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Abstract
BACKGROUND 
Chronic insomnia affects about 6%-13% of the Canadian population. Although 
treatments already exist, they each have their own issues. Neurofeedback is a 
neuromodulation technique that specifically targets abnormal brain activity and is 
gaining attention as a possible insomnia treatment.

AIM 
To review the latest studies pertaining to the use of neurofeedback in the 
treatment of insomnia.

METHODS 
In this non-systematic review, only experimental studies assessing the effects of 
neurofeedback on patients with insomnia were targeted across four bibliographic 
databases.

RESULTS 
A total of 12 studies were retained. All neurofeedback studies included in this 
study showed a clear improvement of subjective sleep. However, data concerning 
objective improvement are contradictory. Most studies regarding surface and z-
score neurofeedback show that neurofeedback targeting the sensorimotor rhythm 
in the sensorimotor cortex may help improve subjective sleep. A placebo effect 
seems also to be present in some studies. Several limitations were present in each 
study.

CONCLUSION 
While studies concerning neurofeedback as a treatment for insomnia are 
encouraging, many methodological barriers remain to be resolved to prove its 
efficacy unequivocally. More studies using robust design parameters, as well as 
the replication of existing studies, are necessary to support neurofeedback as an 
effective treatment for insomnia.
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Core Tip: Insomnia is a sleep disorder that is extremely prevalent in the general 
population. The current treatments offered tend to ignore the neurological marker of 
insomnia. Neurofeedback is a type of neurotherapy that is based on training one’s 
electrical brain activity to treat multiple ailments including insomnia. In this review, 
we discuss the different studies that have been published in the last few years 
concerning the use of neurofeedback to treat insomnia and what needs to be improved 
in this domain of research.

Citation: Lambert-Beaudet F, Journault WG, Rudziavic Provençal A, Bastien CH. 
Neurofeedback for insomnia: Current state of research. World J Psychiatr 2021; 11(10): 897-
914
URL: https://www.wjgnet.com/2220-3206/full/v11/i10/897.htm
DOI: https://dx.doi.org/10.5498/wjp.v11.i10.897

INTRODUCTION
Insomnia
Sleep difficulties are very common, with an estimated one-third of adults around the 
world being dissatisfied with their sleep[1]. Furthermore, approximately 6%-13% of 
the general population meets all criteria necessary for the diagnosis of insomnia 
disorder[1-4]. Insomnia is a sleep disorder characterized by a dissatisfaction with the 
quantity and/or quality of sleep[5]. This dissatisfaction must be associated with 
difficulty falling asleep, maintaining sleep and/or waking up early in the morning. 
These difficulties must be present at least 3 nights a week for the past 3 mo and must 
cause distress or impaired functioning[5].

Not only does insomnia causes distress, it is linked to multiple psychopathologies. 
In fact, there is a 40% co-occurrence between insomnia symptoms and mental illness
[6]. Insomnia is also linked to multiple health problems, such respiratory and cardiac 
diseases[7]. Insomnia affects everyone differently, and the profile of individuals that 
suffer from it is very heterogeneous[8]. However, it is widely recognized that 
hyperarousal plays an important role in insomnia[9-12]. For example, insomnia is 
linked to an increased heart rate[13], increased facial muscle tension[14] and a higher 
rate of cortical activation[15]. According to Bonnet and Arand[16], insomnia is a 
hyperarousal disorder and its treatment should aim to decrease arousal.

Currently, there are two main types of treatment: Medication or cognitive 
behavioural therapy for insomnia (CBT-I)[17]. Medication has been shown as effective 
for treating insomnia, while its effects are mainly short-term[18]. Unfortunately, long-
term use of medication causes undesirable side effects, such as cognitive and motor 
coordination problems, physical dependence and rebound insomnia[18,19].

Several studies support the effectiveness of CBT-I in reducing insomnia symptoms, 
such as wakefulness after sleep onset (WASO) and sleep efficiency (SE)[17,20,21]. 
However, there is a lack of research establishing that CBT-I leads to significant 
changes in sleep onset latency (SOL)[22]. It is also important to note that only 60% of 
individuals receiving CBT-I are considered good sleepers after treatment[23]. The 
literature showing that CBT-I is effective at decreasing hyperarousal is also quite 
scarce. In that regard, Altena et al[24] have shown a frontal hypoactivation after CBT-I, 
while Cervena et al[25] have shown an increase in slow waves and a slight decrease in 
beta activity after CBT-I.

While medication is recommended only as a short-term treatment for insomnia with 
non-equivocally lacking effectiveness in the long-term for treating insomnia[18], CBT-I 
focuses mainly on behaviors and cognition surrounding sleep[26]. Because 
hyperarousal has been identified as a predisposing and maintaining factor in insomnia 
disorder[27,28], it would be advisable to offer treatment, such as neurofeedback (NF), 
that aims to modulate hyperarousal and which could offer long-term benefits.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2220-3206/full/v11/i10/897.htm
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NF
NF is a sub-category of biofeedback, a technique where one learns to modulate bodily 
functions, such as heart rate, through feedback[29]. To do this, biofeedback uses 
various stimuli corresponding to one’s physiological characteristics and presents them 
to the client (feedback). The client then uses this information to modify his/her 
physiological functioning[30]. In the case of NF, the physiological signals used and 
modulated are brainwaves.

NF is based on the principle of operative conditioning[31]. There are many different 
types of NF, but they all have in common the use of visual and/or auditory stimuli 
(video, music, etc.) as positive reinforcement presented when electroencephalographic 
(EEG) activity corresponds to the training goal. The withdrawal or modification of this 
stimulus is used as a negative punishment to inform the individual that his/her brain 
functioning is diverging from the training goal. With this basic principle, NF can both 
encourage and dissuade certain brainwaves[32].

The history of neurofeedback is strongly intertwined with that of sensorimotor 
rhythm, beginning with the studies of Sterman et al[33]. Their 1967's study, a precursor 
in neurofeedback research, led to the discovery of the sensorimotor rhythm (SMR), a 
brain state present only during periods of motor stillness. The aim of these studies was 
to reproduce the internal inhibition observed in Pavlov's previous studies, when 
presenting contradictory conditioned responses. Pavlov had observed that the 
modification of conditioned responses caused, in time, lethargy and even sleep in 
dogs. When they attempted to reproduce this effect with cats, they noticed that the 
suppression of a conditioned response, and thus of movement, was linked to a 
bursting rhythm localized at the sensorimotor cortex. This rhythm was thus named 
SMR (11-15 Hz)[34]. They reported that this EEG pattern strongly resembled the sleep 
spindles observed during sleep. In these studies, they also found that cats were able to 
induce this rhythm voluntarily. These cats then showed an increase in the density of 
sleep spindles as well as a reduction in sleep stage transitions and thus prolonged 
sleep[35].

Since then, research on neurofeedback as a treatment for sleep difficulties often 
focuses on the control of SMR. The frequencies associated with SMR vary between 
studies but they usually are around 12 to 15 Hz, sometimes including higher or lower 
frequencies. Some studies uses the inhibition of higher frequencies, such as high beta 
frequencies (20-35 Hz), to reduce alertness, whereas others enhance slower 
frequencies, from delta (less than 4 Hz) to alpha frequencies (8-12 Hz), to promote 
deep relaxation[36].

The various NF techniques can be divided into two broad categories: closed-loop 
NF and open-loop NF[37,38]. Open-loop NF aims at regulating EEG activity by using 
auditory and visual stimuli not representative of the EEG activity at that time. Rather, 
this type of NF aims at synchronizing brain activity to rhythmic external stimulus. 
Closed-loop NF, on the other hand, is based on real-time EEG activity to determine 
characteristics of the transmitted feedback (positive reinforcement or negative 
punishment)[39]. NF is not regulated by any governmental body. However, some 
organizations such as the Biofeedback Certification Institute of America and the 
International Society for Neurofeedback and Research offer guidelines for biofeedback 
training as well as certifications for clinicians. The list of NF techniques presented in 
the Results section is not exhaustive and refers only to those used by the studies 
included in this review.

MATERIALS AND METHODS
This review uses a non-systematic approach to give a general idea of the literature 
available in the field of NF. Articles were collected on four bibliographic databases: 
Psycnet, PubMed, Cochrane Central Register of Controlled Trials and Web of Science. 
For the bibliographic searches, the term "neurofeedback" was combined with the term 
"insomnia" for all categories with the "AND" operator. Synonyms and Medical Subject 
Headings for each term were combined with the "OR" operator.

Once articles were identified, those dealing directly with the use of NF for the 
treatment of insomnia were extracted. Studies focusing on insomnia treatment as a 
comorbid disorder were included, while those papers simply mentioning sleep 
difficulties, without any emphasis on it, were excluded. Only scientific articles and 
abstracts from experimental studies were used for this study. Case studies and 
retrospective studies were excluded. We included all sleep-related measures and 
outcomes. Results pertaining to other disorders are not discussed in this review since 
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our aim is to focus on the efficacy of NF as an insomnia treatment.
Overall, 12 articles were included in this study, including 6 on surface 

neurofeedback (NFS), 2 on z-score NF, 2 on open-loop NF, 1 on high-resolution, 
relational, resonance-based, electroencephalic mirroring (HIREEM) NF and 1 on Brain 
Music NF (see Figure 1 for the schematic of the bibliographical search).

RESULTS
NFS
NFS is a type of closed-loop NF that uses only two to four electrodes and targets a 
reduced number of cortical regions as well as a reduced number of brainwaves[40]. 
During NFS, the client will be presented with his/her own EEG activity, at a specific 
region, in the form of visual and/or auditory stimuli. The purpose of NFS is to 
increase/decrease specific frequencies at specific locations. Our review identified six 
studies using NF for the treatment of insomnia (see Table 1 for the study parameters 
and Table 2 for a summary of the results).

This study[41] used a counterbalance within-subject design with placebo to 
demonstrate whether NF can improve sleep and cognitive performance in individuals 
with insomnia. A single group of 24 participants with primary insomnia received 10 
sessions of NF during which they had to increase the power of their SMR (12-15 Hz) at 
C3. They also received five placebo neurofeedback (PF) sessions where they trained 
the amplitude of non-SMR frequencies at random.

They found a significant increase in SMR power at C3 after NF sessions, with a non-
significant increase at C4. No significant change was observed in SMR power across 
the PF sessions. They reported an increase in fast sleep spindles during non-rapid eye 
movement (referred to as NREM) but no change in slow sleep spindles. Sleep spindles 
are EEG waves of a frequency of 12 Hz (slow sleep spindles) to 14 Hz (fast sleep 
spindles) that are typical of NREM sleep, especially stage 2 sleep[42]. They are markers 
of the wake-sleep transition and have been theorized to play a role in learning and 
plasticity as well as in sleep protection by inhibiting sensory processing[43]. Slower 
sleep spindles have been found in sleep-maintenance insomnia and are linked to 
insufficient sleep pressure and thus difficulties maintaining sleep[44]. Accordingly, 
they observed a decrease in the number of awakenings and an increased duration of 
stage 3 following the NF sessions. The researchers also reported a decrease in 
subjective sleep complaints following NF and PF sessions, but it was not possible to 
determine whether this decrease was solely due to NF. On the other hand, physical 
quality of life improved regardless of the treatment offered, suggesting a placebo 
effect.

In conclusion, they found that it is possible for individuals with insomnia to 
increase SMR power, which allowed an objective modification of certain aspects of 
sleep architecture (N3, fast sleep spindles, number of awakenings). Thus, SMR NF in 
the sensorimotor cortex would improve sleep architecture, subjective sleep quality and 
physical quality of life. It is important to note that there is a strong chance that a 
placebo played a role in this study.

Schabus et al[45] tried to replicate their 2014 findings in a double-blind, placebo-
controlled study. To do so, they used four groups: a primary insomnia group (INS: n = 
16), an insomnia misperception group (MP: n = 9), a sleep control group (n = 26) and a 
NF control group (n = 12). The MP group was composed of individuals that met the 
subjective criteria for insomnia but not the objective criteria. The control groups were 
composed of healthy individuals. The INS and MP groups received 12 NF sessions 
(increase SMR) and 12 PF sessions (increase non-SMR frequencies at random) in 
reverse order. Polysomnographic (PSG) data were recorded before and after each 
condition (NF and PF) for the INS and MP group as well as an initial PSG for the sleep 
control group. The NF control group received only 12 NF sessions.

They found that participants had a higher SMR power after NF sessions than after 
PF sessions, suggesting the ability to self-regulate SMR frequencies. The MP group had 
higher SMR power following the NF sessions than the INS group. The NF control 
group also had an increase in SMR power, but that increase stabilized after one NF 
session. The MP group required four sessions and the INS group required six to 
achieve stabilization of the increase of SMR power. Contradictory to their 2014 study, 
no significant changes were found in sleep architecture following NF or PF sessions. 
The authors found that participants' subjective complaints were reduced following the 
NF as well as the PF sessions, regardless of group (INS/MP), with a larger decrease for 
participants who started with the NF sessions.
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Table 1 Study parameters for surface neurofeedback

Ref. Groups Age/sex Electrode 
placement Protocol Sessions Control/sham 

condition

Schabus 
et al[45]

16 primary insomnia; 9 
insomnia 
misperception; 26 
sleep control; 12 NF 
control (criteria: PSG, 
PSQI, DSM-IV)

Insomnia group: 38.59 ± 11.18-
year-old (range: 27- to 50-year-
old) / 19 females and 6 males; 
Sleep control: 35.52 ± 10.63 
(range: 24- to 47-year-old) / 19 
females and 7 males; NF control: 
26.67 ± 4.46 (range: 22- to 32-
year-old) / 6 females and 6 
males

C3 Enhance: SMR (12-
15 Hz)

12 sessions NF  12 
Sham (mixed); (2-4 
sessions/wk); 8  5 
min blocks/session

Enhance random 
frequencies (other 
than SMR rhythm) 
during present 
sessions (½ first; ½ 
second)

Schabus 
et al[41]

24 primary insomnia 
(criteria: PSQI, SIS-D) 

34.83 ± 10.6 (range: 24- to 46-
year-old) / 17 females and 7 
males

C3 Enhance: SMR (12-
15 Hz)

N/A Enhance random 
frequencies (other 
than SMR rhythm) 
during preset sessions

Cortoos et 
al[46]

9 tele-NF; 8 tele-
biofeedback; 12 
controls

Tele-NF: 41.5-year-old / 3 
females and 6 males; Tele-
biofeedback: 43.8-year-old / 3 
females and 5 males; Controls: 
44.4-year-old/5 females and 7 
males

Cz Enhance: SMR (12-
15 Hz); Inhibit: 
Theta (4-8 Hz) and 
high beta (20-30 
Hz); Biofeedback: 
50 Hz

18 sessions of 1 h 
(2-3 sessions/wk)

Control group

Arns et al
[49]

51 ADHD (SMR: 27, 
TBR: 10, SMR + TBR: 
14); 28 controls

ADHD: (range: 6- to 53-year-old) 
/ 14 females and 37 males; 
Controls: (range: 21- to 64-year-
old) / 15 females and 13 males

SMR: C3;Cz 
or C4; TBR: 
Fz; FCz or Cz

Enhance: SMR (12-
15 Hz); TBR (20-25 
Hz and 15-20 Hz)

29-31 sessions (2-3 
sessions/wk); 8  5 
min blocks/session

Control group

Sungwon
[51]

14 participants; NF; 
CBT-I (criteria: ISI)

N/A N/A Inhibit: Beta N/A CBT-I

Shin[50] 4 mild insomnia 
(Registered at a sleep 
clinic)

34.8 ± 5.3-year-old/1 female and 
3 males

N/A Enhance: Theta and 
sigma; Inhibit: Beta

N/A None

ADHD: Attention deficit hyperactivity disorder; CBT-I: Cognitive behavioral treatment for insomnia; DSM-IV: Diagnostic and Statistical Manual of Mental 
Disorders Fourth edition; NF: Neurofeedback; PSG: Polysomnography; PSQI: Pittsburgh Sleep Quality Index; SIS-D: Structured clinical interview for sleep 
disorders; SMR: Sensorimotor rhythm; TBR: Theta/Beta ratio.

The researchers therefore suggested that INS and MP participants were able to 
regulate SMR frequencies following the NF sessions and that this may lead to a 
decrease in the subjective symptoms of insomnia. However, the subjective effects 
reported by this study appear quite similar to those obtained with the placebo effect 
and were not associated with objective changes in PSG data.

In this 2010 study, Cortoos et al[46] investigated whether NF can reduce symptoms 
of primary insomnia using a pretest post-test design with control group. The study 
consisted of 17 participants with insomnia randomly distributed in two groups for: 
receipt of 18 NF sessions (n = 9) or receipt of 18 biofeedback sessions (BF; n = 8). A 
third group of 12 good sleepers was used as a control group to compare initial PSG 
data. PSG data were recorded for all participants at the beginning of the study and 
then at the end of the NF/BF sessions for the NF and BF groups.

The NF and BF sessions were ran at home and participants were responsible for 
electrodes’ placement. The BF sessions consisted of relaxing the forehead muscles 
using information from an electromyogram. The NF group had to increase SMR (12-15 
Hz) amplitude and reduce the amplitude of theta (4-8 Hz) and high beta (20-30 Hz) 
frequencies at Cz.

PSG data from both groups (BF; NF) showed a significant decrease in SOL and 
WASO. The BF group had a greater decrease in SOL (44.9%) than the NF group 
(39.7%), while the NF group showed a greater decrease in WASO (53.6%) than the BF 
group (13.2%). Both groups also had increased rapid eye movement (referred to as 
REM) duration. Only the NF group reported a significant increase in total sleep time 
(TST). The sleep diaries of the NF group also reported a significant decrease in SOL 
and WASO, and an increase in TST. The BF group only reported significant 
improvement in SE in their sleep diaries.

Cortoos et al[46] therefore concluded that NF allows for more significant sleep 
improvements, particularly TST, than biofeedback. Results of the BF group had a 
caveat since no participant reported abnormal forehead muscle tension or high 
somatic arousal compared to the control group, which can indicate that somatic 
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Table 2 Summary of the results on surface neurofeedback

Ref. Sleep outcomes 
measurements Results

Schabus et al
[45]

Objective: PSG; EEG; 
Subjective: PSQI; 
WHOQLA; SSS

Significant effect for NF compared to PF: (1) Higher SMR-power directly after each sessionb; and (2) Higher 
spindle density for the fast spindle type (C3 only)b; Significant effect for NF and PF: (1) Reduction of 
subjective sleep complaints after 12 sessionsb; and (2) Unspecific increase of physical quality of lifeb; 
Significant effect for INS compared to MP: (1) More wake timeb; and (2) Less stage 2, stage 3 and REMb; 
Significant effect for MP compared to INS: Higher SMR-power after each sessionb

Schabus et al
[41]

Subjective: PSQI, Sleep 
Diary, WHOQLA, WMS-R, 
BSI

Significant effect only for NF: (1) Increase of SMR activity at C3a; (2) Decrease of the number of awakeningsa; 
and (3) Increase of stage 3a; Significant effect for NF and PF: (1) Reduction in subjective sleep complaintsb; and 
(2) Increased physical quality of lifeb

Cortoos et al
[46]

Objective: PSG; Subjective: 
Sleep diary

Significant effect only for NF: (1) Decrease of SOLa and WASOa (Sleep diaries)a; and (2) Increased TSTa and 
SEa (Sleep diaries); Significant effect only for BF: Increase of SEa (Sleep diaries); Significant effect for NF and 
PF: (1) Decrease of SOLa and WASOa (PSG); and (2) Increase of REM sleep; 

Arns et al[49] Subjective: PSQI Significant effect only for SMR: (1) Decrease of SOLd; (2) Decrease of SOL (40.1 min to 19.1 min)b; and (3) 
Correlation between the change in inattention and changes in PSQIb and SOLb; Significant effect for SMR + 
TBR: Decrease of SOL (25.8 min to 18.8 min)a

Sungwon[51] Objective: EEG (resting 
state); Subjective: ISI, PSQI, 
DBAS

Significant effect only for NF: (1) Decrease of ISIb; (2) Changes in PSQIa; and (3) Decreased Beta power; 
Significant effect only for CBT-I: (1) Decrease of ISIa; (2) Changes in PSQIa; and (3) Decrease of DBASa

Shin[50] Objective: EEG Significant effect only for NF: Decreased spectral power for thetaa

aP < 0.05.
bP < 0.01, pre vs post.
dP < 0.01 pre-treatment vs mid-treatment.
BF: Biofeedback; BSI: Brief Symptom Inventory; DBAS: Dysfunctional Beliefs and Attitude about Sleep; EEG: Electroencephalography; INS: Primary 
insomnia; MP: Insomnia misperception; NF: Neurofeedback; PF: Placebo neurofeedback; PSG: Polysomnography; PSQI: Pittsburgh Sleep Quality Index; 
REM: Rapid eye movement; TBR: Theta/Beta ratio; SE: Sleep efficiency; SOL: Sleep onset latency; SMR: Sensorimotor rhythm; SSS: Stanford Sleepiness 
Scale; WASO: Wakefulness after sleep onset; WHOQLA: World Health Organization Quality of Life Assessment; WMS-R: Wechsler Memory Scale – 
Revised.

arousal was not an issue for the participants. It is also important to note that although 
sleep diaries in the NF group showed an overall improvement in sleep, there was no 
significant change in sleep diaries completed the day after the PSG recordings 
compared to those completed at home. This suggests a strong influence of the 
environment on the results, which is in accordance with sleep studies that have shown 
the effects of sleep laboratories on sleep parameters[47,48].

The purpose of this study[49] was to verify the presence of sleep difficulties in 
individuals with attention deficit disorder (ADHD) and to test the effects of SMR and 
theta/beta (TBR) NF on ADHD symptoms and the associated sleep difficulties. This 
study used an open-label design including a control group (n = 28) and an ADHD 
group (n = 51). The ADHD group was divided into three groups: a group (SMR) 
receiving NF sessions aimed at increasing SMR (n = 27), a group (TBR) aimed at 
increasing beta waves outside SMR frequencies (20-25 Hz, 15-20 Hz) and inhibiting 
theta waves (n = 10), and a last group receiving NF sessions combining SMR and TBR 
treatments (n = 9). The remaining five participants of the ADHD group were used as a 
control group for the initial measures. On average, participants received 30 NF 
sessions.

SMR and TBR NF significantly decreased SOL (SMR: 40-19 min; TBR: 26-19 min). 
SMR NF resulted in a rapid decrease in SOL between pre-treatment and mid-treatment 
measurements, followed by a plateau until the end of the sessions. TBR NF showed 
opposite results, i.e. a non-significant decrease for the first half of treatment and then a 
strong significant decrease during the second half. Strangely, they found that 
individuals who learned to increase their SMR during SMR NF sessions reported a 
smaller decrease in their Pittsburgh Sleep Quality Index (PSQI) score.

In this study[50], the researcher wished to quantify the effects of NF on the brain 
waves of individuals suffering from insomnia. To do so, he administered a 
randomized series of NF (increasing theta and sigma waves and decreasing beta 
waves) and placebo (PF) sessions.

By comparing the NF sessions to the PF sessions, Shin found a significant decrease 
in theta spectral power in the NF group. Mental slowness (delta to alpha ratio) 
increased slightly, but not significantly, during NF sessions. This study therefore 
suggests that individuals experience greater fatigue during NF sessions, which could 
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Figure 1 Summary of the bibliographical research. A total of 112 articles were extracted from four different databases. Fifty articles were excluded at first 
since they were duplicates. Twenty-one articles were excluded as they were not focused on neurofeedback as a treatment for insomnia. Sixteen articles were 
excluded since they were not available to study. Thirteen articles were then excluded as they were not experimental studies. A total of 100 articles were excluded. 
Twelve articles were included in this review. HIRREM: High-resolution, relational, resonance-based, electroencephalic mirroring; WoS: Web of Science.

explain sleep improvements by increasing sleep pressure and thus facilitating sleep 
onset.

In this abstract, Sungwon[51] verified whether NF is as effective as CBT-I in treating 
insomnia. A total of 14 participants were randomly assigned to two groups, one 
receiving NF sessions and one receiving CBT-I sessions. An EEG (resting state) was 
recorded before and after each condition.

Participants in both groups reported significantly lower Insomnia Severity Index 
(ISI) and PSQI scores following treatment. In contrast, only the CBT-I group reported a 
significant decrease of their Dysfunctional Belief and Attitudes about Sleep scores and 
only the NF group showed a significant decrease in beta potency. The author therefore 
concluded that both treatments are effective in reducing insomnia but each in its own 
way. NF reduces hyperarousal, while CBT-I reduces dysfunctional thoughts about 
sleep.

The majority of the studies aimed at increasing SMR in the sensorimotor cortex[41,
45,46,49], and the number of sessions varied between 12 to 31 sessions at a minimum 
of two sessions per week. A total of four studies concerning NFS used a combination 
of objective and subjective measures[41,45,46,50]. All studies except one used 
subjective measures[50]. All of the studies using subjective measures reported a 
subjective improvement of sleep, such as SOL[46,49], WASO[41,46], TST[46] and 
subjective sleep complaints[41,45]. The results of objective measures were varied, but 
the recurrent finding was that EEG activity was changed after NF sessions, which 
suggests that the participants were capable of modulating their own EEG activity[41,
45,50]. These results support the idea that modulation of EEG activity is possible and 
that it can reduce insomnia symptoms. However, a placebo effect was noted in the 
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Schabus[41,45]’s studies.

Z-score NF
Z-score NF (live z-score based training, LZT) is also part of the closed-loop NF family 
and is based on the same principles as NFS. The main difference is that the LZT is not 
based on the power spectral analysis of specific brain waves but on its comparison to 
the population average. To do this, EEG activity is compared in real time to a 
normative database that accounts for age, gender and handedness to provide a score 
(Z-score) representing the position of the client related to the population average[40,
52]. The purpose of LZT is to bring this score closer to the population average (Z = 0). 
This type of NF therefore aims to normalize brain activity at one or multiple cerebral 
regions. We included two studies in our literature review (see Tables 3 and 4).

The purpose of this study[53] was to determine whether two z-score NF protocols, 
one SMR protocol and one QEEG-guided and individualized protocol, can lead to a 
decrease in sleep and daytime dysfunction associated with insomnia. This pilot study 
used a randomized, parallel-group, single-blind experimental design.

All participants received a maximum of 15 sessions. They could stop sessions early 
when they felt that their insomnia had been successfully treated or when they were 
able to achieve normalization (Z-score < 0.5) of 80% of the trained variables for 80% of 
the training time. The SMR group had to increase, at Cz and C4, SMR frequencies (12-
15 Hz) while inhibiting theta (4-8 Hz) and high beta (25-30 Hz) waves. Participants in 
this group also had to ensure that amplitudes and brain connectivity at the trained 
regions remained closed to the database average. Participants in the individualized 
protocol group were given a protocol tailored to their own brain activity, based on the 
four brain regions with the highest level of abnormal activity (highest z-score) 
identified during a quantitative EEG (QEEG). QEEG is the quantification of EEG data 
in order to compare it to databases or to highlight specific waveform components[54]. 
During training, the individualized protocol group had to normalize z-scores that 
deviated from the average of the database of delta, theta, alpha and beta waves 
amplitudes present in the four regions with the highest Z-score. They also had to 
normalize coherence, asymmetry and lag phase.

By the end of sessions, all participants had achieved the normalization of 80% of the 
trained variables for 80% of the training time. On average, participants achieved 
normalization of 88% of the variables for 80% of the training time (range: 80%-95%). 
On the other hand, no participant achieved complete normalization of all trained 
variables. Approximately 50% of participants were able to train closer to normal in 
their last session, with a Z-score of ± 1.5 on all variables. All but one participant of the 
SMR group managed to increase their SMR Z-score at Cz and C4, but there was no 
overall significant increase in SMR. For participants in the individualized protocol 
group, the proportion of abnormal z-scores was significantly lower after treatment for 
all brain regions, particularly for delta and beta waves. There was no significant 
difference between the different regions due to the individual aspect of their training 
protocols.

Following training, all participants reported an ISI score below the insomnia 
threshold (< 10) and 7 of the 8 participants reported a PSQI score below the insomnia 
threshold (< 5). The eighth participant had a PSQI score of 6. Half of the participants 
reported a decrease in WASO. Seven of the eight participants also reported an increase 
in TST. Six participants completed the 6-9 mo follow-up for the ISI. Five of the six 
participants remained below the threshold for insomnia, with three experiencing 
further sleep improvements in the following months. The sixth participant reported 
the same score as at their initial ISI.

In conclusion, the researchers reported that the SMR protocol achieved the same 
results as the individualized protocol in a simpler manner. They suggested that z-score 
NF is effective in the treatment of insomnia and that effects may last, or even improve, 
in the months following the end of treatment.

Information for this study[55] is taken from a brief abstract. The aim of this study 
was to observe the neurometric changes generated by 20 Z-score NF sessions. To do 
so, authors compared the initial and final QEEGs of 6 patients from the Nepsa clinic. A 
significant difference in the z-scores was found between the initial and final QEEGs, 
i.e. Z-scores out of range of the -1 to 1 average. Participants were also more likely to 
decrease the Z-score (normalization) than to increase it. Authors also reported a 
subjective improvement in patients' symptoms, who were asked to rate them on a 
visual scale. No information was given on the specific symptoms improved. 
Researchers therefore suggested that z-score NF allows normalization of EEG activity 
and the alleviation of insomnia symptoms.



Lambert-Beaudet F et al. Neurofeedback for insomnia: State of research

WJP https://www.wjgnet.com 905 October 19, 2021 Volume 11 Issue 10

Table 3 Study parameters for z-score neurofeedback

Ref. Groups Age/sex Electrode 
placement Protocol Sessions Sham 

condition

Hammer 
et al[53]

5 SMR; 3 IND 49.63-year-
old / 5 
females and 
3 males

SMR: Cz and C4; 
IND: 4-channel 
(highest 
abnormal sites)

SMR: Increase SMR (12-15 Hz) and inhibit 
excessive theta (4-8 Hz) and high beta (25-30 Hz). 
Normalization at Cz/C4 (Amplitude, 
connectivity); IND: Normalization of amplitudes, 
coherence, asymmetry and phase lag with the 
highest Z-scores (> 1.96) at the 4-channels trained

Range: 9 to 15 
sessions; (2 
sessions/wk); 20 
min/session

None

Perez-
Elvira et al
[55]

6 participants 
with insomnia 
and/or learning 
disorder

Range: 16- to 
30-year-old

N/A Normalization of the highest Z-score 20 sessions; (2 
sessions/wk)

None

IND: Individualized protocols; SMR: Sensorimotor rhythm.

Table 4 Summary of the results on z-score neurofeedback

Ref. Sleep outcomes 
measurements Results

Hammer 
et al[53]

Objective: QEEG (Z-
score); Subjective: PSQI, 
ISI

Significant effect only for SMR: Decrease z-score; Significant effect only for IND: Decreased proportion of 
abnormal z-scores at all 19 sitesb, especially for deltab and betab bands; Significant effect for SMR and IND: (1) 
Decreased score for ISIb, for PSQIb: All participants finished under the threshold for insomnia (ISI < 10; PSQI < 5, 
except 1 at 6); and (2) Increased TSTb; Results of the 6-9 mo follow up: 5 out of 6 participants remained below the 
ISI threshold for insomnia; 3 of the 5 improved during the months following the end of the treatment

Perez-
Elvira et al
[55]

Objective: QEEG; 
Subjective: Visual 
analogue scale on their 
symptoms

Significant effect: (1) Significant difference of 5.70% between pre- and post-QEEGs; (2) More probable to 
normalize then to get further away from normalizationa; and (3) Improvement of symptoms

aP < 0.05.
bP < 0.01 pre vs post.
IND: Individualized protocol; ISI: Insomnia Severity Index; PSQI: Pittsburgh Sleep Quality Index; QEEG: Quantitative Electroencephalogram; SE: Sleep 
efficiency; SMR: Sensorimotor rhythm; TST: Total sleep time.

Only two studies on Z-score NF were included in this review. Both of them found 
that participants were able to normalize their EEG activity in the NF sessions by 
reducing the proportion of abnormal z-scores. The number of sessions varied between 
nine and twenty sessions, at a rate of two per week. They all found a subjective 
improvement in sleep following the treatment. Only one study described the 
subjective improvement and the authors reported an increase of TST[53]. None of the 
studies used a placebo group. Both studies supported the idea that normalization of 
EEG activity was possible through z-score NF.

High-resolution, relational, resonance-based, electroencephalic mirroring 
High-resolution, relational, resonance-based, electroencephalic mirroring (HIRREM) 
NF is a closed-loop NF technique aiming at improving neurodynamic self-regulation 
by presenting the brain with its own oscillatory pattern through auditory stimuli[56]. 
To do this, EEG activity is recorded at two locations (usually contralateral) on the scalp
[57]. This activity is then translated into music based on the dominant frequency of the 
client’s EEG activity. This creates a resonance between the music and the neural 
oscillations, thus encouraging self-regulation. A HIRREM session consists of several 
training protocols[56]. HIRREM NF thus aims at regulating the general oscillatory 
pattern. Only one study using this technique was used in this review (see Tables 5 and 
6).

In their 2012 study, Tegeler et al[56] investigated whether HIRREM reduces 
insomnia symptoms. To do so, they used a randomized, unblinded, wait-list control, 
crossover, superiority study design. A first group (n = 10) received eight to twelve 
HIRREM sessions plus usual care, while a second group (n = 10) was placed on a wait-
list control (usual care).

The researchers reported a significant drop of 10.3 points in ISI scores for 
participants following the HIRREM sessions, with 9 out of 10 participants in the 
HIRREM group now being just below the threshold (15 to 21) for moderate insomnia. 
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Table 5 Study parameters for high-resolution, relational, resonance-based, electroencephalic mirroring neurofeedback

Ref. Groups Age/sex Electrode 
placement Protocol Sessions Sham 

condition

Tegeler et 
al[56]

10 HUC; 9 UC (criteria: 
Clinical diagnosis 
(clinician referral and ISI)

HUC: 41.3 ± 17.5-year-old / 8 
females and 2 males; UC: 49.5 ± 
8.1-year-old / 6 females and 4 
males

Two-channel, 
changes with each 
protocol

Each session 
comprises of 4-8 
protocols

8-12 sessions of up 
to 90 min over 3 
wk

None

HUC: HIRREM plus usual care; ISI: Insomnia Severity Index; UC: Usual care (wait-list).

Table 6 Summary of the results on high-resolution, relational, resonance-based, electroencephalic mirroring neurofeedback

Ref. Sleep outcomes 
measurements Results

Tegeler et al
[56]

Subjective: ISI Significant effects only for HUC: Decrease of ISI scoreb; Significant effect only for UC: Decrease of ISI 
score, once the treatment is received 

bP < 0.01 pre vs post.
HUC: HIRREM plus usual care; ISI: Insomnia Severity Index; UC: Usual care (wait-list).

The wait-list group also reported a significant decrease in ISI scores, but only 6 out of 
10 participants scored below the threshold for moderate insomnia (< 15) after 
receiving HIRREM sessions. ISI scores were stable for both groups 1 mo after the last 
HIRREM session. Finally, they appeared to have decreased in high-frequency 
brainwaves power (23-36 Hz) in temporal regions (T3/T4). A power decrease in high 
frequency brainwaves (23-36 Hz) in temporal regions (T3/T4) was also observed for 
all participants. However, no information was provided as to whether this decrease 
was statistically significant.

Open-loop audio-visual entrainment
Open-loop audiovisual training (AVE) is, as the name suggests, part of the open-loop 
NF category. It is designed to stimulate the cerebral cortex using goggles and 
headphones programmed to provide visual and auditory stimuli in the form of 
synchronous lights and auditory pulsations. Stimuli are constant, repetitive and 
delivered at a predetermined frequency to arouse the thalamus and the neo-cortex, 
where visual and auditory information will be respectively processed[38]. This 
stimulation is believed to synchronize neuronal activity between the thalamus and 
neo-cortex, which will subsequently spread to the rest of the cerebral cortex via 
thalamo-cortical-thalamic circuits[37,38]. A total of two articles using this technique 
were included in this review (see Tables 7 and 8).

In their study, Tang et al[37] used a pretest and post-test design to test the effect-
iveness of a daily 30-min AVE at bedtime for 1 mo in a group of 8 elderly people with 
chronic insomnia. Participants were required to use an AVE device. Sound stimuli 
gradually decreased from 8 Hz (theta/alpha), associated with a mental state of relaxed 
wakefulness, to 1 Hz (delta), which is usually associated with deeper sleep.

At the end of the month, researchers observed that 63% of participants no longer 
met the threshold for insomnia according to scores on the ISI (ISI ≤ 7). Although there 
was no significant pre/post difference in the overall ISI score, authors reported a 
significant improvement for daytime functioning and sleep quality. Clinical 
parameters reported in sleep diaries (SOL, TST, WASO) were not significantly 
different between subjects when compared across the five measurement periods (pre-
treatment and subsequent 4 wkly sessions). However, the trend between weeks 
suggested that AVE effects appeared right in the first week and then stabilized.

As a follow-up to their 2015 study, Tang et al[58] recruited 19 seniors to test AVE NF 
on EEG activity during a 30-min session. To do so, they randomly assigned 
participants to two groups, AVE NF (n = 9) or placebo stimulation (n = 7). The placebo 
stimulation session consisted of a color changing dim light provided by goggles and a 
monotonous tone decreasing in frequency from 1 Hz to 0.2 Hz. The AVE group 
received flashing light (red and green spectrum) from goggles as well as auditory 
pulsations gradually changing from 10 Hz (alpha) to 2 Hz (delta). A QEEG (5 min, 
eyes closed, resting state) was recorded before and during both AVE and placebo 
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Table 7 Study parameters for open-loop audiovisual training neurofeedback

Ref. Groups Age/sex Electrode 
placement Protocol Sessions Sham condition

Tang 
et al
[37]

8 chronic insomnia 
(criteria: ISI)

88 ± 8.7-year-old / 7 
females and 1 male

N/A Progressive reduction 
from 8 Hz to 1 Hz with 
flickering lights

30 sessions of 30 
min (at bedtime) 
over 4 wk

None

Tang 
et al
[58]

9 insomnia and chronic 
pain AVE; 7 insomnia and 
chronic pain Placebo 
(criteria: ISI)

AVE group: 67.2 ± 5.0-
year-old / N/A; Placebo 
group: 69.6 ± 4.4-year-old 
/ N/A

N/A Progressive reduction 
from 10 Hz to 2 Hz 
with pulsing lights

1 session Progressive reduction from 
1 to 0.2 Hz with constant 
dim light changing in color

AVE: Open-loop audiovisual training; ISI: Insomnia Severity Index.

Table 8 Summary of the results for open-loop audiovisual training neurofeedback

Ref. Sleep outcomes 
measurements Results

Tang et al
[37]

Subjective: ISI, PSQI, sleep 
diary

Significant effect: Decreased ISI score (15.6 ± 4.8 to 8.0 ± 6.4)b

Tang et al
[58]

Objective: QEEG; Subjective: 
ISI, PSQI

Significant effect only for AVE: Increased delta frequencies’ absolute power on all 19 EEG channels; 
Significant difference between AVE and placebo: Delta power at Cz

bP < 0.01 pre vs post.
ISI: Insomnia Severity Index; PSQI: Pittsburgh Sleep Quality Index; QEEG: Quantitative electroencephalogram.

sessions. Results were compared to a normative database taking into account age, 
gender and handedness.

At initial assessment, all participants had higher absolute power for high-beta (21-34 
Hz) and gamma waves (35-45 Hz) than the database. After the experimental session, 
participants in the AVE group had a significant increase in the absolute power of delta 
waves on all 19 EEG channels, while participants of the placebo group had no 
significant EEG power change in any band frequency. Participants of the AVE group 
had higher delta power at Cz after the AVE sessions than the placebo group. Specific 
brain regions displaying a significant increase in delta power in the AVE group were 
central (Cz), fronto-parietal (i.e., Fp) and occipital (i.e. O1 and O2) regions. According 
to the authors, this study showed that AVE NF allows for immediate changes in the 
EEG activity.

Both studies on AVE neurofeedback were conducted by Tang et al[58]’s research 
team. One study concerned the subjective improvement of sleep after 30 sessions and 
found that AVE neurofeedback led to a significant decrease of ISI scores. The second 
study concerned the objective effect of one session of AVE NF on brain activity. They 
found that participants presented increased delta frequencies, even when compared to 
a placebo group. This supports the idea that AVE NF can modulate EEG activity and 
improve insomnia symptoms.

Brain music
Brain Music NF is a type of open-loop NF that closely resembles HIRREM. This type of 
NF also uses musical compositions generated from one’s brain activity. Music is 
created from various EEG parameters, such as frequency ratios of certain waves 
modifying octave selection, tempo, volume in the left or right ear, etc.[59]. Music tracks 
are built to correspond to two states of rest, one active and one calm, and to encourage 
brain functions associated with these mental states[60]. However, unlike HIRREM, the 
musical compositions are generated during an initial assessment, and the individual 
under training then listens to their own musical compositions at home, without being 
connected to an EEG. Thus, although the music reflects a specific brain state 
experienced by the individual in the past, it does not adapt to the individual's EEG 
fluctuations during a training session[60]. Very few papers regarding this technique 
were found, and only one met our inclusion criteria (see Tables 9 and 10).

DuRousseau et al[60] investigated whether a music-based NF treatment could 
improve sleep quality, mood and daytime functioning in policemen and firefighters 
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Table 9 Study parameters for brain music

Ref. Groups Age/sex Electrode 
placement Protocol Sessions Sham condition

DuRousseau et 
al[60]

15 OPS support; 20 first 
responders; 6 controls

Range 24- to 58-year-old / 
13 females and 28 males

F3; F4; C3; C4 Brain Music (1-4 
Hz up to 30 Hz)

N/A Enhance random 
frequencies during preset 
sessions

OPS: Operational support; N/A: Not available.

Table 10 Summary of the results on brain music neurofeedback

Ref. Sleep outcomes measurements Results

DuRousseau et al[60] Subjective: 128-questions homemade questionnaire Significant effect for all groups (except control): Improved sleep qualitya

aP = 0.05 pre vs post.

using a pre-test and post-test design with a control group. Participants were then 
given a copy of their personalized composition and had to listen to it during the day 
for 4 wk.

The study consisted of three groups: a group of individuals working in operational 
support of first responders (n = 15), a group of first responders (n = 20) and a control 
group of first responders (n = 6). Individuals in the control group were given the 
composition of another participant. Results are based on a 128-item questionnaire 
created by the group that focuses on mood, sleep quality, insomnia level, job 
performance and life satisfaction.

They found an improvement in sleep quality in 90% of participants (all groups 
combined) but more particularly in the two experimental groups. However, since the 
control group also reported improvements, it is possible that a placebo effect is present 
or that simply listening to music before falling asleep promotes sleep. Moreover, this 
study is based only on a subjective measure, the 128-item questionnaire. It is therefore 
difficult to estimate whether changes are really due to Brain Music training and not to 
a placebo effect.

A majority of studies included in this review were centered on closed-loop NF, 
precisely NFS[41,45,46,49-51] and Z-score NF[53,55]. They mostly used a protocol 
aimed at increasing SMR (12-15 Hz)[41,45,46,49,53].

All 10 studies using subjective measures reported subjective improvements in sleep
[37,41,45,46,49,51,53,55,56,60]. The subjective sleep characteristics that most often 
appeared to be improved by NF, regardless of type, are SOL[46,49], WASO[45,46] and 
TST[46,53]. Another subjective improvement reported by studies is subjective 
complaints[41,45]. It should be noted that some studies[37,51,56,60] only reported 
changes in sleep using general questionnaires’ scores (ISI, PSQI, etc.), without 
providing details on the specific sleep characteristics that had improved.

Only six out of twelve studies[41,45,46,50,55,58] used objective measures to verify 
sleep improvement. The objective results are very varied and do not reach a clear 
consensus. The PSG data were mostly used to verify sleep characteristics used in 
subjective measures such as TST, WASO, etc. Only a few studies used polysomno-
graphy to verify changes to sleep architecture. For example, Schabus et al[41] reported 
an increase in N3, whereas Cortoos et al[46] reported an increase of REM. The EEG 
data were mostly used to assess EEG activity right after the NF sessions. Most studies 
using objective measures reported a change in the brainwave-trained[41,45,50], 
supporting the idea that an individual is capable of regulating his/her own EEG 
activity. However, this change is not always sustained over time[41], which calls into 
question the idea of learning retention and its application in everyday life.

DISCUSSION
Results extracted from this review show that, although the use of NF seems 
encouraging for the treatment of insomnia, there are few studies in this field of 
research. Moreover, available studies often show methodological or clinical limits.
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In general, NF appears to lead to improvements in sleep quality for individuals with 
insomnia, particularly SOL, WASO, TST, SE and subjective sleep complaints. In a few 
cases, improvements allowed participants to no longer meet the criteria for an 
insomnia diagnosis[53,56]. Studies on the objective effects of NF report conflicting 
results, so it is difficult to draw a clear conclusion. Still, most studies agree that 
objective measures of NF seem to confirm its ability to alter positively the electrical 
functioning of the brain during training, but it is unclear whether this effect persists in 
everyday life. It will be necessary for future studies to implement objective measures, 
such as EEG and PSG, to prove the efficacy of NF.

The most commonly used training protocol is aimed at increasing SMR oscillations 
in the sensorimotor cortex. The SMR is linked to a state of relaxed wakefulness as well 
as to NREM sleep[35,41]. The decrease in insomnia symptoms with the increase in 
SMR frequencies tend to support the hyperarousal model that postulates that 
individuals with insomnia present higher mental and physiological hyperarousal. For 
example, compared with good sleepers, individuals with insomnia generally present 
an increased power in fast EEG frequency bands during sleep[61]. By increasing SMR, 
NF counteracts for cortical hyperarousal associated with insomnia by attenuating the 
power of high-frequency EEG waves[41]. Some studies have used neuromodulation 
techniques, other than NF, that aim at reducing hyperarousal, such as transcranial 
magnetic stimulation, to treat insomnia, but the evidence remains scarce[62]. It would 
be interesting to verify the efficacy of NF for the treatment of other disorders that are 
characterized by hyperarousal such as post-traumatic stress disorder[63]. Such studies 
would provide additional support to the hypothesis that neuromodulation techniques, 
such as NF, reduce insomnia symptoms by decreasing cortical hyperarousal.

Common problems in NF studies
Although results of studies included in this review are encouraging for the future of 
NF in the treatment of insomnia, several impediments are present and obscure its 
effectiveness.

Lack of consensus and replication: First, there is a lack of consensus on the type of 
protocols to be used according to the different NF techniques. While trained 
brainwaves vary greatly between studies, guidelines for duration, frequency and 
number of sessions are necessary. For example, NF duration ranges from eight to 
thirty sessions at a rate of two to four sessions per week. However, some researchers 
suggest that up to 40 sessions of NFS and 10 sessions of LZT NF are necessary to 
change efficiently behavior and symptoms[64,65]. Therefore, without clear guidelines, 
it is challenging to replicate each study correctly. It is therefore essential for 
researchers to share clearly how their study was conducted and to be consistent in 
terms of training parameters. It is only then that researchers will be able to replicate 
other studies adequately.

Small sample size: NF studies generally have a small sample size. Whether this is 
because of the complexity of studies or the burden imposed upon participants during 
participation, larger sample size would be indicated to obtain reliable results that 
could then be generalized to the general population or the one under study. There is 
still undeniable advocacy towards the scientific community to run large-scale NF 
studies.

Insufficient placebo group: Studies with a pre-/post-test design without a placebo or 
even a control group are currently the standard in NF research. Studies using placebo 
groups often report a placebo effect that is sometimes equal to that of the one provided 
by NF. Reported placebo effects should be considered with caution because it is 
difficult to create a placebo treatment that can actually mislead participants without 
mistakenly producing neurophysiological neurological changes. For example, in the 
Schabus et al[41,45] studies, the placebo groups had to increase power in random EEG 
frequencies, other than those targeted by the experimental condition. Although these 
EEG frequencies were varied with each session to avoid long-term learning, it is 
difficult to argue that the placebo treatment was completely inactive. There is always 
the possibility of learning to modulate random EEG activity[66]. Since no alternative 
currently exists, the Schabus et al[41,45] studies represent the golden standard for 
placebo protocols. Understandably, to develop a truly inactive placebo treatment will 
require improvements to the ones currently used in research.

Possible bias: Sadly, only the study by Schabus et al[45] used a double-blind design. 
Although some studies are single-blind, it is difficult to ignore researchers’ bias of 
their studies’ outcomes, especially if participants are aware of the training condition. It 
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would therefore be crucial to use the double-blind design more often.

Limits
This review also has limitations. First, we focused on studies dealing with the 
treatment of insomnia. Studies using the general term of ‘sleep difficulties’ were not 
included and it would be interesting in the future to include these studies since 
favorable results with the use of NF were obtained. For example, NF was found to 
help reduce sleep difficulties in individuals that suffered from childhood obesity[67], 
seizures[68], fibromyalgia[69], stroke[70], traumatic brain injury[71], post-traumatic 
stress[71], etc. Second, our approach was a non-systematic one. It is possible that some 
studies have been discarded but would have contributed to our understanding of this 
encouraging treatment for insomnia.

CONCLUSION
Altogether, results of research using NF as a treatment for insomnia are encouraging 
with respect to subjective improvements in insomnia symptoms, specifically SOL, 
WASO and TST. The increase in SMR frequencies coupled with a decrease of insomnia 
symptoms, as seen in multiple studies, seem to support the hyperarousal model of 
insomnia. It will be interesting to study the efficacy of NF on other disorders charac-
terized by hyperarousal, such as post-traumatic stress disorder, as a way to confirm if 
this technique reduces sleep difficulties by reducing cortical hyperarousal. However, 
multiple improvements are necessary in NF research beforehand to create reliable 
studies.

According to our literature review, there is an urgent need of double-blind 
controlled or placebo-controlled experimental design with larger sample sizes. Once 
this becomes usual in NF research, the replication of studies to strengthen NF’s status 
as an alternative to traditional insomnia treatment will be possible.

ARTICLE HIGHLIGHTS
Research background
Insomnia is one of the most common sleep disorder among adults in Canada and the 
treatments currently available present some limits. Neurofeedback (NF) is a technique 
that could offer a new way to treat insomnia through the regulation of abnormal brain 
activity.

Research motivation
In the last few years, NF has been gaining attention in the research community. 
However, there are only a few studies in the field of insomnia and their methods and 
results vary greatly. It is important to offer a consensus as to what is missing and what 
is successful in NF research so that future researchers can build upon what has already 
been done.

Research objectives
The goal of this review was to summarize the research that has already been done 
concerning the use of NF in the treatment of insomnia. This summary includes the 
common results and methodologies used in NF research as well as the improvements 
that need to be implemented.

Research methods
Data from experimental studies pertaining to the use of NF as a treatment of insomnia 
was collected from four bibliographical database and analysed. A short summary 
containing the methods, the results and the conclusions for each study was provided 
as well as for each NF type. A general summary was presented for all the studies 
included in this review.

Research results
A total of 12 studies on 5 different types of NF were used in this review, including 
surface NF, z-score NF, open-loop NF, high-resolution relational resonance-based 
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electroencephalic mirroring NF and Brain Music NF. All the studies reported a clear 
improvement of subjective sleep, but there was no consensus concerning objective 
sleep. Many studies suggest that training the sensorimotor rhythm in the sensorimotor 
cortex improves subjective sleep. However, many studies also point out a possible 
placebo effect. The diversity of methods used across studies hinders on the ability to 
replicate NF studies and create robust studies.

Research conclusions
The findings of this study support the hyperarousal model of insomnia, by increasing 
sensorimotor rhythm frequencies to decrease insomnia symptoms. To verify this 
theory, further research should be conducted to study the efficacy of NF to treat other 
disorders that are characterized by hyperarousal. This review has also point out the 
limits that currently plague NF research such as small sample sizes, inexistent placebo 
group and double blind design.

Research perspectives
This review has brought to light the need for more double-blind controlled and 
placebo-controlled experimental design and bigger sample size to prove the efficacy of 
NF as a treatment of insomnia.
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