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Deficit Hyperactivity Disorder
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Abstract

Identified with symptoms of deficits in attention, hyperactivity and impulsivity, Attention Deficit
Hyperactivity Disorder (ADHD) is one of the most common psychiatric disorders of childhood and
adolescence. With its neurobiological underpinnings, most effective treatment of the disorder has so
far been reported as drug therapies. In addition to pharmacological interventions, other non- pharma-
co-logical treatment strategies have also been suggested, in order to efficiently improve symptoms
and overall functioning. Among nonpharmacological ADHD treatment techniques, neurofeedback has
long been phrased as a treatment strategy for the condition since early 1970s. Preliminary studies
showed that neurofeedback was effective in treatment of ADHD. However, well-designed studies and

meta-analyses show that the efficacy of neurofeedback is not clear.
Keywords: ADHD, neurofeedback, treatment.

0z

Dikkat eksikligi ve hiperaktivite bozuklugu (DEHB), dikkatsizlik, hiperaktivite ve diirtiisellik ile ayirt
edilen, cocukluk caginin en sik goriilen psikiyatrik bozukluklarindan biridir. Norobiyolojik bir hastalik
olarak kabul edilen ve tedavi gerektiren bu bozuklukta ilag tedavileri en etkili tedavi yaklagimidir.
Buna ek olarak, belirtilerin en iyi sekilde azaltilmasi ve genel islevselligin iyilestirilmesi icin ilag ve
farmakolojik olmayan girisimlerin birlikte kullanildigi tedavi yaklasimlar da onerilmektedir. Neu-
rofeedback, farmakolojik olmayan tedavi yaklagimlari arasinda 1970'lerin basindan beri DEHB'de bir
tedavi stratejisi olarak kendisini gdstermektedir. Erken calismalar neurofeedback'in etkinligine yonelik
olumlu sonuglar bildirmektedir. Ancak, iyi tasarlanmig giincel calismalar ve meta-analizlerden gelen

veriler bu olumlu sonuglara siiphe getirmektedir.
Anahtar sozciikler: DEHB, neurofeedback, tedavi.
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ATTENTION Deficit Hyperactivity Disorder (ADHD), is identified with symptoms
of deficits in attention, hyperactivity and impulsivity, that are inconsistent with the
developmental level and age of the individual, and is among the most common psychi-
atric disorders of childhood (Pliszka 2007). Many clinical practice guidelines have a
consensus on pharmacological treatments as being the most efficient treatment ap-
proach for this disorder, that is known to have neurobiological underpinnings (Taylor
et al. 2004, Pliszka 2007, Ercan et al. 2008, Kooij et al. 2010). In addition to this, non-
pharmacological interventions are also recommended as augmentation strategies, in
order to decrease symptoms efficiently, and improve overall functioning (Majewicz-
Hefley and Carlson 2007, Puride et al. 2002). Among non pharmacological treatment
strategies, Neurofeedback (NF, EEG- biofeedback) have long been regarded as a
treatment approach for ADHD, since early 1970s (Lubar and Shouse 1976, Holtmann
et al. 2014, Arns et al. 2015).

EEG, is identified as rythmic activity, in terms of hertz (Hz) that reflects the num-
ber of waves per second. These rhythmic activities are grouped as delta (8) waves, up to
4 Hz; teta (0), between 4-8 Hz, alfa (a); between 8-12 Hz, and beta (B); between 12-
30 Hz. Within each rhythmic activity, there are also recognisable and functionally
significant rhythms. For instance, a certain type of beta activity observed over senso-
rymotor cortex (12-15 Hz) is defined as sensorymotor rhythm (SMR).Of these rhyth-
mic activites, delta waves are linked to sleep state; theta waves, to inattention and a
state of drowsiness; alpha, to relaxing state, being awake and vigilant; while beta, to
being active and attentive. On the other hand, magnitude of SMR amplitude is linked
to sensorymotor inhibition. When sensorymotor regions are inactive, the amplitude
tends to be higher (i.e, at resting state), whereas when aforementioned regions are
activated (i.e, during motor tasks), the amplitude decreases (Hurt et al. 2014).

Through the end of 1960s, it was learned that regulating and renewal of brain wave
patterns was possible (Kamiya 1968). This brainwave training has been named, what
we know asNF, of today.A preconception that NF might be utilized in the clinical
setting was actually based on the observation that cats who had been conditioned to
produce a certain EEG frequency (SMR), maintained a higher seizure threshold when
exposed to methylhydrazine, as convulsant agent (Sterman 1969). As the process
evolved,it was also thought NF might be used in treating ADHD. Researchers have
reasoned the use of NF (theta/beta training) in ADHD specifically, based on the find-
ings derived from prior resting state EEG studies, where children with and without
ADHD, were typically compared (Heinrich et al2007). Various studies have shown
prominent slow wave activity in ADHD, especially in posterior regions (6, 4-8 Hz)
and/or decline in alpha and/or beta activity during resting state EEG, as well as during
attention task processes. This neurophysiological deviation provides a logical ground for
using theta/beta training in ADHD children (Gevensleben et al2012). However, most
recent findings oppose to conceptualize theta/beta ratio at resting state EEG, as a
reliable biomarker of EEG, to be used in the course of ADHD. This might be inter-
preted as among children with ADHD, at least one subgroup might be presenting with
high theta/beta ratio, at resting state (Arns et al. 2013). For example, Heinrich and
colleagues (2014), have reported higher theta/beta ratios among ADHD children, with
predominantly attention deficit type, as opposed to the viewpoint that declared an
increased theta/beta ratio, among all ADHD subtypes, during attentive states (Hein-
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rich et al. 2014). Therefore, high theta/beta ratio or high theta values, do not seem
possible to characterize all clinical presentations of ADHD (Ogrim et al. 2012). Due to
such findings in children with ADHD, the question whether theta/beta training would
be appropriate to be used in children with different ADHD subtypes or not, remains
unclear. However, it is apparent that many relevant studies used theta/beta training.
Other than that, although SMR activity has been regarded as another significant varia-
ble in ADHD, the very first article that suggested efficacy of NF in ADHD, had actu-
ally used the SMR protocol (Lubar and Shouse 1976).

With this review, case reports and controlled studies depicting the utility of NF in
the treatment of ADHD, were addressed using a chronological framework, and efficacy
of NF, that has frequently been phrased among non- pharmacological treatment strate-
gies, and as a treatment modality in ADHD, was evaluated in the light of relevant
literature.

Case Reports

As well observed within any field of practice- based clinical research, studies need to be
conducted in order to develop novel treatment approaches. In that sense, preliminary
data on whether NF treatment was valid in ADHD or not, was introjected into rele-
vant literature through the presentation of a case report, in the year 1976. Lubar and
Shouse (1976), presented the results of a NF training protocol, that was used for treat-
ing an 11- year old boy who had been diagnosed with predominantly hyperactive-type
ADHD. In their study comprising a single subject, researchers found the patient was
able to control his SMR activity, and increase it throughout his training sessions. This
study concluded that pharmacological treatment along with SMR training was more
efficient than treatment with only medication use, and caused better clinical improve-
ment. Researchers also stated that the approach would be beneficial in treating children
who had predominant hyperactivity symptoms (Lubar and Shouse 1976). Same re-
searchers also presented a case series of 17 children between the ages of 8-15 years, later
on. As part of this study, cases were trained in order to reduce the percentage of micro-
volt or theta activity within their EEGs, all while increasing the percentage of beta
activity, during 30-45 sessions implemented, all aiming to overcome certain difficulties
caused by ADHD. Following the training, reduction of theta activity and increase in
beta activity was observed in 11 children (Lubar et al. 1995). Another study explored
the effects of NF on 36 participants aged between 6-17 years. Efficacy of treatment was
measured by evaluation of parent questionnaires upon completion of 30-session NF
training, comparison of TOVA (Test of Variables of Attention) scores prior to onset of
training and after 20-sessions of training, and measuring the alterations in quantitative-
EEG (qEEG) parameters post-training, for some cases. At the end of treatment, re-
ports on subjective observations of parents indicated an improvement of 86%, and 74%,
in TOVA scores measured. A high level of correlation existed between observed clinical
improvement and TOVA scores (74%), as well as alterations in qEEG parameters
(78%). In the same study, it was reported that 5 of 24 patients that had been on medi-
cation before, did not require pharmacological treatment anymore, while it was possible
to decrease the dose of medication in 11, and of 8 patients whose medication regimen
was not altered, four were reported to have presented with an overall improvement, in
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turn, causing the researchers to suggest similar doses of the medication might have been
more efficient, following NF training (Alhambra et al. 1995).

After the aforementioned case studies were published, Thompson and Thompson
(1998) explored the effects of NF in 111 children (where 98 of them were aged between
5-16 years old) diagnosed with attention deficit disorder (those who had hyperactivity
and not), while Kaiser and Othmer (2000) aimed to assess the same, in 1089 patients
collected from 32 different units (186 ADHD patients with and without hyperactivity).
Both studies reported an improvement in attention and impulse control, as a result of
the intervention. Additionally, Thompson and Thompson (1998) reported a 12- point
increase in IQ_scores (Thompson and Thompson 1998, Kaiser and Othmer 2000). In
their research, Thompson and Thompson (1998) used metacognitive strategy training
as the intervention, which might possibly have a confounding effect over results ob-
tained. Moreover, 30% of their cases had also been using methylphenidate at the time
of treatment (Thompson and Thompson (1998). Although the large sample size of the
study by Kaiser and Othmer (2000), TOVA being the sole variable evaluated to meas-
ure the efficiency of treatment, would be considered as a main limitation. Another case
study that compared the effects of NF with placebo, among 7 boys aged between 7-12
years and diagnosed with ADHD was important, since it had used the method of non-
treatment feedback procedure. Subsequent sessions of treating and non-treating ver-
sions (placebo) were used in these cases, and parent/teacher ratings and cognitive tests
were applied for each participant. In the end of the study, it was found that treatment
and placebo sessions did not cause significant improvement, and were not significantly
different from each other. Regarding this finding, researchers have suggested that
therapeutic mechanisms such as behavioral techniques, unwillingly, might possibly
account for some of the attributed positive effects of NF, and sometimes causing a
medium- large effect size, these might be falsely interpreted as therapeutic effects of
NF (Heywood and Beale 2003).

When most case reports are reviewed, one might conclude that NF would be an ef-
ficient treatment modality in ADHD. However, in most of the research published, it is
striking to see that no methodology was utilized to assess possible confounding factors
that might have an impact on the results obtained, such as characteristics of the thera-
pist (understanding the patient, experience or trust), patient characteristics (intelligence
and the capacity to learn new skills), treatment characteristics (i.e, inclusion of cases
that have already been on medication), encounter with other therapeutic experiences
(i.e, changes in parenting styles, counseling). Without controlling such confounding
factors, it would be challenging and risky to have a conclusion on the efficiency of NF.
For all these reasons, against all the positive results reported, data obtained through
such research are not enough to suggest the efficiency of any kind of treatment, and to
make generalizations. These difficulties have actually yielded to conducting controlled
studies, within this field.

Controlled Studies

Scientific literature on NF has comprised of case reports solely and non-randomized or
not open labeled studies for a long time, following the first case report published in
1976. The very first review published in 2005, focusing on the place of NF, in the
treatment of ADHD, concluded that NF might be a viable and efficient treatment
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option (Monastra et al. 2005). This piece of information constituted a significant
source of motivation for subsequent research that focused on the subject. Controlled
studies that were striking within this field, have emerged after mid- 1990s.

In an early-term study conducted by Rossiter and LaVaque (1995), effects exerted
by a 20-session NF training model was compared to that obtained by the treatment
with psychostimulant drugs, and no significant difference was found between two
groups in terms of treatment-response rates (Rositter and La Vaque 1995). Another
study by Linden et al. (1996) is significant, as it was the first randomized controlled
study conducted in this field. As part of this aforementioned study, 18 ADHD patients
aged between 5-15 years old (where 6 of the participants had a comorbid diagnosis of
Specific Learning Disorder) were recruited, and with the condition that each group had
equal number of patients, the sample was randomly divided into two subgroups as 40-
session NF group and wait- list control group. As a result of the study, researchers have
reported significant increase in 1Q_scores of the cases within NF group, and reduction
in symptoms of attention deficiency, rated by parental reports. Same reduction was not
observed for the symptoms of hyperactivity and impulsivity. Moreover, no significant
difference was observed between two groups at posttreatment phase, in terms of agres-
sive behavior and oppositional- defiant behavior. Even though randomization of
groups, presence of a control group and elimination of possible confounding factors
(such as being on medication) were maintained and strengths of the study, the fact that
neither children nor their parents were blind to the study methodology, failure to pro-
vide a placebo control for possible confounders such as the time spent with the therapist
and variables related to the treatment setting, were among significant methodological
limitations. Again, while small sample size would not allow generalization of the find-
ings to general population and extraction of reliable conclusions, results of the study
actually reported a reduction in only attention- deficiency. Albeit such methodological
limitations, this study is still important, as it involved randomization (Linden et al.
1996). In another randomized study that had a control group as the wait- list, conduct-
ed with 16 ADHD children aged between 8-10 years old, the NF-treated group com-
pleted a 35-47 session training throughout a treatment period of 6 months. As a result
of the study, treatment group showed reductions in impulsivity symptoms, measured by
using TOVA. On the other hand, teachers have reported improvements in attention,
though no changes in impulsivity and hyperactivity. Along with this, electrophysiologi-
cal improvement models have not been demonstrated consistently, on gEEG measures,
selected by the research team (Carmody et al. 2001).

Monastra and colleagues' study (2002) comes to attention as they lack randomiza-
tion, albeit maintaining a large sample size. As part of this study, a total of 100 patients
who were all diagnosed with ADHD and all treatment naive, were assessed. All pa-
tients were included in a comprehensive clinical program that encompassed drug man-
agement, parental counseling, and school visits, and based on parental choice, 51 cases
had also received NF training. NF sessions were continued for 34-50 weeks, with one
session per week. Patients were tested a year later, when they were on methylphenidate
and not. While on methylphenidate (15-45 mg/day), significant improvements meas-
ured by ADHD rating scales, TOVA and qEEG were observed in both groups, and it
was reported that the group receiving only NF actually preserved these benefits, as
measured with tests, after the medication was stopped. Researchers have stated that
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their findings supported the efficacy of multimodal treatment models including paren-
tal counseling and NF, in addition to stimulant treatment (Monastra et al. 2002).
However, because of methodological limitations such as lack of randomization, blind-
ness, uncontrolled therapeutic effect of the time spent with the therapist; findings of
this study does not provide a clear explanation as to whether it would be necessary to
add-on NF to a multimodal treatment program, in order to maintain clinical benefits
that had emerged following treatment with stimulants.

Table 1: Controlled studies that assess efficacy of neurofeedback in the treatment of ADHD.

Study Method Treatment (NF) | Control group N NF Result
(Random | group (Age) (sessions) (significant
assign- improvement in
ment/ ADHD symptoms,
placebo within NF group)
control)
Rositter &La Vaque -/- SMR/theta/beta Stimulants 46(8-21) 20 -
1995
Linden et al. 1996 +/- Theta/beta Wait list 18(5-15) 40 +
Carmody et al. 2001 +/- SMR/theta/beta Wait list 16 (8-10) 35-47 +
Monastra et al. 2002 -/- Theta/ beta Stimulant 100 (6-19) 34-50 - (clinical improve-
+stimulant treatment-+ ments pursued
treatment-+ other strategies following cessation
other strategies of medications,
within NF group)
Fuchs et al. 2003 -/- Theta/beta Stimulants 34(8-12) 36 -
Levesque et al. 2006 +/- SMR/theta/beta Wait list 15(8-12) 40 +
Drechsler et al. 2007 -/- N Group training 30(9-13) 30 +
program
Leins et al. 2007 +/- SCP Theta/beta 38(8-13) 30 -
Gevensleben et al. +/- Theta/beta/SCP Attention skills 102 (8-12) 36 +
2009b training
Gevensleben et al.. Results of + (clinical improve-
2010 6-month ments have
follow up continued during 6-
of 2009 month follow up).
study
Holtmann et al. 2009 +/- Theta/beta Attention skills 34(7-12) 20 +
training
Perreau-Linck et al. +/+ Theta/SMR Placebo NF 9(8-13) 40 -
2010
Lansbergen et al. +/+ Individualised Placebo NF 14 (8-15) 30 -
201 frequency band
training
Arnold et al. 2013 +/+ Theta/beta Placebo NF 39(6-12) 40 -
van Dongen- +/+ Individualised Placebo NF 4 30 -
Boomsma et al. 2013 frequency band (8-15)
training
Bakhshayesh et al.. +/- Theta/beta EMG- 35(6-14) 30 +
201 biofeedback (no significant
difference was found
via assessment by
the teachers)
Maurizio et al. 2014 +/- Theta/beta/SCP EMG- 25(8.5-13) 36 -
biofeedback
Strehl etal. 2017 +/- SCP EMG- 150 (7-9) 25 + (nosignificant
biofeedback difference was found
via assessment by
the teachers)
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Another study that lacked randomization was conducted by Fuchs and colleagues
(2003). Researchers have compared methylphenidate use and NF among 34 children,
aged between 8-12 years old; and no additional treatment intervention was applied to
any of the groups. Groups were formed according to the parents' choices, and NF
group had a 36-session training throughout 12 weeks. Significant improvements meas-
ured by psychometric and behavioral test groups, as well as parent and teacher assess-
ment reports were obtained, in both treatment groups. Researchers of this study have
concluded that NF, as a non- pharmacological treatment option, was efficient in im-
proving certain behavioral components of ADHD (Fuchs et al. 2003). Although this
study was important due to elimination of confounding effects of add-on treatment
strategies, the fact that treatment strategy to be used was based on parent's choice
might be a confounding factor on results. Since financial burden of NF would be totally
on the family, results reported by families that would be willing to pay for the treatment
and those that would not, might be a source of bias. Such bias could only be disregard-
ed through employing random assignment and inclusion of a placebo control group.
Researchers have actually drew attention towards lack of randomization, as a limitation,
and they have also stated that it would not be possible to implement such a treatment,
without the consent of the parents (Fuchs et al. 2003).

Another study in which randomization was insufficient due to certain reasons (i.e,
the need to have a smaller age gap between the children that participated in the group
program, etc.), was conducted by Drechsler et al. (2007). Researchers recruited 17
children with ADHD (13 boys and 4 girls) to a NF training program, and control
group that comprised of 13 children (10 boys and 3 girls) diagnosed with ADHD were
enrolled in a group training program that was based on cognitive behavioral therapy
principles. Results of the study have indicated more improvement within attention and
cognitive domains specifically, in NF group, compared to parent and teacher reports.
Similar improvements were observed via neuropsychological measures (Drechsler et al.
2007). Although this study has reported positive outcome with NF, insufficient ran-
domization and very small sample size were the main limitations.

In a meta-analysis that included functional brain imaging studies in individuals
with ADHD, functional abnormalities in various regions of the brain, including anteri-
or cingulate cortex (ACC) were reported (Hart et al. 2013). Although Levesque and
colleagues (2006) conducted their study with a small sample, the study was important
since it was the first to demonstrate neurophysiological alterations pre- NF training and
post- training, in aforementioned brain regions that were reported to have been affected
due to the disorder. This study had used functional magnetic resonance (fMRI) tech-
nique, along with psychometric tests. In this study where 15 (8-12 years old) children
were recruited, the group who had received NF treatment demonstrated significant
activation of the right ACC, shown via fMRI, along with an improvement in atten-
tion- related performances. The presence of randomization, control group and exclu-
sion of comorbid diagnoses were strengths of the study. None of the participants were
using psychostimulants; however, no data on other simultaneous interventions during
the study period was available. Again, it was also not reported whether the participants
and researchers were blind to treatment, or not (Levesque et al. 2006).

In addition to general rhythmic activities in EEG, more specific wave patterns
might as well be observed. Such patterns identified as event-related potentials (ERPs)
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are electrical representations of certain sensory and cognitive processes that emerge in
the brain, in response to a stimulation or an event. A certain type of ERPs involve slow
cortical potentials (SCPs) (Lofthouse et al. 2012). While negative SCPs reflect in-
creased arousal (e.g, states of behavioral or cognitive readiness), positive SCPs indicate
a reduced cortical stimulation of underlying neuronal network (e.g, during the state of
behavioral inhibition) (Gevensleben et al. 2009a). A type of SCP that is related to
cognitive readiness is defined as contingent negative variation (CNV). Various ERP
studies that suggest a dysfunctional regulation of energy resources in ADHD, CNV
was shown to have decreased among children with ADHD. In that context, SCP-NF
training was conceptualized to possibly aid in improving the aforementioned dysfunc-
tional regulation of energy resources (Gevensleben et al. 2014). While majority of the
research focused on inhibition of theta, and reinforcement of beta and/or SMR, Leins
et al. (2007) have attempted to explore the efficact of SCP-NF, based on the aforemen-
tioned conceptualization. This study is important, in the sense that it has used SCP-
NF, and compared SCP-NF and theta/beta NF, at the same time. According to the
directory of the study, 38 children with ADHD (8-13 years old) were randomly as-
signed to two groups, with equal number of participants in each group. While children,
their parents and teachers were blind, NF trainers were not. Measures were carried out
at the start, post- treatment and following 6- month follow-up. In the end of the study,
both groups have succeeded in regulating cortical activity consciously, and demonstrat-
ed improvements in attention and IQ. Both parents and teachers have reported signifi-
cant behavioral and cognitive improvements. Along with that, clinical effects resumed
for both groups, 6 months after the treatment. Groups did not show differences regard-
ing behavioral and cognitive outcomes. Along with the comparison of two different NF
protocol, presence of randomization, paying attention to blindness, other than NF
trainers, exclusion of individuals with comorbid neurological and psychiatric diagnoses,
use of standardized assessment tools might be considered among the strengths of the
study. Whereas, NF trainers not being blinded, and a lack of a placebo control group
would be main limitations to the study. Contributing effects of motivation and expecta-
tions of participants over the process, could only be assessed with the presence of a
placebo control. Moreover, the fact that confounding factors possibly related to changes
detected 6 months after the last NF session left unmeasured or uncontrolled, might also
be counted among significant limitations of the study (Leins et al. 2007).

Similar to the study of Leins et al. (2007), in their study where 6- month follow up
results were assessed, has been conducted by Gevensleben and his colleagues (Gevens-
leben et al. 2009, 2010). With this study, effects of NF were compared to a computer-
ized attention skills training, and initial and 6- month follow up results were analyzed.
Contrary to other studies, treatment of control group was designed to be as similar as
possible to NF treatment, and a larger sample size was used. In total, 102 children with
ADHD, aged between 8-12 years old were included in the study. Groups were formed
via random assignment, and pre-, peri- , and posttreatment results were evaluated
through assessing various behavior assessment and rating scales completed by parents
and teachers of participants. Evaluations carried out by parents and teachers suggested
superiority of NF treatment in the reduction of ADHD symptoms (Gevensleben et al.
2009b). Approximately a year later, the researchers published follow-up results of re-
maining 61 children, upon exclusion of lost data and cases that were on medication
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(Gevensleben et al. 2010). These findings were solely based on parent assessments. Due
to changr of teachers and motivational loss observed among teachers regarding comple-
tion of measurement tools, in turn higher rates of dropping out, teacher evaluations
were not included in the analysis during the follow-up period. When findings were
published, it was seen that improvements in ADHD children, as a result of NF, con-
tinued throughout 6-month follow- up period. In order to overcome limitations of
previous studies, exclusion of confounding factors such as parental counseling, medica-
tion and skills training, and blindness of teachers constitute the strengths of the study.
Along with these, it would also be important to carry out an assessment in multiple
domains and settings, such as at home, at school, and following 6- month of monitori-
zation. However, gradually shrinking sample dize due to drop outs and lost data during
the follow- up period (35%) and the decision to let only parent’s complete assessment
tools during follow- up might be considered among the limitations of the study. It is
questionable that data derived from a different source of information, such as a teacher,
would support the information reported by the parents, via measurement tools applied.
Moreover, starting children who do not respond well to NF on medication, would raise
the question whether NF could be counted as a treatment model for ADHD children,
on its own. These results might as well indicate that not all children with ADHD got
better, following NF treatment. As a conclusion, researchers have stated that NF might
be proposed as a treatment model for children with ADHD, along with traditional
behavior training and medication use. However, this study failed to put forward a per-
spective on whether NF could be considered as a treatment model on its own or not, in
children with ADHD and/or how it should be added on multimodal treatment strate-
gies (Gevensleben et al. 2009b, 2010).

Holtmann et al. (2009) have evaluated 34 children between the ages 7-12 years,
who had been diagnosed with ADHD, upon an assessment carried out in a psychiatry
unit of a university hospital. Of participants, 27 continued their psychostimulant treat-
ment regimen, throughout the study period. Similar to that in the study of Gevensleben
et al. (2009), a computerized attention skills training was applied to the control group.
In addition to that, all parents received parental training. Even though randomization
was maintained, no attention was paid towards blindness. As a result of the study,
significant reductions in impulsivity were observed within NF group. Researchers have
suggested theta/beta training might be associated with corrected inhibitor control, and
this might be the reason why the training specifically had an impact on impulsivity.
However, lack of blindness and presentation of any result, directed towards follow-up
period, similar to that observed in the study of Gevensleben et al. (2010), as well as
reporting results for only impulsivity, among cardinal symptoms of ADHD were limi-
tations of this study. Additionally, multimodal approach did not allow assessing the
effects of NF, in an isolated pattern (Holtmann et al. 2009).

A study designed by paying attention to the limitations of previous studies that fo-
cus on ADHD of childhood, was conducted by Perreau-Linck et al. (2010). In line
with the study aims, 9 children (8-13 years old) who were diagnosed with ADHD, by
using Kiddie Schedule for Affective Disorders and Schizophrenia- Present and Life-
time Version (K-SADS- PL) semistructured interview were recruited. Participants
without any comorbidity and medication free were separated in active and placebo NF
groups, via random assignment. Pre- and post-training assessments consisted of scales
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completed by parents and neuropsychological tests. Blinding was maintained for chil-
dren, parents, and NF trainers; however specialists that were responsible for pre- and
post- treatment neuropsychological testing were not blinded. Results of this study
indicated significant improvement in both groups, measured by the results collected
from some subscales, especially hyperactivity, that were filled out by parents, with a
more generalized improvement observed within the placebo NF group, compared to
measures obtained during the pre-treatment phase. All participants showed improve-
ment in at least one, from a series of neuropsychological measures. This improvement
was much more prominent in Stroop Task Inhibition/ Variability condition sub-task
for active NF group, while in placebo NF group, it was more prominent in Strrop Task
Inhibition Condition and Continous Performance test- II (CPT-II) variability meas-
ure. As a result, no significant difference was found between groups. This study makes
an important contribution to this field, since triple blinding of children, their parents
and NF trainers, as well as using placebo control. In addition to this, diagnosing
ADHD by using a valid and reliable instrument, carrying out the control for comorbid
diagnoses and medication, and using standard ADHD treatment outcome criteria,
altogether increase the strength of the study. On the other hand, sample size was very
small, no data related tp follow up was present, and specialists conducting neuropsycho-
logical tests being not blind might have affected the results obtained. Nevertheless,
other factors such as presence of a response to placebo, motivation or expectations were
also thought to contribute to the results of NF training in children with ADHD (Per-
reau-Linck et al. 2010).

Results of another placebo-controlled study that was published approximately a
year after the study conducted by would be important due to the clinical doubt it posed
on other studies that report positive outcome. In this study that consisted of 14 children
(8-15 years old) diagnosed with ADHD, participating children were classfied with
respect to their ages, medication use and EEG subtypes; and then using random as-
signment method, were divided in two groups, identified as NF group (n=8), and pla-
cebo NF group (n=6). Individualized NF treatment protocol was applied to NF group.
Even though analyses suggested significant improvement in ADHD symptoms over
time, changes obtained were similar for both groups. In other words, individualized NF
treatment protocol was not superior to placebo NF treatment protocol, regarding symp-
tomatic improvement in children with ADHD. This study was a randomized, double-
blind, and placebo- controlled study. However, the small sample size makes it challeng-
ing to generalize the findings, to overall population. Moreover, the fact that it has used
individualized NF treatment protocol that would be individually tailored for each child
makes it even harder to compare the results to other study findings, where standardized
NF treatment was applied to participants (Lansbergen et al. 2011).

Another randomized, placebo controlled study that was conducted, by taking
methodological limitations of previous studies into account, has been published by
Arnold and colleagues, in 2013. In fact, this aforementioned study was a work of feasi-
bility, aiming to address possible issues, before conducting another study that would
focus on the given subject. Thirty- nine participants diagnosed with ADHD (6-12
years old), who did not meet any of the determined exclusion criteria (IQ_<80, mental
age <6, history of any comorbid disorder that would require use of psychoactive medi-
cation, former history of NF treatment, and the history of using different types of
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psychotropic drugs for certain time before the onset of the study, etc.), were divided in
active (n=26), and placebo (n=12) groups, with a ratio of 2:1, via random assignment.
Evaluations were made right before the initiation of treatment, immediately after 12th,
24th and 40th NF sessions, and following 2- month follow- up period. Various meas-
urement tools that were filled out by parents, teachers, and clinicians; as well as neuro-
psychological tests have been among instruments for assessment. In general, through an
interpretation of clinical and neuropsychological results, it was reported that active
treatment was not significantly favorable, compared to placebo. Indeed, though statisti-
cally insignificant, placebo group had better results on many symptom-related criteria.
Even though this study was identified as a work of feasibility, it is important with its
reported findings. This is because albeit the small sample size used, the study was de-
signed as a randomized, placebo- controlled and double- blind study, the condition of
blindness was verified, and variables such as comorbidity, medication use were taken
into consideration, at the time of sampling (Arnold et al. 2013). Again, another ran-
domized, placebo- controlled study conducted in 2013, reported insignificant results.
As part of this study, 41 children diagnosed with ADHD (8-15 years old) were ran-
domly assigned to be either included in 30-session NF treatment group (n = 22), or
placebo NF (n = 19) group. The research was designed as a double- blind study, and
the condition of blindness was verified. As a result, NF was not found to be superior to
placebo, with respect to treatment efficacy (van Dongen-Boomsma et al. 2013).

Various studies that explored non-pharmacological interventions in the treatment
of ADHD, have compared NF to other feedback strategies, such as electromyography
(EMG) - biofeedback. Examples to research that employed this aforementioned per-
spective would be studies conducted by Bakhshayesh et al. (2011), Maurizio et al.
(2014), and Strehl et al. (2017), respectively. While the first one of these studies used
theta/beta in NF group, the second one used SCP, and the third one used SCP-NF.
One superiority of the third study mentioned, was its large sample size (n=150). While
the first study (n=35) reported NF was superior only on the attention-deficiency do-
main, as measured by parent assessments, teacher assessments revealed no such differ-
ence was present (Bakhshayesh et al. 2011). In the second study (n=25), while there
were similar improvements, as a result of assessments conducted separately for each
group, there was no significant superiority for adopting NF method for treatment
(Maurizio et al. 2014). As for the last study, there was a reported reduction of core
ADHD symptoms in children from both groups, with more favorable outcomes with
NF; however, similar to the results of the first study, the same were not obtained when
assessments of teachers were analyzed (Strehl et al. 2017). Although different NF
training protocol were used in these aforementioned research, the fact that they have
ended up with different results while using the same control group should be interpret-
ed cautiously. Research where efficacy of NF treatment in ADHD was measured, are
presented in Table 1.

Metanalysis studies that have aimed to assess the efficiency of NF, in the treatment
of ADHD have also been conducted. The very first metanalysis that focused on the
subject was published in 2009, by Arns and colleagues (Arns et al. 2009). This metanal-
ysis comprised of 15 studies in total, where 10 were of prospective- controlled (n=476),
and 5 were of pre-post intervention (n=718) design. Researchers of this metanalysis
have reported effect size of NF, for attention-deficiency, hyperactivity, and impulsivity,
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as 0,81, 0.40, and 0,69, respectively. With its high effect size for attention deficiency
and impulsivity; and medium effect-size for hyperactivity, the researchers have suggest-
ed NF might be an "efficient and specific" treatment strategy, for ADHD. It would be
important to underline that Arns and colleagues (2009) have used systematic and com-
prehensive methods for the metanalysis, such as study selection procedures, inclusion
criteria, identification of pre- and post- measure data. However, including studies that
had used random assignment technique and those that had not, at the same time,
might hinder the safe interpretation of results obtained. On the other hand, it is strik-
ing that most studies they included, were not blinded. Possible bias that might be de-
rived from this non-blinded condition and the effect it might pose on the overall results
cannot be predicted. Another limitation to their study, was the lack of placebo control
groups, included in the studies for their metanalysis. Needless to point out, if we pay
attention to the year the study was published, and bear in our minds that studies in-
cluded in this metanalysis had certain methodological limitations at those days, this
might explain many of the difficulties. This might have caused the researchers to in-
clude studies that were not randomized, not blinded and lacking placebo control
groups, in their metanalysis. However, without encompassing studies with aforemen-
tioned rigorous design, one needs to think over the statement suggesting NF is an
"efficient and specific" treatment strategy, in ADHD, again (Arns et al. 2009).

In a latter meta-analysis following Arns et al. (2009) that had aimed to explore
non- pharmacological intervention strategies for ADHD, the researchers have included
8 randomized controlled studies, in their analysis. Of these RCTs, only one had a
placebo control group, while three had used a wait- list; one used an EMG- biofeed-
back; two used an attention skills training; and one used a non-treatment, as the control
group. Four of the eight studies, involved possibly- blinded evaluations. According to
the analyses that were carried out by using mostly the assessments of parents that were
not blinded to the distribution of treatment, statistically significant reductions in symp-
toms were obtained, and standardized mean difference (SMD) was calculated as 0.59.
Reported results reflect those similar to the ones priorly published by Arns et al. (2009),
though smaller. Besides, when only possibly- blinded assessments were used in anal-
yses, the effect was insignificant (SMD=0.29). Differing from the conclusion Arns and
colleagues have derived in their meta-analysis, these researchers have underlined the
need for more evidence that would include blinded assessments, before one is able to
recommend NF, as a plausible strategy, among non-pharmacological treatment inter-
ventions of ADHD (Sonuge-Barke et al. 2013).

Results of another meta-analysis conducted in 2016, have also pointed out to dif-
ferent findings that has been reported by that of Arns et al. (2009). This meta-analysis
comprised of 13 studies in total, and as a result of the analysis, NF was not found as an
efficient option, in treating ADHD. The meta-analysis encompassed randomized
controlled studies, solely. Inclusion criteria were; recruiting participants aged between
3-18 years, being diagnosed with ADHD or obtaining a score above the cut-off points
as measured by ADHD rating scales, and exclusion of rare comorbid diagnoses (i.e,
Fragile-X syndrome). Acknowledged control conditions were listed as "resuming rou-
tine treatment”, "wait- list", "active”, or "placebo". Among outcome measures, ADHD
symptoms (all ADHD symptoms, and attention-deficit and hyperactivity/ impulsivity
symptoms; separately), neuropsychological laboratory derived measures, academic func-
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tioning measures, and severity of symptoms related to comorbid diagnoses (e.g, opposi-
tional defiant disorder or anxiety disorder), might be identified. As a result of the anal-
yses conducted, initially significant results, with a small- to medium effect size on
attention deficiency, impulsivity/hyperactivity and all ADHD symptoms (SMD<0.5),
were reduced to statistically insignificant levels, when sensitivity analyses were repeated,
with the inclusion of solely placebo- controlled studies. Although a significant effect
resumed for hyperactivity/impulsivity, small effect size was measured (SMD=0.25).
When possibly blinded assessment results were analyzed, effect size for ADHD
measures decreased even further, losing its statistical significance for overall ADHD,
attention deficiency, and hyperactivity/impulsivity symptoms. Moreover, inclusion of
possibly blinded assessments only, as part of the analyses from placebo controlled stud-
ies, still failed to create a statistical difference. Analyses of neuropsychological test
performances yielded to insignificant effect- sizes. Researchers have reported that the
type of NF did not have any effect over the differences observed among obtained re-
sults. In summary, this meta-analysis conducted by Cortese et al. (2016), indicates that
evidences derived from controlled studies that encompass possibly blinded assessments,
did not support NF, as an efficient treatment strategy for ADHD (Cortese et al.
2016).

In their meta-analysis that aimed to assess long-term effects of NF, ] Van Doren et
al. (2018) have only included follow- up studies. Studies were assessed, in the context of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
According to this checklist, 10 randomized controlled studies, that had met the inclu-
sion criteria, were included. This meta-analysis has specifically explored the immediate
effects of NF treatment, and throughout the follow-up phase. In order to carry out a
much more efficient evaluation, researchers divided their control groups in two, as
active and inactive. While active group was identified as the one that used evidence-
based treatment strategies that were proven to be efficient in treating ADHD
(methylphenidate and self- management training), other group has made up the inac-
tive control group. Two hundred fifty-six individuals from NF group, and 250 cases
from the control group were included in the analysis. Follow-up data at 2nd, 3rd, 6th
and 12th month were evaluated. As part of the results obtained, post-treatment effect
size of NF was moderate, for attention deficiency (SMD=0.64), and hyperactivi-
ty/impulsivity (SMD=0.50). This aforementioned effect size tended to increase for
attention problems (SMD=0.80), while remained at moderate levels for hyperactivi-
ty/impulsivity (SMD=0.61). As a result of comparative analyses with inactive group,
NF seems to be significantly supported. However, this significance observed is caused
by very small differences, statistically. On the other hand, the study has implicated that
NF had similar efficacy as a treatment option, similar to treatment that were used in
active groups. Additionally, another remark stressed out was that clinical improvements
caused by NF treatment continued, following cessation of treatment. All these findings
have been reported to support the notion that NF had a different and specific impact.
Attention was drawn to the impact of treatment would not have been due to therapeu-
tic relationship between the patient and the therapist, or treatment-related expecta-
tions, non-specific characteristics of the method, or its placebo- like effects. Inclusion
of 506 cases in total, and having used PRISMA method, this study was considered as a
valuable contribution to relevant literature. However, researchers have also implied that
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in most of the studies included in the meta-analysis, simultaneous use of medical treat-
ment might mask the actual effects of NF. In addition to this, the researchers have also
identified possible bias caused by lack of blinded NF studies, as a limitation (J Van
Doren et al. 2018).

Conclusion

Due to methodological flaws and limitations of available research (insufficient or unde-
termined condition of blindness, failure to measure therapeutic effect of the time spent
with the therapist, presence of confounding factors, small sample sizes in some studies,
lack of randomization in some studies, etc.), limited number of placebo- controlled
studies, unclear results of long-term treatment, inconsistent and discrepant findings
obtained with different studies, efficiency of NF as a treatment strategy in ADHD,
remains vague. Besides, the costly nature of the method as a treatment option, and
considering many companies that wish to market NF as a treatment technique are
readily available, studies that focus on the subject would especially have to give detailed
information, with respect to their conflict of interest situations. Moreover, when studies
that explore this subject are reviewed, it is seen that long treatment duration and more
number of sessions were needed to obtain a sufficient treatment response, with the use
of NF. Taking NF-related time spent and financial burden into account, studies that
would employ a much more rigorous methodology and meticulous design, that aim to
measure the efficiency of treatment, are warranted. Currently, NF is not recommended
as a treatment option, in ADHD treatment guidelines.
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