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During Ihe pasl len years, cornea l contaet lenses have enjoyed a constantly 
aecdcrating rale of application a nd il scems p robable Ihal Ihis popularity will 
not 500n diminish. Comfort and wea ri ng time with eonlad lenses have been 
aided by improved IClls dcsign and improved techn iq ues for prod ucing smoolher 
and beLler sudaees and adges. However, eve/l Ihough their opti eal performance 
has been improved through the prod uclion of beUer surfares, lhe majorily of 
contad lens wearers do nol see as wen as lhey formerly did with spectacJes be· 
cau5C cylindrical correct ions rare!)' are ineorporalcd in ¡he new COTneal lemes. 

Textbook5 1, 2, 3, 4, lell us that Ihe astigma Lism whieh can be dernostruted 
in Lhe cye wcarin!; a cornea l lens seldolll is of sufficient amount lo interfere 
with the ·aceeptance of the /l ew visual (lev ice. This stalement is, of course, quite 
true; if it were HoL, fl·W eonlael reuses wou ld be prescribed today. However, 
the eoneern fonnerfy expresscd by refradionis ts for Ihe effecls of small degrees. 
of uncorreelcd astignultism upon visulll cornfort and eHiciency probably have 
had some basis in faet. Tt scems hanll y reasonable lo assume Ihal uncorrecled 
ast igmatillS-lIl which exists whi le :1 contad Icns is WOI"ll is visulllly lcss importan! 
than the un eorreeted ast igrnatislll of the person who wears no opLical correctioll 
at aJl. In addit ion , it is Iwt Une01ll11l011 to find thut a contad lcns wearcr is unablc 
lo loreralc his lenses for various tasks because o f litis problem;;. 

Contact lcns prad itioncrs oflen im·isl Iha! their patients ser. bcUer with eonlact 
lenses than wi th spcctacles but lIlcasu rernents of visual acuily do 1I0t bear oul 
this cla im cxccpl in a relat ivcly small proportion of lhe con tad lens population. 
Most co ntact lens wearers wil r expres~· a decid cd preference visually (but not 
coslllctically) for the additio n of a cylindrical corrcction over their eonlact 
Icnses. Howe\'cr, beeause of eorneal changes proouecd by Ihe contact lenses 
("speetacle blur"), IIll:sc same patients willtdl thcir dodor that lhey sec bettcr wilh 
their contaet lenses un Ihan with lhcir ,-,pectacles. 
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Resid ualastigmati!;lIl, Le., tlmt asti glllatislll whieh relllains un(',Prreeled while 
a contad rens b being worn, llloSt cOllllllon ly approache!: one·half a diopter and 
r arely exeeeds one dioptcr, although a fOil cases of one and Inlf lo Ihree diopters 
have been sccn hy lhe author. In our officc, all contad weaTers are rcfracteu 
a number of limes while their Icnses are being worn al1(1 it has been found th al 
al least sevenly.[ive ¡.;er eent of eyes have resid ual astigmatislll of one·half cliopter 
or more. Chara~lerislieally , th i ~, uneorrcclcd e rror of refraetion lakes Ihe forlll 
of a mi nus- eyl inde r axis al, or rather ncar, ninety degrccs. 

Though residual aSligltlat islll in scferal typc contad lenscs oft en can be traced 
lo the f illin g: ch aracler ist ics o f Ihe lens, il is unlikcJ y that sueh is Ihe easc wilh 
corneal lenses, The author has attemph;'o lo a lter the uncoTI"ected a8.igmatism by 

var yillg Lhe [ens size from eigh! an d one·half mill imcters lo Lwclvc milJimdcrs 
ano b y varying the " fi t" of the lens f ro1l1 apic:al clearance lo as mueh as fi ve 
dioptcrs flaL A marked ly Ihin lens wil l sOJllctimes prod uec a variable astigmutic 
error (Iue lo a vertica l bellding of the lens but ils eHeet is un pred ictable ano 
the extremcl y thin lens often cannol bc wo m wilh physicu l corn forl. It scems 
probable, then, that residu al astigmatism iu cOf]waf lenses is rarely Ihe result 
of a poorl)' fiUeo lens. 

Thrcc analolllical site" which migil! contribulc to Ihis residual error can bc 
eonsidered : 1) lhe cornca, 2 ) the- crystal i'inc lens, and 3 '1 the retill(l. 

When cornca! (onlad leuses are fitt ed, iL iSo generally assul!lerF LhaL the corneal 
aSLigmalisJll as lIleasured with Ihe ophthal mometer is completl'ly ru:utral ized by 
the lacrimal lens whieh is fouud bew l'e n Lhc [ron L surfa¡;e o[ Ihe cornea and Ihe 
back surface oI Lhe contact lem, Howcver , this assulllption is baseo upon a gene· 
ralizat ion whieh may nol be trUl '. Tbe ophthulnlOrtleler is caliLraled fo r un index 
of 1.3375 whiJe Ihe cornea has a sOlllcwhat highcr imlex for ¡¡bou t 1.376. Hence, 
Ihc ophlh¡¡lmo meler really is rlleasuriug only . :B75 j .376 or aLou L nine·tenlhs of 
the corneal astigmati smo 

If Llu' cornea is a " plano" sheel o [ l isSliC alld hencc acls as a " bi ·torieens" oI 
plauo powc r, it is probable that the I'!:tllaining len percenl of Ihe corneal astig. 
lIlatism is rC]lloved by the back surface of tire cornea. However , if lhe cornea j;¡ 

nol a "pla no" sheel bu l insleud has plus o r minus powcr wlrich differs in ils Iwo 
principal mcridians, Lhe ast igmal ism indicatcd by Illc ophthalmonwter will not bc 
fully corrccle(] by the lacrimul rens, 

In uddilion, !;in ce the hundle of rays frOIll the point o f fixation passes Ihrough 
the cornea a long a p3th which makcs un obliq ue auglc u wilh the optic a xis of tire 
eye, Ihe cornea would tl'nd to introduce morc plus power alon g ils horizonla l than 
itSo verticaT meridiano 



IU:SIDUAI. ASTIGMATISM 

Thc c)'stalJ ine fens of Ihe eyc also ma)' provide an astiglllDlic componenl via Iwo 
sourcl'S; 1) the crystallinc len! lila )' nol be a !pherical len$ bu l instead ma)' have 
the fo rm of 8 sphero-cy linder ; 2) Ihe lens may be oricnted so Ihal Ihe chief ray 
of liglll passcs th rough Ihe l e /1 ~ nI un oLlique atlgle lu Ihe opLic fixis of Ihe len!_ 
In e ithr. r c\'ent, Ihe crystan ine lens wou ld have ::In aSlig mulic focu5_ 

A Ihird, bus somewhat improbable, source o f asligmatisllI ",oulo exi;;1 if 'an 
irregular ily in Ihe macula r a rca of Ihe relina werc sueh as lo rC(luire an aslig­
malic image for clearcsl visiono 

or Ihe Ihree polelllial !!Ourecs of residual as igmalislll, Ihe cornea probabl )' 
exerls Ihc g realCl;t influencc_ lf il is aSSUmL-tl Ihal Ihe ineidcn! light makcs a n allgle 
oí abou! íivc degrecs with Ihe oplic axis o f Ihe cye, one misht prediel Ihal aboul 
one-hal{ lo three-q uarlers of a diopter of aSliglllalism should be presenled wilh 
u spherica l cornear who~~ rudi us of curvalure \Vere approxi ma tdy eight mHUme­
terso The correcling cylilldcr would have its minu s cyli ndcr axi~ al, or ver y near, 
Ihe ve rlical meridiano 

I1 is instructive in t!Jis eonneel ion lo poilll oul Ihal, in an analysis of sevell 
aphakic eres wca ring sp!Jerica l co rneal contact Icnses, fi\'e eyes showed residua l 
asl igUllltislll bctween one-1181f and Ihree-quarlu s oí a dioptcr, alld Iwo eyes haJ 
bctwClCII olle-quarler and olle-haH (Iiopler. In all seven cases, the correcting minus;. 
cyfindcr axis was witllin ten degreL'S o,f lhe vertical mcridian. 

Sitlcc Ihe vast majoril y of non-aphakic palie nls also rC<luirc aLoul Ihis same 
BlIIounl and Iypc oí aSligmat ic corrcet ioll over t heir contacl lenses, il secms pro­
bah le thal Ihe "obliquil)' factor" al Ihe cornea is Ilw tIlosl eom mon and most im­
parlan! SÜe oC responsaLit i!y fo l' residual asligmalism wllen spherical contact len­
ses are worn_ However, whelller or nol agreemen l can be rcached as lo the cause 
ur causes oC residual asligmal ism, a reasollable solul ion lo the problem of aslig­
malic correclions in corneal lellses musl be SOUgllt. 

It is possibfe lo produce a correc!ive cylin(lt' r effecl óy grinding eilynder po­
wt'r 011 eilhcr the back su rfllL'C or Ihe fron! surfa l.'C of :t contaet lenses or, ¡ndced, 
Ihe te ll! mighl be made bil oric hu i of spherieal power as rcad in Ihe lensomeler. 
Lel us examine each of Ihese possiLJ(' solu lions in lurn_ 

Nissclr, has pointed out Ihc J!lt'ehan icul and oplica l adva nt8ges a nd disadvunla­
ses of Ihe insi(le sudace cy lind t'T. He poinls out Iha! ; 1) Ihe muchinery neces­
sary lo grind inside cy lindcrs is ~impler Ihan COT outside ey linders, ano 2) a much 
larger margin of error is pcrrnissabre sincc Ihe lacr imal (luid witl reduce lhe ap­
!,uren l error. Howcver, as he !l Iso slales, a cylin(lcr of nellrly Ihrce times the de­
sired cor recling efíccl is re(lu ired bccause of th is samc lacrimal fluid neutralizing 
cUcct. 
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An otuside surface cy lindcr, since its full e rfecl as rcael in Ihe lellsomcler would 
he apparenl musl, he mane far 1I10re accuralcl )', hCrLce d ifficurl ies would be grcn· 
ler. However, sinee on l)' the residual error of rcfraction need he incorporatcd , !!:e 

eylinder require(1 would be markcdl)' les~. 

The bi·toric lens would prescnl exlreme (l iffi cuJties· in its fab rication ir Ihe 
fcus \Vere lo be ground. Howcwr, if it were made by " warping oc Lending a s¡.:hc. 
rical corneal Icn!>, il might providc :J. very wwful tempora r)' corrl'ction, al leas!. 
Its eylindrieal cireet upon Ihe cOlll ael lells.e)'e syst¡'m wo uld be impreSo.-«cd upon 
Ihe lacrimal lcns, henee ils correetillg €fket eould be read with rearonablc precio 
sioll 0 11 the ophtha lmornclcr or radi useopc. Naturally, it l; power as rcad wilh li,e 
lenromeler wou ld hc spherica1 fo r all clínica1 purpoSl:·S. 

If one of the ahove lenses ca n be produ 8Cd , our ncxt problem would im'olve .¡¡ 

teehniqu e whereby Ihe rotation üf Ihe fe ns co uld UI' slopped 01' al leasl minimized 
lo a resonaLlc dcgrce. The author and a number of ot he n f, .O!. 7 . ~ , Il_ 1'1 have fou ud 
melhods whieh will reduce rol al ion of a eornea l eonltlct Icns ~() Lbal al! uSlignlll . 
lie eorrectioll mighl be {easiLle. 

Perhaps Ihe simplesl -und 1II0s1 generali'y applicllble Icchnique 1'I0u ld be 
thal o f an unblllanced OT " weighled" le ns. This h.'ehn iq ue makes use of a 

prísm in Ihe lens of aboul one degrcc apieal angle or approx im:lIe1y one prism di· 
opter of power. Such a proced ure 1'I0uld demand Ihal an C(I Ual amoul o f prislll be 
inco rpomtcd ill cach lens in a binocular case un less a verlieal phoría co rrcction 
l'IeTe desircd. A second t)' pe of weíghlin g ínvolves Ihe imp)¡lIll ing of a small metu· 
lI ic Jise 7 Ilear one margill o f Ihe IClls. Thc base of Ihe prislIl UllIl Ihe llIelallic disc 
bolh leud lo ori ent thc lIIselv('s al Ihe lowt's l po inl of Ihe eOflleal IClls. 

Olle manufacturer ~ has sloPI:.ed o r minimized lens rolation b), Ihc use of (1 loríc 
peripheral or secondar)' curve on Ihe lens. Tite eU I'Vll ture differencf' uetwccn Ilw 
p rincipal mer idians of Ihe secondar}' C U T\' t ' can he \'a ri('(1 lo fil Ihe nceds of Ilu: 
indi Vidual cornea. 

A sccond manufaeturer n has used a lor ic insidc curve plus slIlall faccls lo di· 
millalc rolation of Ihi s corrwal fe ns but il 5ho ul(1 be lIoled Ihal Ihis solulion de· 
manos Ihal Ibe aS-liglllulic corrcclion desired alld Ihe mínimulll dcgree of lorici ly 
rcquircd lo slop rolation IlIUl< he in good agreeme lll unless Ihe faeets a lorle 
-are used. 

Corneal Icnses whieh are madc o\'al '" in shafle ( rather Ilran round) h'lld lo 
assume a positioll witl! Ihe major a xis of Ihe 1"' lIs a lo ng Ihe horizonlal meridial o ( 
Ihe ere. Henee, this design also mighl bc used lo reducI' o r remo\'c rolalional 
e fft:cls. 
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1I is probable thM each manufact ure! und caeh pracliti uncl' will fiml reasolls to 
argue ror 011C of lile ahove ted11li{lueS Lu l a weighló'd Tens has Ihe mujor udvu ll · 

lage ¡hal it would Tequirc no particulllr dmngc in uu r IJtcSl'nl ledllliqut,s of con· 
lael lens fill ing. ¡\(ljusIIllCll IS on sud1 u lens eould Iw earried oul j us i ubout as 

Ihey arc al p resen l. 

Tlll' manu facl uring eost5 of ustigmatic eonlael lenscs wuuld appcar at fir sl 

glancc to be rulller high hui if il is remembered Ih ul Ihe re~,idual asl igmulis11l is 
of eOHsequenee oll ly when il is fr OI1l ubu ut ullc·half lO on,' diopter in amOul1 l, and 

furth er, Ih9\ ils min us e)' linder ax is I1 cad )' a lwa ys is tll ur very !lear lhe vertical 
meridian, it \\'ouf{1 S('em p,ossi hlc lo makc such 1"llscS on a sloek basis jusI as a re 
spher ical lcn!l(,.'ij.. S ,x:dul lcnses \\'oul<1 he I1cedcd on l)' whcn 11 ru ther eXlra.o nlinary 

!Jrublelll oceurred. 

If il migh! lJt' tl ssulllcd , for e:ulIllple, Ihal ¡he prismal ic techn iquc ro r stopping 

rolulion wer,· lO he used and lhal Ihe (;y linder were lu be gruund on tht! fro nl sur· 
fa ('"e, lenscs, 1111'11 woul(1 bc l11ad~ ",¡th u plus cylin(ler of ahout olw·hal f diu!Jtcr 

grou nd wilh its nx is al r ighl anglcs lo Ihe bas!" ul>CX lillt· of the pri;;m. On l)' ill a 
fe", special cases ",ould sphericaf lensc!o be requin·d 1111<1 in sli ll fe\\'e r cascs ",ould 

e)' lindcrs grealcr t l1<1I1 une·h:tlf diopler l>c ordt' rcd. 

Resid ual asliglll lllislll i~ a !JroblcllI whi ch loda )' is recog nized by rclali vely fe", 

practit ioncrs in Ihe ,:yc ca ft: field. II i~ howc\'cr, 01lC uf the Vl'f)' real and , 1 helieve, 
I'atllcr serious prohlems rCllla inillg in Ihe contad lt'lIs f¡cld. Whcn il is sol ved, 
",e !lhan have made a real st ridc in Ihc <lirect io n of Ill:lking the conlaet lens a 

reallr complete \,jsual ai d. 
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