom��o� a�d M� Thom��o� �ub�i�hed �he 
�e�u��� of a ��udy o� 150 �a�ie��� wi�h A��e��e�’� �y�d�ome 
a�d 8 �a�ie��� wi�h a dia��o�i� of �ow fu�c�io�i�� au�i�m 
[79]� Ba�ed o� �he qua�i�a�i�e a�a�y�i� of �he 19�cha��e� 
EEG �eco�di���, 83% of �he A��e��e�’� �a�ie��� demo��
���a�ed �owe� ac�i�i�y i� �he �i�h� �o��e�io� �em�o�a� a�ea, 
com�a�ed wi�h �he homo�o�ou� a�ea i� �he �ef� hemi��he�e 
(P8 > P7) for slow wave activity), with increased alpha 
ac�i�i�y a� 8–9 Hz� �� 86% of �he ca�e�, �z a�d Cz �i�e� 
�e�i��e�ed exce�� ��ow �he�a wa�e� a�d a hi�he� �he�a/be�a 
�a�io, com�a�ed wi�h �o�ma�i�e da�aba�e�� Af�e� 40 �e��
�io�� of ��ai�i�� �he ou�come� we�e �o�i�i�e, wi�h �educed 
�ym��om �e�e�i�y mea�u�ed by co��i�uou� �e�fo�ma�ce 
tests and parent questionnaires and a 10 point gain in IQ 
�co�e� u�i�� �he Wech��e� ���e��i�e�ce Sca�e�� 

MIGRAINES AND TENSION TYPE HEADACHES
B�B ��ai�i�� ha� a��o fou�d i�� a���ica�io� i� mi��ai�e a�d 
�e��io���y�e headache �he�a�y� Commo� �ech�ique� i�c�ude 
hea�� �a�e �a�iabi�i�y, ��i� �em�e�a�u�e, a�d mu�c�e �e��io� 
��ai�i��, a�� of which com��eme�� �ha�maco�o�ica� a�d 
beha�io�a� �he�a�y [80, 81]�

�� 2010, D� S�o�e� a�d M� La��i� �ub�i�hed �he �e�u��� 
of a ��udy o� 37 mi��ai�e �a�ie��� �a�ed 9–79�, who u�de��
we�� a �he�a�y co��i��i�� of EEG biofeedbac�, hemoe��
ce�ha�o��a�hy �HEG biofeedbac�� a�d ��i� �em�e�a�u�e 
biofeedbac� [82]� A�� �a�ie��� had bee� ex�e�ie�ci�� a� 
�ea�� o�e mi��ai�e a��ac� a mo��h a�d had bee� �a�i�� a� 
�ea�� o�e a��i�mi��ai�e medici�e� The �e�u���, e�a�ua�ed 14 
mo��h� af�e� �he ��ea�me��, which co��i��ed of a� a�e�a�e 
of 20 �e��io�bb���, �howed a� �ea�� a 50��e�ce�� �educ�io� 
i� mi��ai�e f�eque�cy i� 70% of �he �a�ie����

�� J� Wa��e�’� ��udy wi�h a co���o� ��ou�, a �o�a� of 71 
�a�ie��� �a�ed 17–62� wi�h �ecu��e�� mi��ai�e headache� 
were examined [28]. Their QEEG showed an excess of 
be�a ac�i�i�y �21–30 Hz� i� 1–4 co��ica� a�ea�� �o��y �ix 
�a�ie��� �ecei�ed �eu�o�he�a�y, �educi�� am��i�ude� of 
21–30 Hz ac�i�i�y a�d i�c�ea�i�� �he am��i�ude of 10 Hz 
wa�e�� The �emai�i�� 25 �a�ie��� i� �he co���o� ��ou� co��
�i�ued �hei� �ha�maco�o�ica� ��ea�me��� �� �he EEG ��ai��
i�� ��ou� 54% of �he �a�ie��� ex�e�ie�ced ce��a�io� of 
�hei� mi��ai�e�, a�d a fu��he� 39% �howed a �educ�io� i� 
mi��ai�e f�eque�cy of mo�e �ha� 50%� �� �he co���o� ��ou� 
o��y 8% of �he �ubjec�� ex�e�ie�ced a dec�ea�e i� mi��ai�e 
f�eque�cy of ��ea�e� �ha� 50% a�d a �educ�io� of �e�� �ha� 
50% wa� ob�e��ed i� 20% of �he �ubjec��� A� ma�y a� 68% 
of �he �a�ie��� i� �he co���o� ��ou� �e�o��ed �o cha��e i� 
headache f�eque�cy�

O�e ca� ��a�e �ha� combi�i�� N�B a�d B�B ��ai�i�� 
positively influences the effectiveness of migraine head�
ache ��ea�me��, i�c�ea�e� �he �a�ie���’ cha�ce� fo� �o�ma� 
e�e�yday fu�c�io�i�� a�d im��o�e� �hei� o�e�a�� qua�i�y of 
�ife [28]� 
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T�auma�ic b�ai� i�ju�y a�d �o���co�cu��io� �y�d�ome
The mo�� f�eque�� cau�e� of head ��auma a�e ��af�

fic injuries, falls from height, swan dives, combat sports, 
�io�e�ce a�d wo����ace accide���� O�e af�e�effec� of head 
i�ju�ie� i� �he �o�����auma�ic �y�d�ome� The �ym��om� 
i�c�ude headache�, dizzi�e��, di��u�ba�ce i� memo�y a�d 
a��e��io�, cha��e� i� �e��o�a�i�y, a�d i�c�ea�ed �e��ou��
ness [83, 84]. Numerous studies have confirmed the effi�
cacy of N�B i� �educi�� �he�e ��ob�em� a�d im��o�i�� �he 
�a�ie���’ c�i�ica� ��a�e [85]� T�ai�i�� ��o�oco�� a�d �a�am�
eters are determined on the basis of QEEG comparison 
wi�h �o�ma�i�e da�aba�e� [86, 87]� The �e�e�a�� �ub�ica�
�io�� i�dica�e diffe�e�� �umbe�� of ��ai�i�� �e��io��, �a���
i�� f�om 20 �o 167, de�e�di�� o� �he �y�e of ��auma a�d 
�he ��ai�i�� ��o�oco� u�i�ized [88–90]� 

In the Department of Pediatric Neurology and Reha�
bi�i�a�io� of �he U�i�e��i�y Chi�d�e�’� C�i�ica� Ho��i�a� i� 
Białystok, NFB therapy was used on a 23-year-old student 
who, as a result of a traffic accident, had sustained a cra�
�ioce�eb�a� i�ju�y wi�h co�cu��io� a�d a b�ai� a�d b�ai��
��em co��u�io� [91]� The �a�ie�� wa� coma�o�e fo� �e�e�a� 
day�� Hi� �eu�o�o�ica� exami�a�io� �howed �ym��om� of 
left faciobrachial paresis and significant memory loss. One 
of �he fo�m� of �he�a�y wa� EEG biofeedbac� co��i��i�� of 
40 i�di�idua�ized ��ai�i�� �e��io��� The ��ea�me�� mea�u��
ab�y im��o�ed hi� memo�y a�d co�ce���a�io�� 

LEGAL REQUIREMENTS
In 2011 the Biofeedback Section of the Polish Society of 
Clinical Neurophysiology (PTNK) was founded [92]. This 
�ed �o d�awi�� u� �he c�i�e�ia fo� ob�ai�i�� EEG Biofeed�
bac� �he�a�i�� a�d ��ecia�i�� �ice��e�� A doc�o� a���yi�� fo� 
�he �ice��e i� �equi�ed �o com��e�e �he ��ai�i��, which du�a�
�io� de�e�d� o� �he a���ica��’� ��ecia��y �medici�e, ��ycho�
�o�y, e�c�� a�d o� �he �ice��e fo� which he o� �he i� a���yi��� 
Gaining expertise and developing new skills in the field of 

biofeedbac� i� made �o��ib�e �ha��� �o cou��e� a�d a��ua� 
co�fe�e�ce� he�d by i��e��a�io�a� o��a�iza�io��, �uch a� �he 
Biofeedbac� �ou�da�io� of Eu�o�e �B�E�, �he Biofeedbac� 
Certification International Alliance (BCIA), the Association 
of Applied Psychophysiology and Biofeedback (AAPB), 
�he ���e��a�io�a� Socie�y fo� Neu�ofeedbac� a�d Re�ea�ch 
(ISNR) and the Polish Society of Clinical Neurophysiology 
[40, 41, 92�94]� BC�A i� �he mo�� �eco��ized i��e��a�io�a� 
standard in biofeedback certification. Online training is also 
a�ai�ab�e a�d i� becomi�� i�c�ea�i���y �o�u�a��

Neurotherapy should be practiced by qualified and 
�ice��ed c�i�icia��� T�ai�i�� �e��io�� co�duc�ed by i�ex�e�
�ie�ced a�d u���ow�ed�eab�e �e��o�� may ��o�e �o� o��y 
i�effec�i�e, bu� a��o ha�mfu�� �m��o�e��y do�e �he�a�y ca� 
�ead �o ad�e��e effec�� a�d exace�ba�io� of �ym��om�� The 
abi�i�y �o o�e�a�e �he i����ume�� i� im�o��a�� bu� �o� �uf�
ficient to provide proper rehabilitation treatment [2, 17]. 

CONCLUSIONS 
The Neu�ofeedbac� me�hod combi�e� e�eme��� of ��ycho� 
a�d �eu�o�he�a�y� The ��ai�i�� i� a �afe, �hy�io�o�ica� aid �o 
treatment and rehabilitation. NFB enables one to influence 
�he b�ai�’� bioe�ec��ica� ac�i�i�y, �hu� e�ha�ci�� �eu�o�eha�
bi�i�a�io� of �a�iou� �eu�o�o�ica�, ��ychia��ic a�d ��ycho�
�o�ica� di�o�de�� ��emmi�� f�om dy��e�u�a�io� of ce���a� 
�e��ou� �y��em mecha�i�m�� The�e �ech�ique� ca� a��o be 
em��oyed �o e�ha�ce �e�fo�ma�ce i� a�h�e�e� a�d o�he� hi�h 
�e�fo�mi�� i�di�idua��� S�i��, i� �he ca�e of ma�y di�ea�e 
e��i�ie�, fu��he� �e�ea�ch i� �ece��a�y �o �e�ify �he me�ho�
d’s efficacy including studies with large samples, follow-up, 
b�i�di�� a�d �ham co���o� ��ia���

Owi�� �o �he fac� �ha� N�B ��ai�i��� e��ai�� modifyi�� 
a �e��o�’� beha�iou� a�d ce���a� �e��ou� �y��em fu�c�io��
i��, a�� ��ocedu�e� �hou�d be o�e��ee� by a ��ecia�i�� who 
is qualified to make the diagnosis of the person’s disability 
a�d ��ac� �hei� im��o�eme���� 
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