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Abstract

Background and Objective: The therapeutic outcomes of amblyopia after the age range of 8-10 years are poor, and
amblyopia in older individuals is resistant to treatment. Repetitive Transcranial Magnetic Stimulation (rTMS), among the
efforts intended to modulate cortical excitability in the treatment of psychiatric disorders, has been believed to be associated
with a specific disease. This study aimed to determine the effect of rTMS on the treatment of treatment-resistant amblyopia in
adult patients.

Methods: This clinical trial was conducted on 16 patients (12 males and 4 females) with unilateral amblyopia, with a mean
age of 305 years referring to the clinics of Khatam al-Anbia Eye Hospital, Mashhad, Iran, during 2016-17. Patients were
randomly selected from those with unilateral amblyopia (refractive, strabismic, or mixed) who had not responded to
conventional treatments (patching or penalization). The healthy eye was considered a control. The therapeutic intervention
consisted of four rTMS sessions at two-week intervals. Visual acuity and contrast sensitivity were measured and compared
three times: Before the intervention, at the first session of intervention, and at the fourth session of intervention.

Results: The mean visual acuity at baseline (0.36+0.19) was not significantly different compared to the first treatment
session (0.41+0.1); however, a significant increase was observed compared to the fourth session (0.45+0.23) (P<0.05). The
mean contrast sensitivity at baseline (2.02+0.74) was not significantly different compared to the first (1.97+0.63) and the
fourth (2.16+0.94) treatment sessions.

Conclusion: In most follow-ups, improvement in contrast was not observed in patients with treatment-resistant amblyopia at
older ages using rTMS. Only an improvement in visual acuity was observed in the last follow-up compared to the baseline in
the patient group.
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Introduction

A mblyopia refers to neurodevelopmental defects in the
immature visual system caused by abnormal visual
experiences during early life, often due to strabismus, refractive
error, or visual deprivation. Treatment typically involves removing
any visual axis obstruction, such as cataracts, correcting any
significant refractive error, and encouraging the use of the amblyopic
eye by restricting use of the better eye. The duration of treatment
depends on the severity of amblyopia, the chosen treatment approach
and intensity, adherence to treatment, and the patient’s age. The
maximum age for effective treatment is generally considered to be 8
to 10 years, with poorer outcomes reported beyond this age. While
the plasticity of the visual cortex persists beyond the typical
treatment age for amblyopia, it usually does not respond to
conventional treatments. Repetitive Transcranial ~Magnetic
Stimulation (rTMS) involves applying a magnetic field to the surface
layers of the cerebral cortex, inducing small electrical currents
locally. TMS utilizes magnetic fields to indirectly induce localized
electrical currents in the brain, thereby triggering the firing of
functional neural circuits, which in turn can lead to observable
behavioral effects. When pulses are repeated at regular intervals
(rTMS), more enduring effects can be produced. The mechanisms
underlying the sustained effects of TMS are thought to be related to
neural plasticity and alterations in synaptic efficacy. This study was
conducted to determine the effect of rTMS on the treatment of
treatment-resistant amblyopia in adult patients.

Methods

This clinical trial was conducted on 16 patients (12 males and 4
females) with unilateral amblyopia, with a mean age of 30+5 years.
The amblyopic eye was considered the intervention group, and the
healthy eye served as a control.

Inclusion criteria included patients with one healthy eye and one
eye with any type of amblyopia (refractive, strabismic, or mixed),
aged 18 years or older, and a history of previous amblyopia
treatment. A difference of at least two lines on the Snellen chart
between the two eyes in unilateral cases, as well as a visual acuity
less than 0.5 in bilateral cases, was considered the amblyopic eye.
Patients underwent comprehensive ophthalmological examinations,
including visual acuity using the E chart (Mediz, Korea) at a distance
of 6 meters, determination of refractive error with and without
cycloplegic drops, pupil examination, and assessment of contrast
sensitivity using the CSV1000 chart (Mediz, Korea). Eye movement
examinations, slit lamp examination, and funduscopy with mydriatic
drops were also performed. Patients underwent rTMS on the same
day. Repetitive transcranial magnetic stimulation was applied to the
visual cortex using a phosphene coil near the occipital pole, which
was identified individually for each patient, at a spatial frequency of
10 Hz for 15 minutes without anesthesia or sedation by a trained
technician under the supervision of a psychiatrist. On the morning
following the procedure, the patient’s visual acuity and contrast
sensitivity were reassessed, and changes in visual acuity and contrast
sensitivity compared to before rTMS were evaluated. Visual acuity
and contrast measurements were taken by an experienced optometrist
who was blinded to the study and repeated by another optometrist.
The mean value of the two measurements was recorded as the final
value.

Repetitive transcranial magnetic stimulation treatment was
performed in four sessions with two-week intervals. Visual acuity
and contrast sensitivity were measured at three time points: Before
rTMS, after the first session of the intervention, and after the fourth
session of the intervention.

Results

The highest and lowest best-corrected visual acuity of the
amblyopic eye at baseline were 7/10 and 1/100, respectively, while
the highest and lowest contrast sensitivity of the amblyopic eye at
baseline were 3.35 and 0.91, respectively.

The mean visual acuity (Snellen line) at baseline (0.36+0.19) was
not significantly different from the first treatment session (0.41+0.1);
however, it showed a significant increase compared to the fourth
session (0.45+0.23) (P<0.04).

The mean contrast sensitivity (cycles per decibel: cpd) at baseline
(2.02+0.74) was not significantly different from the first treatment
session (1.97+0.63) or the fourth session (2.16+0.94).

Conclusion

Based on the results of this study, no improvements in vision and
contrast were observed in most follow-ups of patients with
amblyopia after visual cortex stimulation with electromagnetic
waves. Although there was an improvement in the mean vision and
contrast values, it was not statistically significant, and only an
improvement in vision was observed in the last follow-up compared
to the baseline in the amblyopic patient group.

The use of rTMS to stimulate the visual cortex and increase blood
flow to that area is with the hope of restoring visual function. There
are limited studies on the role of this method in the treatment of eye
diseases, which are mainly related to its role in the treatment of
amblyopia.

In the present study, the measurement of visual acuity and contrast
was performed the day after treatment, and only one treatment
frequency was used. The reason for the lack of significant
improvement in vision and contrast in our study patients may be due
to the transient effects of brain stimulation.

Generally, amblyopia is not treated after the age of 10, and patch
therapy is not considered an effective treatment at this age; however,
it can be effective in adults due to the preservation of some brain
plasticity properties, if there is no history of previous treatment. The
site of functional impairment in amblyopia is in the visual cortex,
and the vast majority of cortical neurons are binocular.

Repetitive transcranial magnetic stimulation has been identified as
a safe and non-invasive method for stimulating the human brain.
Repetitive transcranial magnetic stimulation likely affects the
cortical processing of the amblyopic and healthy eyes differently
with different levels of excitation and inhibition.

This treatment method is not recommended for patients, but its
introduction as a new method for treating amblyopia may pave the
way for studies in the field of other visual problems with a brain and
neurological origin.
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Following the implementation of rTMS for the treatment of treatment-resistant amblyopia in older ages, no

significant improvement was observed in visual acuity and contrast sensitivity in most follow-ups.




2955 S ol S5 g S g ol 110 ol JU ¥e y,ﬁ ool alxo *

e-ISSN: YerA—FeA+  p-ISSN: 105Y—FY#D
Q) 239 ¥ oslods / YF 0498/ 1FeF 3l

5T (gw sed b

€
e (G Oloyd (b liog JN lgol b oigd 5155 (S5 & 5 I
WU (2l ddlllae =0 &L Ol low 55 Oloyd 4 Pyl

Fol g (O Sl s peltas slg> grs . X b oo g8
Olnl e wgiie (Sig pole olfiils ( (S 0aSlidls o Sig i L Y o)l cdgeion e Kby pole olBuils i Dladsd 35 e o Sy o lezils )
Ol e g Sy pole oKl qeiir Sliisd 35 e oyl a )l uliss )5 Y

oUw>

o palis Sloys 4 Ub w13 g gl 5 onnds Sl 0 G A w03 5ukms 1 s (g gobosl) e Aut7 il gl 330 § g0
¥ 4 Sshes sla U/ (Repetitive Transcranial Magnetic Stimulation: rTMS)  pblidos iU/ /5ol b olipdd J1S5 (500 G20
v adlhs ) cal Lip jolE giley Kb 240 gl &S Cunl (KoL, SUUS Oloys s ‘,&)jfc;jyé@.p"fy'b/dnb
A fl""/cjb Iylaw 45 Olayo yl‘jliaf,.i?‘;{.:f Oloys ptTMS Y/ pennd  shite

4 oukisS dazfpo Sl 1420 pies uKiles b G550 g pelesl 0 Uses (05 £ 5 5,0 1Y) loy 1T (5 b 2 losL0 ) tamn 99
e I Al b Ol A plwil 1F90-9T (sladle b dpls (o) cbilll pils K jyoir otasti Ol oy soolla
3 g 03I sz (il b ol e ) Spliti (gloOlo g5 40 5 (balotn b pomsl i o 5 2055 1) 5,050 g ool 0 O Usno
g slasdn g3 fuold b Cosi ylgz o TTMS Cal o fold Jloys ddstide s aid S L7 4o J a8 Olsie 4 /Jl.w ik ol
s adr o jlgz 5 o andz sl Sl bl G S Jold Cop a3 Oplay ply GBS ol g A Sl
i S N g lo 550 5 (550 jI0)

Lol sedlti (s ls pne solol oglis (VENE/N) Gloss ek do) b deslio 43 (/PUE0/18) dnlpo g 43 dos Sk o Sls (AL
(V/ YE/VE) drzl o gl 33 Contlp5iS Copmwlonm o Sils P 0/00) Sl (g l3 sima (s ybol i3] (+/E02 /1) polgz ke b dylis o
S O (g ls pime (bl gl (VVE/8E) plgz adz 5 (V/AVE/TF) loys ad 5ol b el

oliged 1S5 (g jh0 o a5 Ul w3 Olags 4 pplls pie 5 40 Wiio Ol o557 15 (53 5y Lo TSI ST 15 28 ™
2 odalio Sylay 05,5 55 anzl 0 g 40 Comd 2T TG 33 Dlylowy o3 25y S5 5 A 0t urbliin g iU )50 b

MLLJ,:(//CI,JI boodipd IS5 (5580 S o c o] S Conlon i3 Sl -tz AT el sodly

sharifim597@gmail.com : Suig Sl oy ¢ o i doo 1555 g uand 6 kuuans g3
SOVIVYANE ) al o (S i Slasiod 55 50 (0) bl @l (S o (gaa Gl loy FV (58 (i (58 St e sk eagetie 1 LS

VEENY Lt VEYNYYY gk OVEYATAY  gligllel  AFYAND  Jses
4 (Ko 0ly> Gl 5L 3550 O il g ot 1 salinad dodio
503 5 Cand Oleys 3,805y Skl Ol o g kT S Bl S sba b S beSl il (galel) e L
b Sadd Oleys g SUL w5 Sudd gadaal 3505 Hlew o Sl & godtne ) sbas Ll 5 ol S Cl gl @ bys zals
3 JW N BA Oleys gl same oy ST 'inyls 5L 5 SUsb R R e e T
GANF Cnds 035d0n ) 51y Sl =l 5 el w8 sl a2 5l 2l ol AL Sl gt 5 (oae JoSS
Oleys oy o )y ol oS5558T (amitolly ' 0l o b e Il Sl (36 (S gl e 53 b
= ol 4 Ugome Ll 6355 00 i 35 558 e A5 S Jold Oleps o s e (BB gl Sy soms b LSS
Tl boeksd LS e S T ol cr g5 A glhel ST e gl e sl g
(Repetitive Transcranial Magnetic Stimulation: rTMS) mbt#}jﬁ| 035 39doee 3 b s V..:e Sheslial g ab>We f6 LS

Atrticle ID: Vol26-21 VI ol



http://goums.ac.ir/journal/search.php?slc_lang=fa&sid=1&author=%D8%B4%D8%B1%DB%8C%D9%81%DB%8C
mailto:sharifim597@gmail.com
https://orcid.org/0000-0003-1893-7849
https://orcid.org/0000-0002-1945-4833
https://orcid.org/0000-0002-9188-6171

Bl ol lon 3 Slo & pslho et (5 ke 1 TMS 51/ &

QL})CA&}GZJJAJ\IJTAHU)}T&E ‘_g\.iﬁ})b JJ"G'AL.’.C"‘“
andlas Jsb 55 35l bl 6,80 b anlllas 53 &S5 SET

..U)ﬁ
O=F1) 509 Lulyd azly )L 5l oy @
(=7 aslllas jl oas z )5 @ 3
(=%) 39,9 sla,bao b ol poc ® _j";
(n:\)a:JUaﬂ)oJ,&‘_]}féf..\c. é
=) K0 Jlc @ 3
¥
/ (M=YY) oo Bolas @ \
Gyie S o5 ral3 e 05,5 @ JpS 0,5 @ ;
Zlael b oaigds 1,85 M=17) ol i i
(1=1%) (orbiliiag 2SI
M=\F) alzlae cél o @
(n=+) Lg)&w é.bs [ ]
\
N 3
(h=+) &,Ke2 cJaB [
¢ Y
(=15 os 0T @ @=15) o 50T @ i

sl o355 Jlogast) UK

Sylee 4 9 o Sl Sl b gs Jolus ol
i Olsie & b 5)lpe )3 @ad oy Sl a8 s 5 @b
3 (St JolS Slulas Ole 51td 3 8 i 55 O gl
alols 5l (Mediz, Korea) E Chart jl eslizul b ol S akas
e (S5 S 0155 D3 5 b LS o o (e P
ol Sl esliul b Gl 25 Gl 55 s CSas e
N c\.?r.;‘ (Mediz, Korea) CSV1000
b Sl 5 ol Colil b ables ot SIS o Sllas
o 5oy Oled 3 Ohlen 238 plonil S5l ske o a3 &S
o ) B S sy gl 25 1TMS i S 515 1TMS
S s o gl 8 ST Ol 65 s pied
Ogds 433 V0 e (gl 5oV glas Ll 5L Sl
Dol Lo ey BT S bas e b s
Do Sk 5 A b5l sl Sl 287 Sl 5 > Dol
s g gl o 5 ol 287 5 s glags S oIl s 58
G s 5 6 S0l tcall AET allas I &S O e
Olge & (5, 031 53 yle Lo oo 51 S5 K05 a5

Al rla.;‘ slais 9> fold b Cus Ol 55 ITMS Ol

Shal 55 st (gmblite Ol & (68,5 51l Lo
SBOLr by Dope 8 S S KOS ke
3o 3 SN oL Tl e Wl S 57 S ST
9 ‘\bv.:ia‘f l) ‘5;})}5 &lé)gbﬁ ‘;59\; [N )‘ O}}: )‘})}5-).3
Sl blin L0lte SITMS 1303 o 5 Jouilty &6 o 50
3 03505 03linal o 53 S5 (S S GOL 2 paiiens o <l
0 oS 5580 1y 635 Says Sl s G b sl )
Sl T s o odalin LB (5 ks, Sl 4 L5 e 3 s
03l QSJ,’- wgf‘); LS’-‘};J:'.LW 4 663)}" BL) J:-‘}TMS
Sy g &S By sl ails o K Sl WS e s
T s g sl 5 Sl L8 13 (VD) adsl (sols oSS58

S 15 o (ITMS) late ool g5 b by 1SS &) 50 5
TMS il Sl (ol 25 SlapaslSe S sl (555104
L& spiie sodl 5 odd oy il Qs bus
Ll Lo el ST 00 G5 5 e 620 S
Srliped S8 0ol o 4 Sshee g iW I TMS
QJ}J@)MSQ‘&E‘)J QUM‘O“JJJDMJ;
S bt 4 adlas ol Lol b e ol gl &

™IH P9I

o lae (05 F 55,0 YY) Sl VP oy (b LTS
B A g 03 gdous 5 Sl Y000 i ke b 46 LS5 o pobeeT
iy Obuley Golleys 4 okiS axrle Jlu OY
Pl 174047 (sladle b dgin (o) sLill (5l S5t

e U.{.ﬁj; (}Lﬁ a\i.ﬁlu"b ou=| 4&:.95 J.:.LU 350 aafllan u-l‘
s gbiT 8 & 5 5 (IRMUMS.FM.REC.1396.102)
e Obley 28,8 15 IRCT2017110203717IND) ol b
53 ga Laal |y andllae 3 $bET S 5 aabiculs,

andlloe glaasly 5| oslizul b Gl 257 yita plal 4 g0l oo
o585 A 53 sbas Ol sl LT Cws 4 "0, Ka 5 Thompson
o2 Los S 53 Lz Kike Ol 5 ¥, ST
GIP L e 8 a Gl 4ped e b odalia ¥l filas
a}jfd‘yﬁmg_)‘xl.ﬁ-‘-v.&g-wb }))ﬁ)\.&.ﬁ \9)) ..LATC,_»:
(S JS8) s a3 8 ks 55 J 28 Olge 4 (Il o 5 alstloke

5 ol i S5 6l Ohley Jols andllas & 5555 glabae
5 o) Aol 53571,85) (kT 1515165 s Ut ki S5
o kS Oleys (A8 adle 5 JL A I iy e b (Jalisee |
Wl WA 51 28 e Jols andllas 4 5459 e slaslas Loy
il oS I8 sy WSl 5 e (ley b bys (g sl

(Y 2 50 ) ¥ oglowi / YW 0yg3 [ VEY 50l [ 5,5 (SKiijy eole alRils alzxo



O/ o lSod g iy yu oo 55

1Y20-98 s Jlw (b dgeinn sbasll @515 (Sl 3y poiey (st yliuw jlosy (SL0LSiLo 55 &y 0uUiS” Al po 48, S g glnol 4 (3l Lo ol 305 Comwlns § 990 S>> duuglio 1) o

ol iz ooeleol i
> | al> la xo
p-value ol and> Jol aud> axllas (glol p-value plex ) Js ) alloe 5l L8 h
' ITMS ole,s ITMS ole,s
AR \ER¥Ay VE-/0 V- </ f <[fOx-/YY DARESYA ArgRIARY (Snellen line) wuo &>
RYAVN Y/ivax-/ve AFARERVAV4 YIveE-NY LIARY YNFE. Q¥ V/AvE. /.Y AR ESVAA Gl 715 Sl

(Cycle per decibel: cpd)

Sl Oleys H3oses opl 2 L b5yl s (63 9uoee Slallls
&}:L..n\QbJJ)AQTu:ﬁQLﬁfﬁUwfajbéﬁj&
A I ‘

L

Sidsdll oL,y s OLKea 5 Thompson asdles s
RTTMS Sl 3 (8o 1568 U1 55m 15805 J s O sley
4 ol sy salsd bl (i edeine S b ol iS
L eSS o 090 &5l da glaibie (6 p eSS 0 S s Ol
LTS e ek UL eilS 3 4y s (THZ 1 208) ol S5
S (6 eSS o0 il ot ITMS S 31 5y gl
Sl ok 03l Olis &S bwiT 1l gl ,28 claDgy s b
PSS 5 S Sl sieml e 5 Sk i S
5 Thompson asflles 53 Mesls 513 blie o o & o
Gtz G 2 sl ole 55 ITMS L5, "ol e
435 e o 8 il Sl 28 (051 Gy b Sl T
S L g o i s ekt e S 0l
ol 787 5 (10HZ) UL glad il 3 L o oSG 5 (THZ) oS
Ao A ol rTMS rbu‘ S A 4z Y. )MWBU\J ‘J.é
Tl b 25 65 o5 L len 4 sl )3 &8 55 D0 ot
Sl 2S5y gylsgme i (IHZ) ol old L85 L
33l P Jolb 45 25 8 55 Tslihs BT O gk (slaptir
Bls &K 5550 (10HZ) UL gliab il 5 b T (g 525
ol 28 Ol pe 53 (Sl3 gme s G planil I day aiSs Y
ol b 3 S 4 o 33 s il 0L
ol 28 g U S5 ol bl u’“C‘"l‘- (1Hz2)
al Ol 5 ol 287 (6550 Gllan Sl L Usls OLad (g )ls sma
Solasme Soli Wl Glapia 4 i plel Slagia o
1723315 e ITMS Ol 1 4y LS5 Ol 55 o5 1) (83 52 ol o ls
Sy 5 03,5 S wpd Sl 2 4 Al )3 Ol
ol k;,.llnaf;\: Olis s sl gwy p Lsls cﬂlﬂ;{ddu\&’
o 3 Sl 1S 5 g Ol 1 i &S a5 (g sba (] e
Sl 2875 s Sl (6,8 031 Olej bl anlllae 55 Tsy a,
cAs.m(aL?a\;)lﬁ)awﬂf;eiil{m;};ﬁou);jt.u{j”
4 Ll boaadles Ohley 53 Gl 257 5 s 550 O350 Hls sme

Lo usaw 53 Olley (ol Gl 257 ol 5 s S
ddor sl s dlslle ador sl ATMS dstloe il 51}
A 8 15 aslie 350 5 (5,5 03Il Alstlike

Jos 5 4 5 SPSS-16 (LT Lijdle i 51 eslizal | Laasls
bl o s LT Gl sy Sl besls Cawsy (gl . Lidd
Sl b oslial S35 ms s SAST, (o o gla e ls
ool 38 5olS 03a3T Sl lnesls w5 D3y g g
5058 9355 gl Sl 5 s el 15 auglie (g s o3lizul
s S L 10HZ 15l LITMS s ol 257 alie (51 35
o o3l 0 S 5 0505 51 0352 Jle b o 4 0T Sl tmy

A3 Sl 2S5 s S ST JB gs 4 55 awslis
dop (5)l3 gne pela b o3lizal 0SS5 0505T ) 05,5 33
s S ks /00 3 xS WagesT

Ll

w5 55 o pdel o 3 0 g Oljee o ST 5 o A
o Sl 2SSy et s WV 5 VI S
Ll s /A GVYO (S 5 4 anl e gl o ;_.;}.:l,.»T

(/YFE 1) anrl o 5y 53 (Snellen line) s i ks
GbT Sl (/AR Sl ads odl b oawlie o
(+/f0E+ /YY) r,l@ auds b oawlie 5 Ll ecall (,ls s
(S5 Juz) P/ ) b (gyls g 6 5leT ol 53

s 3 (Cycle per decibel: cpd) Col 285 Colie- UKJL.«
Sl ads gl L oawlis s (YAYEONVF) axsl e
ol sl (Y/V8E/AF) poler a5 (V/AVESY)
(& Jpdar) 315 OLis (g l5 s

X

5L 53 (635 LOTIB ST s candllas ol pbaesl
S5 Oleys plnil 5l dm i (A5 4 Wie Oljlay Sl 287
23 35 4l S ol cuboliie s 2SUN sl b e (6 s 25
Saiime LT B 1Ll ecils sy cwl 1S 5 s Sk
axlpn g S ST DTl 5 Ohley 3 35 L5 5 550
s odalive O T Ollaw 03 5 s

GIB s ol S5, S gl ITMS 5 eslina
el gl 2SSB 0Ll Sl sl 4 4l OT O B S

(RY (255 ) Y oylowd / YU oy9 [ VEY 5l [ (15,5 Sy mole oluiG1S aloxo



Bl oo 3 Slod & pslio et 5 leys 1 1TMS 31/ L

g Sl ysba ITMS Ulasl "'l sk Laseie oL
Sslite gl b Il e 5 s T e SIS 25l
S o 36 5lge 5 &S

Sheslizal b il w558 gzl w5 Chen aaflls s
ool 48 33 QLS TTMS ez 1 a0 &K o0 o lgs 8 Sla i35
Sutter aslas 53" 5505 525 S5 sl S HsS 5 el
Sleds s Single palse TMS ;5 ST, 5 el 0LSKes 5
o3ls 0L (e e Ladnis DGl pomer 5 U5 o (S50
QAN

Slag S5l plnil 4 015 or ardlle ) Salyssie
@Lﬁ.aﬁa)ul Oy 3l das 595 5 gl Conl 187 5 o> v
o,lal Oloys I dm ol A3 Slallles s 457 Oloys wyss)
8 Ol 5 a8 Gl Jb 5s ol g Sl odid Ly s todd
s 5 dzen I8 5 aysg) sl Olays ml & els S5
o oy 2T 5l am S5 (6, K0 0355 canlllan ol (SlaCys sdous
oz S esd ) Fl sl sk Lol &S il Ol
Ol bl tos5s Ohlay & 405 BB Sloys Sy ol 355
Wlgr OT Gme 5 abl (gadaal Oloys 6l i S,
5 S L b gl SUSCan il w53 Slallle 5L,
Sl (o2

S 5 domd

IS5 3rn S5 o (6l 3l ey oS 515 0L anlllas ) s
Olays 4 plie e (A5 Oloys 53 (gucblinn s S 2l sol Lo
Ollews ol 287 5 3 55 (6350 LT JB ST 55 b s s
s oS o e G B el e LS U
g Lo 5550 s gme gl T L I Ll 6Cils 5 g s el 1S
Ohle 09 8 3wl yo 5 4 s ST DT 6 53 Olley
3 5 edalive o saeT

SN88 9 K5

Slp Sl psllie sl s BT wbioll Jol> dlis ol
Lg'&ﬁ oty I é‘ﬂﬂ e By 53 ol arys Js
sy Ble Sl OBt 5 o 3y e (S ke ol
YRy

References

1. Cantor LB, Rapuano CJ, Cioffi GA. Basic and Clinical Science
Course (BCSC) 2017-2018: Pediatric Ophthalmology and
Strabismus, Section 6. San Francisco, CA: American Academy
of Ophthalmology. 2017-2018; pp: 33-36.

2. Sadock BJ, Sadock VA, Ruiz P. Kaplan and Sadock's
Comprehensive Textbook of Psychiatry. 10" ed. Philadelphia:
Lippincott Williams & Wilkins. 2017; pp: 123-31.

3. Thompson B, Mansouri B, Koski L, Hess RF. Brain plasticity in
the adult: modulation of function in amblyopia with rTMS. Curr
Biol. 2008 Jul;18(14):1067-71. doi: 10.1016/j.cub.2008.06.052.

Bl (g5 S i I 555 I W

SKils s o, ea 5 Clavagnier Lw s < 6 K5 anllls s
33k S 515 ey 3)se slew O sl s il 13615 McGill
U el 2L S s a0 8 el i o L 0D 57 Jl
ol 7S 851 T (6 2 28 4 FTMS £ gal L3 S 0 o
ddr 65 s (6, S e G il I A 5
e w1555 adr O DI ks (6,8 5100 5l 0 plas 53 ITMS
CTI6 Sy sloy 4w 235 513 s 3550 e Llez 3 3
IMTMS (55 e jiws 55 ol ads I dm Gl fol g 5o
5 o T (sl )3 ol 8 s nn 35 Zsly
sdalie duds 93 350>l day  mesd (6350 SC 5 B UL oL2s
aadlles 55 Fosls pl53 59, VA 550> ¢l Sl 287 5 g0y ) s
Ol Js o9 i Olley Olys Jsb 5 2w Olley sl L
.;,,,ou;;;uﬁwws.uw;t.\wuﬁdxiﬂ

Sidsdlsl Olayls 45 oS Thompson 5 Hess asdllas s
Sl 2 ITMS g ST s plosil 15U MGl o8l
SIS bOla sy Fobss Db edd Luple (gae
S e g 5oy oSS Ul plaw LITMS (S islg
Slr @bl 5 02p i 61y el Glils JLE
W’".:;\: S ot r\;..:l

A 3 shes 0ls Jlo Ve day 3 gkl Loses
OULE S5 55 Ll oo Lol €3 55 o 4t lid o ol 55 (6 5 90 Oloyo
gl & (Goge 53 e weialy ol (S i e o
233858 et Jome s s ably g tiBl Bl (L5 Ol
G055 Gl 4 o p o ST 5 Sl gl 28 )5 g sdeel
pome b ol 3 Shes O 8 ) s ok g5 S5, 58
o513 OLaS adar 55 &K o 5ol sS 0593 G Lo 5 Sl g 3
L ooblew & Llazsls 0l A8 Sldlae puoman Ol odd
L3 gl GUlg o bl axdls edar 9> s W5 e &j.:l,.»T
lid w8 3L S e oG oS s I ek
50 ad,e gy Skl by ply Cp a4 pda sl UL
S sl e 53 3 Pl e Ll 5 oo

a0 8l et 5 ol sy S Ol 4 ITMS
4. Clavagnier S, Thompson B, Hess RF. Long lasting effects of
daily theta burst rTMS sessions in the human amblyopic cortex.

Brain Stimul. 2013 Nov;6(6):860-67. doi:
10.1016/j.brs.2013.04.002.

5. Hess RF, Thompson B. New insights into amblyopia: binocular
therapy and noninvasive brain stimulation. J AAPOS. 2013
Feb;17(1):89-93. doi: 10.1016/j.jaapos.2012.10.018.

6. Paysse EA, Coats DK, Hussein MA, Hamill MB, Koch DD.
Long-term outcomes of photorefractive keratectomy for
anisometropic amblyopia in children. Ophthalmology. 2006
Feb;113(2):169-76. doi: 10.1016/j.ophtha.2005.06.010.

(Y 2 50 ) ¥ oglowi / YW 0yg3 [ VEY 50l [ 5,5 (SKiijy eole alRils alzxo


https://pubmed.ncbi.nlm.nih.gov/18635353/
https://pubmed.ncbi.nlm.nih.gov/18635353/
https://doi.org/10.1016/j.cub.2008.06.052
https://pubmed.ncbi.nlm.nih.gov/23664756/
https://pubmed.ncbi.nlm.nih.gov/23664756/
https://doi.org/10.1016/j.brs.2013.04.002
https://pubmed.ncbi.nlm.nih.gov/23352385/
https://pubmed.ncbi.nlm.nih.gov/23352385/
https://doi.org/10.1016/j.jaapos.2012.10.018
https://pubmed.ncbi.nlm.nih.gov/16360207/
https://pubmed.ncbi.nlm.nih.gov/16360207/
https://doi.org/10.1016/j.ophtha.2005.06.010

V1 olSon 5 s o oo 55

7. Cotter SA, Foster NC, Holmes JM, Melia BM, Wallace DK,
Repka MX; et al. Optical treatment of strabismic and combined
strabismic-anisometropic amblyopia. Ophthalmology. 2012
Jan;119(1):150-58. doi: 10.1016/j.0phtha.2011.06.043.

8. Fitzgerald PB, Fountain S, Daskalakis ZJ. A comprehensive
review of the effects of rTMS on motor cortical excitability and
inhibition. Clin Neurophysiol. 2006 Dec;117(12):2584-96. doi:
10.1016/j.clinph.2006.06.712.

9. lyer MB, Schleper N, Wassermann EM. Priming stimulation
enhances the depressant effect of low-frequency repetitive
transcranial  magnetic  stimulation. J  Neurosci. 2003
Nov;23(34):10867-72. doi: 10.1523/JINEUROSCI.23-34-
10867.2003.

10. Silvanto J, Cattaneo Z, Battelli L, Pascual-Leone A. Baseline
cortical excitability determines whether TMS disrupts or
facilitates behavior. J Neurophysiol. 2008 May;99(5):2725-30.
doi: 10.1152/jn.01392.2007.

11. Barnes GR, Hess RF, Dumoulin SO, Achtman RL, Pike GB.
The cortical deficit in humans with strabismic amblyopia. J
Physiol. 2001 May;533(Pt 1):281-97. doi: 10.1111/j.1469-
7793.2001.0281b.x.

12. Bardin J. Neurodevelopment: unlocking the brain. Nature.
2012 Jul;487(7405):24-26. doi: 10.1038/487024a.

13. Feldman DE. Synaptic mechanisms for plasticity in neocortex.
Annu Rev Neurosci. 2009;32:33-55. doi:
10.1146/annurev.neuro.051508.135516.

14. Scheiman MM, Hertle RW, Beck RW, Edwards AR, Birch E,
Cotter SA, et al. Randomized trial of treatment of amblyopia in
children aged 7 to 17 vyears. Arch Ophthalmol. 2005

Apr;123(4):437-47. doi: 10.1001/archopht.123.4.437.

15. Mitchell DE, Kind PC, Sengpiel F, Murphy K. Brief daily
periods of binocular vision prevent deprivation-induced acuity
loss. Curr  Biol. 2003  Sep;13(19):1704-8. doi:
10.1016/j.cub.2003.09.026.

16. Holopigian K, Blake R, Greenwald MJ. Selective losses in
binocular vision in anisometropic amblyopes. Vision Res.
1986;26(4):621-30. doi: 10.1016/0042-6989(86)90010-6.

17. Pardhan S, Whitaker A. Binocular summation in the fovea and
peripheral field of anisometropic amblyopes. Curr Eye Res. 2000
Jan;20(1):35-44.

18. Baker DH, Meese TS, Mansouri B, Hess RF. Binocular
summation of contrast remains intact in strabismic amblyopia.
Invest Ophthalmol Vis Sci. 2007 Nov;48(11):5332-38. doi:
10.1167/iovs.07-0194.

19. Barker AT, Jalinous R, Freeston IL. Non-invasive magnetic
stimulation of human motor cortex. Lancet. 1985
May;1(8437):1106-7. doi: 10.1016/s0140-6736(85)92413-4.

20. Hallett M. Transcranial magnetic stimulation: a primer.
Neuron. 2007 Jul;55(2):187-99. doi:
10.1016/j.neuron.2007.06.026.

21. Chen X. Investigating the enhancement of visual cortex
plasticity through non-invasive brain stimulation. Thesis
requirement for the degree of Doctor of Philosophy in Vision
Science. University of Waterloo. 2024.

22. Sutter EN, Casey CP, Gillick BT. Single-pulse transcranial
magnetic stimulation for assessment of motor development in
infants with early brain injury. Expert Rev Med Devices. 2024
Mar;21(3):179-86. doi: 10.1080/17434440.2023.2299310.

(RY (255 ) Y oylowd / YU oy9 [ VEY 5l [ (15,5 Sy mole oluiG1S aloxo


https://pubmed.ncbi.nlm.nih.gov/21959371/
https://pubmed.ncbi.nlm.nih.gov/21959371/
https://doi.org/10.1016/j.ophtha.2011.06.043
https://pubmed.ncbi.nlm.nih.gov/16890483
https://pubmed.ncbi.nlm.nih.gov/16890483
https://pubmed.ncbi.nlm.nih.gov/16890483
https://doi.org/10.1016/j.clinph.2006.06.712
https://pubmed.ncbi.nlm.nih.gov/14645480/
https://pubmed.ncbi.nlm.nih.gov/14645480/
https://pubmed.ncbi.nlm.nih.gov/14645480/
https://doi.org/10.1523/jneurosci.23-34-10867.2003
https://doi.org/10.1523/jneurosci.23-34-10867.2003
https://pubmed.ncbi.nlm.nih.gov/18337360/
https://pubmed.ncbi.nlm.nih.gov/18337360/
https://pubmed.ncbi.nlm.nih.gov/18337360/
https://doi.org/10.1152/jn.01392.2007
https://pubmed.ncbi.nlm.nih.gov/11351035/
https://doi.org/10.1111/j.1469-7793.2001.0281b.x
https://doi.org/10.1111/j.1469-7793.2001.0281b.x
https://pubmed.ncbi.nlm.nih.gov/22763532/
https://doi.org/10.1038/487024a
https://pubmed.ncbi.nlm.nih.gov/19400721/
https://doi.org/10.1146/annurev.neuro.051508.135516
https://pubmed.ncbi.nlm.nih.gov/15824215/
https://pubmed.ncbi.nlm.nih.gov/15824215/
https://doi.org/10.1001/archopht.123.4.437
https://pubmed.ncbi.nlm.nih.gov/14521836/
https://pubmed.ncbi.nlm.nih.gov/14521836/
https://pubmed.ncbi.nlm.nih.gov/14521836/
https://doi.org/10.1016/j.cub.2003.09.026
https://pubmed.ncbi.nlm.nih.gov/3739237/
https://pubmed.ncbi.nlm.nih.gov/3739237/
https://doi.org/10.1016/0042-6989(86)90010-6
https://pubmed.ncbi.nlm.nih.gov/10611713/
https://pubmed.ncbi.nlm.nih.gov/10611713/
https://pubmed.ncbi.nlm.nih.gov/17962490/
https://pubmed.ncbi.nlm.nih.gov/17962490/
https://doi.org/10.1167/iovs.07-0194
https://pubmed.ncbi.nlm.nih.gov/2860322/
https://pubmed.ncbi.nlm.nih.gov/2860322/
https://doi.org/10.1016/s0140-6736(85)92413-4
https://pubmed.ncbi.nlm.nih.gov/17640522/
https://doi.org/10.1016/j.neuron.2007.06.026
http://hdl.handle.net/10012/20201
http://hdl.handle.net/10012/20201
https://pubmed.ncbi.nlm.nih.gov/38166497/
https://pubmed.ncbi.nlm.nih.gov/38166497/
https://pubmed.ncbi.nlm.nih.gov/38166497/
https://doi.org/10.1080/17434440.2023.2299310

