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Abstract

Objective(s): Neuroplasticity refers to the brain’s ability to undergo functional and structural reorganization in response to
experience and learning. This capacity plays a crucial role in cognitive enhancement and rehabilitation and has increasingly
attracted attention in educational and healthcare settings. Given the growing application of neuroplasticity-based interventions
in education, rehabilitation, and cognitive health, this study aimed to systematically review the available evidence regarding
the effectiveness of these interventions and to examine their applications, challenges, and health-related implications.
Methods: A systematic search was conducted in PubMed, Scopus, Web of Science, and ProQuest for studies published
between January 1, 2020, and March 21, 2025. Studies were screened and evaluated according to predefined inclusion and
exclusion criteria. Experimental studies investigating cognitive or motor interventions related to neuroplasticity were included
in the final analysis.

Results: Of more than 1,400 initially identified records, 110 eligible studies were included in the final review. The findings
demonstrated that neuroplasticity-based interventions improve cognitive functions, memory, motor learning, and several
neurobiological markers. However, individual variability in treatment response, heterogeneity of intervention protocols, and
limited access to advanced technologies emerged as major challenges in this field. Overall, neuroplasticity-oriented
interventions showed positive effects on memory performance, motor learning, executive functioning, and cognitive health.
Nevertheless, individual differences in responsiveness, implementation challenges, and inequalities in access remain important
barriers to the widespread effectiveness of these interventions.

Conclusion: Neuroplasticity-based interventions have considerable potential to enhance learning, improve cognitive health,
and support rehabilitation processes. However, the standardization of intervention protocols, the conduct of longitudinal
studies, and equitable access to these technologies are essential for advancing their clinical and educational applications.
Keywords: Neuroplasticity, learning, Cognitive health, rehabilitation, Brain-based interventions

* Corresponding author: Health Metrics Research Center, Institute for Health Sciences Research, ACECR, Tehran, Iran
Email: farhangnia@acecr.ac.ir

21



VE-0 LT se0 ooty oladh qparty 5 Cony Jlow

&
r U/t
.y

Pl (lag pole 0aSingyy ) pis

Joroca sbaoly § UL (0 9 415 Winpllii 45 yo 2 il cuodw § (5 Sl Sl 41 38 was (5 pribadllanit i

" ok eST ool LS Kim o jpaie 88 sl pid

ol (s e BB tloslr ¢ g pole ouSimgly ceodls hins ligios 35 s caxaly Cedlas 03,5 ¥
Ol (s 55 e s oy il oly Cesdls 00Kty iz g 55 po ¥

VECEITIY il e g
VEOITING 5y b

(VEed s e = lasil 5l oy Sy il
VEO: YO@): £ VY : il 40

oJ..a_S%

G o529 (ol ol (6550l 5 4028 @ nly 5o ()15 5 63 Shos milajlasls 53 She UlgF ((Shrsidlg)99) (oras (5 2y Sllasil odie
arazg Lol adS L anrgi o)50 cudl g Bjsel slrojs ;o (sloanlih jsbay 5 oS e L) iougls 5 (Sl o Sles S5 )0 S
anly 5 ateellis )50 Ban b aslllas (nl (5 ld cdls 5 (A3l el slaesem o (ras iyl (sie I 9IS S
5 pll lag ] jgmmecadles lavsly 5 bl dao )5 () 5 e (al (2250 T o)l 0 3950

YV YeYe angly ) leas s oYlis sl ProQuest s Web of Science .Scopus PUbMed slaolol o goiws :,l5 b, g dlge
EMlace a8 o b b ldllae wad o)l s 6,508 ood st i 5l EssS 5 995 (Slaylne bl lalllas s alosl YYD o le
cdals ol o lg (509 00,8 gy | AluniidMyg )9 b ad e (25> b (5L

G pimlan] 1 e SO 45 wisls Lis baazsl wad ol Jlow o,ls Lyl o5 arly anlllas V) e cadsl 5,68, VFe - 51 iy oo 51 il
o gl 50 69,8 Slaglis (J (nl b digh oo Soiglsmgye slapalh (B p g (5> 6Tk il (SSLS e Slas 250 9o (orac
Wy g,98 2 (e EMS e s 055 (nl (ol slaly 5l aid piny slacs)slid 4 (owiws )3 Cadgaze 5 LSS5y (SoSeal (DS
5 OMae 4 Gl 3 69,58 Laslis (b cnl b ilansls S5lis Codle 5 ol o Slas (25 > 6,050k il 5 Slas e Ol il
et S (l 03 1S (i T 3 50 3l wlge Sl s 53 62l 5 22 sl Ml

il slanl il coles 5 (2Ll Cadle g (550 ) Gl st S Cedib s iyl sine OB 16 S S
sl 6ol anugs sl bacs yslid ol s a¥ole oo yiws slonald 5 sb wlalllas alnil calslae slo S35 (s 5los laibind Jlo ol bl
ol 5390 T ($3550T 5

3o p e Ol (25l ( SFLD oDl (6 T enidly g5 ia 03y WS

IR.IAU.K.REC.1404.081 : sz las

=
PR sl (3l pole 0aSinghy (g, a9l LS (st el GLLS (ol BT GLLS a8 1555l et
Email: farhangnia@acecr.ac.ir

gAY


mailto:farhangnia@acecr.ac.ir
mailto:farhangnia@acecr.ac.ir

VE-0 LT oo ety olad qparnty 5 Cony Sl

Ut
.y

obBer 5 2 gal> pind

=B il ailgs e Sloj slaosl pl Ho OMSlae Las il aS
Ll 5l 15 8.80 coliss o0 5 Lyvore] acst acsls & i
Sl ez g 69,8 gakw o (Sloys 5 (SB5se
o S b s o Shee | o sloa p ) oras
(bl ol Ll O jg0ds a5 oxel> 59,0 jeim ciles S
ol ssrecaadle slasaly 5 (o559l (Sl )l (S (55 >
3 SR pL g Ol o mul jo (69,8 slaglas (ol >
Ol Shlasd S 53 azgs 550 ieS (ngh slas gl (o s
Sl 5 650 slas )l o e—as G i Slasil a6 by
S el ] jemecadl sladsly g ozl das IS 5L
Sbal aililoz (o) 2 )d ey Lo )50 Cadgizms 4 azgi b
OLIL 0SS co W ol dsdllas ¢ cnas (g pds Sllass] Calire
= s ) 8l 4 b e salsd caalr 5 aiepllss 550 S
5 ol sloo I8 ¢ cy sladaly (Ll Cldlw (5 5oL
2 Legl pmecadls glassly 5 il (eized 5 (3550
WS e 9 609105 Wy Sl szl S
o Uhgo 9 Slge
PRISMA 5 lsilul sl Jasdlygiws b @illae siopllss jgye oyl
(Preferred Reporting ltems for Systematic Reviews
Sg>ge dale i L5 os I, >l g >I,b and Meta-Analyses)
Lg).:d.q Sl Jya‘ 2 e (5*.>L.~.> 2y \ES RV tﬁ“""”)“‘ o)l).).)
wds piSlas U pwae OIS g bjgel slodie) jo (mac
o anllas (ol 00,5 o g 6,910,5 adgib cubl g cuslas
Y M b oIl ol ,31P (Population) o cay a5 )
Sladlas jo 45 (551,550 Glas,lows (300 A slo) emas
:( Intervention) I .asloos )y camniwdlgye5 b Lol ye
Lol ozrlyi e o S 20 Ly a2l
sy y58 GWI sla gy ple 5 (85 > Sy ped (5L
L alslow oygau ol 3l Jelis J S sleeg,5 :( Comparison) C
:( Outcome) O . slsyo s, laibwl sla sy, ;l eolar il

FaY

v et S pdy Slasl s

Ao o
$olS pealie 51 S5 (Neuroplasticity) eac g pdscillasl
33 S Slp (oras s 215 4 oS Cal 00 olasl pole
Lacaol Uy o)lo dacS o 4 gl o 355 3,Shos o il
DL el Sl Jols 018 (ol 0 o U]
45 Sl dnu (omae slaobe sbul (S 5 (oras la s
S9= y e (FELt o Slos 5 aladlo (5550 Sgnge 4 WS o0
5 olasl pole ;5 oay ol Ceal 3l slala 5o [N]
SR b ojagds el 485 13 Az g3 9550 i Sl G (LAY
SLa sl i sorlid pf S3he S (azmed shg slacs sl
SlailonS slaces p o5 ooy 408 don slaghy, 9 (S5s
e AT los,5 ol 50 A b b ol 5 s oo sl
aile mas SV 4l e les o ohrsds ¢ albs s,
a2l o g e 35 5 (S50 o ginS )y el
e (SO CdS sl )l g (5> g LS 3 Sles Sgnte

Iv] we
Bl s (el g0 Sloasl psle mualio 3, LS (lojen
53 Sl 03,5 olml €iie (e (D900 Blgae b g (glasee;
e DL, ((GSUs Sl ped jelad e 0,845,
695 3 S nd (b el S0 wile (el e
dazmaz $9) 5l ) Se (sebline S 25 5 (IDCS) aazex
5y Shos 5o Baa b 2103 e (ijgel 9 (ITMS)
L1 aSloacss >lb (Ews 1Sob o 03Kl g cabadls ( 5lis
A yoie Lpad &5 OB lae () a5 ais oo lid cioghy dwled
Ay ali o aSly (gd oo hrard g (SSLD 8 Sles i)
Ol ;2 0933 WS sl i |y B Sol sleizl g Slnen
Lo, )5 09 ;o Ol ol Ll cldlw o35> 0
ales,S SaS wospdiaml Glacarez 13 olzl s (5> (S
Slasl 8 oot SbOSE o5 b slacd i se2g b LY A]
and S Slalllae 3l 5 lenn 5 [T 315 3925 0555 cnl ooke
R 4 oS g 03,5 S ed omae (s pdy Sl SIS ol
(sl slad ) (Bt Codlw w6 F0b L o Wgm pel>
oimen [V ] allass s je el sloasly ¢ o il
L) Gy 5 5 2 el sl plejen jsbay &5 ale g5
Sg2g 50 pfeo 4SS Doyl s s Sgdote (RS iligy

Sl (Sl 9 (S995 59 ohugd (gras 0B ;5 (wles (slaoygs



VE-0 LT se0 ooty oladh qparty 5 Cony Jlow

r
Pl (lag pole 0aSingyy ) pis

coan Joli a5 o oslaxwl (Cochrane Risk of Bias Tool)
5 2 Shos (6505 5 (LSl (6 S 5 adox 5l 2la)l 035>
5 e dolas i lalllas gl V0] sem o3l IS8T (6 S 5o
a35,5 0,4 (Newcastle-Ottawa Scale) lgbh JolS g5  wlido
Lol Jolds (dool o5 aw jo 1y (23Ul by, CodS oS als
ASS (o sy Bl homies 5 doog S dlie Sl ciged
(oS > e sln) alslae g Lolul 1 olllas [1V 5]
() o SLD) dsls £9 9 (SiRe SUPS 2 (e oS S
Oeolae o 0008 5 ganaiws ((Sldly ) « azs
=y S5 (2BLiie (slaaidly g 0uisd )| )ST (glagSl oS piie
S 18 ol

L disl

al>yo 3 00 b olulid 9,55, V¥ e v Sl i le 5l g gome o
AL Jolie plodl 5 LSS 8)lpe B> 5l e cg2inr
)lg tul b azrly adlllas VY - zg = 9 99,9 sLoylne (]
e 31 glos S digb Elallla oyl wind olgs Juloo
Sedlw (53 loojer jo 1) (omae iyl p (e
(V Jga2) abag o3l )55 (om0 09 (BBl 5 (SSLS
ol sme i 5o stiie Slalllas ) ol glaa il
(S 9 3 ld 0 ,Sas dgups 13l Wl le a5 Wil gassaiw
(S9)9 9 () Dl (55, aladlo g 650k LS|
9 Spdapees slagilly (DAEae 4 ul 0 605 lasgles

el ol
asoly lis goasin Sldlae : Sl g £5bid o, Slos dgupn )
Y] Ay Mo 8,8 o andly bl 3lis Sl o5
Soline S5t g 3Slg o plotallis 0594 «Su38l5 )88
Ol gt (2l sles Sles 5 5L sla bl calasl>
Ly o3 3 A wodid s suiielonl il alo S oS cigod
&3 Ses (blise 325 5)l0 ppgai Ly ol oo (SL
5 =S alidl> o 4z e ol oy gy g a8 5 0,00 (FMRI
EMas eopizmen [YANA] 5,5 3155 oS eS8 args
g ombline b 610 (ol rf 50 S o0 ol (oS 5
el aalil g olor 4 D (lhle jo (LS (hjgel ol yon 4
S8, 5 (LS Dle Dad el g (SSLS slas Sles 9
b 5 Saeglae o w5 5o SISl (nl &5 55k 4
G Blasl Jgol 5 sitie Sl o5 ool odle LY ] was

Fa¥

!
-y

Ol ey S ld S g 5 S0l )| sle el

e 69 e g (S
PubMed sLedbol slasl Kl o Ylis aepllss (ggmius
ol 5o 0 sl ProQuest s Web of Science Scopus
YV LYY angils V loj o3l 5o ouds e Slalllae cgoein
JoB ol Jdo s osly cplaisd )5 )18 sy 00,50 Vo VO (o)l
St S 25 Lo ol id S8 iy 5l Gy Loty 4295
el ood Olsal 3 ls sla iyeol drwg 5 coxlod ué
- ("neuroplasticity” wog 5 silie LS 5 Jols oslgads

OR "brain plasticity") AND ("cognitive training" OR
"learning outcomes” OR ‘"rehabilitation” OR
Slalllae mlie S ypd izen () Jso>) "education™)

boled (gt OY¥LEe L5 and j550 (Stws &0 0ud g
(1) 00 3 gl gl ls 48 Wia jg,e ol Slolllas 36
Sl yod Jold (omae s pdBlhasl p e OIS0 25 0
dile) (serbad e (S5he LSy 20 o (55 o Sl el (LS
[tDCS] aemmoz (s, 5 oS Ciand b2 peiiins S5 25
gl d[ITMS] aazaz (55, 5l 5,50 (cmnrbline S 05
2 gy el (V) ¢l (glags,glid b a1 0d 5 e
rolaieliw by (VLS )5 (5058 Jold Gl slocinez (s,
ags bl ol SLd sl S PBlas 5157
3y sloatla b g (5> 250k b 22l les Sles
iy alin JolS e Lazil (F) o BDNF L MRI EEG alo>
S 5950 5 wiogs 5 slo Shs s o Sllllas oS (5
Sldlls 0lfays e b (6,15 0 Slalllas wins anilis
L J=l5 e g &Y e Gromin sLo)lnl 036
Stomd b (2550 glassly o o5 Glalllas conits s
L ol 69, 2 oadplanl Sl rizren g auidls 55 50
5 S Mo )l i, 2 bl wnTb . Gl e sla o
o8 ploel PRISMA sl j5ss sl 5y lellias oo o]
ps Jolis Laools .l oo aslyl Y ol SLs yo o] wlsis 4
adSlae o wdiged pa (o lib g9 iS5 (Jlo sy
90 Jawgi Wosls .aing loaidly 5 ioriw sla il ¢ Lol slaasly
Db o Sjgie b el 5 gliiul Jiae jsbay Saags,
sbalpl 5l S g sz (o) g Sllllas CudS” 251 (610
oleai Slalllas 0,50 4o 0l oolaiwl ol s
S5 5 b ol sl oIS Sl sl eeas S



VE-0 LT oo ety olad qparnty 5 Cony Sl

Ut
-y

obBer 5 2 gal> pind

oo Slallas i las 4y Al o (608 slaglay F
Yo 1o 0, Ll OO las 4 el 5o (69,8 loline slagles
5 9,00 Ll (650l (lie L e Sagisil (60 Sllasll
IVAL acms )18 50 cow |, sl Sl pe i 5l Wilgs oo
Ohloem 5o el (gg,lo L oo bis Ol jod oS 5 opiznon
o Laassl ol Ival cosls s miie So5edsmn e Dl s pudl
Gl § oyl 50 006l cated OMEae (b &g,
Sl 4_>)f| :LS).‘.'§°L—.’. JLQ..:‘ 9 Lgfmw B uMJb 0
Sladlas wsloas e ol slrojem 4o Y LB slaoggs
L Laoje> plaw a5 50l Jlasil o glacusgass saxis
als ,as L 15065 50 e tailes S 5,155 0 5039, (slas Slas
slasSlas ;505 4 JLESH Ggur (55,2 0 Shoe 942 (5530
5 Sy Sl OMSlawe uizen ¥ ] el sas oo sl
I¥ V] o5 sgame 6 S sloo g Sgnt & LS o b S3gS
) EMlas O_g.l ‘;l.o..c oﬁ)Lf Lg‘,g 4o (_S‘.Jb- o dgdome O:’.‘
D580 ymne (Slayd g B9l slaluzme 5 aly (S
&=l 0 o= u.u‘j_a (eaaS uu)s.o—\ 5 Jlizus slag,qlis
ol 08,5 byl pmas s pdiBlasil 5 e Sl O las
S IBULRTRC B SURITSREN]

(bl slos Sloe dgpn jo 9 =B —isu Sl mac
o=l Ll 23l codlo b s o oy Ol s g oS >
30 Cudgazmo (63,8 slaciglay dlex 5l (gousin o il (>
Sl g ALBS S92y (o s 53 S 2lpb g @S 6Ny

a0

v et S pdy Slasl s

ebis a8 el ao Lo ol Coses jo mac
o=l asleads 5 (S0l (e alS coge aSl 00,5 S
53 eMlace ol e sliadly, &l s sams sl eazsl
ol am amer LMV YY) el flasdle Sw el e
S pdndlhal anly o sl sl J2ld OMlas walyd
G iie Sy aile (g slas sl Ly 55T 05 4 rae
2 Fee sla)lal) flyie an wily go wigd ol yen (caxled e
Ol 5 Saiglgse ohlew 5o (Sl codle sl )] 5 Lad>
Sladllas a3 daail ool puoss sl 4l wigd o las
B9 lasl Segiie g 55,0 Sladiged by Fonenils
OLs (g5 2B waly i o35 > a bl g (6 S0k ol 1LY
e S 20 ol yod Ay diedan IS ;> Ol el 45 A2 0
ol L 013l 0 tDCS dozmax (53, 5 (o xSl cans 4L >
ol yoie (i3, oly 5 (S5 3 Sles f el g 4 (2l
Dl po3 S 5 ema i Sl Jilga lylam 5o [VY] o
RISy 85 of) Cdlis 5 Caep o 2FLD b5 5 sl pplS
Folss (650l aiile pwd- S > Ol yed oopmizmen [VF] ol
e duh s oole jo e g,k ol a5 (Slackline)
Sl omae (6 pinBllanl 5l —asls a5 8,8 bl (YLLS 5
e |y emac s pindlhasl Jyol 0 p)lS b ol [0
=9l dmaz lac e 5550k 50 2 5 (T Sl
e Slallhe : Sojsdsmg ) sloasld § () Slpts ¥
(55, Sloe MRI FMRI 0le (6530 g5 1355 sl I3l
63, Shos g 5,3 Lw Ol ss 50,5 solatwl EEG g 50us0
30 glasdlas iges flaie 4 .050,5 o 155 1, OMlae 5l G j2e
4> g pdyBllasil Gl cage (55 > Sl yes ol lis (e
Lvsl el oot ool ,o aadls o Sles Sgnte 5 ool g
e 3l end Fiine Sl g9 Jele 4l il Zolaw (oizmen
ol o Ll o,Sles Sg b 25> (6,50L 5l o (BDNF)
5,158, 1 Mo a5 S e ol ey sy opl [YV] 5g
)l gmgale g (zrgaiz Syl jae LSl



VE-0 LT se0 ooty oladh qparty 5 Cony Jlow

Ut
“y

r
SRuilsolyz silags pole 0uSingsy 4 pis
oo g3l gl Sl g eojlgands’ Jolds calises ools (slaalSoly 48 sauns (551wl Y Jgaz
ools ol aojlauds’ ool b5k s oluss
PubMed ("Neuroplasticity" OR "Brain plasticity") AND ("Cognitive outcomes™" OR "Motor oY
outcomes™) AND ("Brain stimulation” OR "Cogpnitive training™)
Scopus TITLE-ABS-KEY ("Neuroplasticity" AND ("Cognitive outcomes" OR "Motor ¥7.
outcomes™) AND ("tDCS" OR "rTMS" OR "Cognitive training"))
Web of Science TS=("Neuroplasticity") AND TS=(""Cognitive outcomes" OR "Motor outcomes") YA
AND TS=("Brain stimulation" OR "Cognitive training")
PsycINFO DE "Neuroplasticity" AND DE ("Cognitive outcomes™ OR "Motor outcomes") YA
AND DE ("Brain stimulation" OR "Cognitive training")
650k 6l g Gl Ceadl y omar sy Bllan) b o o SV SleMbl Y Jgor
laazsly Dot gla 3l anlllas 5,50 glo puite Lgol po> dalllas g4 JYS-C OO W PR,
05,5 0 by g abitls see MRI S035lsSlug s slogses]  @mgs (ol o oodlS abibl> A b ol s Sihvonen et al. (2020) [YA]
FIESRW 53,5 kes 5 (5 5l MRl s 5 &l
&3 hee 5 5l
@ fly 0 60 Gl (Sogigl spdydlbsl pToilil Segigl 5yl Ve b ol <yl Chenetal. (2020) [ V]
s3ls Sl el EEG SS9k PRESH
05,5 3 slis o Shase sogp slosl;)l  (Fls slogse;] i Sy AYE b olslls «yi!  Boroda E, Krueger AM, et
FIESRW Slopngas 5 (IDCS)  (lasorex PRES al. (2020) [7]
S el
ofles 5 alil> o o lppsa (ks glagsel 0 ITMS L ey Y b olslls et Tsai PY, Lin WS, et al.
bl ol o sl oW (2020) [ 1]
S
5 ols S e sgp GDS . oslss slagse;]  p e g3l bjgal A0 b sl <y Morimoto SS, Altizer RA,
o 2 e sy lland ol ewue  ELAL(2020)[T]
olatells
5 s o Slee s 3MRI L 3ls Glagge;]  s3ls (bjeel I TMS Are b oyl Wk, Bagattini C, Zanni M, et al.
ool T e ials Salyl e N (2020) [*]
2 ol ol Gl ol HVLT-Raksl> ;5051 abibls Sy Sl cloyo A0 b bl <y, Abbott et al. (2021) [V]
Syl N odie
FEUSRVE TP ICIN. AER S sl bl MRE T i sian anesdly S0 b oleslls oyu Fawetal. (2021) [V Y]
S Sgge odzie
abidl> 5 650l o glagsesl  (sls slagl;yl  Glasl wbbl (5,5l A b oS <yl Pratscher et al. (2021) [YV]
spdy Sl Srd odle
S Sl 0 ss fMRI 5 > sloggel  csiie spdy Olasl (ke aw) La A0 b olesTlS o> Zhangetal. (2022) [YY]
S exSk
FEUSRVE I CE N OO Sl slagygeyl (iesMRI (g5ae Aoy S5 fe b olesTls syl Vanicek et al. (2022) [YY]
Se3gl e slag o
5ol je 25K sl slagls)l (S slaggel  atenodl Sl sl Lm Ve b oleslls s Widmer et al. (2022) [Y¥]
S SHladls, S (e
G Slao ol o gl paskis glalle s Qi byl GES glas ol 58S) e e b ol <yl Richard et al. (2022) [Y¢]
S sleples (osb odie
553, ol 3 ,Shas 13 3gme MRI 5, ol o Slae obj,) tDCS 5 25> (3590 AYY b ol oy, Evans NH, Field-Fote EC.
] . (2022 Y]
€ Sl jo oo
55y Dl 58 dg ke S5 Jobss b)) DS Jols yes ATl gl oz LIUHH, Wang RY, etal.
. . . sl e 2022) [¥7
So5se G5 55,85 ol (2022)[¥71]
3 S50 Sgage e ol Flis Glagges]  SELd Gy jed g eelgiS 50 b ol s <yl Price RB, Spotts C, et al.
oy . . . (2022) [V
WMy 995 Sopdl yo PR
0,5ee g BDNF gl s5p 5> 5oL slogse;] o5 ,> 5,50, BDNF S P b oleslls s Maguire et al. (2023) [YA]
S BDNF
el dlasl e s s 553l slansesl EEG ( Llgis Sl AR b olesTls =YL Sehatpour et al. (2023) [Y4]
sl 5slsSaluss 55 oale
ol 5y Bllanl S5 s slagsesl olio Wbs) ol el Glal Al b ol oyl Wuetal. (2023) [Y+]
Jrdes FRCS
abbl> g bilop 0 s wlagsesl o Cogmedle s absls (ol 3lep (o) Yo b ol a3 Gireetal. (2023) [)¥]

sas



\F-0 OL}T_M sy o)l.o..f.\ Ty 9 S JLJ

Ut
-y

6)5
S SRk S e

» Sl g kbl seg
yoal T
o‘) s.ABL‘..e5u.c)..: Sl
)
Slis cews 3l oolaiul jo Sgps

Gy Sllasil g abadl> seps
@‘55-'-:-“’
S5 slocdld sgge

oole (55999890 )> Dy

RO

bl g STy ke Some

O 5 8 (gaal> o

Sl s
TDCS (5> o3oj]  Sops (5> spSol i e
Sy (635*;:5)‘1)
@zl sl (s e sl stDCS A
S Glacins (gl 2plS (305 (S Sk (MS) i 10
slopels
S b)) Flo cews loslial (S gld) &Y
MRI abbl> ;) Gllaxs! abibl> o Sloe (s 01,30) ,i5 48
e sl
> )l SHFg s (S llad L oloss) & T
(e gld o>
oS S ojlal 2Bt Lo 3 (S 35975k 5 3k AT
eebis oWl
sls bl MR 5 Slackline ,.5sb P
Sudw 00le
ITMS (5l o505 Sl hyeel I TMS S P

v et S pdy Slasl s

b olesTls 3L Broeder et al. (2023) [V]
b bl L.l Meléndez JC, Satorres E, et
ol al. (2023) "]

b ol e Seebacher et al. (2024) [VY]

Sl bt <3, Carton de Tournai et al.
(2024) [*]

Sl bt RS Lin et al. (2024) [V¥]

b bt Wizl Lucasetal. (2024) [Y¥]

b ol auls Manser P, de Bruin ED.
(2024) [¥o]

Sl bt Sy Koschutnig K, Weber B, et
al. (2024) [7#]

Sl bt Wl Xu X, Nikolin S, et al.

(2025) [¥V]

Ujgel *

oijgel (sleojlga,ls

$250L slaaoly *
o sl

Aipugiawdyg)oi (slosjlga s

320 spiyilhsil »
S0 spiSlasil «
Liwhuac +
90 3)Slac *

D99 slalso
RCT Slalas o uundSil (b a1 3lie

Soni 53 dallbs FIFV
ol

Olalllao o JyiiS 0g)8 b Lyxidas colellao |
G lids b Gitygal e (538 b Slsbo |

: o> sleles

i\_'a}ﬂnn ipangiasyg)o) ) oudianno bl pas
1 o Pl 286 oS Glallle il
lo diepl (slagro silo sidgy sluylao

39)9 Slylizo Hi8)S ki )3 3l Guy dalllae 216

ol wods .5 b oas sladbils
Hslosaly i pac g dladaliolly dayiyles
| Slacamo (50) o plal olalllas i 3ys0
i luslué Slallhe g basyope

alléo 11f

Oilio CubS JyuS aladl 5l ow

alio 14
ailo 8l CastaS i il 31

Slalllas 3959 5 CamMo gl (6, je 5,55 5 g0 Bio ¢ gluslids Jolya Hl3gai el PRISMA Jaalljgiis Golsl j clalllae Slsxtil o)y > ogai Vol Sloo
was g0 s 1) siepllas 5950 41 Lulyd uly

Fay



VE-0 LT se0 ooty oladh qparty 5 Cony Jlow

r
Pl (lag pole 0aSingyy ) pis

oxhd (g S el alis ol og ot Ll byl o b
wolgs 5o 05w oo dgame | MEae LT (5, Basle o)l y0
9 Lo sl amy (o piws )3 s Rlpls g (=l ol
Ol et 58 e sla by adex 5l es¥ gLl g
By lade ;o Sleyo b digel glala e ay oMl
Sy milie Ly aslsz 5o ofigar £9050 (nl igd oo gue
5 ST slaco b )0 @ plpl wais 4 yoie Sl (S
Lovav] ses codls

D)l8 0525 Hlizres pge (e wizr 0nisS gl s o8 e
5° Osld alex ) Sl (b )3 (S9Seal Jold o il ()l
(om0l g (Slas Do g ol S5 o0 sl JSTg
WS oo 39 | il (S pdipeest &5 S sS ladiged pn>
Slp Sl 6 )lab b)) sl Sae SYsb (o S 998
3 9 e Shee Sgge )3 Al adlie ;b o i et 0
S0 S5 Lo glid do (o i 50 (oe slatydgazme
LOV-0F] ol pianS sladasue 1o oh5d i iy

(eIl 05> 30wl 00,8 IDSlae (pl e oo S
ool T A i o ,o ITMS 4 tDCS ) ool
2 Ssline gladgus « 2156 ol 5 s 3he s (ygmiaS
bzl 035> j0 el 03, S sbul (5 > 5 SSlh 0 Sles
adly bzl o3ls Sl el g e 1 (e sl b9
Cog g 0350l iuli 8l a0, Slos 39y ;o laiiles
Soolaiwl (oyian aiil o, 81 i s elais! slacsLye
3 Jols St p oo Y Shul i odizmy (5 > Sl el
05,5 slou! 3o dutw oole LS le jo s Ol s ( SKialon
Lef do-ovl el

Sl y SO 5l eolaiwl 4y les co candllas ol g8 blas alox
e oede Lol Kb o axdl ksl 5 ela o
el 00,5 pandi |y jg 00 S8 g Comslz aS 0,5 o Ll Mledl
Slallhae Clawl gl glasl S coun 39,9 slo)lre (o
SrSorte e (285 Sl Lk p S yed alex 5l il Ll
potie o oA ST g sy iy (610 p p9-as Lol 5|
3 e @l el (g (omae (s Sl
o Ml Lol jgome o anlis Codlw § 550
oraldn bl 1 4 S gmmeallin Byo o) g0 &5 s baail
plosl (G 5 60,8 (LS (S5 > (s RS0k wiile uulS

AN

Ut
“y

S5 Azl 9 ey
S pim sl e ISl a5 ol las ol g ,e (slaazsl
e S 28 diile (exrbod o (S50 UG 28 ol ((oras
S 75 5 ADCS) aszmaz (55, 5l (oS chn 5 L >
(s slaghisel (ITMS) dazax (59, 5l 550 (omnboline
SlgS e et giz Sl wuS S g oy (S5 Sl el
5 5> (ld slos Slee )0 (g5 LB S 4 i
S )5 adidls 9z (albojem )0 ogus (nl e (Sum
i g dyb (S sl e 5 oSl B3l ez 2l
sboaghy; cS 5 a5 ols (L (izres @l Sl oads (5158
Sl Suged Sl el Ly (sl sla sl b e Sy
w3 ge il ) S ae oLlS g 00,5 sbul l8les
@ ldls 5 Shee ;5 g BB Sgngs ot oy Slalllae iy
wiles, S )35 ) @l lad S5 g (35> 6550k g
SADCS  wiile oxrlyspé (s 3he Ol 25 cpuizman [YY-F1]
gl Ly (B ls Sl yei Ly aS lej ojgany FTMS
Lo e 318150 (6 5 (o850 51 digd (o0 S 5 il il
aslasls (e aSw b ;aalT aiile cae YS! ol )l
3945 was e olis Sl i jeye ol ol 1IFY-FF]
Sgasme 3, Sles 5l ol 0j5> SO a4 OIS Sl lse (S
s loosso nlw an () peesd gl S walss 5 0o,
Sgte g0 By ISl 5 diged laicay 0l 042
2las S 1 s ol 3G aSST g0 wilonds 5 > o Shes
Ly commizmon [Y - V] aisl ansls axg5 b )b asibe
33 SloaisS e i 6,8 slamglas a5 cul T 5l S
s =l (alse c0frgar aisS oo Wl Mo (i 5T Gls
Ll b g yd (G Slyy e e Seagisil 6y Sllasil
b e Ol 25 b (3t Ol ped 4 faly skl o (elos]
b &g i gl opl . [FO57] wims 13 50 co
Ly edslo auST calies sloog,S (sly 0ad g3l paseds OISl
Sgde it g GEUD (mas Lo Sy aile 08 Jelse
oo LEV] 013K 5T O e 4 el (e wilgs oo
08 yandl (hlow )0 eeliS (gg)ls Ly (3Lt Sl ol oS 5
5 Sy Sbedine) )0 Dol a4 oS wls plas ) (Sglite (a5 il
Sldlas j isw ool o odle [FA-0Togy Lo o LT Sl
Saeaily (glanly (bl 5 Wog DaeelisS by o)l 4 Sgae



VE-0 LT oo ety olad qparnty 5 Cony Sl

Ut
-y

obBer 5 2 gal> pind

@S e aslie Sl (gl cgie S g (S5 (L
Sloog,S sl (o2 9 Job Sl (b ol (59,5
Slaglds ;i S50 an b eleizl g Sz (g Al
5 L3, Bla iz 5 lejee colaiul 0,5 dalgs SWS (60,8
G 3 add o il 8l ) Loa sl jliel ceae (5)l0 5 00
ilmiiallys g oo gog (Bjsel Slacszylar anugs (Ko
L oMb j5e lrzl (maass Gijeel Bk 5l plaasi
pode lalitlsy olee sl olee Jalss doles 0 o St
aode SO Axigi A8 ¢S sl 5 el eolua]

ol (gagas Dl 059> 55 S 5 (SO
Jo—ol o (s Do a5 wis oo LS adlllas ol slaadly
slasShae o e S o ilgi oo (a5 pdySllas
Wdls (e il sloog S )3 Sbj g (S5 (LS
5 3wl 4o e ol 16 pFo e b oM cpl il
5 =0l 5o L) $lm |y aleces b ()5l
o=l el (s ml b aijls oo ool 3 (2SS (s 0
(69,2 slatslis ale jl goaaite Jalge 4y Joo j0 oo S,
el inly @l Gla il g @bS S pdpaens )0 Cudgace
L it o (b p3le lap)T e izl gy0nl 5|
5 sjgel 5 alyslid slacalu s gilupal B (0,8 slo S
Sl (sgamme ;o Cul cwyiws jo lac 4 059 4> g8
slopllss cwas o w5 oz lr S plyiear Wiy oo sras
GNS Calons Ly 4SSl oy by s 0,25 )18 caodls 5 (3550

D9l Slatiy valed p e oS5y, g ailaiedgn

O Sdausgs @iew

6&![—;.40 Gz e gl > g ‘_,>_'>|)Jo Lo X )8 0 5aie
Alie 5,55 g bosls o

zlpeenl 5 6,8 ¢ addlhas gl jo (6,5 10 B sl pids
aJlao J“'")"ﬁ 9 Gua)la daoals

£a4

v et S pdy Slasl s

Sygo cpds 40,8 ol o lailinl gl Il 5l el b cilallas
3 S b5 ) sl S ) b ol Slallas a5
s odgziw [WAL 16k fulS g ol b dolas pé olalllas
le ity Ll cds 0,8y, oyl

FEILYRUE NPT SEINCLIWE IR WS S BN BN SRV 91 S Y
YoV ansly V Slojojl ;0 5 (ouedSSl (L5 45 o0l e &Ylas
g, o Slallas Bi > JlaislaS we VY0 )l YV L
Ol e aas oo Gl ol cnl 5l )5 b s slagl;
o3 =l olBil waas oS 1) valed assls Wlgi co Cudgasme
O jgmo Wls (n Sl e g (n s p S el jskaiea Sl
g piaa Q2 b ase s 030 Glaol Kl g S sl pgn 28 S
3O S50 Walg s B 38,5000l 4 e ol (Sew canl>
Lo 0 Lol el onds (6515 L ondias bl eS aslin
Py D9 o0l,8 (glod S rdgs o Lol oL wim l eolail
g addllas 5,50 lacmar (Dl )b 00l SeXenl
Iy 5l oslasl dewle 5 (oS Judomil 3 plosl Gl ¢ romiw sla )l
sl JBSel; cn i lyeds (AT Jlod nlplo 9,5 99000
o)liS adslae Gl ISSg 5 9 lejhae chad 550 j0 3u8d
Lol ool Yoo 1) bt 385 duglio 5 pnds 45 34 00l
S5 sbaojly ;o SIS 6 BNk s (o) 2 4 590
3109z slasi ;o abgs o saosls |5 s 8 o SYebo
5 gz o0 &1L Lol asdlas (ol b ogy S92 g0 Slalllas
I S50 E 3 e (LS gz ge valyd il LSl
Aol FOae Vb slacsls ¢ 5 SKen sla )b

slo olo;llS 550 oo Slpiion Wemge Glacudgame g8, iy
Lol 5 SYob (625 sroy9d 9 F 5 )5 dged e b (Sl
Aol Crwsds OMBlae idu il 0,50 50 (555598 Saled B ogd
Mo B o)_lséb ‘W 6lﬁ)‘f| 9 l.QJSJj)J ‘5)L~uo)|..\.’L~w‘



VE-0 LT se0 ooty oladh qparty 5 Cony Jlow

r
eRailoolezr sblags pole ouSings 4 y33

ol

1. Abbott JT, Lerer B, Altemus M, Liston C,
Zandi PP, M. A multi-site, randomized, sham-
controlled trial of transcranial direct current
stimulation for bipolar depression. Bipolar Disord
2021;23:789-99

2. Ansari D, De Smedt B, Grabner RH. Bridging
the gap between neuroscience and education.
Neuroethics 2012;5:105-17

3. Cramer SC, et al. Brain repair after stroke.
Stroke 2011;42:3181-219
4, Bagattini C, Zanni M, Morimoto SS, Altizer

RA, et al. Combined rTMS and cognitive training for
Alzheimer's disease: a randomized controlled trial.
Journal of Alzheimer's Disease 2020;73:621-32

5. Liu HH, Wang RY, et al. Effects of anodal
transcranial direct current stimulation on motor skill
learning in healthy older adults: A randomized
controlled trial. Clinical Neurophysiology
2022;135:20-27

6. Boroda E, Krueger AM, et al. Transcranial
direct current stimulation combined with cognitive
training for cognitive enhancement in healthy adults.
Journal of Cognitive Neuroscience 2020;32:1900-11
7. Broeder BK, Kourtis D, et al. The effects of
transcranial direct current stimulation on motor
learning in Parkinson's disease: A randomized
controlled trial. Parkinsonism & Related Disorders
2023;112:102715

8. Manser P, de Bruin ED. The effects of virtual
reality-based balance training on cognitive and motor
functions in older adults with mild cognitive
impairment. Journals of Gerontology Series A:
Biological Sciences and and medical sciences
2024;79:€147-58

9. Carton de Tournai C, De Kegel A, et al. Motor
learning and rehabilitation in children with cerebral
palsy: A systematic review. Developmental Medicine
& Child Neurology 2024;66:162-73

10. Kempermann G. Environmental enrichment
and neurogenesis in the adult hippocampus. Current
Topics in Behavioral Neurosciences 2012;10:1-18

11. Chen C, et al. Autonomic neuroplasticity in
response to cognitive training in older adults: A
randomized controlled trial. Clinical Neurophysiology
2020;131:2714-23

12. Evans NH, Field-Fote EC. Transcranial direct
current stimulation for gait and balance rehabilitation
after spinal cord injury. Topics in Spinal Cord Injury
Rehabilitation 2022;28:286-94

!
-y

13. Faw TD, Ranganathan R, et al. White matter
plasticity and motor learning in healthy older adults: A
randomized controlled trial. Neuroimage 2021;
238:118229

14. Gire F, et al. Cognitive training for visual
processing and working memory in children born
preterm: A randomized controlled trial.
Developmental Medicine & Child Neurology
2023;65:358-66

15. Higgins JP, Green S (editors). Cochrane
Handbook for Systematic Reviews of Interventions.
Version 5.1.0. The Cochrane Collaboration; 2011

16. Stang A. Critical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Journal of
Clinical Epidemiology 2010;63:12-9

17. Moher D, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA
statement. PLOS Medicine 2009;6:e1000097

18. Sihvonen AJ, Sairanen J, et al. Enhanced
verbal memory and language function after cognitive
training in stroke patients: A randomized controlled
trial. Journal of Rehabilitation Medicine 2020;52:
jrm00122

19. Tsai PY, Lin WS, et al. Effects of repetitive
transcranial magnetic stimulation on cognitive
function after stroke: A systematic review and meta-
analysis. Journal of Rehabilitation Medicine
2020;17:156

20. Morimoto SS, Altizer RA, et al. Cognitive
training combined with transcranial magnetic
stimulation for Alzheimer's disease: A randomized
controlled trial. Journal of Clinical Psychiatry
2020;81:19m12953

21. Pratscher SD, Pratscher SD, et al. Cognitive
training to improve learning and memory in older
adults: A randomized controlled trial. The journals of
gerontology. Series B, Psychological sciences and
social sciences 2021;76:122-31

22. Zhang S, et al. Effects of transcranial direct
current stimulation on motor learning in stroke
patients: A systematic review and meta-analysis.
Frontiers in Aging Neuroscience 2022;14:845321

23. Vanicek T, et al. Changes in white matter
microstructure after pharmacological intervention in
depression: A randomized controlled trial.
Neuroimage clinical 2022;35:103135

24, Widmer M, et al. Impact of motivational
interventions on motor learning in stroke patients: A



VE-0 LT oo ety olad qparnty 5 Cony Sl

Ut
.y

oiSan 5 8 Gl i

randomized controlled trial. Journal of
Neurophysiology 2022;128:427-38

25. Richard C, et al. Differences in speech
production in preterm children receiving speech
therapy: A randomized controlled trial. Journal of
Speech, Language, and Hearing Research
2022;65:123-34

26. Liu HH, Wang RY, et al. Motor cortex
excitability and hippocampal plasticity in healthy
older adults: Effects of cognitive training. Brain
Stimulation 2022;15:789-96

27. Price RB, Spotts C, et al. Ketamine-assisted
psychotherapy for depression: A  randomized
controlled trial. American Journal of Psychiatry
2022;179:376-87

28. Maguire S, et al. BDNF and motor learning in
healthy older adults: A randomized controlled trial.
The journals of gerontology. Series A, Biological
sciences and medical sciences 2023;78:e1-e10

29. Sehatpour P, et al. Auditory learning and
neuroplasticity in individuals with schizophrenia: A
randomized controlled trial. Schizophrenia Research
2023;252:160-8

30. Wu C, et al. Visual plasticity and donepezil
treatment in older adults with mild cognitive
impairment: A randomized controlled trial.
Alzheimer's & Dementia 2023;19:645-53

31. Meléndez JC, Satorres E, et al. Transcranial
direct current stimulation in Alzheimer's disease: A
randomized controlled trial. Journal of Alzheimer's
Disease 2023;92:1455-66

32. Seebacher E, et al. Gait speed and distance
improvements after motor learning in multiple
sclerosis: A randomized controlled trial. Multiple
Sclerosis Journal 2024;30:220-30

33. Lin N, et al. Hippocampal plasticity and
memory function in older adults: A randomized
controlled trial. Cerebral Cortex 2024;34:bhad467

34, Lucas R, et al. Physical activity and motor
function in children at risk for cerebral palsy: A
randomized controlled trial. Developmental Medicine
& Child Neurology 2024;66:450-9

35. Manser P, de Bruin ED. Effects of
biofeedback training on cognitive and physical
functions in older adults with cognitive impairment.
Journal of Rehabilitation Medicine 2024;56:jrm00456
36. Koschutnig K, Weber B, et al. Slackline
training alters white matter microstructure in healthy
adults: A randomized controlled trial. Neuroimage
2024;289:120596

v et S pdy Slasl s

37. Xu X, Nikolin S, et al. Repetitive transcranial
magnetic stimulation for response inhibition and
cognition in healthy adults: A randomized controlled
trial. Brain Stimulation 2025;18:1-8

38. Goldhahn J, et al. [The Newcastle-Ottawa
Scale for assessing the quality of nonrandomized
studies in meta-analyses: a comprehensive tool for

quality assessment]. Z Evid Fortbild Qual
Gesundhwes 2010;104:161-4
39. Krikorian R, et al. Exercise and cognitive

function in older adults with mild cognitive
impairment: a randomized controlled trial. Journal of
Alzheimer's Disease 2010;22:495-502

40. Reuter-Lorenz PA, et al. The aging mind:
neuroplasticity in the service of cognition. Dialogues
in Clinical Neuroscience 2010;12:451-60

41. Voelcker-Rehage C, et al. Motor and
cognitive learning in older adults: differential benefits
of two modes of exercise. The Journals of
Gerontology: Series A, Biological sciences and
medical sciences 2011;66:1224-33

42, Antonenko D, Fldel A. Non-invasive brain
stimulation in neurology: Transcranial direct current
stimulation to enhance cognitive functioning.
Nervenarzt 2016;87:838-45

43, Gu L, Xu H, Qian F. Effects of Non-Invasive
Brain Stimulation on Alzheimer's Disease. Journal of
Prevention of Alzheimer's Disease 2022;9:410-424

44, Rodriguez A, Amaya-Pascasio L, Gutiérrez-
Fernandez M, Garcia-Pintefio J, Moreno M, Martinez-
Sanchez P. Non-invasive brain stimulation for
functional recovery in animal models of stroke: A
systematic review. Neuroscience & Biobehavioral
Reviews 2024;156:105485

45, Afsharian F, Abadi RK, Taheri R, Sarajehlou
SA. Transcranial direct current stimulation combined
with cognitive training improves two executive
functions: Cognitive flexibility and information
updating after traumatic brain injury. Acta
Psychologica (Amst) 2024;250:104553

46. Chen Q, Yang H, Rooks B, Anthony M,
Zhang Z, Tadin D, Heffner KL, Lin FV. Autonomic
flexibility  reflects learning and  associated
neuroplasticity in old age. Human Brain Mapping
2020;41:3608-3619

47, Dong L, Ke Y, Zhu X, Liu S, Ming D. Long-
term cognitive and neurophysiological effects of
mental rotation training. NPJ Science of Learning
2025;10:16



VE-0 LT se0 ooty oladh qparty 5 Cony Jlow

r
eRailoolezr sblags pole ouSings 4 y33

48, Choi KH, Berman RY, Zhang M, Spencer HF,
Radford KD. Effects of Ketamine on Rodent Fear
Memory. International Journal of Molecular Sciences
2020;21:7173

49, Comstock SM, Vaidya JG, Niciu MJ.
Neurophysiological Correlates and Differential Drug
Response in Subjects with a Family History of an
Alcohol Use Disorder. Chronic Stress (Thousand
Oaks) 2019;3:2470547019865267

50. Gass N, Becker R, Reinwald J, Cosa-Linan A,
Sack M, Weber-Fahr W, Vollmayr B, Sartorius A.
Differences between ketamine's short-term and long-
term effects on brain circuitry in depression.
Translational Psychiatry 2019;9:172

51. Alashram AR, Padua Annino G.
Noninvasive  brain  stimulation for cognitive
rehabilitation following traumatic brain injury: A
systematic review. Applied Neuropsychology Adult
2023;30:814-829

52. Cheng I, Hamdy S. Current perspectives on
the benefits, risks, and limitations of noninvasive brain
stimulation (NIBS) for post-stroke dysphagia. Expert
Review of Neurotherapeutics 2021;21:1135-1146

53. Kwon TG, Park E, Kang C, Chang WH, Kim
YH. The effects of combined repetitive transcranial

E,

\E1

!
-y

magnetic stimulation and transcranial direct current
stimulation on motor function in patients with stroke.
Restorative Neurology and Neuroscience
2016;34:915-923

54, Grefkes C, Fink GR. Noninvasive brain
stimulation after stroke: it is time for large randomized
controlled trials. Current Opinion in Neurology
2016;29:714-720

55. Gabel CP, Rando N, Melloh M. Slacklining
and stroke: A rehabilitation case study considering
balance and lower limb weakness. World Journal of
Orthopedics 2016;7:513-8

56. Guidetti M, Bertini A, Pirone F, Sala G,
Signorelli P, Ferrarese C, Priori A, Bocci T.
Neuroprotection and Non-Invasive Brain Stimulation:
Facts or Fiction? International Journal of Molecular
Sciences 2022;23:13775

57. Qiu Y, Yin Z, Wang M, Duan A, Xie M, Wu
J, Wang Z, Chen G. Motor function improvement and
acceptability of non-invasive brain stimulation in
patients with Parkinson's disease: a Bayesian network
analysis. Frontiers in Neuroscience 2023;17:1212640



