
RAY ]'RACING TECHNOLOCY: A BOON FOR REFRAC.T-IYE SLTRGEONS
SON-{1 VIUKHER.IEE".
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.:::i
onrcorres ln ophrhalmorogr'. racritionar prrnun3 rnethods rol toL porrcr..alcuratiorrs or co,ear rascrahlation plofl les arc bascd on sirnnlilied lbr n,r,l.,' ilrlr 

"r,e 
.l.rrr.d r, rlip"r"r,ul op,i"r. fhese formulas lailro consider t|e eve's uruitipre ierticLrrar srrucrLncs,,r thc] niit\ mcorporate adLlitlon trreore,ls ror smaabe[ation.s in.cascs *,here rhey are not \ .rlid _!r.ud_r ,urrit tr,,r tlr"rrl ;"ril,,.l rir_"r]ations wcre tbundrr inrornplctel\ .o,ccL \.nIet\Dq\ot.,bcratiouso.ioinduc"".,",-r.rp"",+i."ii.,inc1,esol.a1,picalsrzeor

\\rth lit qc\ islin !i rbcra.tti0ll\

l.ren the plmning ofrefircrile ucrtmc,rls usrng \lavcliort reclmo)ogr.. 1.,hich rs kno\\.n 1o |r]easurc rhc.,tirc{, of the c\'e's opticrl cl.raracteristics. is b-aseLl on ,,', 
"pirir. 

ir":ni"r.'ii rs prcsumed rhat the total
t nea su.e. l'a'clio n t abcrrrtioo.fa nrr ltilert.y *"rr.nn b" 

"n,i 
'p.r,"i.Jiir. f"l"ppf".s the concspo.rdingcor-t'cction profi1e to a single |cliactir c srrt t'ir ce ,,t rlre .r 

"r.-nt.r rrli,, ni ir.,lr., 
".f'] 

rr,n,"n,s .]1 the proillc. Thisl\ not oiactr]' lhc casc l In 1'act. thcse rssu l)hurs l,,rir Lhu ,,..11.,.u uf t.,ira" . pranning mcthods a.dther elote limils thetr applicability Iirr tlture ri.]as urinr..csi. rsp".clslriir,"r" .,,r""r.,ur.r,. horvcr.er_ can herddrcssed easil) b) thc ra1,-rracirig lrcthod.

R {'I'.TR.{CINC X,II]THOD

Rl\ tracins is a comptltcr-based rnethod usecl to calculate an ablatio, prolllc tor . reliactir.c laser bl..rroryorating dala derired iiom se'e.al r'pes ofmeasur.corc.r, gil .,.,',r;ii"ri"g ,,ri ";,i;] ;;;i;;;:.i;::. t_ such as the back and tiont surlaccs oiih. corncn artl thc cf"t.llir" i"":;.'."i, ,r".ir* ofl.ers thc hiqhesr:.,r:siblc lccuracv 1o irDpro'e thc refraoire prcaictabilrl, ofcoLneal i","..,,,i"r, ,r-f 
",; 

f,"rf"",r"i"iili.'' ienns olpredictabilirv (nccuracv) and saiiw (lines of. f.r"r, .o,.,."_.*f ul.iii'acLrrtr, l\Al cilhcl losl 01:.:rrdi.l
::hirhcstPossiblelccuracl,inablarionprolilc-planlnrgcanonh.beachic\edb\rakingallofrheoplical

': ''iuresintheratiencse1cintoconsiclerarion.\irithrheicrvcntot:prn,.i.:orr.."n."."ri"ctomct1j. (si i1a[.II \lilstcl tcclDolLrg\ tbr calcLrlating roL po* crs )Llrr- intlaocuLrr:-r",,.,*._s 
"t ai,,",rsions can norv bc:-,. - ealu ilh c)ilLem e accutac\.

::r\ tracrng ablarion proljlc is calcUlared usrng the lirllo\\.ing clara:

. .--,orttnlapsoltltcoptrcsofthecnlircclearecollectcrl*.ithaTsche].ninq\!a'c11oni,\nall.ser.

- :rrp|ical corncal daLa is collectcd u.ith thc lcttacam (Oculus GmbH. Cicr.manv) or.Allcgr_o. r.r'l \\,a\,eLightGmbH.Gennany).

_ t .ior.nealsurlacedataiscollcctedbythcpertacamorAllcqroOcuLlzct.

. J.rrc such as corlieal pachl.metn,. anter_ior chambcl dcpth. lens thickncss, and arial lenglh are, .- r\ ilte A llegro BioGr.aph (lVaveLight Cnr b Il. Cemra'nvl
-.ri!rg srur1., protocois use the Scheirnpllug principles o1.the penracam an.Lor Allc,_ro- : .rrh anter.ior and posterior corneal sur.t.,.. d"t" . f .r"J uo,f," 6;il al ;illi:""::
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rneesuring prirciprc, fic AIcero BioGraph is 
" 
.rriiir""i""rl rr]"rrr.t,v .:r", i.": :. .'.:ul ,lmensi.rs of the ete, as irell as the cor"fl"t. 
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: :r:i , ::\ .itxL-.lishcd biometr.r'applicatiolts. Its applications rncludc

. - - ::::::: .:l,lllrllllic illilcrior chanbcr depth measulcment. arial lcngth

::- :t,i!^11ass lreasul'en]eot, retiia thickness 11leasurelrent keratomctry '\l1ite to

- -::. -,r:Ll pufillomctl".' (ligure 3). lt also measures the paticnt's \isual-optical line to the

- ....;: ro improvcrl \A uhen comfded fu calculatiols based on the fteoretjcall-v-deri\ ed

. .i\rs tiomthc Cu11stra11d schelnatic c-u_e.

...-....,-l-: .,.
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. : IR.\CINGABERRON,IETRY
. :ritaing cLDcept:

-j:rnrreq based on the principlc ofRay Tracing is. a t\lo-step. setial t(-chnrq.L. :.

:.tion and u,hich can be used elthcl subjectively or obicctilcl,\' Th!- r'3\ 1r.r.rfr - - '

- :-r pa|allel to the line ofsighl drrough the pupil. 11 measurcs the e\l.l ltr.-'.:r -

-:!'i the lctina by neans ofthe rctlo lellectcd light caFnli.J t! :i:.:j::4.- :

_-::.rtionsinthcpath ofthc laselbeanl throush tllc eLrr'li.l:r:i:1 j:: l::-.' '::_' - -' _--'

:hrsthcnlocatedinthetetina. I_hiilrrlra.ll.fllllrll:Ji _:ltil r: ::i:hrsthcnlocatedintheretlna. lhljlrrlraallafllllal:-'i-:l,il r: ::j:::j::::: : ---" -. -:
::rce pupil. This \\'a] a connecrion i. obrain.'il b'et\\cln th.'iir:c;:'r:::: l:: - __- _

".-.^..r-,"ri,\. ,rirllr rl r !\ rtr,rnr rftrr Ti,i -- _ - . '..:.ntering and lee\irg. allo\\iDg a reconstnLctilrn oidle r..11 \\il\elrLrnl en.li l rr! a:::l::: :
....ard, aben-ati(nls olthc lishl that goes through d1e e]c. It i5 more ph\siolosj.-rl t. ::1::i
::ltrr ahenations as the naturaitrajectoD'ofthc lighL in the e.vc is anal-v-se,.1

.::.el.Iatlonsatthebcam'sentrypoinionthecorneirolthelenscanseashil'linthelocationonthcrctina
:ipectto aposition ofreferel1ce. 5E-ffi1

.nl\, ebcrron1etet that is commercialiscd for clinical use is the iTrace (Tmce), Technologies- Houstort-

The iTracc uses this fundamental principle ol Ra-u-' Tracing \\,llelc a sequential series olintiared hernli
.: or.ler o1100 niicrons ancl a 785 nm u,avelcngtli each is projecled into thc cntrance pupil parallel to the

- - iinc ofsight.

':irre2,acliagramoftheRa]TracingtechniquedelclopeclbyTraccyltchnologiesisslto*'n.
- .rocess continLres until 64 lascr beams ha\ e been plojccted thlougll thc cntrance pupil 'l times each

':oints)athighspeed(approliimatcl"v250milliseconds).Eachofthesepointsreprcscrrtstheentranceof
: i.'l liglrt ra-vs into the eyc, rvhich become refractcd by the e,ve's optical powel a1ld eventually focus on
-::rn!. Ifthe e-ye \r cre et'nmctropic, tr11256 poinls would be concel'Itrated at a single point in lhe cenhe ol
::-r.Lrla. In other \\,ords. the fovca is replescnted by the coljugate lbcal point ofthc systcm. Generully.

lj
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: l:!cc uses apattcrn ofconccntric rings (fig.3)



_ :>) L,r|cept. Obtaining I-SF and MTF.\\hen a set of poillts is scclLrentially
': - : : r:r rl :r rcilral spot diagram (RSD) is cr.cated.-fhe ItSD contai.s all the inlbr.nutio.-.::. ::ir.jriion. abcrlatiors and point sprcad lunctiorl (pSF). Allalysing the RDS,S---:.:::c otrhedcgreeofthe\\.a1.el'ront,squaliratir,eaben.ation(fig.,1).Thismallerthe

_ '::: r:J;Iirationofphot( s that rcaclles an] poitlt ofthe rctina.
. - , i-:.i,thePSl- (point Spread Function). pSF sho\\ s rhe irrage obtai,cd in the retina $,hen

. - :. : :: .,,rr.e o1 a poinL oflighr. The snraller.and fie sharpcr the bitter. The \I I f desc'ibes i.iow. .:::.:.l1io.luces delail fronl thc ob,cct to thc image pr.oduced b' thc lens: rherelbrc. both thc' : ..t(.,.10c..1(,, r i1. l.1.rerrr'..rh .r..

B \SIC D,\'TA GRAPHS \\T'I'H TH I.- i-TRACE
ll tlt,eliont fiup nnd ontl High-rtrtlerAberrutio s (HOA) (Wu.t etl,orlt Totul ontl ll,to,el.i.ofit llOA).
rh.e Rlrs (Root l1eor.!4rrr7., is rhe nreasLrrcrnent ofthe maqn itude olrh. aberrntion. A loral Rr\,ls \,.l1ue

l::,]:,1::l*il:i:"1,.r-rhc 
c\ . .,r,i.t .r \1,.cifi*.a1Lre of RNtS liri cach Zernirte rerm or compoo..nt o1.rhc el,cr!crf.rr1ons c.t n 0( ol)til ncrl

o
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- ":: -{lrt1L'tiv an.l HOArefitrcti'e naps'
' - :::,e is rcpresentedin grecn. Nlyopia inlcd and hypetnctropia

-.- Tris rnap in combination \!'ith the topogr aphic one can indicate if thc astigmatism is purell c"-:'
' .,. 3 lenticular component.

- \ i T.,tal ontl HoA PSF, PSF (Point Spread -F,I,cliol, is a llgul e ofmclii lep]-cscnting thc qrraliq t.i:,r:

-- : -r.roptic system.detenninedb-vfieaberationstoasimplepoinl oflight'

:,,::. Leftet n)tu|orll high'ot.l?r abefi ations (HOA)'

>-rrietrLettcr((E))isasimulationoflheil'Iaceslstembasedonanestjmrtet'nathernaticall.vdcri\.cI 
-,iionlton,l,urutheeyc(\vouldscc,lhelcttel 

(E)) projectcd in difl;rent si7es such as 20120 l0-+lr'

,rnd 10i200.

l'.. ike nohttolninls.Ir is a bar graph and a table ol the temls or polynornials of Zemike r'r{]ich sho$ I
. ...r':. t.1'61 15q'1'..i', rrhln':,t'on'ir .rnc'c'

-:.1c.-shorvstheZcr-nikepolylornialsupLothc6tholdcl(2Jtcllns)andcanshowthetotalsfor-theere-..-r.onlythecorlealandthedillcrencqbel$,e.nthecomcala1ldrhetotals(intemaloptics)t-lgurcx)

r:(rritionofintellralopticsnnal)'sis.\Val.cfrontconrbinedanall.sisanclcotlcalropography.

. .:-:ph provicles us *'ith r'eq'\'aluable intbmlation unicptc to lhe ilace s,vstcm' Through corne:l
- _l-.i. in" comeal aberatio;s n,ap can be malhematically gcnerated and lhesc abe.ations can hr

- ,--.:.i.1 subLractc.l liom d1e total abenations ,rf thc entie e-vc (fig. x l). The rcstrlllng diffclence otrtainL'c

.-. ll,,,"ting th".o.neal aberarions f|om the totai aberations rnainl)'represcntq lhe.herr|tirnls ol'l|:
__. oprici; in this wa,y aberarions from thc comea can be separaled tiom dlosc fr.un tlie intcrior oi ih;

'.1 .r olthc aberatioils oflhe intemaloplics ale induccd by thc cr'Ystalline lens

Figwc x2 : Analysis ofthe entirc optics ofthe eyc



,6.

_ : :,'.'. ihis ailll
. i :. .:. .Llrarratiolls

- -:.:r.rlline.
.i:. urlalargolle

.. iir. IOL \\ ith a

help Lls in cerlain situatiLrnsi
wc crn kno$ il lhe rel'lt]cti\c procedue \1c are plaining is bctlcr in thc

abcrratiLlns (inducecl or cott'tpensated)
aberatious olthe irtcnlal oplics. comea

a phacolcnsecLolrv uc stLldY the

nap belore and alier (anai-u"zing the

-:
:::nr rr pcs ol lOl- can also be rnalvscd.

'. : :..,: .rnc\sc i11 an oprcilied crl sla111n. ho\\ 1nan] 11belrclions it is ii'lucing in the total ofthc eye'

L I l\lClL,\PPLIC,\IIO\S :

Lasik
Foral6-ycar oldputicnt\\hounde \,cnt \Ltrgr-ll 6 nlondls ago opLimizcd Lasiktreatrncnt \\'ilh an asphcric

rblation pattern ues used.

11 *c iirius or thc arial nrllp pliorto (top) and fost surgcr,\,(bottom) as \\ell as rhe \altres ohtaincd filnn
rhern. $.e see that aljel Lasik d1e colrlex is trore oblatc. Ho\!e\er. tbc fosiLi\ e corncal sphetical abcrration

induccd aliet rn}1)pic :rblatiorl is ptacticl1ll]' rlon e\islent. i.c. the pre\'ious losilir.l alue is rnainlained. lt js

clue 1o thc paLLem ofspherical ablation p|oduccd. t,rking into accounl dle plcvioLrs Q \,aluc an.:l tllal e\pecled

rfier I -esii<.

.{co1l'rparisonhel\\'e.nthelota]sphe calabenlltionrneps(Z-+.0)preandpost[-asik\rs1r'dc i\laintainitg

thc poi1livc sphe|ical abc[alio1t olthe cornca p1e\'cnrs an increasc in totl] abc atiott 3s 1l1e paticnt is youll!
and the lens
conipcnsites \1.jilt a negltir e sphe|cal rberrrtion Lo kcap thc tolal closc t1) (l rrrd 10 ,rbtain good qualiq ol
lision.
!c!cqljs! aIIOLE-

. Example : A patient had a prcvioLls lit\'ol) ic LASIK and Fesenrcd \\ ilh Lrltara \t ill r.r tJrrcl surger\ '

. H iSh {- rsphcri(al \bcrlilion\.

. Tl;-\NlO TECNISO oficrs 
-0.2? 

r,rhich is culrcntll- the marirnrrm in ( ) lentitulnr aberrltion
c{rrrection.

Therelbre. becausc ofthe patients high (+) corncxl S.,\. at 6nrnl. Tecnis r\ill be the planncd IOL
lor this paticnt's upcoming catlract surger) to ollbct the {+) sphcricxl aberration

tt



E\irDple 2: A patient had a previous hyperopic LASIK proccdure

negati\e spherical abberation due to LASIK
some lears back- High

ifl tl'le

sared)
:\rmea

Re'!ulting-highty prolate cornea (Q= 
-1.03) 

which is a mlrkcdly negative aspheric cornerl

shapc.
O pied to use a tra6itional spherical l OL nhich offers a (+) spherical aberration to olTset the (_)

ipherical aberration olthe cornea.

spheric

:d iiot't'r

arraliOn
red.lt is
\pecled

rinlaining
r is youg

qualitY of

:urgeIY.

rberration

ed loL

?.lkic len! :

, i-. ea -o ld patient r"ith reliaction in hcr RL of 9.00 ( 6.00) 175 and \Atl.'I. \\ie analyscd topoglaph\

_- g cT. detccring comeal astigmarism of nearl-v L00 D. The other 3.00 D lre thclelbre detilccl liorn lhe

.ire1 optics. Liplaltation oi an anlerior chambcr phakic toric IOL to collrpcnsate ovcrall sphero-

:rJrical reliaction.

-r. thls IOL $as implantcd. \\'e analyscci aberomet c status and the visual quality of this patient'

:rhining the wF rvith cT rvc noticed a comcal aben-ometric map tlpical of astignatism. neutlaliscd b)
-: IOL. lishoul<1bc noted that both WF rnaps arc symmetrical but present irvcfted colours, this nlakes the

. : rotal map very lromogcneous. with co loLrl s close lo glecn and $ ith a total R l\'Ts o l0 l6l mir:rons Fore

- ,,. .u.pr"1.n.iu" stJd_v. ue chose thc option of deco',rposing cach map inio the di+clcnt Zcrnikc

: . rorriais through a bar graph. The IOL compensates ovelall comeal astigmatism but 1n a ce ain d.srcL'

-l n rluce s this. er,idcnt inlot.rl r.et'raction ( 0.75to99').Itaisoitlctucesamildcomaticabcrration.


