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Abstract

Purpose : To identify trends in studies on the intersection of neurofeedback (NF) training and rehabilitation interventions for
patients with stroke, as conducted over the past decade.

Methods : This review included studies published from 2012 to 2022. A comprehensive database search was conducted using
keywords such as “stroke”, “electroencephalogram (EEG)”, “brain wave”, “nerve feedback”, and “upper extremity function”.

Results : A total of 703 studies were initially retrieved. Of these, literature predating 2012, duplicate literature, non-experimental
studies, and studies that did not target patients with stroke were excluded. After this screening, we retrieved the full texts of 15
articles and re-checked whether each study met the inclusion criteria of this study. The advisory members who participated in this
study consisted of people with doctoral degrees and more than 5 years of clinical experience related to the rehabilitation of patients
with stroke. Disagreements were resolved through discussions. Ultimately, 8 papers met the inclusion criteria and were included in
the final analysis. Despite differences in the type and duration of NF training, the combination of NF training and rehabilitation
intervention was found to be effective in promoting the functional recovery of the upper extremities, eliciting positive EEG changes,
and inducing neurological changes in the brain.

Conclusion : A meta-analysis involving a wider search range is needed in future studies. In addition, efforts are required to
generalize the clinical application of these interventions. This can be achieved by supplementing the research methodologies through

extensive review studies that encompass a diverse array of study designs.
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Results of database search
Pubmed: 204; Embase: 105; Medline: 94; Google scholar: 178; Google scholar(korea):
48; KISS: 35; RISS: 39 (n= 703)

Studies prior to 2012 (n=345)
Duplicates excluded (n=79)

Excluded studies (n=263)
« Not related to neurofeedback (n=65)
+ Not experimental design (n=77)

= Not related stroke (n=121)
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g
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§ Record screened (n=279)
@

o

i Full-text articles assessed for
=3

= eligiblity (n=15)

3

5

?_;, Studies included (n=8)
o

Studies excluded with reason (n=7)
+ Duplication (n=3)
« Not upper limb function variable (n=4)

Fig. 1 Flow chart of literature search process
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Table 1, General characteristics of study

Variables Classification n (%)
2012~2014 2 (25.00 %)
Publication year 2015~2017 5 (62.50 %)
2018~2021 1 (12.50 %)
) randomized controlled trial 6 (75.00 %)
Study design - - :
quasi-experimental design 2 (25.00 %)
10~20 3 (37.50 %)
G ) 21~30 3 (37.50 %)
roup size
P 31~40 0 (0.00 %)
Above 40 2 (25.00 %)
Table 2. Qualitative assessment by SIGN
Author 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 R
Al Jung et al (2012) Y Y Y Y) Y Y 0.00 % Y Y ++
Rayegani et al 16.00~
A2 2014) Y Y Y Y Y Y 3700 % Y Y +
A3 Ang et al (2015) Y Y Y Y Y Y 3.80 % Y Y ++
A4 Cho et al (2016) Y Y Y ) Y Y 0.00 % Y Y ++
A5 Jang et al (2016) Y Y Y Y Y Y 15.00 % Y Y ++
A6 Young et al Y Y Y ) Y Y 0.00 % Y Y ++
(2016) e
A7 Kim et al (2016b) Y Y Y Y Y Y 13.30 % Y Y ++
Cheng et al .
A8 (2020) Y Y Y ) Y Y 10.00 % Y Y ++

1.1; clear question, 1.2; homogeneity of study subjects, 1.3; differences in intervetion, 1.4; blinded, 1.5; reliable measurements, 1.6;
Appropriate statistical analysis, 1.7; drop out (%), 1.8; intent processing analysis, 1.9; homogeneity of research institutions, Y; yes, N;
no, ++; high level, +; adequate, R; result

3. 47 W8 54 A 7122 740 Aoz vehdeh AR 7)ol diet
Ag71Ee 5 2 43

1) CHARRE E4 7o Brunn_stronﬁ &5 3|8 A e 44
A EE schAo] st 2HA2), FMAZ S 0-45%
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9‘]/\]‘»/1\_%:‘0] 7}%‘@' Z]'% /?jxélﬁ}f’_ )JLQ‘D:]: ?_]X] 030‘3101] _04 7]%% ;_(:]1%_-8—]_0:]9‘ ]9—101] }\]7]_ ) X}]%Z}' 7 -30]
A MMSE-K 2374 ©]3HAl), 18~2374(A4), 22~30%(A7)2] SAFEIA) SO AHAS). ThE AIZSFA, AL, ureral
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of AL NFEWO| 442 87 WwE 2711 oj4fo] A u|(AS3), u}s—_l He A= §9 FES(riggered FES)E 5
B8 ZAS ARSI QOB N/ Al SaAL ) 3t @

AHAG), BEF Pl ZAT} glo] Tukw e
S BT A 7ES ANT AoR

B B2 o

3) Sl UEH &

Table 3. Content characteristics analysis of the study

APl 288 NF
(Table 3), 2He] oA
185]+155]+108]  HO| A& A ofAfe
Ag Azsta AL
AAZE e e

AN
= %71 = —E%E 4185

A2, Ad), NFE#I} 23 FA(A3, AS), NFE}
FES(AS, A6, A7) A3t 202 Uebyth(Table 3).

g

el FA9] g s

-

THES FEEY A NFE

Gy Research Subjects sD Intervention Outcome
Group P Age Pla Intervention (EEG mode) Duration (including evaluation)
NF+game performance (BST) 6 weeks

MMSE-K: each group (+)

Al Stroke iéé; H RCT RehaCom 530[1?111Trs1u?eswezlr( MFT: each group (+)
' es p Inter group: MMSE-K (-), MFT (-)
TR session
NF+game performance+AO (BST) 2 weeks
52.66 . JHFT: OTNF (+), OTBF (+), OT (+)
EMG-BF after OT
A2 Stroke 1843 H QE 5 times a wegk SPD: OTNF (+), OTBF (4), OT (4)
Bobath+PNF+ B stage 1 hour per session
NF (Ml)+robotic exoskeletal exercises s N
of elbow, forearm in video game. weeks . _
A3 Stroke 5111'0550 H RCT ¢ 3 times a week EESM’;SIBCI q Fm‘“s (Jr); Manus i?
) robotic exoskeletal exercises of elbow, 1.5 hour per session T an (negative correlation)
forearm in video game
NF-+game performance (BST) 6 weeks EEG: beta waves of Fpl-Fp2-F3-P3-P4 (+)
63.06 5 times a week CACR: beta waves (-)
Ad Stroke +6.80 Ho RCT RehaCom 30 minutes per C: beta waves (-)
c 16 TR session FIM: each group (+), inter group (-)
NF NE-FES+AOT (Patient's shoulder 6 weeks NF-FES: VD (+), HD (+), VAS (+), MFT (+)
AS -FES 11 Stroke 61.40 H  RCT movement concentration training) 5 times a week FES+TR: HD (+), VAS (+), MFT (+)
777777 +AOT +12.93 30 minutes per inter group: VD (+), shoulder flexion and
FES 12 FES+IR (ROM) session abduction of MFT (+)
NF 9 NF+ FES(motion of hand and s . NF+ FES-C: DTI (-), SIS (-), 9HPT (-), ARAT
ag ~tTES Swoke 6268 QE wrist)+AOT (18 action) 23t a O 8
o, TOke 11269 (Co) 5 Log?eserasf;ﬁon Contralesional CST FA showed positively
NF) no NF P correlation with 9HPT and ARAT
Eé:s " NFHFESTR 4 weeks Each group: FMA (+), MAL-AOU (+),
§ 59.50 3 times a week MAL-QOM (1), MBI (+), ROM (+)
AT . FAOT Stroke i8-93 H RCT 30 minutes per Inter group: FMA (except hand and
c 17 ' TR session P coordination) (+), MAL-AOU (+), MAL-QOM
(+), MBI (+), ROM (+)
61.90 NF+SRG 3 ti&e‘:e;kjveek Inter group: Improvements (FMA and ARAT
A8 Stroke . 4’ 60 H RCT 90 minutes er persisted after 6 weeks of intervention), No
C 6 ' only SRG p change in 6 weeks

session

aFA; asymmetric fractional anisotropy, AOT; action observation task, BST; beta-SMR training mode B-stage; brunnstrom neurophysiologic method, CACR; computer aided cognitive
rehabilitation, Cc; crossover-control design, CP; control period, CST; corticospinal tract, DTI; diffusion tensor imaging, FA; fractional anisotropy, FES; functional electrical stimulation,
FMA-UE; Fugl-Meyer assessment of the upper extremity, Fpl; It. frontopolar, Fp2; rt. frontopolar, F3; It. frontal, H; hospital, HD; horizontal distance pain, MAL; motor activity log,
MAL-AOU; motor activity log-activity of use, MAL-QOM; motor activity log-quality of movement, MBI; modified barthel index, MFT; manual function test, MMSE-K; mini mental
state examination-Korean, NF; neurofeedback, OTBF; occupational therapy and biofeedback, OTNF; occupational therapy and neurofeedback, P; participants, Pla; place, P3; It. parietal,
P4; 1t. parietal, PNF; proprioceptive neuromuscular facilitation exercises, QE; quasi-experimental research, rBSI; revised brain symmetry index, RCT; randomized controlled trial, ROM;
range of motion, SPD; special power density, SRG; soft robotic glove, TR; traditional rehabilitation, VAS; visual analogue scale, VD; vertical distance. +; p<.05. —; p>.05
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7F A7) wiZolet & 4 3l& AoItHKim &, 2012).
HETH 22 FFAEA A Ty ojFole AAE
2 FxY QS SR HRHo YFAA &
glol "2ol7] wiZofl, 75 AlE 7l ol59] 4
d S AsiA R s =72 ADL3o] 7]2ol=t &
T e # 7T I5S f8f w4 AT 29
gt 53 H5S AHH LR o Yolrks Ao] vl F
Q3fcta & 5,“— QI tHKim, 2022)
oo & <

i
e
g
N

E = 7zt
e A1l H 10 7H20128~2022) A& A 07
o|FolH il Qe AoR Uegen, & dAqto| xZ3t
H 8w A % MF Hrt 53 +EN BEF
AU FEHEA] 3 7)ol 5 482 A &
Zolgte ATE Bt W A = 6HO =
RCT(randomized controlled trial)d+$ oW, Yz 2H

2 WY AHZYE HES= dF  QE(quasi-experimental
design)2 ATt E Ao EZFHE AL o]Qof L,

NESh £ £5 £ AT YAULY AU 54

HE

& ZE(Vourvopoulos =, 2019), NMESE £33} gl 1HE 4=

ol ek NFe] AlFzr A= ERlo] oigt A+

(Nishimoto 5, 2018), Z52] ¢ &7 2 Yo ot 3

E I NFO A7 HHde o]gdr A A

(Nakano 5, 2018) 5 T}F3E 50| =8 EojA 211
J

lglony, tiRE A% AH A (single subject design;
SSD)& F3fEjo] E o] AR Ao 2FE R o
ket

oje} Zo] A 10|9ZF FHLlH R HEF A=
o & 7|5 &S fIvt NFEdo] &3] A5+ HiL Q)

oul, 8|5l o3t AF B 7% Pl 7lelste
Ao et gAg AA AR RCTAT e
22 A0 vehyth g4 A A5 7
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o )9 $2% faolth SSDY AL AR Aldvict
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