
Ardl. So,.. UtllH , urtul. 01' lOln. (1960 ) ] - 111 

EXANOPTlC AND SU PPRE SJON AMBLYOP IA 

W ILLl AM SMITn . O. D. 

Cali rornil •. U,S.,\ . 

Al! o funelional abnormal il y of visual pcreqltion, amblyopia of Ihe exanoplic 
tr lll', particularly, is 11 d l' fccl wllieh is oecupying lile ccltlcr (j f inleres! all10ng 
HI! concc rrH'cl wilh vi~ua l cafl'. EXllrtOplic IInrl ~u ppn'5s ion 11mblyopia is no! a 
cld c<.:1 associaled tllcrcly wilh s!rabislltus. Indet'd , il i;¡ know lo be prcvalenl in 
tlla ny non-scluinlcn! ano cllen in some inslO ItCCl! in apllan'nle orthophorcs. 

Tlle COtlCI:pt Ihal cller)' case of cxanoplie amblyop in is tlw resul! of slrabismus 
is being disprovcd by cli nical ev illcllce. Su is tllt' eonccpt advanCl'cl by sotlle thal 
amblyopiu ii! a contribuling cause in all Illonolateral slrahismus. While both 
conlc ntions Imve !lOme basis_ clinical proof tcnds lo disprollc it as bei ng a un ive rsal 
fac lor and ont' causl'. un faili ngl)', prod ucing Ihe illl' \' itabll, a Hect. 

Serious cl in icio ns and sl udenls of dcfccl;s of the oculnmotor lllUI ~ellso ry appara
lus a re 11111" convinced Ihal ambl)'opia o f Ihe exanoptic and/ o r Ihe supprcssion 
Ir l'es m'c s¡x.'Cifie ahnorma li l ieg a fft'Cl ing IIH' capabi lil)' of the visual apparalus 
lO (l i;¡eI'Tl1 and/ or erra rl )' percei\'c and interprd visuIII imprcssions lit the macu la r· 
foveal Ic\·cI. I'crccplual il1\'ersioll in wltieh W'ri pherl1l acui!)' , cOllllllonly IO\\'cr 
Ihan cenlral in llon.amblyopic 1:)'l'S, is, in Ihe cxanopl ie tunhl yopias. aCluall y 
higlwr Ihall is eculrn[ aeuily. Whilc il is a recogni zed a nd aeecplcd fael Iha! 
slrahislllus ami sOl11e Iypes oí Jtctcropho rias halle 1I111hl yopi ll a~ ¡ ..~~ocia!t,d (Icfccts. 
thcrl' a rt', ~ i 1llil8rJ )'. in¡.. t¡lIIct'S in which subn or11t al visunl neuil )' uf Ilw I1 l11 blyopil1 
I}'pc is prt'scnl in c}' t'S Ut'\'u irl of moto r dC\'illt ions, Ametropia!, r 3pccia ll y Ilt t' 
anisolllcl ropiltSo und IIl1liuwl ropias, particularl y Iho~e wil ll llIodefnlt:-lo·J¡igh I1stig. 
matislII, II n' likdy lO IlIlIe ~ ucll d"f"ctive acuil}'. The ('xp)¡matio lt fo){ Ihis mar he 
lack o f de\'eloprnetll o f Ilu: (m'el¡1 a rt'a beca use of pu n' l)' optieal incoUlpulihi lit\'. 
in which lhe (oeu:s ing uPiJarulus fai lcd in tht' I>c rfo rmunce o f ils nalurol fu nclÍon. 
lt is an acccplt'd cOllcepl thal an y inkrfcrencc with Ihe norlll l1 l dt'velopl1lCILI of 
\·isoal and sensor)' funetio l1s. e\'en ir 5uch interferl'nce i5 onl )' transilory, may 
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have n hnnuful eflcel 011 normal rll' \'elopmenl of visual pr- rct"IJlivn. 1I mal 5:' rvc 
l' illh'T as a b il,; it; o ro in mild ew~e~. a~ ;1 cO ll lribulillg Ineto r lor 11I t' im:i(leIlCC u f 

cxanoplie ·nnd/ or suppre!;sion :l m"l )'o pia. 

Fro lll reporh in ophthatmie ti leraluTc. most wril f' r!i S('e lll lo contcnrl tlHlt 
a lll bt)"opia i ~ an aetivc inh ih ilOT)' proeess in Ihe cc rehrnt corte" . How l'vcr, aIter 
f'xtl'nsi\'l' work 011 ambt ynpiu, Bi ctti ' reported Ihnt he OhS ll rl'.· d :l rn luction in 
lIw .~ il e of cpnlral [Inri pUTlI(!ell l ral scoto m:l!i und in the s i"l.c 01 l:ntaT¡.:,cd blind spots 
al ll·r ~uhcunju t.: !i v :ll inj cClioll 01 ox ygen. 1'0 Bicn i Ihis ind icnlcd Ilwl Ih ~ prot.:ess , 
(jf sU]l pnssioll il1 8(IU ill l i ~ nol ]Jurel y corlical. hui Iha! ill itl\'oh'es. al~o . Ih t: 

rcl in a. \Vith this cOll lcul ion Pugh ~ sccms in somc tllcaSUf(' lo agrel'. SIll' hase;¡ 
her agreelllenl on tlw obsen 'alion that in many persons wi th l'lrahislll us o r k ·· 
h'rophoria. then' is a rc(lue ~"(1 scn~lion uf brighlllcss in o ne oye (usually I h ~ e)'e 
willl 1111' acli\"e (1.·\, ia l i o Tl ~5.) evcn ii \' isioll in that e)'c i!l. fu n and eql131 in 
measurcmelll lo that 01 the notl.dl'viuling cy.·. Thc sl ud il's by Pugh i1l\'ol" ed 
pcrsons \Vi lh alld \Vit houl ocular (Icv iat ions alle! aelh'c amhl yopia. Th c ohjecti\'c 
of th t"s ~' ~ Iudics Wll~ 1" d.'ICTmint, the aduptabiJil y lO billoculur lighl balance. Thc 
upparntll s used et)ns i sl e ~1 of sl..reoscopic slidcs. I'c rso lls wilh normal e}'es saw 
IllC disparat e (· Ienwnt!! () tl Ih e ¡¡Ii(les ccn lcrc(1 correell )' c"ell if tl lt' intensil y 01 Ihe 
illlllllinalion on otle si de \VIlS Tl'rluced . It requircrl a rcduclion of almosl 99% nf 

Ihe full liglll lO pTllOU('¡' 11 ~ hift of fixalion lo\Va rd 1111: cy,· rec t' iving Ihe higher 
iJluminalioll. BU I in thuse subjecls with mol or devial ion!i anrl cspl,,· iall y thu~:! 

wi l.h amhlyopia. the rcduclion in arluPlabilil y \Vas tIl lltl ifeslt'(1 "er )" carly. Thc 
shih of II U' Ct'll lcr uf Ihe la rgeLs lowa rd Ihe 1110re hrighll)' illumil1ated ere Wl~ 
qu ilt, pronouneecl. It was tlll' IIccessarr in SO I1l C inslaul:c!i lO reduce cotlsi(lcrahl)' 
Ihe ilIumi na tiOIl oí th.' bc lIcr c)'e hefore halaneing l>ercelllion of the l\Vo !llereu. 
g rams. Using tl ll' el. ·clroencephelograph anel te<I!<. Keiner " arri \'ed al Ihe con· 
c!usi on thul :Llll hlyop ia i ~ a {."tllllral nervous pIWI10IH(·notl allr1 Ihal th ~' dd. 'C1 1)t'lnng.~ 

lo the eereb rnl co rlcx. Similar eo nc1 usiol1S were rcachl'd by expCri nlt'l1t5 I:OI1(lut.: lcd 
by r1 l'clrnenc.·phelogrll ph y by Pa rsut1~·S lll il h nnd Dyl' r and Bierman. ·1 P¡¡rsn tl ~· 
Sm ith's sludics Inl him lo Ihe conslu sion (a ) Ihat ambl yupia assoeiat.,,j willt 
"lrabi~ t1HI S i ~ ¡¡resenl in Ihe llCT\'OUS s)'slelll. He loculiu ·d Ihe dcfecl a~ beillg in 
tlw l:¡·rt"bruJ eOTle:<, all d (h) Ih al il W IIS p roba hl)' dul' lo dclayl'd lll )cl inalion. 

11, Hicu ;. G. C: l.·A.·tioll de l"oxy..ene ~u r l e~ flln r t;on ~ reli ni cnnc~: Son c nlllloi ~n 
rlini' IU \!. 11,, 11. e l /Il e m . Sor. "·ranr . O"lllhul. 63: 195·210. 1950 CR"uo.l" d in A. M. A. 
Arrh. OJlhlhal 18:95. Jul )" 1%21 . . . 

12. Pu r h. M .: Hri Ji: htneu, PerCC Jlliun Mn" 1Jit1".· tl l~ r ,\t!PI'lUtion, Ihit. J. Ollh. 35: 13 1.112. , 
r.hrd. 1951. 

r3) Ke incr. C. B. F. : Ne... \·ie .. poiut on Ihe Ori ~ in uf S.cn;n!. ,\ din;"al . wt isti'·M I .•Iudy 
un 	 il ~ ""rurc. '·:ltt. ~ ,oud II.H'(I' Y. Th ~ lI u~ tt e, i\hrt;ntU Niinur:, 195 1. 


14 1 l'eho " •.Smilh, G.: ,\,·ti vit y uf Ih ~ (: ~ r ~ hral t : ort ~ x in ,\mblyo! ,ia, IIr il . J. Op" th. 

37:359.36 1, 19:;3. 
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Oyer nnd Biermon ~ rCllclred similar cund usiOl1s hy expcrinwlllal st ucli e!lo o f Iheir 
01'.'11. T hese fi ndil1gs len el lo supporl !Io imilBt catlier eundw.ions by ChaV8;;5(·. 
Wu rk c.:a rri ecl un by Buriun a ud \Valso n furll ll' r lend lo suppurl Ihe finelings of 
tlw .'arlier in\'es l igator.~ nwnl ioned. 

V"I de<,ú le thc.-<\' firlfli ngs 8nd conll"n lions, Ihe exacl sile in lhe retilla Of tlu' 
cert'brol co rlex wllen ' amblyopia of the exonujJlie or sOjJpression lypi'S is local iz\'ll. 
¡!lo nut yet delerrnil1ecl. Nor is i l ddinilely kllOw ('lwdly al whal slage in Ihe 
incidencc of monocula r S<lui nt ur ul lwt ctiolúgical U f conlrihuti ng b clors amblyo

pia cln'clops. 

Acco rdin;! lo AbrIl IHl Ul, cXllnoplic Ot ¡u.:q uift>d amhlyopia is .Iue 10 onc o f 11'.'0 

eaUSt '~ 811(1 i!lo classific(1 according lo Ihe I)'~ uf su vpressioll from which it is 
dc\'clope(1. lt is Abraham's op inioll that suppression is Ihe ca use of ambl)'ollÍa 
ralher than the resull. T his. hOWe\'CT. is a eonh-nl ion wi lh wh ielr nol c\'eryone 
agrcl'S. E\'en in Ihc face n{ Illuch rcsea reh on the subjecl, il is nul ddinitcly 
('slahlislll'"d al Ihe prc!!Cnle tiure al wlral stage in I h~ dC\'eJopment of monocular 
H]uint arnhl yopia becomes cstllhlishcd. No r i ~ il ddillilcly know l1 as lo wh ich 
comcs firSI, Ihe ambl)'opia or Ilre supl' ression. Whal is currelll ly acccVlcd is that 
supl' T\'~ si()n is of Iwo Irpes, p..s~ive and acti \'l·. T lle pussive ty l'e rC8ulls fmm lack 
o f oportul1ily fUf tire visual apparutus lo fundion full)' nnd pro~rl y. "1'11 18 mar 
b\· (l ue lo unco rreclell Of inaquah·lly co rrected amelropias and lo refracli\'t' abnor· 
mali l ie!lo in wl,iclr Ihe eO l1 vcnlionHI oplica l a i.ls fail lO r3ise \'¡sual acui t)' lo no rmal 
1)(..'C3US<' lht. ir applic31io n ha!lo bel'1l dcla)etl loo lung. Such del ay lila)' ha\'e pro
duC(.'d u Ir pe of rdrnt.: li vl' Hmbl)'o IJia. In Ilr is calcgu r)' ma)' 31so be illCludcd 
h)'pcrnpias of higlr dcgrec, l1Iyupius, ulid astigm ias, t'S IH'C i:¡ll)' Ihe ani~orl1dropius 
in II"l ricl r tire " I'FI corrcctcd neui l )' is IlI'lu II" 20/ 20. Nunc uf Ihcsc (l cft,cI~ ¡wc,1 be 
associal( (1 willl moto r o r ~t' l1 su rr dcfcclF. 

Thc ac.:li\'t' I)'pe supprt.'Ss ion is usuall )' associuled wilh a motor aud/ or sensor y 
ddee\. In IJ¡c:¡c t)' I'\'S, bi llocula r cl'Iltral fi xation (bifo\'eal {¡xalÍon , Ihal is) i.i cilher 
impossihle Of undesirable bt.'C3Use of di.scomforl. In order lo mainlain COlllfor
loofe pcrccptioll e\'l'l1 ir nol hinocularl )'. imagt~ from o ne eye are suppre!!oSed. 
The ill h¡ ¡'it iun is Ct'nlercd in 1111" [o\'eul a rca aud is more in lcnse II IIHl is Ihe 
cli niea l fa el Ilrat ill ocula r (levialiol1. sl im ulalion of tlll" ftwea of llll a ff"det! t'ye 
i5 mucil mu re d istracting l lran slim ululion of Ihe relinnl p.'riplwry. Wilh p:lssagc 
of tin!l", tire non·sli nwlal('d fovt'al arca üf a de\' ialing ('ye Icnds lo lose il" ~t·ll s i . 

li \" il)' , ami ,,¡sion is losl ftorll <lisuse. Supprcs.... ion in\'ariabJy is mOfe i nten~e alld 
grcakr whell hilloeulll r \' is ion !S <l1I (' II1]1led. I\culall) . Ihis i;¡ !t form o f s<,leclh'c 

I;¡) 1))." " n.. ~. Bio:rfll~ ll. 1). O.: Corl i ~~ t I'ot" ntial Chn ¡t"~ in S"I' l'r~ ,,~ i o n Ambl)'ol,iu, 
,\fIl . J. Ol'hlh . 3.~:66.6f1, 1952. 
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cortical suppression of macular pattern vision to which, according lo Burian, ma)' 
be added other abnormal macular fu nctions, such ns incrcased fr equen<:y of rJieker 
fu siotl nnd irwersiol1 of thc pupilomoto r index, In ambl yol.'¡a , li ght pcroeplion is 
unaffectcd. Amol yop ic eye! IIre kn ow n lo fi xllk Ilt' tter in dil11 light and lo bchavc 
like normal dark.a{lapted C)'l'S. Uowe"er, in cxanoptic amhlyopia , macul ar pattern 
\' ision is irrr pai red not onl)' in angular aeuit)', hu t also in scparation aeuit )', In 
thil! IYI>I' of acuit)', insolated o r ind ividual letler.o,! or c ha raclcrs ca n be d ist inguisht-d, 
bul WllCII grou ps of sa rne-!'izc characlers are prese nted in a row, o r all al Ihe 
same time, some of them are indisl inglishable. Wt'ukrwss of fixalion is a charac
Icrislie of IImhlyopia. Eecen tric fi xalion, likewisc. is 11 eOllllllOIl ma nift's tation. 
Some Me of the opinioll thal ccet'nlric {ixal io n has a molor componen t, (l lId no! 
1l1l'n:l)' u St'n~o r )' plu' nonwnoll. MlIsele palsy is a faclor lo be looked for in strabi~
mus cuses in which t:cccnlric fixalion is manifested. 

While the exact orea in tl,e cortex where ambl)'opi8 is local i1;ed is not dcfini tel)' 
knu"'n, dt-ctrocllcl'phr lograph )', nc\'e rtheless, has succeeded in dl' teflu in ing th:Jt 
the oerchrtll cortex ;s li,e silc of origino The ~xplal1lll ion for the inabilil )' to pill ' 
poinl the affeeled urea howcver, I;t:;; ;n tlw fael Iha! tir e ambl )'opic rel inol , :111<1. 

eorrespo ndingl)', corl ical areus, a r(' 1101 ulike in all cases. 

Al! Ilcrvous acli \'il il'S a re reflex ill nalure and ure of tlO'O typcs : Ihe cond il i¡Jrlcd , 
or acquired redll'x, and the uncondi tioned. u r congl'lIi ts l. Th(' eond it ioned re flext'; 
originatc in Ihe cerl'brum . TI,e unconditioned are simple refl ex activi ti l'~ of Ihe 
cord and brain stCII) . The condil ioned acli vilics superimpose Oll Ihe uncomliti oned 
rcfl¡'xcs, w"en 11lt' prope r st ruclu res a re Tt'ady lo facilitatc such respo nsf'. Witll 
prope r usagt' oud dt'\'elopmen! , eonditiOIll..-d rellext:s ca l1 hccome firmly cslablished 
und habiIUall)' ingraincd tn reSt'm ble unconditiollcd ur inate rcfl cxt';<. 

Accord ing lo ChuvaSSl,. 1l the rl' flex of inhibition (Iiffen; from olher refl cxcs 
in thal it is of a nl'gat i\'c nalurl'. Bul, likc ils prololYl~, tlu- positi\'c refl cx. it 
rC<lui res all a(h'(llIate internal or external stimulus lo product, ;1. The distinel ion 
hetlO't't'11 tltc t1\'O iSo ltlcrdy one uf dcgrt'c, in whieh th t, high i' r associat'l'<l refl cx 
pa lhs arc im'oll'ed, Exlernal inhihiti on occurs liS a f\.-s ull of failurc of moto r or 
secretor)' !lcti " il)' due lo sOlll e ('x ternal or oh"ioll~ eaU$I'. IntErnal inhihit io ll is 
produccd hy ~ome obscure cause, tll e stimul us of which ari!lt,!S il1 lhe higher cortical 
cenlcrs. 

In Ihe \' isual apparatus, eitller o r both Ihe molor anri sc11so ry compollcnts ca n 
bl' uHecled. When the inhibition is motor, as in slrahisrllIJs o r higll hClt' rophoria. 

16 ) C¡'n\·w ~;¡c·.. Worlh Sllll inl: P. IJl ll ki ~l"n '~ Son ~, CO. I'h ih"I I· I!,hiu , 1';1. e ll , 7. 1939, 
t' . 336. 
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a normall)' functioni ng sensor), apparatus in the form of instru mentally induced 
fusional responses hasn't the power to induce response of eertain beneficient 
types of motor action. \Vhen the inhihition is in Ihe sl'nsoTy appa ratus (abSt'nce 
of fovral fusiu n ; lInoma!ous retina! correspondencc ) Lhe resull is ah~cnc(" o f 
sensor)' slimulus.re~punse which, in normal si luations, helps tu produce motor 

funclion. 

Sensor)' in hibilion is alwa)'s reflex. lt can he l'it lwr cxtNoceptive, induce(1 
through Ihe retina, or it can b!' prop rioceptivc. In the proprioceplive or postural 
type inhihilion, 11 (Icfccl in thc mutur systern he!p;¡ to induce Ihe inhihition. Both 
t)' lles of inhibition can he u f !·il!Jer the eongeni lal, or aeq uired t}'pes, alld Ihe)' 
can h(' eith~r co nstan! or intermiUent. As in olhcr trpes, the intcrmiUcn l lila)' 
turn into a co nslan! type suppression, whcn con lribut ing eonditions arise lo br in g 
on such a chan ge. 

It is import ant here lo give consideratioll lo suppression or a secondar}' Iype. 
This typl' suppression has a va rict y o f causes. Fo remost amon g: thcse are palsies, 
dt:v r lopmcntal abnurmuli lics, Ira umas und ocular und cerebral lesions. Tlwsc are 
ind irect causes a nd bear no rclalioll ship to those wh ich :Ir!' respon~ihle fOf the 

am hl yopias and suppression in whic h Ihe ct iological faclo rs are eithcr scnsor)' 
or motor. 

J usI as "isua l acuil}' o\'er Ihe re t ioal surfacc varíes in degrec acco rdi ng lo Ih e 
(lisLance from tlle foveal risc towanl lhe relinal periphcry, 50 lIoes reli nal supprc~ · 

sion "IITy also in Ihe exleut o f intcnsi ly in Ihe differl'nt parls of Ihe retina. T his 
appli!'s lo bolh Ihe monocular as well as the alternaling types of Supl'f('Ssion . The 
variali oll in Ihe inlen;:. ity is in direct relalion to the natu ral quality of Ihe " isual 
acuiLy in Lhc fI'SI'I'cLi ve regions (Jf tlll' vu rious purts uf tll€ relina. T his I)'pe of 
supprcss ioll is referre(1 10 as " contourcd or regional inhibil ion". The macular_ 
fovea l arca being Ihe zonc of k ClolH'S1 visual ¡¡cui l)', is, for some inexvlicabl l' 
reasan , inhihite(1 most intensely. "Iso. the retinal peri pher)', which umlcr normal 
cOlldil i oll~, hus a visual aeuil)' of 10WCT <legrel' Ih an IJI(' cen tral relina, temls to 
munifesl, in cases of sllfJpression , Ili gher visual percepLion. This in vCTsion in 
aeuit )' is one o f Ihe differcnlial diagnoslic signs bctwecn su pp Tc~sion amblyop ia 
ami a rc(l lIced acuit y from a refractivc ddee! . Devialioll of lhe a ffecled ere as 
¡¡u lc as one dl 'grec, oflen produces a most slurtling change in the mensurable 
visual acuit )'. Thi s may explain Ihc reason why in umbl yopia pcripheral vision 
is oflentimes h ighl' r Ihan is cenlral visiono 

Variabilil ), in Ihe dcgrce uf ret inal suppfl's~ion ovcr the retinal surface lo 
whieh reference was ma(le in the PT! 'ceding paragraph, tCIl (ls to produce a flat
Icn ing of Ihc retinal conlou rs (or "anou ,", rd illll l reg iolls ) ~ uffic i e fl l l y to make 
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il possiblc fO f Ihe area~ >,t imulut ed to achievc a rcquisilC degrec o f rlQminancl'_ 
In slrabislIluS wi th Cl:t:cnlric fI, tinal {ixalion, rf'peated slimu lalion of positive, 
rCI" 'atedl y use<! a nd acquired fixation areus, muy l'vcn tu alJ y lead lO eSlablishing 
Ihe:.'C liS ~olldllr } un'us uf relinal fixution , lea(ling imlin'ctily lo the de\'elopmenl 
Olf seco ndary retinal¡'o rn·spOIHkncc. In ló ueh cuses tllc I,igllt~ ! jJoint o f Ihe flatt clled 
relinal url'lIS o r cuntuurs. may also be ecccll tric. It is ",ell lo remcrnher Ihal Ihe 
degrce of eecen lrieil )' o f " isutil Hcuil )' di fft'rs ill Ihe no rmal from Ihal of an tye 
", itl, am bl)'u ¡¡ill, In all cr e \'o' itll ambl yopia. the suppression, and IIcncI' Ihe grcalesl 
"isua l loss, is al Ihe fOVC¡I. In such cases. visual ncuity ma )' !JI' comparati\<cly 
higher in the e xlru-fo v,'al arca. In eyes will! normlllJ)' fun clion ing f()\'l'a~ , Ihe 
tuperi ng of v¡!O ua l kl'ell CS:i is awa )' fTOrll t lw foveal arca (lnd loward lhe rd inal 
¡)CrijJllt'ry. 

A ver)' imp" rtan l I,h)'s iulugicul luw relati ng tú \" ~ I OIl is Ihe Law o r Use IInd 
Disusc.; T ltis law l'o! lulal f's Ilmt fu ncl ions of lhe eunditioned Of UC(luired Iypc 
must hl.' in a stale uf cOlIslulI1 ¡¡ud rcpeatccl usage in onle r lo Iwcolllc established 
a.o< fix o.·d and l"Slabli shcd ph)' ~iologi c fUllc lion~. Ir nol 1] 5(·d, ti,,· performance of 
such fur1l'I iuns I('nds lu fade out o r ¡'ecorne obliteralt'd. During Ihe perio!1 thal 
cOlldil ione(1 funcliulI s a re being refl cxcl)' devcloJJed, illgrni ned and maluro.'d, Ih ey 
are bulll (''lólllulislml t ,¡¡~ il )' uud fade easil)'. In latcr lifl', Ihe)' an: incrcasingly 
hardt'r lo t's ta hlish and a re sim ila rl)' more difficult lo ,' rase. 

Thc Lnw of Irnrnulabilit )' 1 is anolher ver)' i rtLjJo rtan! law UPOI1 which de\,tlop
nlt'nl of Ih e t:olldit iul1 u l reflex is ha~wd . This law ~Iah 's Ihal Oll l'C thcy are 
t'SluhlisheJ , cnnditioned r...flexes arc \'cr)' nearl )' ullchangcnble. Howe,·e r, responses 
ar ising fcom ~uch cu ndi tio ning ma )' he ~uspende(1 o r inhibi lt'd volunlarily. Wh{'!1 
a f("Spon~¡ ' is Ilms alte rcd, il docsll ' t Ilcccssaril)' mea n tha! Ihe n ·fll.·x, loo, is 
chnngl'd , Que can he al\t' rNI wilhout aHecting lhe ulller. Also, il is possible to 
inhi"i l fllul! )' rdl.,x(!. lo cI¡¡Illge u ref1cx ami lo substilute \'olunlar)' cunlrol, Ami 
such \'ulunllr)' cUlllrol. ir frc(luentl y IlIId sulficicnll)' rt'jJeall!<l, can hecolfle estab· 
lished and instillc{1 li S ha bil , ir nol aS a Irue rf'flex . J-I abih arc ¡lcfincd a~ morc 
l'Iuborllll.' paltl' rns o f Tl'~pon~ than ¡(re rcflcx;:l>. TIte li ne o f demarkal ion hclw(.''CU 
lile Iw() , hm"'t'I'cr, is very fi HC Illld is not clca rl)' (lefined. Adjus!lllcnt Illld cllange 
are rClldi l)' possible. 

In addi lion to roveal ~ upprcssion alld inlli hitioll uf relinal imugrs, man)' ~· xallup· 

tic amhl yop" s "I !;I) mlln if<..,.1 nilnormalili l.."S in Ihdr hi nocular !;ClIsuri¡¡1 rclulionships. 
Their spacf' sellse MlIl Ilwir sensc o f localiza lioll is afkcled. This is IIHlnifcs\t'd 
a~ unomlllou~ reliulI l currcspondclu:c IIIHI ahllo rmal spatiul projcct ion. It i ~ well 

l 71 5111illl. W.: Clinirlll Orllw!,.i,· I'rúudurc. The C. V. Mo;;by Co. S .. Lo"i., M. ed. Z, 
19:>4, Pt' , 76.\1.1 . 
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lu TI' ll lCll1 bU Ihal (111" condil ion of abnormal retinal correspundcnce is cl1 lircly 
a slale o f :momalous binoculiIT a!..~oc i at ion ill Ihc bruin und is of a compensalo T)' 
nalure. In this rc: pecl il cliffers from eilller "¡:cct'ntric fi"a lion" or from " false 
nUlcula··. 80lh IheSt' a re uniocular ubnonnali ties. Abnon llsl rl' l inal corrt'"Spondence 
is 11 h inocul ar phenollwllon. 

Sudl abno rmal fUIH;l ioll!J, ure TI'SlIrclcd as urhlplivc. T luoy IIre presumcd lo be 
CU lII lJI"Hsalo ry and of a S('lh!Ü ry Iype, AH exisling slrab ismu8 i~ Ihe underlying 
ca use und Ihe nJapl l,<l, allef r'!! pMi lion uf Ihe e)'es ami rcsultan l chnnged scnso r)' 
paformnllcl's, are lhe result anl d inical mnnifeslalions. In slIch ellses, a llcrnalion 
from Ihc nOflUal tends tu H'rvc as a subslilule and solutioll , Of an escape fro rn 
whut m i~h l o llU'rwi~ be an intolcrahlc situalion vis ion ·w i ~t'. AClIIally, il is (l case 
oJ /111 im~)lIi,e(1 vijltal JU/l clion mlillMinó il~ll to ;Ij cnvironmerll. 

Tl1I" bn:,is for 1I0rrn ll n't inal corrC'S!>onflence is bi foveal Pt'ffOfmance under all 
condilions al1(l s ilualions, and by a l1 lesls. Abnormal, or anornalou5 n '"l in al corres
pondcnce ;s widcly regarded as an anomalous binocula r a~SQcia l iulI o f n eompen
~¡tlo r )' nalure 311(1 is bcl ic\"cd to be loclllizcd in the eerd lral ca riel'. As slleh, il 
.. llOUld nu! h(' co nfused with ci lhcr "fal sc macula" or "ecccnlric fixalion". Thl'se 
are abno Tmal il ics or uuiocular lIulUTl' lIIHI do 1101 ha vc Ihe S3mC co rn pliculiom, as 
anomalou! rd inal co rn:spundl'ncc. 

Al thi!! poinl it mighl be well lo digrl'5s and cUlIsid l' r tite mC:lIliug of rel inal 
corre!!pomlt"lu..'tl ill a rder IlIat In' migll l havc a cle3Tcr u ndl' rsland illg uf tll is plteno
menon bol h in the no rmal and abnormal slatl's. nnd lite implical ion of the a bnor
mal slate in tl tl' fUllc lioll o f binocula r jlf'" rccptioll. 

Hcl illu l correspo ndellcl' is a S('nsory phcnomenon in which lhe r('flel'('s of fOI'eal 
fi "a lion une! p m princcption are basic /llId uIHlerly ing fa clors. In the no rma l ael 
of hin oculnr IICrc"IJtioll , imag('~ of ul.tjcc I ~ in lhe hinocuhlT fi<:'ld o f visioll are 
n'ccil'ed und rcg islcfcd (wilhout co nscio u~ alol' l.Ifcnes,> or drorl ) 011 cu rrespo ndi ng 
TCCtptOT!¡ o f Ihc IWo eyes. 

0 11 jJapcr Ihis mighl apl)Clr lo bc a vI' r)' ~ i mple pr' rfo rmanee. l' ll)"siologicall}'. 
howcver. il is nol so. In k.>cping with Iheir eornmoll visual din .'"C!ioll , in Ihc Ilo rrnal 
~Iak_ lllt" fOH'a "r ('ach c)'e is p re mmed to 1)(' such a rt.'Ct'plor. T hus. in a jJlir 
of eres who:.e visu al axes a re pllT1t lll'l. straig lll allcad fi xa lion would pb ce Ihe 
inlngcs 011 ti\(' macula of each ('"ye. When lb ... corl ical cycle is complell'd s nd Ihc 
proper afeas slirn ulall'd , 11n.- im agc is Ihcll, similarl)'. pru jeclcfl me lltu lly. s-I raight 
nlH'ad illto ¡OI HlC~ ', nlong co rrespondi ng palh ways. Irnages u r objl'cls 5ituuted il1 
Ihe r ighl visual f i l · l~ l fllll 011 Ihe naslll s ide o f 1111' re ti na of Ihe righ! eyc ami on 
Ihe I('mpo rul ~idc of Ihe rel ina o f 111C I"ft ere. Menlal proj <'(.' lioll o f such imuges 
is lo Ihe right siJe. 
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Imase> of úhj l'cls ~ i rll[lll'd in Ihe It ' fr \' i.~ 11U 1 fid(1 (alt 0 11 the nusa l sidc nf Ihe 
relina of Ihe Idl e)'e a nu on Ihe It~JII po r ll l sirle of Ihe rclina of Ihe rig ll \' 1')'1'. Hcre 
menlal projecl i"lI ir. lO rhe 11'(1. When sucll a slate uf co rrcsponding hinuculur 
im pong.'nJ['ul lakcs pluce in bolil \' isual fi eld;;, notllJ:11 enrrl'~pon(I "lIec of relin:!1 
images is 11... rcsult , 

Bul what IUllJpens whcII Ihere is ,~(I u i n l and It's ls show rdinal eurre;opondence 
In be normal. [Ir \'(' r l l lcle~s? AI\ cxa mplc of ~ ucll a casc would be OUt' in whidl ,
Ihe esotropiu is of Ihe rigll l erc, The image fixatcd is prt.'Sumc{1 lo fa ll UII Ihe 
macula of Ihc fi xing Idl t'ye alHI 011 th e IHlsn] side uf 111t! reti na o f Ihe S(luinli ng 
righll')'c, The Jl nsal side of Ihe f!'lill a o f Ihl' ~tl u ill l i ll g cp· being 11ll' un'a ~ ti lll ula l ed . 

Ihe image is projeclcd l o the righ !. Of in Ihe lemporal II.1If of 11I t' vi~u aJ ficld of 
Ihe right eye. If no suppression complica les. Ihe manifestul iu/1 is homonymou5 
(I iplopia. 

Su pposing, howe\cr. IlIal a sim ila r muselc {Icicel as ci ll'tl in Ihe preced ing 
paragraph, is complicaled willl ahnormlll rel inal eurresl'ono t:nt:e. Ihl' fixa led image 
fall s, as bdo rc. 0 1] Il re macula of Ihe fi"i ng lefl err, a ncls is projccled slruighl 
ahcatl. It fll lls 0 11 Ihe nasal side n i Ihe rd ina, 1101 tlt t' llIucull1, uf Ihc S(lui nli ng 
ri ghl ¡'re. Hui nol bei ng macu ll1rl ~ nd a plClI because Ihe inHlge i8 supp rcssl'd ar!t l 
prC\cnl t'U frOI11 reaehi ng 111(' mllelll a r 11I1(1 paramaculllf II ft: HS. il ¡s proj ccteu, 1101 

lo thc righ!. as in Ihe ('3rli:'r cxulIIplc, bul in Ihe dircclinn ami posi lion of tllc 
object. 

In binoculllT singlc \' ision ('ach macula projccls dirtxlly lo Ihe objed of fi xalion. 
TogellU'r, lhe Iwo maculal' Ilms sen 'e in u co rrcsjJO nding capac il)' lO bring 11", 

eorrcsponding relinal ¡mages lo ¡he sa me \' i"uul direcl ion, ( Visual di redion 111('a1lS 
ilirecl ion of licali zali on :lt1d i~ nol Ilr e sam(' as visua l line, li n(' n f iixal ioll, or 
oplic II xis) . 

\Vhen a ma l] i ir'~1 de\'ial ioll occurs. Ihcre is in\'a riubl)' !l óiHuplion in 111.: 
aliglllllclll u f Ihe two ('rC!; and wilh il. los.~ uf hi nocular cor rc.~pundcnl'c and " isual 
d ir!'Clioll, The images uf Ihe nOIl.tlt'\' ialing e)e c011 linue lo fan on Ih~ macula, 
bul those uf lile dl' \' ialing e)'., faH II JlOII rcli nal a reas. aWII)' from Ihe macula. h is 
p rt'Suml'd Ihal whcll Ihis happen~ , d iplopia rl'sults, The ex planalion gi\'t'1I is Ihul 
a.~ a rc~u l l. 1"'0 inJagl'5 of lile san1l' obj ed are prest 'nl logctlw r in Ihe visual ficld , , 
sim ult all t'ously. The ;¡econd illl llgi' is pCft.'Civrd lo a sich, .. f Ihe ohj t:ct hcing fi"alcd , 

Occur rill g us il (loes ill Ill l' fUfma live )'t·ars o f a child's visua l dC\,t>lopm enl, d iplo. 
pia is an illlolerahle phcnnml'non wlri ch musl he cli minal l'(1. Since Ihc rclill ul 
ar.' n us('d hy Ihe d, '\' ial ing (·ye i ~ awu)' froll! Ihe maculnr arca , stim ul:t lion Il lld use 
o f Ihal maculo is su prcssed. Disu"-c follo",s beeau5e Ihe ¡mages a re nol con\'c)'cll 
liy Ihe macula r fibres lo Ilwir re"pI'cli\'c It: rmi ll i in Ihc higlll' r cort ical t.'(! lI tC~, 
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And so. in cxanoplic am!'l)'pia wc hll vc pSi'udumlleuln c1clJlc111s ""llie lack Ihe I'0wer 
of eonvcying imagps alld a lIlacular,hwcal arell ""lI ie!. 11as hccome (lullcd frOI11 
lack of condilioning alld nOfrlml usage. 

Wilhoul goi llg furlher inlo Iht' more inlricale ¡..h ysiulogical, ncurological and 
psrcllUlogical a!;¡x.'Ct.s o f relin al co rr(''l'pondcll(;c Ilncl 1111' \'l\ riOl1s rllmifiCllliotls 
which cnler inlo lhe ~Iudy o f spalia l percepli ill1 , Ihc l1Icllning of nortlwl relinal 
corrcsl>ondence implil's illll'ingel11enl hy V i ~UIII slimuli on normaJl)' corrcspondiug 
relinal rt'Ccplor!', Ihe foveae, Wh.'n Illis IlapPl'ns, Ihe rcsl)o nsc is himacular 8nd 
Ihe perceplual rcspon~c is Ihal of normal correspondcllce, On Illc SAI11C prcmise, 
binocular fixalioll , in ""hich Ihe macula of lIle fixing eye uml a ]ll' riphcrAI aren 
of Ihc s(luinl are ~ imultlltl (.(J usl)' slimulaled. wiJl havc IInomalous rcti llal curres, 
pondcnee as Ihe result. 

Exanoplie ambl)'opia usuall )' dl've!ops t'ilJlt'r vt'r)' carly in II chi lJ's li fe J uring 
infa nlhood, or [aler. d uring childhood. bul bcfore Ihe sixlh y('l\ r. It is nol occur ill 
ll(lu llhooJ, If does, it is frolll a diHerenl cause, Tite eden! uf visual Joss alld Ihe 
rlrgrrc of Ihe aceotllpa ll ying delf'rioralivf' llTOCt·ssc." ncpend largd y on Ihe nge ni 
\\'hiell Ihe mo lor (It'visliutl firs! b. 'eutl1eS ~pparelll, ev.'u if inleJ"lniUclt ll)', u r Irun· 
;:.i lo rily. 1I also depelHls on Ihe Iype of Ilw primar)' oeulo·molor ddccl ¡¡tul on Ihe 
associaled col1tfJlienliuns, ir Ihcre are an )', Thcsc lIIay 1)(' cilher s)'skmic, emolionul. 
ITlIUtll alic, or fum:lionaJ. Since il i ~ a condil ion en·I}'Jlf' ¡lI1 omaly, in some cases 
dc\'clupmclll o f li le cxa noplic amblyopia may Le u slo\\', gradual JHoeL'SS, Thc vi· 
su,t ) l o~s may p(' rsislcnlly rem ain of 101\' degr!'!', wilhoul tllltnifcsling an)' radical 
or sensal ionul progressivl' ehangt's as Ihe chil (1 gro\\'~ and devdop~. In olhcr ins· 
lances, especiall)' Ihe 5uppre_~5 ion I)'pe amhl yopia , visual dl' lerioralion and [os;; 
may he rapid ami (Iu ile ¡nlens(>. It ma)' show ~(>vcre prngre!óSiun in a rclal ivcly 

shorl period of lime, It is a kno\\'n cl il1ical facl Ihal Ih e t'x lel11 of visual dl'lcri ura. 
lion in amblyopia can llar)' fr om Ihe insignificanl 1055 of a ~i ngle line o f lellers 
lO Illc cxtrCtlll' 1055 of performance oC mueular·fovcal perccpliol1 running lo liS lo\\' 
as ml' re H'cogni l inn uf fin g!' r \' ision 111 do"," rangf', 

Odccts of Iht> ntolor syslclII IIre nol Ihe onl )' el iologieu[ ur conlrib uling fAclors 
in IIU' (fnsel uf amhlynpiu ,'xanopsia. ¡\ nomali,'s of refracli on.hype ropil, myop ia 
amI uSliglttll lisltt , C5lx'CialJ)' o f high degrel' , e ilher simple or compoullll, are kn own 
lo procluc l~ rdracl iv(' amhl yopia. Of Ihe refraClivo(! crror!!, hyperopia and a¡:. lig. 
mutis m, t'![JL'Cially uf lile colltpoUl1d Iypt!, uf high dcgree, lt!ul ubliqut' lIXI'S, ar,' 
Ihe more culpab le, Of Ihe mul or dcfecls, presence of a \·erlical muscle d rfecl as 
u cnmpUllcnt , is li k¡>ly lu pftl ducc a more ¡iliense 1)'1'" of atuhl yop ia. This Iypp i ~ 

nol as ens)' lo correel AS is Ihe uneo mplicnted type, But II~}' are amenable. A deep· 
ro(,I l'{1 Il mhl yopiu sltu uld put tlt!' t'xllminer on gUilrd ilnd should ca u!.'C hhn lo 
exam ine Ihoroughly Ihe pcrfurm a nce o f Ihe \'erlical molor lIluscles. 
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As 11 com plicat ing dl'ff'Ct in !;l rahi~n l U~. cxalloptic ambl)'opia ma)' IJ!' secolHlar)' 
or e \"f' n lertinry in o rigino I-I uwcvcr. irh 'spl'Cti l'c oí Ilri l', prc\'I:nlioll o f incidcnec 
"f tlri s in"idious dl'ff'CI or \'igo rous dimi nll lioll of il WIICI1 ddectr d, is thc musl 
ill11'0 rl lll1l part of Ihe rel1wd i1l1 proee(lurc II nd 0 111' Ihal ~ lro lJhl corn muud utlllosl 
a1trntion ami cOllcl·lItration. 

Supp re~~ i o ll liS a \' isual ddret i5 known lo I'xisl in a \'arie!)' of fo rms 8nrl de' 
g rces.. It c/ur be cither cen tral, afk-clin¡; llre 111al'uJllr·fo\-cal MI'U , or pcripheru l. 
Supprt'ss ion can be inle rrse !IIul.d'·!·II.rooted (Ihe Ir pe IIHit has il s origi n in cad)' 
infllnthood ), or it can bl ' ~Jighl o r m ild o h can be IIl ler ulI l ing. o r il call 1>1' confi· 
nt'd lo onl)' onc eye . monocular or uniocular suppression. And suppn'ssi oll con· 
finec! to Ihe cenlrlll O f lI1aeula ·fn vcal a rt'a eun hUl'e also 3 periplu:ral cOJ11 lwncllt, 
and \' icc·\'crs."l. Loss or "h )'s iulogie rivalf)' is the firsl slt·p in thc llc\doplllcnt of 
SU pprCl!5ion. 

The )'oungl.'r Ihe age al whieh ~tnlhi~IllUs uccu r!!, Ihe Ilif!her 1111' e\'cn tu al inlen· 
s il )' of supprci'.~ i o ll if no inrmcdi atc Tl·IIl (·,lial sleps a re insli lute(1. 111 tllt' inlermi· 
lIelll type sq uinl . suppreEsion is 11 0 1 liS hiSh o r 115 in\t'n;;c liS in ¡he eonsl3nl 1110no' 
la ló:rul squinl s. Supprc&lion of 8n allt-rtl31ing I)'pc itl\'3ri ll hl y IIceol11J1an ic!ó (Illl- r· 
lIali ng sl rabisn1us. Tlli i\ tS morl.' prevalent in rsolrupia! lhuJt in I.'xolropias. PrCl;.Cll· 
ce of a Yl'rl iea l or un obl ique (Ideel tends to inueas\' tl1l' inlcnSt'ne!!ll o f Ihe sup· 
prcsslOn. 

In order for an)' Irl'a ml' 11 1 melhod for eliminaling amhl)'upia amI ~upIITl'Ssiorr 

to bc succcsdul, il musl pneQlI lpaS!! stcps for Ihoroughl)' 11 11(1 perlllanl'nlly eli min a
ting !I1:lcub r suppr('sl'io n anc! anomal ous n' lina l eorn.,,;po ndence. Visual pero:p· 
li oll , bollr (Iuunt i¡uti\'\' 3nd Ilull lilal ivc, al dis lancc !lear. musl iJl' raiscd lo 3.'1 IIca r 
no rmal It'\'d~ as pos¡;ibl,·. 

To llo' 11l 0~t d rccli vc, H wcll· rou ndl'<l oul t r{'almcn l IHocc(l urc for elinrinal ing 
SUpJlfl'!;sioll IInd IImbl yopia mll ~t I:onlll ill tll(' followi ng slcps: (SI. 

l . Eli minalion of cenlral SUppTl'~!ÜOII snd establishmen t of a bifo\'eaJ !latir of 
cOlld ur tion. 

2. El imination o f anomalous relinal co rrespondcncl' and 1I 1mormal fiXlllio ll . 

:t De\·cloplllen l of spa lial }wrcqllion 1l0Tn13l propri oecpli\"e sellsc hy eli mi na· 
ling \·icariou5 poslure and lorlieolli s. 

4. Deve!o lll11CIl I of as high gradc a SC II~t· of visual orient31iorr -as possible. 

5. Dev\·Jopmcllt o f visual aeUil )' al all dislanee lo as Ir igh u leve! 3S possihlc. 

18) Smilh. W.: Clini,~~l Orthopt;.· Pr".'~ '¡ u re. The C. V. Mo.. hy Co. SI. Loui., M. Ed. 2. 
1%1. 1>1' . 70-11 8. 
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SUMMARY: 


Man)' prach llollCTS a re frclluclltly co n(ronll.'d In Illeir da il y pruClices with sim
ple. ullcomplicah'd CUSI.'l'; o r mnhlyopia, In many inslancts, routinc Iherapeutic 
mcasurcs such as occlusioll o f Ibe nun·ambl rovia e)'I' hcll>lO lo achie\'e desircd 
rc:<ults, 11 is in Ihe com plicalcd ca~s, lile casps in whieh supprcssioll , togt:thcr with 
am blyopia. anomalous n 'linol CIJ rTcspvr1lll'uce olld a mot or defect, he1p lo inlclI' 
~i ry Ihe a bll ormalil y, Ih ul cJi nicn l skill ll11d cxpericnce ore l1Iosl L-:;senlial. 

'fhe discussion prescnled louehc!! hu i \,pry lighlly on t hi~ l1Iosl complex sul>jeel. 
HO\I'f'I'cr. in wril illg it, the author lricd to cOI'er Ihe 111051 suli"111 po ints of tl .c 
suLjl'Cl IIllltlcr. Likcwi!!c, lhe f¡"e stcps in Ihe co rrccli ,'c proce<lure pre\jCnled a re 
basic aud rudi men lar)'. The)' are stl'pS wl,ieh Ihe aulllor hal'e bCl' n ad\'ocali ng 
and Icaching in lect ures and in c!in icul use. ThN;e slcl)!' llave p roven c1inicall y 
lo be COIl~ i sl el111 y mosl effccli\'oC. 

67 15 Sau~lI lil Q A\'e. 
CH nO ftll I'ur k . CH lirorniu . 
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