& frontiers | Frontiers in Human Neuroscience

SYSTEMATIC REVIEW
published: 12 July 2022
doi: 10.3389/fnhum.2022.920659

OPEN ACCESS

Edited by:
Siegfried Othmer,
EEG Info, United States

Reviewed by:

Adela Chirita-Emandi,

Victor Babes University of Medicine
and Pharmacy, Romania

Stuart R. Black,

Applied Neuroscience Solutions
Limited, United Kingdom

*Correspondence:
Giulia Di Fini
giulia.difini@unito.it

Specialty section:

This article was submitted to
Brain Health and Clinical
Neuroscience,

a section of the journal

Frontiers in Human Neuroscience

Received: 14 April 2022
Accepted: 20 June 2022
Published: 12 July 2022

Citation:

Bazzana F, Finzi S, Di Fini G and
Veglia F (2022) Infra-Low Frequency
Neurofeedback: A Systematic Mixed
Studlies Review.

Front. Hum. Neurosci. 16:920659.
doi: 10.3389/fnhum.2022.920659

Check for
updates
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A Systematic Mixed Studies Review

Fabian Bazzana, Sarah Finzi, Giulia Di Fini* and Fabio Veglia

Department of Psychology, University of Turin, Turin, Italy

Introduction: Neurofeedback training is increasingly applied as a therapeutic tool in a
variety of disorders, with growing scientific and clinical interest in the last two decades.
Different Neurofeedback approaches have been developed over time, so it is now
important to be able to distinguish between them and investigate the effectiveness and
efficiency characteristics of each specific protocol. In this study we intend to examine the
effects of Neurofeedback based on slow brain activity, the so-called Infra-Low Frequency
(ILF) training a recently developed methodology that seems promising for the regulation
of the central nervous system.

Aims: With this review we intend to summarize the currently existing literature on
ILF-Neurofeedback, examine its quality and formulate indications about the clinical
effectiveness of ILF-Neurofeedback.

Methods: Literature search was first conducted according to PRISMA principles,
described, and then assessed using the MMAT appraisal tool. 18 well-documented
studies of ILF-Neurofeedback training in human subjects were picked up and analyzed.
Reports include group interventions as well as single case studies.

Results: Research data indicates good potential for ILF-Neurofeedback to influence
brain activity and neurovegetative parameters. From the clinical profile, a salient common
observation is a high level of individualization as a specific characteristic of ILF-Training:
this feature seems to correlate with effectiveness of ILF-Neurofeedback, but also poses
a challenge for researchers in terms of producing controlled and comparable findings;
according to this point, some recommendation for future research on ILF-Neurofeedback
are proposed. In conclusion, ILF-neurofeedback shows great potential for application
for all those conditions in which the regulation of brain activity and neurophysiological
processes are crucial. Further research will make it possible to complete the available
data and to have a broader overview of its possible applications.

Keywords: neurofeedback, infra-low frequency, ILF, slow brain activity, systematic review, PRISMA, MMAT

INTRODUCTION
Neurofeedback

Since Hans Berger discovered electrical brain activity in the 1920%, interest in brain waves has
mushroomed, especially with regard to understanding the correlations between electrical activity
of the brain, mental states and diseases. Neurofeedback is a kind of biofeedback in which brain
waves are the targeted physiological parameter. Milestones in the development of the field include
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works of Kamiya (1969) and Sterman and Friar (1972) in the 60’s
and 70’s. Based on an operant conditioning paradigm, Kamiya
and Sterman both documented that the brain can alter its own
activity through a system wherein brain waves are measured and
a feedback signal is provided (acoustic, visual, or both). Sterman
et al. (1978) also showed that enhancing a particular type of
brain activity (the so-called sensorimotor rhythm, SMR) through
Neurofeedback significantly reduced chemically induced seizures
in cats. This was then replicated in monkeys. The first application
to humans was published in a case report (Sterman and Friar,
1972); group studies followed, and a later review identified some
20 such studies, 13 with competent controls (Sterman, 2000).
Since then, Neurofeedback has been utilized for a multitude of
indications and symptoms (for a review, see Marzbani et al,
2016), and the number of publications on this topic has grown
substantially over the last decade (Figure 1).

Infra-Low Frequency Neurofeedback
Training

While mainstream research on Neurofeedback was focused
primarily on brain waves in the 8-25 Hz range (Alpha and Beta-
band activity), Birbaumer et al. (1990) investigated slow potential
shifts (Slow Cortical Potentials, SCP) that are related to motor and
cognitive preparation. SCP Neurofeedback-Training was then
applied to reduce cortical excitability. These findings introduced
a modulation model of the brain that contributed to a more
complex understanding of brain activity.

The discovery in 1996 of the existence of preferential training
frequencies (outside of the obvious Alpha rhythm and the
sleep spindle frequency) led to the finding of optimal response
frequencies (ORF) across the broader EEG spectrum. The search
for ORFs in each client eventually led to entry into the Infra-Low
Frequency (ILF) regime, i.e., below 0.1 Hz (Othmer et al., 2013).
The method became one of waveform-following, characterized
by the absence of any discrete reinforcers. The realm of what
are referred as Infra-slow Fluctuations (ISF) can also be trained
by way of conventional operant conditioning. A convergence
is becoming apparent between clinical findings based on ILF-
Neurofeedback and neurological studies showing the association
between slow brain activity fluctuations and a variety of
neurophysiological processes, such as heart-rate variability,
blood pressure and oxygenation and cortical excitability. These
reports suggest a higher-order role of ILF-Rhythms in the self-
organization and -regulation of the central nervous system (Grin-
Yatsenko et al., 2020).

In parallel with the growth in clinical evidence, new
hardware and software was developed to capture slow frequency
oscillations and enable training below 0.1 Hz. This new training
modality highlighted the need to rethink the mechanism of
action that underlies the Neurofeedback: indeed, the basic
operant conditioning conception was no longer suitable for
explaining ILF-Neurofeedback training, given the absence of
overt reinforcers. A more naturalistic model has been suggested,
in which the brain acts to bring about closure between its
expectation for the signal and the actual signal, in line with
its normal self-regulation response (Othmer, 2015b; Othmer

and Othmer, 2020). Clinical results and theoretical observations
implicated ILF-Neurofeedback training in arousal regulation,
thus engaging our intrinsic control networks, the salience
network (SN) and the default mode network (DMN). Indirect
validation of the conceptual assumptions of ILF-Neurofeedback
comes from the concordance found between the empirically
derived electrode placements, based on clinical effectiveness, and
hubs of the DMN that are accessible at the cortical surface
(Buckner et al., 2008; Othmer, 2015a). These are also the multi-
modal association areas, which serve as input to the salience
network. Thus the training engages two of the three networks
identified by Menon (2011) for his Triple Network Model
of Psychopathology. Clinical evidence, complemented with an
appealing model, stimulated the present literature review on ILF
Neurofeedback training.

PURPOSE OF THIS REVIEW AND
METHODS

As briefly mentioned above, research on slow neuronal and
physiological patterns of activation point to a prominent role
of these rhythms in regulating central nervous processes and
large network patterns of activation. Clinical observations have
highlighted the effectiveness of Neurofeedback that engages very
slow oscillations in brain activity, therefore, an overview of
the studies in this field and the data collected so far is of
general interest.

Aim of This Study

With this review, we intend first to collect all the available
research findings in English relative to Infra-Low Frequency
and Infra-Slow Fluctuations Neurofeedback, based on selected
published clinical studies on healthy or clinical subjects. We
believe this is the first systematic review to date that deals
specifically with Infra-low Frequency Neurofeedback. Secondly,
we wish to analyze the quality of the studies considered, using
a method that allow us to compare disparate research designs.
Finally, based on the parameters provided by the authors, we
intend to consider the effectiveness of ILF-Neurofeedback as a
clinical intervention tool. Possible directions for future research
in this area will also be proposed based on the findings.

Literature Search and Studies Selection
Literature search (in English, unlimited publication period)
performed with PubMed, ResearchGate, PsycInfo, and
PsycArticles, led to 36 pertinent articles. Key words
selected for research were: “Infra-Low/Infra-Slow Frequency
Neurofeedback”; “Neurofeedback and ILF/ISF”; “Neurofeedback
and slow brain activity”. Literature research was conducted
during January-February 2022. In addition, a literature list of
33 works was found on internet-site about ILF-Neurofeedback
training, and in book bibliographies.

The publications we found underwent a selection process
according to PRISMA statement (Page et al., 2021; Figure 2).
After duplicates removal, criteria for eligibility were: (i) Clinical
studies with clearly described ILF/ISF-Neurofeedback training
as the sole intervention; and (ii) Use of objective parameters
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FIGURE 1 | Published research articles about Neurofeedback. Source: Pubmed (https://pubmed.ncbi.nim.nih.gov/); data access 15.01.2022.

(neurobiological data, test, questionnaires, etc.) to determine the
effectiveness of Neurofeedback training.

Group interventions as well as single case studies were
included. Due to the small number of articles found, we have also
included three well documented, university master or doctoral
dissertations, accepted and published by the respective academic
institutions (Nilsson and Nilsson, 2014; Ingvaldsen, 2019;
Lamprecht, 2019). After comparing and selecting the papers,
we came up with 18 studies. Table 2 shows the selected studies
and their main characteristics. One criterion that proved to be
particularly discriminating concerned the precise description of
the neurofeedback protocol used, since we had to ensure that the
studies concerned ILF activity.

Studies Assessment

The second step of our review involved the application of a
tool to appreciate the quality of the selected studies. For this
purpose, taking into account the variety of methodologies used
in the selected studies, we used the Mixed Methods Appraisal
Tool (MMAT, Hong et al., 2018). This procedure involves, after
defining the type of study analyzed, the evaluation of specific
research criteria by means of two general and five specific
questions, to which the answers can be “yes,” “no” or “can’t tell”
(Table 1). Selected clinical studies underwent MMAT appraisal
analysis through two independent examiners. After comparison
and discussion, a score table was produced (Table 3).

RESULTS
Study Selection

The study selection process conducted according to PRISMA
principles identified 18 papers suitable for our review, they are
collected in Table 2.

The research articles found cover a total period of 10 years;
it can also be noted that half of the studies were published

within the last 2 years, reflecting the growing interest in ILF-
Neurofeedback training.

Narrative Description of Studies
Below we briefly summarize the main contents of the
reviewed studies.

Infra-Low Neurofeedback and Brain Activity

A first group of articles (1, 7, 9, 10) has in common the
investigation of the effects of ILF-Neurofeedback on brain
activity in healthy subjects. Grin-Yatsenko et al. (2018a) found
a significant increase of spectral power in the EEG 0.016-
0.5Hz frequency band after 20 sessions of ILF-Training in
eight healthy subjects, compared to the pre-training EEG. They
concluded that improvement of slow brain activity was linked to
an improvement in the metabolic balance in brain tissue, and
an increased efficiency of compensatory mechanisms in stress
regulation systems.

In another research project, Grin-Yatsenko et al. (2020)
selected 17 participants (9 randomly assigned in the research
group and 8 controls) who had no diagnosable dysfunction, but
reported some psychophysiological complaints (such as anxiety,
mood swings, stress, fatigue, pain and sleep problems). After 20
Neurofeedback sessions in the ILF-EEG range, the experimental
group displayed a significant increase of the power of brain EEG
activity in the 0.01-0.5 Hz frequency band; same increase was not
detected in the control group that received only HRV (Heart Rate
Variability)-Biofeedback training. A greater health improvement
was observed in the Neurofeedback group.

Dobrushina et al. (2020) examined fMRI patterns following
a single ILF-Session in 27 healthy subjects, and found
increased connectivity between key regions of the salience,
language and visual networks. This suggested a functional
integration of the large-scale brain networks involved in
sensory processing. In the sham-Neurofeedback control group
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FIGURE 2 | PRISMA process of literature selection (Page et al., 2021; http://prisma- statement.org/).

(26 participants), no such increase in brain connectivity
was detected. It should be noted that the control group
also showed changes in brain connectivity, indicating
that the Sham-Neurofeedback cannot be assumed to be a
completely neutral condition (see also the discussion in MMAT
Quality Assessment).

Altan et al. (2016) observed an increased Beta activity and
diminished alpha activity in the gEEG parameters during and
after a single ILF-Neurofeedback session, highlighting the role
of ILF-Training in restoring the neurovegetative balance. These
studies suggest that objective changes occur in brain activity
as a result of ILF-Neurofeedback training. As expected, an
increase in the amplitude of infra-slow oscillations was reported.
Other features, such as changes in connectivity patterns on large
neuronal networks, or modifications of physiological parameters
were also observed. Although not the primary objective of these
studies, several participants also reported improvement in their
wellbeing and psychophysiological balance. In light of these
results, authors called for further controlled studies to gain more

data, clarify the mechanism of action, further understand the
influence of ILF-Training, and verify their long-term effects.

Infra-Low Neurofeedback and Symptom Treatment
The second group of studies is characterized by the application
of ILF-Neurofeedback to various psychophysiological symptoms.
As described above, classic Neurofeedback has been applied
over the years as a therapy for a wide variety of disorders,
e.g., applications in the field of ADHD and epilepsy. Given
the promise of an effective arousal-regulating effect, ILF-
Neurofeedback has also been the subject of trials for various types
of disorders in recent years. The studies reviewed provide a good
example of the state of the art in the clinical setting.

Depression

Depression is a mental disorder that negatively affects feelings,
thinking and behavior. In many cases people affected by
depression experience feelings of sadness, anxiety, loss of
interest, and cognitive impairments such as memory loss or
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TABLE 1 | MMAT quality appraisal criteria description?.

Category of study designs

Methodological quality criteria

Screening questions (for all types)

S1. Are there clear research questions?

S2. Do the collected data allow to address the research questions?

1. Qualitative 1.1. Is the qualitative approach appropriate to answer the research question?

1.2. Are the qualitative data collection methods adequate to address the research question?

1.3. Are the findings adequately derived from the data?

1.4. Is the interpretation of results sufficiently substantiated by data?

1.5. Is there coherence between qualitative data sources, collection, analysis and interpretation?

2. Quantitative randomized controlled trials 2.1. Is randomization appropriately performed?

2.2. Are the groups comparable at baseline?

2.3. Are there complete outcome data?

2.4. Are outcome assessors blinded to the intervention provided?

2.5 Did the participants adhere to the assigned intervention?

3. Quantitative non-randomized 3.1. Are the participants representative of the target population?

3.2. Are measurements appropriate regarding both the outcome and intervention (or exposure)?

3.3. Are there complete outcome data?

3.4. Are the confounders accounted for in the design and analysis?

3.5. During the study period, is the intervention administered (or exposure occurred) as intended?

4. Quantitative descriptive 4.1. Is the sampling strategy relevant to address the research question?

4.2. Is the sample representative of the target population?

4.3. Are the measurements appropriate?

4.4. |s the risk of non-response bias low?

4.5. Is the statistical analysis appropriate to answer the research question?

5. Mixed methods 5.1. Is there an adequate rationale for using a mixed methods design to address the research question?

5.2. Are the different components of the study effectively integrated to answer the research question?

5.3. Are the outputs of the integration of qualitative and quantitative components adequately interpreted?

5.4. Are divergences and inconsistencies between quantitative and qualitative results adequately addressed?

5.5. Do the different components of the study adhere to the
quality criteria of each tradition of the methods involved?

8Hong et al. (2018).

attention deficits. Depression also affects an individual’s level of
functioning at home as well as at work, and is a frequent cause of
an inability to work (American Psychiatric Association, 2013). In
2017, major depressive episodes were estimated to be prevalent in
7.1% of adults in the USA (NIMH, 2017).

Grin-Yatsenko et al. (2018b) presented three case studies in
which they evaluated the effects of infra-low neurofeedback on
depression. One female and two male participants manifested
depressive symptoms; none had consulted a doctor or taken
antidepressive medication. Baseline investigation consisted of
Depression Rating Scales: Montgomery-Asberg Depression
Rating Scale (MADRS), Hamilton Depression Rating Scale
(HAMD), and Beck Depression Inventory (BDI). ILF-
Neurofeedback was used with electrode positioning at T4-P4
and T4-Fp2 during the first sessions; subsequently electrodes
were added at T4-T3 and T3-Fpl. After 20 Neurofeedback
sessions, each 30-45min long, all three patients exhibited an
improvement of mood and self-organization skills, decreased
anxiety, as well as increased emotional stability and resilience. In
particular, the depression profile score of Cases A and B during
the second testing changed, with all scales having improved by

at least 90%; Case C showed an improvement of at least 70%.
The depression profile score for all three participants did not
indicate any depression and the improvements were stable for 1
year after beginning the ILF neurofeedback therapy. According
to the authors, this study also showed that the training led to a
change in brain activity, especially a decrease of theta activity
over frontal and central areas in passive states (Grin-Yatsenko
etal., 2018b).

Post-traumatic Stress Disorder

Post-traumatic stress disorder (PTSD) affects people who have
experienced or assisted in a shocking, traumatic event where
their physical or mental integrity is threatened. Symptoms may
include flashbacks of the event, and disturbing thoughts, feelings
and nightmares. A dysregulation of arousal is often associated
with PTSD.

Nilsson and Nilsson (2014) conducted a pilot study with
traumatized refugees who had been exposed to war and/or
torture. The study was done in cooperation with the Red
Cross Center for Victims of War and Torture in Malmo,
where the Neurofeedback training was performed. Twenty-
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TABLE 2 | Selected articles summary by year of publication.

N. References Topic Sub- Controls Content Sessions Electrode
jects positions
14 Legarda et al. Epilepsy, 3 No Three single cases of ILF-NF training of 21 T3-T4; C3-C4;
(2011) palsy children with various neurological T4-P4; T4-FP2
disorders.
5 Chirita-Emandi Obesity 12 22 ILF-NF training in childhood obesity 20 T3-FP1
and Puiu (2014) management.
16 Nilsson and PTSD 12 9 Effects of ILF-NF training on 8-10 T4-P4; T3-T4
Nilsson (2014) PTSD-symptoms in traumatized refugees.
1 Altan et al. (2016) ECG, 40 No Effects of one session of ILF-NF on 1 T3-T4
EEG, Electroencephalogram (EEG),
GSR electrocardiogram (ECG) and galvanic skin
resistance (GSR).
9 Grin-Yatsenko Brain 8 No Effects of ILF-NF on objective brain 20 T3-T4; T4-P4
etal. (2018a) function- parameters by healthy adults. T4-FP2; T3-FP1
stress
11 Grin-Yatsenko Depression 3 No Three single cases of ILF-NF training of 20 T4-P4; T4-Fp2
et al. (2018b) adults with depression. T4-T3; T3-Fp1
15 Leong et al. (2018) Eating 11 12 Effects of ISF-NF compared to placebo on 6
disorders brain activity and food craving.
12 Ingvaldsen (2019) Fibromyalgya 13 Effects of ILF Neurofeedback on 10-15 T3-T4
fioromyalgia (FM) affected patients as
evaluated by gEEG and symptom scales.
13 Lamprecht (2019) Concussion 7 9 Effects of ILF-NF training in concussion 4 T3-T4; O1-02
injury.
2 Balt et al. (2020) Anxiety 20 9 Effects of ISF-Neurofeedback vs. SMR-NF 10 T3-T4; T4-P4
on autonomic nervous system parameters
in adults with anxiety.
6 Corominas-Roso Impulsivity 10 10 ILF-NF training in the treatment of 40 T3-T4; T4-P4
et al. (2020) impulsive behavior in long-term abstinent T4-FP2; T3-FP1
cocaine and heroin addicts.
7 Dobrushina et al. Brain 27 26 Resting-state fMRI parameters and 1 T4-P4
(2020) function connectivity patterns after a single session
of ILF-NF or sham-NF.
8 Gerge (2020) PTSD 1 no ILF-NF Training in a Complex-PTSD client. 10 T4-P4; T4-FP2
10 Grin-Yatsenko Brain 9 8 Effects ILF-NF vs. HRV training by means 20 T3-T4; T4-P4
et al. (2020) function - of attention test and EEG oscillations. T4-FP2; T3-FP1
attention
3 Bekker et al. Insomnia 20 20 Effects of ISF-NF on autonomic nervous 10 T3-T4
(2021) system, cognitive and emotive parameters
in adults with and without Insomnia.
4 Carlson and Mild 4 No ILF-NF effect on chronic headache, sleep 20 T3-T4; T4-P4
Webster Ross brain and attention disorders in Veterans with T4-FP2; T3-FP1
(2021) injury Mild Traumatic Brain Injury.
17 Orakpo et al. Pain 1 No Single-case of ILF-NF in a client with pain 20 T3-T4; T4-FP2
(2021) and anxiety, sleep, depression and PTSD
symptoms.
18 Schneider et al. ADHD 196 No Effects of ILF-Neurofeedback sessions on M = 38.5 T3-T4; T4-P4

(2021)

attention, hyperactivity and impulsivity.

one individuals were divided into treatment-group (n
12) or control-group (n = 9). Treatment consisted of 8-10
sessions of ILF-Neurofeedback, with initial electrode positions
in T3-T4 or T4-P4, for 10-15 weeks. Five instruments were
used (the PTSD Checklist: Civilian Version; the Hopkins
Symptom Checklist—25; the Symptom Checklist: Subscale
Somatization; the WHO-5—Wellbeing Index; and the Pittsburgh
Sleep Quality Index) to measure differences in symptom

severity. The results indicated a significant improvement
on 4 of the 5 scales seen over time for the treatment-
group compared to the controls. The authors reported some
limitations of the research, in particular the non-homogenous
control group.

Gerge (2020) describes the beneficial effects of training with
10 sessions of ILF-Neurofeedback for a patient with complex
PTSD with a high degree of distress. In addition to the subjective
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TABLE 3 | MMAT score table.

Quantitative randomized Quantitative non-randomized Quantitative descriptive MMAT scoring

References S1 S2 21 2.2 23 2.4 2.5 3.1 3.2 3.3 3.4 3.5 4.1 4.2 4.3 4.4 4.5
Balt et al. (2020) Y Y 0000
Chirita-Emandi Y Y 00000
and Puiu (2014)
Corominas-Roso Y Y ®e000
et al. (2020)
Dobrushina et al. Y Y 00000
(2020)
Grin-Yatsenko Y Y ®0000
et al. (2020)
Lamprecht (2019) Y Y eee00
Leong et al. (2018) Y Y XTI
Bekker et al. Y Y 0000
(2021)
Nilsson and Y Y ----- 0000
Nilsson (2014)
Altan et al. (2016) Y Y N N Y Y Y eee00
Carlson and Y Y N N Y N N 00000
Webster Ross
(2021)
Gerge (2020) Y Y N N Y Y N 0000
Grin-Yatsenko Y Y C N Y Y Y ee000
et al. (2018a)
Grin-Yatsenko Y Y N C Y Y Y 00000
et al. (2018b)
Legarda et al. Y Y C Y C N N #0000
(2011)
Ingvaldsen (2019) Y Y N N Y Y Y eeec0
Orakpo et al. Y Y C Y C N N 00000
(2021)
Schneider et al. Y Y C Y Y Y Y o000
(2021)

Positive response percentage 14 43 86 26 100 0 0 100 0 50 0 33 78 67 56
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improvement reported by the patient, improvements reported at
several standardized scales are reported.

ADHD, Autism

Schneider et al. (2021) analyzed the results of ILF-Neurofeedback
training used on 196 children (average age 12.1 years) with
a diagnosis of ADHD, at 5 therapy centers in Germany.
According to the Othmer ADHD treatment protocol (Othmer,
2015a), initial electrode positioning was at T3-T4 or T4-
P4; training frequency was individually determined. After an
average of 38.5 ILF-Neurofeedback sessions, the authors detected
an improvement in attention, hyperactivity and impulsivity
symptoms, and in performance on a continuous attention test
(QIKtest, BeeMedic, Germany), which measures reaction time,
as well as omission and commission errors. Due to the way the
data were collected, no control group was included.

Legarda et al. (2011) evaluated neurofeedback training and
its efficacy in modulating neurological activity by developmental
disorders in three case studies. Only one (case B) was
trained steady in the Infra-Low frequency range (down to
0.001 Hz); subject was a 6-year-old child born prematurely and
suffered from cerebral palsy, autism, mental retardation, and
symptomatic epilepsy managed by medication. After 21 ILF-
Neurofeedback sessions, authors found an improvement in the
autism profile by 63% and the onset of a normal sleep cycle.

Neurological and Psychophysiological Disorders

Several studies (4, 12, 13, 17) reported ILF-Training efficacy
treating a wide range of neurophysiological symptoms and
disorders, including migraine, fibromyalgia, multiple sclerosis,
post-concussion syndrome and traumatic brain injury.

In a small pilot study, Carlson and Webster Ross (2021)
treated four disabled male war veterans, 35-56 years, who
reported headaches, insomnia, attention difficulties and
general somatic and psychological symptoms due to traumatic
brain injury during deployment; selection of participants was
influenced by time constraints. Participants received 20 sessions
three times weekly of ILF-Neurofeedback, with individually
defined optimal frequency and positioning, starting at T3-T4 for
stabilization and then adding T4-P4, T4-FP2, and T3-FP1. Result
of the training was a significant symptom reduction in each of
12 the self-administered scales, like HIT-6 (Headache Impact
Test), ISI (Insomnia Severity Index), PHQ-9 (Patient Health
Questionnaire). Authors stated that no adverse effect could be
observed and participants enjoyed the training.

Ingvaldsen (2019) explored the effects of ILF Neurofeedback
on fibromyalgia-affected patients (FM). 13 females, previously
diagnosed with FM, underwent qEEG examination and 10-15
ILF Neurofeedback sessions with electrode positioning at T3-
T4. Five symptom scales with score measures were administered
before and after NF training. The qEEG deviations normalized
with ILF Neurofeedback, and fibromyalgia symptoms were
reduced. The author suggested that ILF Neurofeedback affected
symptom reduction by improving functional connectivity and
information processing within and between pain networks.

Lamprecht (2019), examined the effect of ILF Neurofeedback
on dynamic balance and complex gait with cognitive loading,

compared to placebo, in young adults with post-concussion
syndrome. 16 participants, students with diagnosis of post-
concussion syndrome, underwent four sessions with either
ILF-Neurofeedback (7) or sham-neurofeedback (9) with
electrode positioning in T3-T4 and OI1-O2. Dynamic and
postural testing were performed prior to every session.
As result, the Neurofeedback training group showed a
significant positive effect on gait speed as well as on
postural control, compared to the placebo group. Other
measured variables did not differ between neurofeedback and
placebo group.

Orakpo et al. (2021) reported a case of a 55-year-old woman,
who presented with chronic pain related to post-concussive
syndrome, sciatica and sequelae from a car accident, along
with a history of depression, anxiety and PTSD related to the
accident. The patient underwent 20 ILF-Neurofeedback sessions,
with positioning at T3-T4 with frequency of 0.15 mHz and
T4-P4 with frequency of 0.175 mHz. After the training, the
women showed a significant decrease in pain intensity (from
6 to 4.5 points average) and anxiety, an improvement in daily
activities and also a subtle improvement in sleep troubles and
depression. The 1-year follow-up showed further decrease of the
pain index.

Stress, Mood, and Neurovegetative Symptoms

Several studies have investigated the effects of neurofeedback
by measuring physiological parameters and stress-related
symptomatology (1, 2, 3, 9).

Altan et al. (2016) observed an increase in galvanic skin
resistance and a decrease in heart rate in 40 healthy subjects,
with a single session of ILF-Neurofeedback using T3-T4
electrode positioning.

Balt et al. (2020) showed significant changes in several
neurophysiological parameters in a group of twenty adults with
anxiety problems after 10 Infra-low frequency neurofeedback
training sessions with electrode placement in T3-T4 or
T4-P4. The same effects did not occur in the control
group of nine subjects treated with sensorimotor rhythm
(SMR) neurofeedback.

After 10 sessions of ILF-Neurofeedback with electrode
placement in T3-T4, Bekker et al. (2021) observed significant
changes in various neurovegetative parameters (skin
temperature, heart rate, blood pressure), EEG activity, along with
improved neurocognitive performance, in 40 subjects, divided
in two groups with and without insomnia. They also reported a
decrease in depression and in stress indices.

The above-cited work of Grin-Yatsenko et al. (2018a), showed
positive effects of ILF-Training on 8 subjects with a wide list
of symptoms (fatigue, depressed mood, symptoms of inner
tension, mood swings, headache, sleep problems, diminished
attention and poor working memory). Electrodes were placed
at T4-P4, T4-T3 and, subsequently, T4-Fp2 and T3-Fpl. After
20 ILF-Neurofeedback sessions, all participants reported an
improvement of their state: decrease of inner tension, reactivity
to stressful factors, stability of mood, improved body and space
awareness, increase of energy level and of cognitive performance.
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Impulsivity Modulation

Corominas-Roso et al. recruited 20 inmates with a past
cocaine and heroin addiction diagnosis (now abstinent)
for a single-blind sham-controlled study to investigate
the benefits of ILF-Neurofeedback on the modulation of
impulsivity. Electrodes were placed at P4-T4, T3-T4, T4-
Fp2, and T3-Fpl for a total of 40 ILF-NF sessions. The
optimal reward frequency was set between 0.01 and 0.02
mHz. After ILF-Neurofeedback training, clinical symptoms,
such as depressive symptoms, anxiety, impulsivity and
attention, had improved and the benefits were higher than
in the control group. The authors suggested that Infra-low
Neurofeedback was better than placebo in the modulation of
impulsivity in the examined population (Corominas-Roso et al.,
2020).

Eating Disorders

Leong et al. (2018) explored the effects of Infra-slow
Neurofeedback on food craving in obese women with food
addiction. The study was a randomized, double-blind, parallel
trial. The research sample included 11 women and 10 control
subjects, who, respectively, received Infra-Low Frequency
Neurofeedback and sham-Neurofeedback for a total of six
sessions. As hypothesis, the authors suggest that influencing
posterior cingulate cortex (PCC) and the default mode
network (DMM), could lead to benefits in eating management.
After training, the authors found a significant increase in
Infra-low activity in the PCC for the training group. They
also found a benefit in two eating-disorder variables: a 39%
decrease in intense desire to eat and a 36% decrease in the
cognitive “anticipation of relief from negative states” produced
by eating.

Chirita-Emandi and Puiu (2014) evaluated the ILF-
neurofeedback training outcomes in 34 children with overweight
and obesity, age 6-18 years. Twelve subjects were assigned in
the intervention group and 22 in the control group. Assessment
of children was done before the intervention and 3 and
6 months after the intervention. All participants received
psychoeducational recommendations for weight management;
intervention group also had 20 ILF-Neurofeedback sessions
with electrode placement in T3-FP1. Quality of life improved
similarly for both groups, whereas weight loss was higher
in the control group than the intervention, which showed
a quite high drop-out rate. Subjective outcomes reported
by patients in the intervention group were less snacking,
improved satiety, enhanced attention capacity, ameliorated
hyperactivity, and better sleep patterns. As the author noted,
this ILF-NF protocol with positioning in T3-FP1 differs
from the original protocols guideline from Othmer (2015a),
and this can be a reason for the quite weak results of the
intervention group.

The analysis of the content of the selected studies
shows a great variety of themes and methodologies
applied. Overall, a great richness emerges both on
the scientific and on the purely clinical level. In this
sense, we can only confirm the interest reported by

most of the authors for a deepening of clinical research
with ILF/ISF-Neurofeedback.

MMAT Quality Assessment

The MMAT assessment tool was applied to the selected studies by
two independent observers. The respective judgments were then
compared and in case of disagreement the study was jointly re-
evaluated until consensus was reached. Table 3 shows the ratings
of all the studies reviewed, grouped according to the type of
methodology employed. For illustration purposes, an “overall
MMAT score” for each study is also shown analogically, obtained
by returning a full point for each “YES” response and an empty
for each “NO” or “CAN’T TELL’ response to the 5 specific
questions. As the MMAT authors point out, such an index cannot
solely be considered indicative of the general quality of the study,
but rather can serve as a stimulus for discussion (Hong et al.,
2018). Similarly, a percentage of positive answers for each MMAT
question is shown at the bottom of the table.

The MMAT evaluation procedure led us to trace the studies
analyzed back to three research methodologies (quantitative
randomized, quantitative non-randomized and quantitative
descriptive) and to highlight some general strengths and
weaknesses with regard to the research conducted so far on ILF-
Neurofeedback.

During the first stage of literature search, we encountered
a good number of single case experiments. Even considering
the limitations that this type of research entails, for the
scope investigated they can represent an important source of
inspiration, especially for clinical trials. Unfortunately, in many
cases the lack of precise information (characteristics of the
participant, methodology used, etc.) and standardized data, lead
to exclusion from this review. In order for this important type
of clinical research to reach its full potential, it is therefore
imperative that it is applied according to the correct methodology
(Lobo et al.,, 2017). The retained single-cases studies (4, 8, 11,
14, 17) give a good overview of the possible applications of ILF-
Neurofeedback in the clinical setting, showing positive effects,
mainly measured with subjective and objective instruments, in
the face of severe symptoms.

In quantitative randomized study designs (2, 5, 6, 7, 10,
13, 15) we have a solid body of research that generally shows
good clinical effectiveness of ILF-Neurofeedback compared to
control groups. With respect to the methodology examined, a
common observation was the lack of a clear description of the
randomization method utilized, perhaps considered to be of
secondary importance by the authors; only in one case (Leong
et al., 2018) is the procedure precisely outlined. Another aspect
that emerged when examining the quantitative (randomized,
non-randomized, and descriptive) studies in detail, concerns
the objective difficulty of implementing a classic double-blind
research design, especially when there is the goal to optimize the
clinical effects of Neurofeedback. Generally speaking, in studies
involving a therapeutic instrument applied by a practitioner, it
is difficult to carry out a true double-blind protocol. In addition
to this, due to the particular methodology of ILF-Neurofeedback,
electrode positions and training frequencies are adjusted on the
basis of feedback from the participant, leading to individualized
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treatments. Other control methods, like waiting lists or placebo
groups using sham-Neurofeedback, as was the case for some of
the studies analyzed, are ethically dubious and only feasible in
studies with a very limited number of sessions (like Leong et al.,
2018; Lamprecht, 2019); this, however, limits the possibility of
verifying the therapeutic effects on symptomatic samples, where,
as a rule, more sessions are required to obtain a certain clinical
efficacy. Furthermore, the effects of prolonged use of a “sham”
type of ILF-Neurofeedback should be verified to avoid possible
iatrogenic effects on participants. For these reasons, an active
concurrent control design (as in Balt et al., 2020) should be
considered whenever possible, as proposed by the Declaration of
Helsinki (World Medical Association, 2018; Nair, 2019).

With regard to statistical analysis reported in the studies,
on the one hand we can often observe very sophisticated
mathematical tools for extraction and combination of data, while
for their interpretation in terms of significance (for repeated
measures or comparison between measures) authors fall back on
p-value. In order to be able to interpret the data more reliably
in quantitative studies, it would be advisable to consider a power-
analysis to estimate the necessary sample size and to check, where
possible, the effect size of the results obtained (McGough and
Faraone, 2009).

Another important aspect concerns sampling strategy and
representativeness of the sample chosen in descriptive studies
(MMAT 4.1 and 4.2), especially when the research question
concerns the therapeutic efficacy of Neurofeedback on a specific
clinical population. Although in most studies the diagnostic
process is adequate, participants often come spontaneously to
the research, without selection, or belong to groups of people
already under treatment by the study authors. This makes it
difficult to assess whether the research participants can actually
be considered representative of the clinical reference population.
Of course, this is a general issue in all clinical studies. On
the other hand, the studies analyzed present for the most part
a comprehensive description of the methodologies used and
objective and reliable measures of the variables investigated,
allowing for an in-depth discussion of the data collected and a
good replicability of the research designs.

In addition, the low number of drop-outs reported by the
authors should be noted, even when the research design included
a high number of Neurofeedback sessions (20 or more).

DISCUSSION

State-of-the-Art Research on
ILF-Neurofeedback

In this literature review of Infra-Low Frequency Neurofeedback,
18 studies were selected from a larger sample of research
articles, according to PRISMA principles. An initial selection
of the literature concerned the possibility of ascertaining the
effective use of slow brain activity as the training parameter for
Neurofeedback. Inaccurate descriptions of the Neurofeedback
method used, only partial indications of the data collected
or concomitance with other therapeutic interventions led to
exclusion. The final group of papers selected for this review,

compared to the total number of publications on Neurofeedback
in the last 10 years (over 2,000 from Pubmed searches alone),
is a rather small sample even considering the relatively new
development of ILF-Neurofeedback. However, the overall quality
of the selected studies is to be considered good, in light of
the application of the MMAT assessment tool. Authors show
an important effort to produce solid methodologies on which
to base data collection and answer research hypotheses. Some
general limitations, as indicated in point 3.3, are related to the
difficulty of producing proper controlled studies and ensuring
the representativeness of the samples investigated. Despite
these challenges, the findings resulting from the collected data
converges toward a favorable clinical response to the application
of ILF-Neurofeedback on brain activity, and many authors
suggest that further research in this area is desirable.

ILF-Neurofeedback, Specificity and

Clinical Results

Following up on the objective of verifying the effectiveness of
ILF-Neurofeedback, we have selected an initial group of research
studies that focused on verifying its ability to modify slow brain
activity. This has often been correlated with the modulation
of several neurophysiological processes and with the level of
sensitivity of large neuronal networks, especially the default mode
network, as described above. The data collected from the trials
on healthy subjects indicate that even with just one session of
ILE-Neurofeedback, changes were observed in the basal brain
activity and connectivity of the brain. Several parameters of
neurovegetative activation (temperature, blood pressure, skin
conductance, etc.) have also been shown to be significantly
influenced by ILF-training (Section Infra-Low Neurofeedback
and Brain Activity).

A group of studies concerned the application of ILF-
Neurofeedback to clinical symptomatology. Positive effects have
been highlighted in the literature reviewed for a wide range of
symptoms and in general, a favorable effect on wellbeing has
been reported (Section Infra-Low Neurofeedback and Symptom
Treatment). Although more studies are desirable to confirm
the observations, this wide application and versatility of ILF-
Neurofeedback may suggest a general, non-specific mechanism
of action toward a stress reduction effect and better brain
modulation, according to the regulatory explication model
proposed by Othmer and Othmer (2020). Conversely, if these
results are further confirmed, the hypothesis of a common factor
in a broad spectrum of the psychopathological symptomatology
may well be supported.

What clearly emerges from many of the studies analyzed, and
what distinguishes ILF-Neurofeedback from other methods, is
the high degree of individualization of training protocols. The
optimal training frequency is sought in most cases, followed by
micro-adjustments during sessions and from session to session,
based on client response. In addition, placement of electrodes
rarely reduces to a single one; more typically 2-4 different
positions are utilized in a varying way for each participant to
maximize therapeutic effects. As reported, these features are
intrinsic to ILF-Neurofeedback and its governing principles,
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thus differing significantly from classic EEG-Neurofeedback,
which relies on “good” and “bad” frequencies, or Z-score
Neurofeedback, targeting a “normalization” of brain activity
(Haus et al., 2016).

The high level of individualization of the training, and the
prominent role of the client involvement in the therapeutic
process, may be reasons for the good therapeutic effectiveness
reported in the studies examined, indicating that ILF-
Neurofeedback is a neurophysiological tool whose effectiveness
is correlated with—perhaps even contingent on—the quality of
the client-therapist interaction. Implicitly, the neurofeedback
practitioner must have very good technical and clinical expertise,
correctly interpreting training effects and client reports. As a
virtuous “side effect” of ILF-training procedure, increasing client
awareness about their symptomatic and positive mind/body
states may well aid the journey to mastery.

CONCLUSIONS AND INDICATIONS FOR
RESEARCH

Referring to the objectives of this review, we can conclude that
studies on ILF-Neurofeedback training are still relatively few at
the moment, but of good quality. With regard to its efficacy, ILF-
Neurofeedback has shown promising results for a wide variety of
symptoms, promoting better regulation of brain activity and of
the neurovegetative system.

Insofar as therapeutic effectiveness is correlated with
individualization of ILF-Neurofeedback protocols, a challenge is
posed to standard research designs. Researchers are confronted
with a complex decision-making process, having to find a delicate
equilibrium between maximizing therapeutic effectiveness
(therefore individualizing protocols) and reducing variability to
ensure validity and replicability of the studies. Considering the
young age of ILF-Neurofeedback Training and the promising
results rising from the reviewed literature, there is a scientific
and clinical interest to motivate further controlled studies.
The following are some indications for future research in
this domain, mainly provided by the authors themselves
or extrapolated from the analysis conducted in this review:
(a) in group trials, where possible it is suitable to consider the
representativeness of the sample for the reference population and
the sample size in regard to the expected effects (power analysis);
(b) in clinical studies, psychosocial data, along with diagnosis
and symptomatology (and their variation) of participants
should be clearly defined with objective and international
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