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ABSTRACT

[T Chronic low back pain (CLBP) is a major source of longterm disability among adults worldwide,
while the effectiveness of many conventional treatments remains limited and often transient. Neurofeedback
has emerged as a neuromodulation approach aimed at facilitating voluntary regulation of brain activity,
with potential implications for pain processing and functional outcomes. This study aimed to systematically
evaluate and synthesize the available evidence on the effects of neurofeedback interventions on pain
intensity, functional disability, and psychological outcomes in individuals with CLBP.

A systematic review and meta-analysis examined neurofeedback interventions in adults
with CLBP. Search in PubMed, Web of Science, Scopus, CINAHL, and EMBASE (January 2000—February 2025)
identified 1993 records, with 5 studies (4 randomized trials and 1 case series) meeting the inclusion criteria.
Study selection and data extraction were performed independently by two reviewers, with disagreements
resolved by a third one. Pooled analyses used a random-effects model with REML (restricted maximum
likelihood) estimation. Methodological quality was assessed using the PEDro (the Physiotherapy Evidence
Database) scale and AMSTAR (the measurement tool to assess systematic reviews) 2. Pain outcomes were
reported as standardized mean differences (SMDs, 95% Cl), and heterogeneity was evaluated using the I?
statistic.

[EHMTE Most included studies employed alphabased neurofeedback protocols and compared neurofeedback
with control conditions, physiotherapy, cognitive behavioral therapy, or sham interventions. The pooled analysis
showed no significant reduction in pain intensity following neurofeedback treatment (SMD=-0.11; 95% Cl, -0.39
to 0.16; P=0.83), with no detectable heterogeneity across studies (1>=0%). Although individual trials reported
improvements in functional disability and selected psychological outcomes, quantitative synthesis of these
measures was not feasible due to heterogeneity in outcome assessment tools. The overall certainty of evidence
was rated as moderate, with key limitations, including small sample sizes, variability in neurofeedback protocols,
and differences in treatment duration. Publication bias was not assessed because of the limited number of
included studies.

[TEIERS Although preliminary findings suggest that neurofeedback may influence painrelated and
functional outcomes in individuals with CLBP, the results of this systematic review and meta-analysis do not
provide conclusive evidence for its effectiveness in pain reduction. Future well designed trials with larger
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Introduction

ow back pain (LBP) is one of the most
prevalent and disabling musculoskeletal
conditions, typically presenting as pain
or discomfort in the region from the
lower costal margin to the gluteal area. From a clinical
perspective, LBP is commonly categorized by symptom
duration (acute versus chronic) and etiology (specific
versus nonspecific) [1, 2]. Of particular concern is the
growing burden of chronic nonspecific low back pain
(CLBP), which accounts for a substantial proportion of
LBP cases across different populations worldwide [3,
4]. Epidemiological data indicate that more than half of
individuals experience LBP at some point during their
lifetime, while point and period prevalence estimates in
the general population range from approximately 15%
to 45% [5]. In addition to its physical consequences,
LBP imposes high socioeconomic costs by reducing oc-
cupational performance and overall productivity [2].

Although LBP was historically viewed as a localized
biomechanical disorder, accumulating evidence sug-
gests that chronic forms of the condition are associated
with widespread alterations within the central nervous
system (CNS). Neuroimaging studies have consistently
demonstrated functional and structural brain reorgani-
zation in individuals with persistent pain states [6], in-
cluding reductions in regional gray matter volume [7].
These changes involve multiple brain areas implicated
in sensory integration, affective processing, and motor
control, such as the primary and secondary somatosen-
sory cortices, motor cortex, paracentral lobule, supple-
mentary motor area, anterior cingulate cortex (ACC),
amygdala, insula, and thalamus [8—-10].

Such CNS alterations are believed to arise from dis-
turbances in endogenous pain modulation mechanisms,
particularly an imbalance between ascending nocicep-
tive signaling and descending inhibitory pathways [11,
12]. This maladaptive regulation contributes to enhanced
pain sensitivity, a hallmark feature frequently observed
in individuals with CLBP [13, 14]. In parallel, chronic
pain is accompanied by measurable changes in cortical
oscillatory activity. The thalamocortical dysrhythmia
model proposes that diminished inhibitory output from
the thalamus may result in increased theta-band activity
(4-8 Hz) [15], while heightened engagement of cortical
pain networks may promote excessive delta activity (14
Hz) [16]. Furthermore, impaired descending inhibition
has been associated with elevations in beta-band oscil-
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lations (12-30 Hz), potentially reflecting compensatory
mechanisms, whereas greater pain intensity has been
linked to suppression of alpha activity (8—12 Hz) [15,
17-19]. Beyond neurophysiological alterations, chron-
ic pain and functional limitation often lead to reduced
physical activity, increased psychological stress, and vul-
nerability to depressive symptoms, thereby reinforcing a
self-perpetuating cycle of pain and disability in individu-
als with chronic musculoskeletal conditions [20].

Identifying and characterizing these neurophysiologi-
cal patterns is essential for developing targeted thera-
peutic interventions for CLBP. Neurofeedback training
(NFT) has emerged as a neuromodulatory technique
that enables individuals to observe and voluntarily
regulate their brain activity through real-time feed-
back mechanisms [21]. Over the past decade, multiple
systematic reviews have examined the application of
neurofeedback in various psychological and neuropsy-
chiatric conditions, including depression [22], mood
disturbances [23], and attentiondeficit/hyperactivity dis-
order (ADHD) [24]. Additionally, evidence syntheses
have explored its role in certain musculoskeletal disor-
ders with prominent psychosomatic components, such
as fibromyalgia [25]. Nevertheless, despite the multidi-
mensional nature of CLBP—encompassing pain, func-
tional impairment, and psychological distress—there is
currently no comprehensive systematic review or meta-
analysis specifically addressing the effects of neuro-
feedback interventions in this population. Accordingly,
the present study aims to systematically review and
quantitatively synthesize available evidence regarding
the impact of neurofeedback training on pain intensity,
functional disability, and psychological outcomes in in-
dividuals with CLBP.

Materials and Methods:
Literature search strategy

An electronic search was performed in Web of Science,
PubMed, Scopus, CINAHL, and EMBASE to identify
studies published between January 2000 and February
2025. The search and study selection processes fol-
lowed the PRISMA 2020 guidelines [26], as illustrated
in Figure 1. Medical Subject Headings (MeSH) com-
bined with relevant freetext keywords and synonyms
were used to develop databasespecific search strategies
(Appendix 1). Reference lists of included articles were
additionally screened to capture potentially missed stud-
ies. All retrieved records were managed in EndNote
(version 21; Clarivate Analytics), and duplicates were
removed prior to screening.
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Figure 1. PRISMA (2020) guidelines

Study selection process

This review considered randomized controlled trials
(RCTs) and case series (CSs) published in English that
examined the impact of neurofeedback interventions
on brain activity in adult patients with CLBP. Studies
involving children, narrowly defined LBP subgroups,
conference abstracts, or interventions unrelated to bio-
feedback or neurofeedback were excluded.

Actotal of 1,993 records were screened at the title and ab-
stract level by two independent reviewers (GS and NR).
Articles deemed potentially eligible underwent full-text
assessment. Discrepancies during the selection process
were resolved by discussion with a third reviewer (MJ).
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Eligibility criteria (PICO framework)

Eligibility criteria were established using the PICO
(population, intervention, comparison, and outcome)
framework. The population consisted of adults with
CLBP. Eligible interventions included neurofeedback
training (NFT), while comparison groups comprised
exercise therapy, cognitive behavioral therapy (CBT),
physical therapy (PT), or mindfulnessbased approach-
es. Outcomes of interest were pain severity, functional
disability, and psychological measures, and eligible
study designs were randomized controlled trials and
case series.
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Table 1. Assessment of methodological quality of studies by the PEDRO scale
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Eligibility criteria were specified.

Subjects were randomly allocated to groups (in a crossover study, subjects

were randomly allocated an order in which treatments were received.

The allocation was concealed.

The groups were similar at baseline regarding the most important prog-

nostic indicators.

There was blinding of all subjects.

There was blinding of all therapists who administered the therapy.

There was blinding of all assessors who measured at least one key out-

come.

Measures of at least one key outcome were obtained from more than 85%

of the subjects initially allocated to groups.

All subjects for whom outcome measures were available received the

treatment or control condition as allocated or, where this was not the case,

data for at least one key outcome was analyzed by “intention to treat.”

The results of between-group statistical comparisons are reported for at

least one key outcome.

The study provides both point measures and measures of variability for at

least one key outcome.

PEDro Score 10/11 9/11 7/11 7/11 5/11
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Methodological quality and risk of bias assessment tool, covering 16 domains rated as “yes,” “partial yes,”
or “no.” Unmet criteria indicated methodological weak-
nesses. Overall confidence, per AMSTAR 2, was graded

as high, moderate, low, or critically low (Table 2) [32].

The methodological quality of the studies was evalu-
ated using the 1litem PEDro scale, assessing internal

validity and reporting accuracy in randomized trials. Ten
items contributed to the score, while the first assessed
external validity alone. Studies were rated as excellent
(>8), good (6-8), fair (4-5), or poor (<4) [28]. Two stud-
ies [15, 28] were excellent, 2 [29, 30] good, and 1 [31]
fair (Table 1).

Reviewlevel bias was examined with the Measure-
ment Tool to Assess systematic Reviews (AMSTAR 2)

The review was preregistered in PROSPERO (The In-
ternational Prospective Register of Systematic Reviews)
(ID: 1056299; May 19, 2025).

Data extraction and management
Following study selection, a standardized extraction

form was used to collect essential study information, in-
cluding design, sample size, intervention characteristics,

Sadria G, et al. The Effects of Neurofeedback Training on Pain, Disability, and Psychological Factors in Patients with Chronic Low Back Pain. RJ. 2026; 27(1):34-57.
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Table 2. Assessment of the risk of bias of the present systematic review by the AMSTAR2 tool

Domain - . . q
Critical or Non-critical Content of the Domain Yes or Partial Yes No
Number
Did the research questions and inclusion criteria for the re-
1 Non-critical domain view include the components of PICO (Population, Interven-
tion, Comparison, and Outcome)?
Did the report of the review contain an explicit statement that
) Critical domain the review methods were established before the conduct of
the review and did the report justify any significant deviations
from the protocol?
. . Did the review authors explain their selection of the study de-
3 Non-critical domain ; . L .
signs for inclusion in the review?
- . Did the review authors use a comprehensive literature search
4 Critical domain
strategy?
5 Non-critical domain Did the review authors perform study selection in duplicate?
6 Non-critical domain Did the review authors perform data extraction in duplicate?
. . Did the review authors provide a list of excluded studies and
7 Critical domain - .
justify the exclusions?
. . Did the review authors describe the included studies in ad-
8 Non-critical domain .
equate detail?
Did the review authors use a satisfactory technique for as-
- . sessing the risk of bias (RoB) in individual studies that were
9 Critical domain ; ) A
included in the review?
RCTs
10 Non-critical domain Did the review auth(?rs report. on the sources of funding for
the studies included in the review?
If meta-analysis was performed did the review authors use
11 Critical domain appropriate methods for statistical combination of results?
RCTs
If meta-analysis was performed, did the review authors as-
12 Non-critical domain sess the potential impact of RoB in individual studies on the
results of the meta-analysis or other evidence synthesis?
13 Critical domain Did the review authors account for RoB in individual studies
when interpreting/ discussing the results of the review?
Did the review authors provide a satisfactory explanation for,
14 Non-critical domain and discussion of, any heterogeneity observed in the results
of the review?
If they performed quantitative synthesis did the review au-
. . thors carry out an adequate investigation of publication bias
15 Critical domain . . o .
(small study bias) and discuss its likely impact on the results
of the review?
Did the review authors report any potential sources of con-
16 Non-critical domain flict of interest, including any funding they received for con-

ducting the review?
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neurofeedback protocol details, targeted brain regions, and
outcome measures. Data were independently extracted by
two reviewers (GS and NR) and verified by a third review-
er (MJ). NonEnglish articles were translated using Al-

Effect size calculation and statistical analysis

Only RCTs were included in the meta-analysis. Post-
intervention pain scores were converted to a 0—10 scale

and summarized as standardized mean differences
(SMDs, 95% CI) based on Cohen’s d. The earliest post-
treatment measure from each study was used. Given ex-
pected heterogeneity, pooled estimates were generated
using a random-effects model with REML. Negative
SMDs indicated greater pain reduction with neurofeed-
back. Effect sizes were considered small (0.20-0.49),

based tools, after which numerical data were crosschecked
against original tables and figures by two reviewers. Dis-
crepancies were resolved through consensus.
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Table 3. Details of included studies
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Design S s'fe Session Dur.
(Num Enr;)l/led. (m)
©1G (m/f/total) Interven- N Freq & Assess-
BECES ) o CG (m/f/total) Interventions in the IG tion in the Ll targetofthe  ment OMs S G
year Arms, Frequency . Results
. Analyzed: CG BW of NFT Time
Blind- G (s/w)
ing G No. of ses.
Three groups received ISF-NF
EEG, ISF, and NF. targeting by
60 G1: ISF activity 1 in the In the manipulat-
1G1=6/9/15 pregenual ACC. placebo- ing alpha 1G1 showed
RCT 1G2=2/13/15 G2: ISF activity { in the NF group 30 waves (8-13 clinically
Adhia et 4 1G3=5/10/15 dorsal ACC and PSSC. listened to 4 Hz). Before BPI meaningful
al. 2023 DOB- CG=4/11/15 G3: A concurrent training  arandom 3 Sixty-four 1w RMDQ J inBPI &
[15] BLE 15 program to ISF activity set of pre- 12 electrodes Im QsT RMDQ at
EXIST 15 /N in the pregenual ACC recorded were placed 1-month
15 (twice) and dorsal ACC sound in 10-10 In- follow-up.
15 and PSSC activity , files. ternational
intending to reinforce a placement
ratio >1 between regions. system.
Home-based NFT by re- Justwatche BPI
. RCT 116 celv!ng posmye Ul ing an NM Increase S All OMs were
Rice et al. 21/37/58 while watching a game, Lo PsQl -
2024 2 21/37/58 i e e animation 8 alpha wave Before P the same in
(28] NB 50 engagement scenario without 4 (8-13 Hz/ After Euro- IG asin CG
NM 2 A e any feed- <32 CzZ, C4, FP2) QOL5D- except for CSI.
back
comes (alpha wave 1"). 5L
AllOms
presented
97 GL:NFT Increase S'C';T?ﬂ';t
e 1G1=12/8/20 G2: NFT+PT alpha wave VAS !
SZ't“;'IZ“ RET 1G2 =4/6/10 G3: NFT+CBT C1:NM 380 (8-13H2)/ g o PSEQ a:::z:’:;
2093 NE IG3=-8/8/16  NFTsessionsinvolvelis-  C2:PT 1 P9, Aftor ol g (F:’G
[29] NM C1=8/12/20 tening to music with EC, C3: CBT 3 AF7, AF8, HADS Addin .NFT
C2=5/8/13 then utilizing the alpha TP10. PCS g
C3=10/8/18 switch application. to other
interventions
leads to Slin
all Oms.
. . . Watch- SMR (12 to
LGS w et ey ing the 30 15 Hz) 1, All OMs were
Asgar- 0/20/20 tion, receiving positive o VAS L
2 . animation 8 beta (15 to Before significantly
poor 0/20/20 feedback as you increase . oDl : .
NB without 3 20Hz) 4, After higher in IG
2024 NM SMR waves and decrease TSK .
30] NM NM Beta and theta waves any feed- 24 and theta (4 than in CG.
. back to 7 Hz)/Cz.
EEG recording dur- Alpha wave
ing alpha-synchrony (8-13Hz)
Mayaud cs neurofeedback training 60 T/Fpl, VAS DSD showed
Fp2, F7, Before HADS Sl after 6m
etal. 1 1G=0/16/16 (alpha power ) under NM
No F3, Fz, F4, 6m DSD and 1V,
2019 NB 16 standard EO and EC con- NM
. F8, T3, C3, 1Y HARS HADS sowed
[31] NO ditions, where the EEG 20 .
L Cz,C4, T4, EMG Slin 1Y.
activity is translated to a
visual or auditory cue T5,P3, Pz,
y cue. P4, T6,
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Abbreviations: BW: Brain wave; Oms: Outcome measurements; IG: Intervention group; CG: Control group, M: male; F: Female, M: Month; W:
Week; S: Session, NFT: Neurofeedback training; NM: Not mention; NB: Not blinded; SMR: Sensorimotor rhythm; VAS: Visual analog scale; ODI:
Oswestry disability index; TSK: Tampa scale for kinesiophobia; BPI: Brief pain inventory; PCS: Pain catastrophizing scale; PSQI: Pittsburgh sleep

quality index; CSI: Central sensitization; EEG ISF-NF: Electroencephalography infraSlow-neurofeedback, ACC: Anterior cingulate cortex; PSSC:

primary somato sensory cortex; RMDQ: Roland-morris disability questionnaire; QST: Quantitative sensory testing; CBT: Cognitive behavioral

therapy; PT: Physical therapy; PSEQ: Pain self-efficacy questionnaire; HADS: Hospital anxiety and depression scale; CS: Case series; EO: Eyes-

open; EC: Eyes-closed; Y: Year; DSD: Dallas scale disability; HARS: Hamilton anxiety rating scale; APC: Alpha-phase concentration.
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moderate (0.50-0.79), large (0.80-1.19), or very large
(>1.20). Between-study variance was assessed with the
I2 statistic. Due to the small number of trials, publica-
tion bias was not tested. All analyses were performed in
Stata 14.2 using metan (P<0.05) [33].

Results

The database search yielded 2,676 records, of which
683 duplicates were removed, leaving 1,993 articles for
screening. Following title and abstract review, 1,428 re-
cords were excluded, and 565 additional studies were
eliminated after full-text evaluation. Ultimately, five
eligible studies (RCTs and CS) were included in the
qualitative synthesis and meta-analysis. Figure 1 shows
the studies selection workflow and exclusion details.
Overall, the included evidence was assessed as having
moderate methodological quality.

Characteristics of included studies

Among the 5 included investigations, 4 were RCTs [15,
28-30], and 1 was a CS [31]. All studies were conducted
in populations diagnosed with CLBP and evaluated out-
comes at baseline and following the intervention period.

Participant characteristics

With the exception of one study [30], all investiga-
tions enrolled both male and female participants. The
included studies were published between 2019 and 2024
and primarily examined NFT protocols aimed at modu-
lating alpha or sensorimotor rthythm (SMR) activity in
individuals with CLBP. In most trials, control groups
received sham neurofeedback without electroencepha-
lographic (EEG) feedback, whereas one study compared
NFT with active comparator interventions, including PT

Figure 2. Forest Plot of pain
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and CBT. Core outcomes across studies encompassed
pain intensity, functional disability, and psychological
variables. A comprehensive summary of study charac-
teristics is presented in Table 3. In general, the findings
tended to favor NFT, particularly when applied as an ad-
junctive intervention alongside conventional therapies.

Intervention protocols

Three studies [15, 30, 31] implemented real-time neu-
rofeedback protocols that targeted specific brainwave
patterns during treatment sessions. One trial [15] specif-
ically examined changes in the relative power of alpha
activity across two cortical regions prior to therapeutic
application. Another study [28] directly contrasted active
neurofeedback with sham neurofeedback conditions.
Additionally, one RCT [29] evaluated the combined ef-
fect of alpha-based neurofeedback together with PT and
CBT, comparing it with neurofeedback delivered as a
standalone intervention.

Outcome measures and meta-analytic findings

All included studies evaluated pain intensity, func-
tional disability, and psychological outcomes, although
disability measures were not reported in one trial [28].
Meta-analysis showed no significant difference in pain
intensity between neurofeedback and control groups
(SMD=-0.11; 95% CI, —0.39%, 0.16%; P=0.83), with
no observed heterogeneity (I>=0%). While qualitative
findings indicated possible improvements in disability
and certain psychological outcomes, quantitative syn-
thesis was not feasible due to heterogeneity in assess-
ment tools. Consequently, despite favorable trends, the
robustness and generalizability of these secondary find-
ings remain limited (Figure 2).
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Discussion

Although previous evidence has suggested that neu-
rofeedback may represent a promising therapeutic ap-
proach for managing symptoms of CLBP, including
pain reduction, improvement in functional disability,
and modulation of psychological factors, the findings of
the present systematic review and meta-analysis failed
to reach a definitive statistical consensus. The absence
of a significant effect in the quantitative assessment of
pain, as previously reported, substantially limited the
ability to clearly estimate the final pooled effect size and
to accurately determine the true extent of between-study
heterogeneity. Taken together, these findings indicate
that, based on the current limited body of evidence, there
is insufficient support to firmly establish neurofeedback
as a standard intervention within clinical protocols for
CLBP.

In the study by Yalfani et al. [30], a neurofeedback pro-
tocol based on upregulation of the SMR and downregu-
lation of beta and theta waves resulted in significant im-
provements in pain intensity, functional disability, and
fear of movement compared with sham neurofeedback.
However, these positive findings were not consistently
replicated across other RCTs. In contrast, Rice et al.
[28], who employed a home-based neurofeedback inter-
vention targeting increased alpha wave activity in a larg-
er sample, reported no significant between-group dif-
ferences in pain intensity or most secondary outcomes,
with improvement observed only in the central sensiti-
zation index. This finding suggests that neurofeedback
may exert a greater influence on central pain processing
mechanisms rather than producing a direct reduction in
perceived pain intensity.

Similarly, Adhia et al. [15] investigated an infraslow-
based neurofeedback protocol targeting key pain-related
brain regions, including the ACC and the primary so-
matosensory cortex, and reported heterogeneous out-
comes. Although one intervention arm demonstrated a
clinically meaningful reduction in pain and disability
at the one-month follow-up, this effect was not consis-
tently observed across all treatment arms. Consequently,
when these findings were incorporated into the pooled
analysis, no overall significant effect of neurofeedback
on pain outcomes was identified.
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Role of combined interventions

The findings reported by Shimizu et al. [29] further
highlight the importance of distinguishing the effects
of neurofeedback from those of established therapeutic
interventions. In their study, significant improvements
across all outcome measures were predominantly ob-
served in groups receiving CBT or PT. The addition
of neurofeedback to these interventions did not yield a
clear additive benefit, suggesting that the observed ther-
apeutic effects were more likely attributable to standard
treatments rather than to neurofeedback as a standalone
modality.

Methodological and clinical heterogeneity

One of the primary explanations for the lack of a sig-
nificant pooled effect in the present meta-analysis is
the substantial methodological and clinical heteroge-
neity among the included studies. This heterogeneity
encompassed variations in neurofeedback protocols
(e.g. SMR-, alpha-, beta-, theta-, and infraslow-based
training; types of neural oscillations targeted; electrode
placement; session frequency and duration), as well as
differences in control conditions (sham neurofeedback,
usual care, or active interventions). Such diversity com-
plicates direct comparisons between studies and ham-
pers the extraction of a stable and generalizable overall
effect.

Conclusion

The severe methodological heterogeneity between
neurofeedback protocols and the outcome measurement
tools for secondary endpoints prevented a reliable quan-
titative synthesis in the meta-analysis. Consequently, de-
spite the observed clinical improvements in individual
studies, the definitive impact of the investigated method
could not be proven. These limitations reiterate the ne-
cessity for future research to employ larger sample sizes
and more standardized intervention protocols.

Ethical Considerations
Compliance with ethical guidelines
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Database Keyword
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rofeedback” OR Tl eeg OR AB eeg) AND (MH “low back pain” OR Tl “low back pain” OR AB “low

CINAHL back pain” OR Tl lumbar OR AB lumbar OR Tl lumbago OR AB lumbago)
Pubmed (TI “neurofeedback” OR AB “neurofeedback” OR Tl eeg OR AB eeg) AND (TI “low back pain” OR
AB “low back pain” OR Tl lumbar OR AB lumbar OR Tl lumbago OR AB lumbago)
Embase (‘neurofeedback’: ti,ab OR ‘eeg’:ti,ab) AND (‘low back pain’:ti,ab OR lumbar:ti,ab OR
lumbago:ti,ab)
Scopus (TITLE-ABS-KEY (neurofeedback OR “EEG biofeedback” OR eeg)) AND (TITLE-ABS-KEY (“low

back pain” OR lumbar OR lumbago))
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