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1. Uvodni slova

doc. MUDr. Svatopluk Synek, CSc.,
prednosta Katedry optometrie a ortoptiky LF MU a Kilky nemoci

o¢nich a optometrie FN USA Brno

Uvodni slovo

5. celostatni studentské konference
optometrie a ortoptiky s mezinarodn#asti
se na LF MU kona v tradinim podzimnim
terminu. Jaké zrdny se odehraly od naseho
posledniho setkani?

Je tFeba gfipomenout aktivni @ast

student: a profesoli optometrie na 2.
Mezinarodni konferenci optometrie &dni

i jihovychodni Evropy v Chorvatsku.
Kromé nového materialniho zazemi katedry
je vyznamna i prezentace b¥nské
optometrie na odbornych konferencich, je
tfeba zminit &ast na kontaktologickém
sjezdu v Nymburce, kazdafimi
prezentacemi u fileZitosti Slavikovych
oftalmologickych dm v Brné, aktivni G¢asti
na konferenci EAOO ve VarSav
Vyznamnou se stava i publikai ¢innost

v odborném tisku a tvorba vyukového
materialu v multimedialni podo®na
ELPORTALu LF.

Kombinovany magistersky program
pokracujiciho studia optometrie

v anglickém jazyce byl akreditovan, pro
maly zdjem studium nebylo zahajeno.
Véiim, Ze konference bude ukazkou
znalosti, praktickych dovednosti, n@tem
do budoucnosti i pinosem pro vlastni
praxi. PFeji U¢astnikim hodré odbornych

zazitki a zdarny plibéh konference.

Introduction

The 5" international student’s conference
of optometry and orthoptics is held in
traditional autumn term. What about news
from last meeting?

We must notice active presentation of our
students and professors ofi%nternational
optometry conference of central and South-
Eastern Europe in Croatia.

Our department obtained some new
equipment (simulator of direct
ophthalmoscope and some devices on
examination of binocular vision). Our staff
and students took place in contact lens
congress in Nymburk, 9 Slavik
ophthalmologic days in Brno, and had an
active presentation on EAOO in Warszawa,
Poland.

Very significant is scientific publications of
my colleagues in magazines with impact
factor. Last but not least we cannot forget
production of textbook on ELPORTAL
(electronic portal) in medical faculty.

Two of our teachers was graduated PhD.
Our Masters Degree program in English
language was evaluated in Ministry of
Health, but for low interest we did not start.
| believe that conference will be
demonstration of knowledge, practical
skills, and bring a benefit for your own
practice.

| wish participants many scientific

experiences and successful proceeding



Uvodni slovo studetit— Bc. Lucie Buriankova, Katedra optometrie
a ortoptiky LF MU

Jiz patym rokem se wchto prostorach setkavame na konferenci studeptometrie. Oficialni ndzev
konference se ale odgrdeslych let trochu pozimil. JelikoZ se na nasi kataddruhym rokem studuje
i obor Ortoptika, tak bychom vés éhtprivitat na 5. celostatni studentské konferenci Optama
Ortoptiky s mezinarodnidasti. Jak z ndzvu vyplyva, i letosjgi nasi pozvani hosté a studenti z
univerzity ve Velike Gorici, za coZ jim velickdjeme.

Za nase jiz tradini setkavani ajqedavani si informaci z ob®Optika, Optometrie a név Ortoptika
pati velké diky studefatn, ktei se podileli na organizaci konferencegint kteéi se s nami dnes
pockli o své poznatky. Takéldijeme patrotim samotné konference, panu doc. MUDr. Svatopluku
Synkovi CSc. a pani Mgr. Sylvii Petrove.

V letoSnim roce se sponzorem nasi konferencefgtala Coopervision, které také velicekdjeme.

Behem celé konference prdine prezentace 13 praci naSich studepb prvnim bloku fednasek

nam budou pedstaveny postery, které jsou vystavemygposlucharnou, achem vSechigstavek si

je mizete samaejme prohlédnout. Clii bychom Véas pozadat, abyste’lpe sledovali gednasky,

které budou probihat a hodnotili si je. Na konanteyence ndm odevzdéate vas nazor, kterd prezentace
byla podle vas nejlepsi. Podledbo hlas: bude stanoven it s nejlepsi prezentaci. Také ghdm
konference uskutai soutZ postesi. Ty bude hodnotit odborné porota, kterou/fvyoan doc. MUDr S.
Synek CSc. a dwstudentky optometrie — Petra KniZova a Kiaie Kopalova, které byly vybrany po
peclivé Uvaze. RPed druhou pestavkou proéhne souwZ, které se ziastnite vy vSichni. l@sné

instrukce vam budou dany ve vhodag.

Vyhla3eni vysledkprobehne na afterparty, kterd se bude konat po gknnkonference od 18 hodin
v klubu Two Faces.

Doufame, Ze i letoSni konference bude pro vas aeira poutava a také Ze vas obohati o dalsi
zajimaveé informace z ohbOptiky a optometrie a také Ortoptiky.

Prejeme Vam fijlemre straveny den.



For the fifth year, we have met at optometry sttsleanference in these areas. The official name of
the conference was little changed from previoussyegecond year, students could study new
discipline - the Orthoptics In our departmetr. Se would like to welcome you to the 5th national
student conference Optometry and Orthoptics witdrirational participation. As the title suggests,
guests and students form the University of Velikada accepted our invitation. We thank them for
their visit.

We also thank all studensts who participated inafganization of the conference and also thank
those who are with us today. We also thank theopatof the conference, Mr. doc. MUDr. Svatopluk
CSc. and Mrs. Mgr. Sylvia Petrova.

Sponsor of our conference has become a companyeBosipn this year. Thank them very much.

Throughout the conference 16 works of our studeilkbe presented. After the first block of
presentations it will be presented posters, whighdisplayed in front of a lecture hall. We woukkl
to ask you to carefully follow the lecture, whicii ive conducted and evaluated them. At the end of
the conference you will select the best presemtdton your opinion. According to the number of
votes will be determined the winner of the bessgméations. Also during the conference, there lvall
a competition of posters. They will be evaluated Ipyofessional jury consisting of Mr. doc. MUDr.
S. Synek, CSc. and two optometry students - Peitea and Katéna Kopalova, who were selected
after careful consideration. Before the break Wil a competition that you go to all of you. Precise
instructions will be given at the appropriate time.

Results will be announced at the afterparty, whidhbe held after the conference from 18 hours in
Two Faces.

We hope that this conference will be of interestaio and engaging, and that will enrich you with
other interesting informations in the fields of @ptand Optometry and Orthoptics.

We wish you a pleasant day.



2. NOVE POZNATKY O MYOPII

doc. MUDr. Svatopluk Synek, CSc.
Klinika nemoci @nich a optometrie, FN u sv. Anny
Katedra optometrie a ortoptiky, LF MU

Brno, Ceska republika

Ucel: shrnout znalosti o0 myopii a dopéamé nové l&ebné strategii

Metodika: myopie je problém oftalmologie i optonietrdsou shrnuty noveé poznatky z

literatury a klinickych studii

Vysledky: asi 25 — 50% osob v Evigale 60 -100% osob v Asii jsou myopove. Rozlozeni

liSi mezi venkovem a pmyslovymi oblastmi. Vysoka myopie postihuje makwiduna i vazné

klinické komplikace, jako jsou choriodealni neovaskizace, atrofie, zadni stafylomy skléry,
neuropatie optického nervu a vysoka incidence dgehl sitnice.

Zawer: prevalence myopiefmasi socialni, #decké, medicinské i politické otazky. Nové
poznatky, nova technologie, reftaik chirurgie pinasi nadji pro budouci lébu myopie

Kli¢ova slova: myopie, bryle, kontakt¥acky, prevence

Pras se v sotiasné dob na celém sité a predevsim ve vychodni Asii hokico myopii?
Duvodem je sotasna studie v Jizni Koree, ktera odhalila, &8ima 19 letych muije

kratkozrakych. B odvodech se ukazalo, Ze 96,5% biajeckratkozrakych.

Nejedna se pouze o tento nélez. Vysoka myopiea gedefinovana jako sféricky ekvivalent
nad -6 dioptrii se v s@asnosti vyskytuje u 2% populace v USA a v E¥tade u 21,6%

Korejch.

10



Dosud nemame poznatky o tom, které mechanismyraylivznik myopie, tim padem

nemiZze udlat Zadna preventivni ogani a v okamziku vzniku pak nezname jak ji datit.lé
Otazky a problémy o myopii:
1. Jaky je v satasnosti a v budoucnosti vliv myopie na zdravi anekoii?

U dorostent je vziist incidence date dokumentovan. Da séakavat vziist vyskytu myopie
béhem 3 — 4 dekéd z 25% na 50% na z&d&tBA a Evropa) a z 60 na 100% ve vychodni
Asii. Z téchto adaii Ize dedukovat, Ze na&¥ je v sodasné dob okolo 200 miliori
kratkozrakych, v roce 2020 jichithe byt okolo 900 miliGa.

Vyskyt myopie u mladSich osob souvisi s postupngmistanim myopie udi. Negastji
byva zjiSEna u Skolnich &i, atkoliv zatind jiz dive. Vyskyt v Singapuru ginskych dti ve
véku 6 — 72 misial je okolo 11%.

Vyskyt je rizny vzhledem k etniku a mistu, toto ukazuje na gbwetickych i zevnich
faktord, které ovliviuji etnost.Cinské dti jsou vice myopické nez jiné, a v Asii je vyskyt

kratkozrakosti u éti vétSi nez v Evrop.

LiSi se vyskyt u réstskych dti a venkovskych. Populai studie s osob obdobnych

genetickym pvodem z Indie, Nepalu @iny ukazuji nizsi vyskyt udi z venkova.

VétSim problémem je zvySujici sedmd pacieni s €Zkou progresivni myopii. Tento fakt je
zaznamenan na celén¥gy ale nejvice ve vychodni Asii, kde je vyskyt ok@l@?o. V
zapadnich zemich je uv&dv 1- 2%. U progresivni myopie je postizena makpigpadné
komplikace zahrnuji neovaskularizaci cévnatky, mgkpkonus, myopickou makularni
retinoschizu, makularni diru, kataraktu, glaukodghdipeni sitnice, ztekuceni sklivce a zadni
stafylom.Casto je postiZzeny i zrakovy nerv neuropatii. Dalpfmblémem je odhadnuti
vysledku refrakni chirurgie. Na tento problém by selireameiit verejné zdravotnické
organizace a vzhledem k ekonomické gaosti redevsim v rozvojovych zemich. Porucha
videéni je BZne korigovana brylemi nebo kontaktnigockami, avSak v rozvojovych zemich
ne. Mezinarodni organizace prevence slepoty (IARBladuje pdebu r@nich vydaj rocné
okolo 202 biliorii dolarii. Pro zajistni odpovidajici zdravotni pé je nutné investovat okolo
28 bilibnu dolaéi. IAPB doporguje zahrnout poZadavek natpé zrak do programu OSN pro

rok 2015.
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Prehled v USA odhaduje naklady na optické fieRky v roce 1990 3,9 — 7,2 biliardolaf.
Tento Udaj byl ziskan zapkenim kazdého starSiho 12 let, kteryipbbval bryle na dalku.
KdyZ srovname naklady na&iklad na Alzheimerovu chorobu tak v roce 2012 satilib 200
bilionu dolart, 245 biliora dolari za diabetiky a kardiovaskularni choroby staly 2 Biliona

dolar.

Do sokasné doby se get kratkozrakych minimathzdvojnasobil, a tak séasna paeba
nakladi na optické poriccky v USA miZe¢init okolo nekolik desitek bilior dolart. A tyto

vydaje budou postugmarstat.

2. Jakym mechanismem vznika kratkozrakost

Pres 100 let vyzkumu vyvoje refrakich vad neni etiologie myopie dostat& objasina.
Vime, Ze oko je $liS dlouhé nebo lomivost optickych préetli moc vysoka. S@asti
optického systéemu oka: axialni délka, lomivost rdtyo hloubka pedni komory musi byt v
rovnovaze, pro vznik ostrého obrazu na sitnici.td estav nazyvame emetropie, slovo z
fectiny znamenajici odpovidaji¢i dobre utvdené. KdyZz budeme znat, které faktory
pomahaji, nebo naopak zhorSuji myopii, dostavantemaistat vzniku. Zname &kolik

s

faktoni: nejdilezitéjSi se zda venkovni &tlo, které udrzuje emetropii.

Travenim¢asu pobytem doma se myopie zhorSuje. Existefelik verzi, jakym
mechanizmemisobi. Jedna z nich je nesourodost expoziéduswenku je hladina
osWtleni okolo 50 — 100 000 ldix uvnitt pouze okolo 1000 lukacasto i 500 lux. ZvySena

expozice s¥tlu zvySuje sekreci

dopaminu v sitnici. U zvat byl v experimentu prokazaginek dopaminu na inhibiciistu
axialni délky oka. Tedy dittravici volnycas v giirodé ma mensi Sanci vzniku myopie nez
dité travici¢as doma. Jiné vystieni zahrnuje periferni vighi. Ve volné pirodk (u mae, v
piirock) je centralni i periferni vighi ostré. Tento stav udrZuje symetrii oka a emédtrop
mistnosti zrakoveé podty se lisi, centralni vithi je zaosteno na televizi, knihu; periferni
vidéni je rozmazané. Studie nai®adim modelu ukazuji, Ze tento mechanizmus auije
refrakéni stav oka a iize zapicinit refrakéni vadu. Proto dét které travi mnohoéasu doma,

byvacastji kratkozraké.

Zvysujici se poznatky, které faktory owviiyji refralkcni stav oka, pak snad nalezneme

efektivni 1&bu kratkozrakosti.
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3. Ktereé faktory ovliviuji vznik myopie?

Jedna se o stm genetickych a environmentéalnich komponhedaky je vliv jednotlivych, je

stéale gednetem studii.

V roce2005 meta analyza 300 praci sniZovala viietjekych faktoii. Byla zdirazrena
variabilita u geneticky podobnych soubativem prostedi. Nagiklad Indové v Singapuru
byli v 70% myopové, zatimco v Indii je vyskyt okdl9%. Vys¥tlenim je, Ze prosedi neni

vyrazre geneticke viohy.

Kdyz matkarika: ,nedivej se dlouho na televizi nebo si poskaii? Ne. Vliv televize,
monitort, smartfori ma maly vliv na myopii. To co nepoznala, je fad,weni (mnoho
¢teni) znamenddisSi aktivitu doma a mensi pobyt na slunkuiivqak, které snizuje risk

vzniku myopie.

Vlivy prostredi nemohou vysilit, pro¢ v nékterych rodinach je vysoky vyskyt myopie, zde
musime pipustit i genetické faktory. V s@asnosti je zndmo okolo 68 genagi¢ vSemi
chromosomy, které jsou spojeny s refimkvadou vetns dalSich 20, které zjistilo

Konsorcium pro refrakci a myopii a spoi®st 20andMe, které sledovaly jiné faktory.

Zajimavym je zji&ni, Ze nejsou genetické rozdily mezi Evropany a#siSpatnou zpravou
je fakt, Ze geny maji velmi maly (avSak aditivrigle, coz vyliuje jednoduchéeSeni.
Dobrou zpravou je Zze mohou bytaeeny do funénich celki a tim nam umoznit poznani a
moznost budouci éby. Tyto metabolické celky zahrnuji neurotransmsgtabolismus

vitaminu A, vyvoj oka a remodelaci olfiabka.

Velky pokrok je v poznani viivu pragtdi. Randomizované studie dokazi odhalit vliv
slune&niho zd&eni, os¥tleni, pobytu v pirok. V nékterych gipadech je vyuZzito i s¥elnych

senzot pro ugesréni expozice.

Vysledkem bude integrace ziskanych informaci, kowadi genetické predispozice a vlivu

prostedi na rozvoj myopie. V tomto okamziku se zlep¥ge terapeutické moznosti

4. Jaké jsou s@asné a potencionalni moznostidg myopie?
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Bryle, kontaktnicocky, intraokularnicocky umoziuji ziskat ostry obraz na sitnici. U pacient
S neprogresivni myopii (-3 a m&rsou to vynikajici poriicky. Ale u vysoké aigdevsim
progresivni myopie jsou nezbytné postupy, kteréwghti odstrani riziko vzniku.

Prehled sotiasnych efektivnich postip
Zména chovani:

meta-analyzadinku pobytu dti s rizikem myopie ukazala, Ze kazda hodina strawe
piirode sniZuje progresi myopie o 2%. Existujggkalik moZnych vys¥tleni, Wetné zvySené
expozice slunci. Nagklad zornice vice reaguje venku, nez doma, toygupe hloubku

ostrosti, zaostije obraz, zatimco jiné vystleni je &inek zvysené fyzické aktivity.
Ucinek lék:

Pouziti kapek s antagonistnuskarinovych receptjako atropinu a pirenzepinu bylo
zkouseno, protozZe séquipokladal vliv akomodace na progresi myopie.

1% atropin snizuje progreséidké myopie. Nevyhodou jsou vedlejginky — rozmazané
vidéni, zvysena citlivost na stlo vzhledem k mydriaze, ca@ni tento 1€k komeme
nevyuzitelnym. V sotasnosti se zkousSi 0,01% atropin, kteégfadnensi cykloplegii a 1épe se
snasi. B preruseni aplikace neni zvySena progrese. Pirenz@pingel 2x denisniZzuje

progresi myopie o polovinu.
Opticka intervence:

Ortokeratologieti korekce v noci- pouzivaji se plynopropustné kktrtacocky, které
remodeluji rohovku, snizuji myopii a zlepSuji #id u dosplych. U cti nachazime i dalsi
benefit, a to snizenfistu axialni délky oka. Ortokeratologie j&nna do — 4 dioptrii.

Bifokalni mékké kontaktnicocky s centrem na dalku maji podobnynek. Ve srovnani s
monofokalnimi¢ockami u diti bifokalni ¢o¢ky snizuji myopii atist axialni délky.
Multifokalni kontaktni¢ocky maji podobny &inek, progrese myopie se sniZuje na polovinu a

rast axialni délky o 1/3.

Chirurgicka intervence:
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DospEly myopové se & nékolika refralkénimi postupy. Je'¢ba zdraznit, Ze patologie

zadniho segmentuigtava. V gkterych indikacich jsou zakrokyldny i u dti.

Nejcastji se jedna o laserové zakroky- PRK, LASIK, Fem#&SlK, SMILE, kde se odstrani
malé mnozstvi stromatu rohovky a tim se snéhi @ada. V poslednich 20 letech tak bylo

lé¢eno vice nez 50 miliGnosob na sité.

Fakickeé nitrogni cocky jsou utené pro sedni a vysokou myopii. Vyhodou je reverzibilita

zakroku.

5. Co mizeme udlat pro prevenci myopie?

Protoze axialni délka oka je ireverzibilni, jedinboznou cestou je intervence é&ticco

nejdiive po zjiséni myopie.

V sowasnosti neexistuje jednotna strategie. Ale vzajekamdbinace zaloZzena na kombinaci
klinickych zkuSenosti a zdravotnickych vyzkaimniZze fungovat.

Zakladem je pravidelné vydevani ¢tského visu. Toto musi zahrnovat nejenom wgfdtve
Skole, ale i ¢ti predSkolniho ¥ku ¢i batolata. Myopie se rozviji zpatku velmi rychle,

intervence v tomto

case je vysocedinna. Krong predpisu bryli éni leka mize nabidnout Eu progrese od

specialnich kontaktnictocek po gedpis @nich kapek.

Refraktivni intervence uéti, od ortokeratologie po #kké bifokalni kontaktnéocky, ma své
nezastupitelné misto vdée. Nevyhodou je moznost odhadnuti vysledného efékalsi
moznosti je zéna chovani, tedy abyt travily v piirodé alespa 2 hodiny den& AvSak

nyni pimérné americké déttravi 30 minut v firodé, a 7 hodin doma u elektronickych
hratek. V jinych zemich rodovské Usili o dosazeni véddni u dti je prekazkou pobytu v
prirodé. Opst v Singapuru fed15 lety zahajili program, kterym informovali otnych
piestavkach  praci do blizka. Program nasgroval rodte, Skolu a &, aby nezapominali na
pobyt venku jako saiést pracovniho dne. V uplynulyckitpletech se vyskyt myopie

stabilizoval v pimém kontrastu s rychlymistem v uplynulych 30 letech.

Zatim neni vice vyuzivana farmakologie, vedlejgicaolinergni @&inky jsou jeji grekazkou.
Hledaji se nova farmaka. MozZna vyuZijeme i novérimiace z genetickych studii.
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Databéaze zdravotni, statni i obchodni, které vyajgRC, znamenaji, Ze vlikipadnych

opateni na populaci fize byt rychly a snadjsi nez dive.

Oko s progresivni myopii je zranitelné oko. Snigmevalence myopie na celémsgva
zvlast ve vychodni Asii prezentuje socialnédecké, IékEské a politické vyzvy. Chyimi
magické kuléky a sofistikovanych mechaniznvzniku myopie pinasi komplikaceReSeni je
neodkladné, vyZzaduje velké Usili a dostagefinance. Nassti inovace se ziskavaji, amasi

urcité nové léebné moznosti.
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SOME NEW FACTS ABOUT MYOPIA

doc. MUDr. Svatopluk Synek, CSc
Department of Ophthalmology and Optometry, St. Anospital
Department of Optometry and Ortoptics, Medical RgciMasaryk University

Brno, Czech Republic

Purpose: To report latest knowledge about neatesiigiess and recommend a new treatment

strategy.

Methods: High myopia represent continuing problarphthalmology and Optometry.

Author brings some new facts from literature andiclstudies.

Results: From 25 — 50% people in Europe, but 600%.people in Asia are myopic. There is
distinct division between urban and rural areaghHinyopia especially involves the macula
and has serious complication e.g. choroidal neafassation, myopic chorioretinal atrophy,

posterior staphyloma, neuropathy and high incidericetinal detachment.

Conclusion: prevalence of myopia present socignsiic, medical and political challenge.
New finding, new technology, maybe refractive sugebring expectation to future myopia

management.

Keywords: myopia, spectacles, contact lenses, ptmre

Why then is there a spreading unease across tid atdminating in near-panic in certain
East Asian countries over myopia? The answer isathecent survey in South Korea revealed
the almost surreal fact that essentially all 19y@d males there are myopic. Their military

has compulsory conscription at that age, and 9&bé6nscripts are myopic.
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And it can be much more than a mild inconveniehtigh myopia, usually defined as
spherical equivalent diopters, is said to affeouad 2 percent of the population in the United
States and Europe — and 21.6 percent of those Ka@ascripts.

We have no clear understanding of the mechanismhiogh myopia develops, which means
we can do absolutely nothing to prevent it fromuwdag, and once it starts we have precious

little idea about how to contain it.

The questions and problems about myopia are:

1. What are the current and likely future impadtegopia on health and the economy?

The reach of myopia is well illustrated in adolegse Following well-documented increases
in prevalence over the last three to four decaclesently 25 to 50 percent of adolescents in
the West and between 60 and 100 percent in Eaataksimyopic. The burden extends well
beyond the

period of transition to adulthood, of course, andiof-the- envelope calculations suggest

that there are 200 million myopes in the world tgday 2020, there may be 900 million.

The prevalence in young adults results from a gahitherease in cases per year throughout
childhood. Myopia often becomes apparent in sclagel-children, although the problem may
have its roots even earlier in life. Indeed, thevatence of myopia in Singapore Chinese

children aged 6 to 72 months stands at 11 percent.

Rates vary dramatically with ethnicity and withation, providing clues to the genetic and
environmental factors that underlie the epidemtun€se children are more likely to be
myopic than any other ethnic group, while the plenvee in Asian children generally is
higher than in European children.

There is also a distinct division between urbanramal areas. Population studies of paired
groups with similar genetic backgrounds in Indi@pll and China, for example, consistently

demonstrate a lower prevalence of myopia in childrem rural locations.

The most serious concern is the rising numbersabépts with high myopia. This is a feature
across the world but is most pronounced in East,Aghere a number of studies have

reported prevalence exceeding 20 percent; in thet itee figure is in the low single digits.
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High myopia especially involves the macula. Portomplications include choroidal
neovascularization, myopic chorioretinal atrophyopic macular retinoschisis, myopic
macular holes, cataract, glaucoma, retinal detanhrteecquer cracks and posterior
staphyloma. The optic nerve may also be affectaglsiog myopic conus and myopic optic
neuropathy. And a final problem is that the resofteefractive surgery are less predictable.
Obr6 This alarming menu illustrates the need farcested action on the part of public health
organizations everywhere. In looking at the ecomampact, the spotlight must first be shone
on developing countries. "Avoidable distance vidiopairment,” caused by problems that
are readily addressed with spectacles and comtases in other parts of the world, has been
estimated to cost $202 billion per annum by Therhmtional Agency for the Prevention of
Blindness (IAPB). But the economic cost is dwaibgdhe humanitarian toll of uncorrected
refractive errors. The problem could be eliminagatording to IAPB, by an investment of
$28 billion to establish the required eye careises: To promote this solution, IAPB
proposes to integrate eye care into the UnitedoNatipost-2015 Millennium Development
Goals. It is a logical fit, given that the Milleumh Goals are geared to improving economic,

social and health outcomes.

How about the developed world? A survey in the ebhiBtates estimated that in 1990 the
price of correcting vision impairment owing to iadtive error was be $3.9 billion and $7.2
billion. This figure was based direct costs of pdivg spectacles to everyone over age of 12
who need refractive correction to achieve goodadist vision. While this is a big number, it
is dwarfed by the heavyweights of healthcare, tirerdc diseases for example, spending on
dementias including Alzheimer’s disease topped $#i0n in 2012, while diabetes cost
$245 billion and heart disease and stroke combéwedunted 5312 billion.

Given a doubling in the number of myopes sincesthdy was published, plus the fact that no
costs beyond the provision of eyeglasses werededLyit is not hard to imagine that the
annual cost to the US of refractive errors runseteeral tens of billions. And these costs will

continue to climb steeply if solutions are not fimaming.

2. What is the mechanism by which myopia develops?

Despite a century of interest in refractive deveiept, the etiology of myopia is still not fully
understood. What is known is that myopia resulterwén eye is too long for its optical

power or optically too powerful for its axial letigiThe components of the optical system,
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such as axial length, refracting power of the caraed depth of the anterior chamber, must
remain in sync as the eye grows to ensure thattsogge brought into Sharp focus. "The
hypothesized mechanism by which this is broughtialsocalled emmetropization, a term
derived from the Greek emmetros, meaning”well-priapoed” orfitting”. Identifying
aspects of the visual experience that might aithjrwer, the process of emmetropization
provides clues as to why myopia develops. Sevacibfs have been identified; the
mechanism du jour is that outdoor light exposulpdimaintain emmetropia.

Spending too much time indoors, and not enough tintdoors promotes myopia. There are a
couple of mechanistic explanations for this indootdoor light phenomenon. These
explanations are not mutually exclusive. One ishihge disparity in the level of light
exposure. Outside, light level readings are inreimge of 50-100,000 lux; indoors, values are
less than 1,000 lux, and mostly closer to 500.dased exposure to sunlight promotes
dopamine neurotransmission in the retina; in anmmadiels, dopamine signaling is associated
with an inhibition of axial elongation. Thus, a @héexposed to a sufficiency of outdoor light
is less likely to develop myopia than if he or spends most of the time indoors. Another
possible mechanism involves peripheral vision. Atdoor vista, such as that experienced at
the ocean or in the countryside provides dioptoiatimuity throughout the visual field: both
central and peripheral vision is clear, unblurfBais state may help maintain symmetry of the
eyeball, and promote emmetropia. Indoors, diogtimuli vary widely across the visual

field. Central vision may be focused on a televisiareen or words on a page, but a Wide
range of light sources and objects at differeniadises means that the peripheral retina is
likely to be defocused. Studies in animal modetsdate that this kind of optically-imposed
defocus impacts upon central refractive developmenén the periphery of the eye is
defocused, refractive errors are more likely touncelence, the Child spending his or her

time indoors is more inclined to be myopic.

Increased understanding of the factors that inflteeefractive parameters and how these
interact should lead to more effective treatmemtsldw myopia progression or to prevent its

onset.

3. What factors contribute to susceptibility to mia®?
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There is clearly a mix of genetic and environmeotahponents involved in the development
of myopia, but the contribution of each, and thgrédients that make up that contribution, are
still being teased out.

Back in 2005, a meta-analysis of some 300 papewsplayed the role of hereditary factors.

It noted distinct variations in prevalence betwgenetically similar cohorts in different
environments: for instance, the high prevalencagdpic Indians in Singapore (70 percent of
18-year-old men), while in India itself the rateswraughly 10 percent. Tie simplest
explanation of such findings is that a massive remvhental effect is swamping the genetic

influence.

So, was mother right when she said, "Don't statbeatelevision too long or your eyes Will
go square"? No. Despite the folklore of "screemaalging eyes,” which has been passed
down the generations in the form of watching T\4ymhg video games, working with
personal computers, to today's use of smartphdmes,impact appears to be minimal. What
Mother failed to identify is the crystal-clear rigtenship between education (and socio-
economic status) and myopia prevalence in childieducation” likely means "more
reading,’ supporting the idea that "nearwork” Egnificant risk factor In myopia.
Additionally or alternatively, increased indooriaity means less outdoor activity. As noted
above, a strong body of evidence links outdoowdis, such as sports (though not indoor
sports) and the amount/duration of sunlight expastar reduced risk of myopia in children.
Thus, for’environmental factors,” read’lifestyledn important distinction when comparing
myopia incidence on a global scale.

Environmental factors alone cannot, however, erpMiy so many individuals within a
single family present with myopia; there must mibstantial role for genes. Altogether, an
extraordinary 68 genes across all chromosomes s associated with refractive error,
including 20-some recent additions from the intéomal Consortium for Refraction and

Myopia (CREAM) and the company 23andMe, who corrabed each other's findings.

Interestingly, no significant genetic differencetveen Europeans and Asians were
discovered. The bad news is that many of the geaes very slight (though additive) effects,
ruling out a simple solution. The rather better saésvthat they can be mapped onto functional

pathways, giving pointers on how to improve ouribasderstanding and, by extension, our
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ability to treat this perplexing condition. The Ipatys include neurotransmission, vitamin A

(retinol) metabolism, eye development and remodediinthe extracellular matrix.

Rapid progress is being made on the environmeataponent too. Randomized clinical trials
are underway to more precisely pin down the impéasunlight, bright light, and/or outdoor
exposure; some of these studies use wearableskgisors in place of questionnaires to

capture data more rigorously.

The ultimate goal will be to integrate the two atres of information, pinpointing unfavorable
combinations of genetic predisposition and envirental factors that are particularly risky
for the development of myopia. At that point, imped therapeutic options may come into

focus.

4: What are the current and potential treatmentsigopia?

Spectacles, contact lenses and intraocular lensegthe image closer to the retina, helping
to render a Sharp, focused image. For patientslamthnon-progressing myopia (-3.00
diopters or less), that's great. But for those wtH or high myopia, and especially for
children with progressing myopia, strategies tledurce the rate of progression are highly

desirable.

Here's a selection of effective approaches:

Behavioral interventions

A meta-analysis of studies that looked at the eéfdémcreased outdoor time on children's
risk of myopia (2) concluded that each additior@ihspent outside per week reduces the
odds of myopia by two percent. There are sever@ni@al (and non- exclusive) explanations
for this, including the

aforementioned increased exposure to sunlightekample, pupils are more constricted
outdoors than indoors, which increases the depthoofs and reduces blur, slowing eye
growth. Another theory points to an assumed redadt near work given that more time is

spent outdoors, while a further suggestions isghgsical activity itself prevents myopia.

Pharmacological interventions
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Pharmacotherapy with muscarinic receptor antagohist atropine and pirenzepine has been
evaluated, initially because accommodation appegotay a role in the progression of

myopia.

The use of 1% atropine is effective in slowing @dhdod myopia progression. However, the
decision to administer to children over an extengesod must always be approached with
care. Atropine's side effects include blurred wisiacreased light sensitivity and constantly
dilated pupils, making it commercially impracticilore recently, 0.01% atropine has been
evaluated,; it also slows the development of mydmig with less cycloplegia and better
tolerability. A further bonus is that there are &vievels of rebound progression on
termination of treatment. Pirenzepine has also lesatuated in a randomized placebo-
controlled trial: relative to placebo, a 2% gelniidation administered twice-daily almost

halved the rate of myopia progression in children.

Optical interventions

Orthokeratology — or overnight vision correctionuses specially designed rigid gas-
permeable contact lenses that reshape the coataing the extent of myopia and
correcting vision in the short-term for adultschildren, there is an additional benefit: the
rate at which the eye's axial length elongatesdsiced, slowing the development of myopia.
A recent study showed that progression of myopizhifdren wearing orthokeratokeratology
contacts was significantly less than a control grouer a year evaluation. Orthokeratology is

said to be effective up to -4.00 diopters.

Bifocal soft contact lenses (BSCLs) with a distaocester may provide a similar effect as
corneal reshaping. One comparison of BSCLs againgte-vision soft contact lenses
(SVSCLs) in children showed significant slowingbmith myopic and axial length
progression. Soft multifocal lenses appear to lsavdar effects in children; in a recent
clinical trial, the rate of myopia progression wedved, and axial elongation reduce by one
third compared with SVSCLs.

Surgical interventions

For adults (though not for children save in a smathber of special cases) there are several

surgical techniques that can be employed. They hawdfect on the underlying posterior
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segment pathology. Existing axial eye elongatiorsa@versed, the vitreous chamber

continues to lengthen unabated, and the risk depios segment sequel remains.

Laser procedures have been used to treat neamgis®ein around 50 million adults over the
past 20 years. The cornea is reshaped by remowngal amount of eye tissue using a highly
focused laser beam. Recent developments includeuthiag and extraction of a lenticule, a

disc-shaped Piece of corneal tissue.

Phakic intraocular lenses (IOLs) are gaining cwyefior moderate and high myopias. The
implanted lenses have the advantage of being relmhevand their effects reversible.

5. How do move towards prevention of myopia?

Since axial lengthening of the eye isn't reversitile only way to prevent myopia is to stop it
developing in the first place. That means interienin children, as soon as signs of near-

sightedness appear — which could be in infanthood.

At present, no single strategy can prevent childnmgopia. However, shrewd combinations
of current tactics, based on novel clinical aldgoris and public health initiatives, are having a

marked impact.

Regular screening of children's vision is an esakepart of any strategy. This must include
not only school visits by optometrists, ophthalngidts but assessment of younger, pre-
school children and even babies. Myopia developst mapidly in the initial couple of years
— and it's during this period that interventions caake the biggest difference. The
emergence of Myopia Control Clinics will help ersefficient delivery of treatment to
myopic children and young adults. In addition toypding conventional glasses to correct
myopia, doctors will be offering treatments for totling the condition's progression,

ranging from special contact lenses to prescriptygadrops.”

Refractive interventions in children — from ortho&®logy to soft bifocal contact lenses —
certainly have a place in a myopia control strat&ych approaches work for many children,
but the extent to which they prevent myopia progjaesis unpredictable. It's an area that is
continually evolving, and more effective contactdes are likely to be introduced
periodically. Other components of a fully integrhtgrategy are more easily stated than

implemented. For example, having children spendentimain two hours a day outdoors does
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seem to prevent — or at least substantially retarthe development of myopia. However,
today, the average American kid spends under 30tesra week in unstructured outdoor
play, while devoting seven hours indoors in frohélectronic screens. In Other countries,
parental obsession with academic attainment igjaalky large obstacle to outdoor play. It is
going to take a concerted and creative marketingpeégn to nudge families into changing
their lifestyles. Again, Singapore offers an exaenpi one way forward. The program there
was initiated around 15 years ago, built aroundilessage to take breaks from nearwork.
Since the importance of outdoor exposure becameknsome eight years ago, programs
directed at parents, schools and schoolchildremsleé/es have made outdoor activities an
essential part of the day. In the past five yeaesrates of myopia have almost stabilized,
contrasting dramatically with the rapid growth lne fprevious three decades.

Notably lacking from most current myopia preventgtrategies are pharmaceutical
interventions. While atropine and pirenzepine dfecéve, their anticholinergic side effects
have precluded prescription (though hopes for @edtropine remain high). The search for
new agents that have a better therapeutic withrfewle effects is underway and may benefit
from the growing body of genetic information. Whowld bet against such remedies being

found? The Size of the market provides great inceno industry.

The ,database state,"” where healthcare, governireamdacommercial records are all
maintained electronically, means that almost pdmravide assessments of public health
and the impacts of interventions can be made napaalid far more easily than what was
previously the case.

‘The highly myopic eye is a vulnerable eye. Revgyshe prevalence of myopia — across the
entire globe but especially in East Asia — presantsonumental social, scientific, medical
and political challenge. The lack of a "magic btilend of a sophisticated knowledge of the
mechanism by which myopia develops complicateseratBut the stakes are high. There is
a real prospect of everyone being nearsightedriaiodocations, including huge numbers of
high myopias who will have significant vision-reddtproblems. A solution seems to be
emerging but it will require great discipline anekeg pockets to implement. Hopefully,

innovations will continue to bring that solutiontiin more certain reach.
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3.PRUMYSLOVA VYROBA KONTAKTNICH COCEK

Bc. Tomas Dobensky

CooperVision Limited, Professional Services iger proCeskou republiku a Slovensko

Souwasna pimyslova vyroba kontaktniakocek je, podob#éjakotada jinych odwtvi,
vyrazreé automatizovany proces. Vedle novych automatickggbbnich linek ji vyraza
ovliviuji také nové technologické postupy a materiatgsi®rada zakladnich prikvyroby

se vyrazgji nemeni.

e

Jednim z nejilezit¢jSich prvki v pramyslové vyrols kontaktnichtocek je
reprodukovatelnost postupu gepna shoda finalniho vyrobku. To znamena, Ze kadda

vyrobena kontaktnfocka je identicka s vyrobnim vzorem.

DalSim faktorem jsou velké objemy vyedlych produkii. VétSinu kontaktnicktocek dnes
produkuji automatické a poloautomatické vyrobnkyinObvykly je zpisob, kdy jsou ve
stejném momesitna utitém kroku vyrobyocky po dvou étyrech, osmi nebo dokonce
Sestnacti kusech. V jinych momentech, jako jefikdgd proplachovani a hydratace, se
pouZzivaji ¥tSi zasobniky s obsahem az 640ikéxek. To samozjme klade &tSi naroky

také na logistiku aiesnou evidenci v gbéhu vyroby.

Zakladem dnesnich technologiiipryslové vyroby kontaktnictiocek je technika tzv.
suchého nebo mokrého odlévani do formy (cast mogjdSuchy proces znamena, ze v
prabéhu polymerizace neobsahuje monomer vodu. U mokpéboesu je naopak dity obsah
vody v monomeru za#émné piidany a¢oc¢ka ihned po polymerizaci ma jasté&né pruznou a

gelovitou strukturu.

Priprava vyroby: Prvnim korkem vedoucim ke vznikusta kontaktniocky je vyroba
odlévaci formy. Jako material se vyuZivaji teplearmé plasty, nappolypropylen, které ve
formé granulatu vstupuji doigkolisu. Matrice pro vyrobu forem je kovova a pouZise
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opakovasg v ramci vyrobniho cyklu. Oproti tomu fortika na vlastni kontaktrgiocku je

jednorazova, tedy pro kazdy novy kus kontaktgky se vyrabi nova forma.

Odlévani do formy: pautomatizované pémi formy monomerem a jeji nasledné uzai

jej jednim z kléovych faktofi pro dodrzeni fesnych paramatrvysledné&ocky. Dokonalé
sesazeni formy méa zasadni vliv na kvalitu akeacky. MnozZstvi injikovaného monomeru je
vzdy o réco WtSi nez objem vysledniicky. Eliminuje se tak vznik bublin, nebo nedostatek
materialu ve forrd. Polymerizace probiha Bypisobenim tepla, kdy podle typu materialu
trva @iblizné od 30 do 45 minut, nebo UV ianim. Polymerizace UV ¥énim jecasow

delsi, trva piblizné jednu hodinu. DalSim kritickym okamzikem vyrobygeweni formiky

a uvolréni polymerizovanéocky. K uvolneni ¢o¢ky se pouzivaji jak mechanické postupy,

tak napiklad naltati ve vodni lazni.

Hydratace kontaktnictoéek: Proces hydratace kontaktniatek je rozdilny podle pouZzitého
materialu. Hydrogelové materialy se hydratuji vy¥aednodussim a méredlouhavym
procesem. Pouziva se obvykle teply fyziologickyto&z ktery se tkolikrat vymenuije.

nutné kromd hydratace zatiit také vyplaveni nepolymerizovany¢hsti monomeru, proto
prvni lazre obsahuji etanol a teprve naslédecocky hydratuji veistém fyziologickém

roztoku. Proces hydrata¢ecek trva od gkolika desitek minut az po téintti hodiny.

Kontrolacoc¢ek v pfibéhu vyroby: VSechny procesy vyroby jsou neustéle imoovany. Po
kazdém kroku prochazi vystupujici polotovar plntek&onickou kontrolou a \iazenim
Spatnychiocek. Tato kontrola je vzdy po polymeriz&cicky, uvolreni ¢ocky z formy, po
hydratacico¢ky a pred konénym zabalenim do blistr Nasled# jsou odebirany vzorky z

kazdé Sarze na naméatkovou celkovou kontrolu.

Baleni, sterilizace a logistika: Vystuptést hydraténi linky je obvykle zako#ena procesem
balenicocek do blisti. Nasleds ¢oc¢ky putuji do autoklavu ke sterilizaci. Taktéigravené
¢ocky jsou jiz vlast® hotovym vyrobkem, festo je je&t ¢eka dlouha cesta, na které dostanou

sluSivy obal a jsou expedovany az ke koncovym uélran.
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Industrial production of contact lenses

Bc. Tomas Dobensky

CooperVision Limited, Professional Services Managefior Czech Republic and Slovakia

The current industrial production of contact leniseéike many other sectors, significantly
automated process. In addition to new automatediuetomn lines it also affect by new
technologies and materials. But a big number oicbelements of production are not changed
so much. One of the most important elements in fia@twring of contact lenses is
reproducibility of the process and an exact acamdaf the final product. This means that
each newly produced contact lens is identical wighproduction model. Another factor is the
large volumes of manufactured products. Most careases today are produced on
automatic and semi-automatic production lines. O$al method is where the same moment
at a certain stage of production of the lens by, fwor, eight or even sixteen pieces. In other
moments, such as hydration process, to use laggerwoirs containing up to 640 pieces of
lenses. This of course also places greater denmankdgistics and its records during
production. The basis of today's technology martufary contact lenses is a technique called
dry or wet cast molding. The dry process meansdhahg the polymerization the monomer
does not contain water. In contrast, the wet poewater content in the monomer and the
lens is immediately after the polymerization pditilexible, gel-like structure. Preparation

of production: The first step leading to the forroatof a contact lens is mold production. As
a material are used heat-ductile plastics, eg.pvofyylene, which in the form of granules
entering to the injection press. Matrix for moldnsm metal and is used repeatedly
throughout the production cycle. In contrast, faclenew piece of contact lens is produced
new mold. Cast molding: fully automated filling forms by monomer and its subsequent
conclusion is one of the key factors for achieyingcise parameters of the final lens. The
perfect fit of the form has a major impact on thlgy of the edges of the lens. The amount
of the injected monomer is always slightly lardeart the volume of the resultant lens. This

eliminates the formation of bubbles, or lack of enal in the form. Polymerization is carried
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out either by the heat, which according to the typmaterial takes approximately 30 to 45
minutes, or UV radiation. Polymerization by UV ratibn is longer, it takes approximately
one hour. Another critical moment is the openingnolds and release of polymerized lens.
To release the lenses are used mechanical prosedhutesometimes also warming in a water
bath. Hydration of contact lenses: A process fairhiing contact lenses is different
according to the material used. Hydrogel mateaaésmoisturized by simpler and less time-
consuming process. It is used typically warm sadioletion, which is repeatedly changed.
Significantly more demanding process is used tadtgcthe silicone hydrogel materials.
Here, in addition to the hydration also are enslgadhing rest parts of monomer, so the first
bath containing ethanol and subsequently the lesrgeydrated in pure saline. The process
of hydration lenses lasts from a few tens of miatitenearly three hours. Check the lens
during production: All manufacturing processesa@astantly monitored. After going

through every step projecting semi full electrocoaitrol and discarding bad lens. This check
is after the polymerization, lens release fromrtiwéd, the hydration of the lens and before
final packaging into blisters. Subsequently, sasmple taken from each batch to overall
control. Packaging, sterilization and logistics:t@u of moisturizing line is usually finished

like packing of

lenses to blisters. Subsequently lenses wandeamsutoclave for sterilization. In this
moment lenses are actually already finished prqoduutit is still a long way to get a nice

stickers and boxes and be shipped to the users.
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4. JAK OBJEKTIVN E URCIT ZRAKOVOU OSTROST

Bc. VojteSka Mandakova, DiS
vedouci projektu: Mgr. Petr Vesely, DiS., Ph.D
Katedra optometrie a ortoptiky Lélské fakulty Masarykovy univerzity v Bén

Projekt specifického vyzkumu rektora MUGHD933/2013

VySeteni zrakové ostrosti patv oftalmologické a optometristické praxi k zakidah
vySetovacim metodam. Zrakova ostrost informuje o aktindlerakovém vykonu oka a je
ovlivnéna celowradou faktoil. Znainy vliv na kvalitu vidgni maji faktory fyzikalni (vady
optického systému), fyziologické (adaptace a roahdZotoreceptdr na sitnici),
psychologické (pozornost a vnimani kontrastu) aposlednfad je naSe zrakova ostrost

ovlivnéna vysetovaci vzdalenosti.

RozlozZeni fotoreceptémeni po celém povrchu sitnice stejriong. NejkvalitgjSi a
nejostejSi vickni je zprostedkovano Zlutou skvrnou. Jedna se o tzv. centzétkiovou
ostrost, ktera @uje stupé a kvalitu naseho vighi. Centralni zrakovou ostrost je mozné
vySetit objektivnimi nebo subjektivnimi metodami. Pré¢hé vySeteni zrakové ostrosti si
vystaiime se subjektivni metodou testovani, ktera je qulina promoci optotypovych tabuli.
Béhem této techniky jsme odkazani na subjektivni bodni ze strany pacienta, vysledek je

tedy ovlivrén mysli subjektu a f¥e byt zkresleny nebo zaviidi.

Abychom ziskali opravdu objektivni vysledek, jelda pouzit technik, které nejsou oviwy
mysli subjektu. Pravobjektivni metody vySéeni zrakoveé ostrosti nejsou zaloZzeny na
vlastnich pocitech pacienta a aplikujeme je, pakultiektivni metody vySe&gni selhavaji.

Své nezastupitelné misto maji objektivni technii§eteni zrakové ostrosti u
nespolupracujicich nebo nekomunikujicich padiefyto metody nachazeji své vyuziti u
novorozeng, pre-verbalnich &i, pacient s mentalnim postizenim, u amblyopie nebo je Ize

vyuzit i prakazu simulacei disimulace.
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Objektivni vySeteni zrakoveé ostrosti provadime metodou pref@réo vicni, s vyvolanim
optokinetického nystagmiti pomoci zrako¥ evokovanych potenci@&l Samotné testovani
zrakové ostrosti objektivnimi metodami probitév@zrie monokularg, ale mozné je i
binokularni testovani. VSechny vySe uvedené mewydyivaji k uteni objektivnich hodnot

zrakoveé ostrosti minimalniho Uhlu rozliSeni.

VySeteni zrakové ostrosti je zalozeno naami minimalniho Ghlu, ktery sviraji dva
podraz@né cipky na sitnici s pozorovanynigdmétem. Hledame tedy minimalni ahel, pod
kterym jsme schopni vid dva body odéené. Aby pozadovana situace nastala, musi byt
splréna nasledujici podminka: &elny vjem musi dopadnout na sitnici tak, aby paditaddva
¢ipky, mezi kterymi astane vzdy jedetipek nepodrazshy. V takovém gipack je lidské oko
schopno rozlisit v fednetovém prostoru dva body od&léné. Pokud by podminka spina

nebyla, nedokéazali bychom rozliSit dva body izolwyale splynuly by v jeden vjem.

Samotné hodnoceni objektivni zrakové ostrosti jezeamo na detekci a rozliSeni odpovidajici
prostoroveé frekvence. Prostorovou frekvenci chaperaeidelné sidani testoveé figury (obr.
1.) v testovém poli na dany uhlovy stiipdako testové figury slouZérné a bile pruhy nebo
Sachovnicova pole s pramou strukturou. B vySeteni zrakové ostrosti Zmame ¥étSimi
obrazci (testovymi figurami) v testovych polich@sfupr dochazi k jejich zmenSovadimz

se testuje poebna zrakova ostrosiim méa pacient lepsi zrakovou ostrost, tim men&zds

v testovych polich rozlisi.

Obr. 1

Metoda preferedniho videéni (preferential looking, PL)

Metoda PL je zaloZzena na padiwmeé reakci pacienta.éBem vySeteni jsou pacientovi
piedloZzeny sotasre dve stejré velké testovaci plochy. Jedna plocha obsahujeymsuh
maximalnim kontrastem agsré definovanou prostorovou frekvenci, druha plocha je

neutral Seda. Stupeneutralni Sedi
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odpovida pitmérné hodnat swtlého a tmavého prouzku prvni plochy. Pacientowiljs

postuprt predkladany testy se stejnym kontrastem o vySSicst@ravych frekvencich.

K vySeteni zrakové ostrosti metodou prefaneino vidni se vyuzivaji Teller acuity cards
(obr. 2.), Lea Gratings (obr. 3.) nebo Cardiff carfieller acuity cards maji podobu
obdélniku, ktery je roztden na d¥ stejré velké poloviny. Jedna polovina je neutiéieda a
druha obsahuje pruhy 8anou prostorovou frekvenci. Lea Gratings svym twapipominaji
ping-pongové palky. Pacientovi jsou saare piedlozeny d¥ ,palky”, jedna Seda a druha s
pruhy s fiznou prostorovou frekvenci. Cardiff cards jsou rfikdci Teller acuity cards.

Obr. 2

Jsou-li kontrastni pruhy pacientem vnimany, fixuje
jednozn&né plochu s pruhy. Tato fixace je

podwdomou reakci. VyS#tjici posuzuje schopnost
pacienta ufit kontrastni pruhy ve spravném testové

poli a hodnoti rychlost spontanni reakce (§ixiacas).

Poset predloZzenych prostorovych frekvenci udavéa zrakovaross Cim vy3si prostorové
frekvence pacient vnima, tim lepSsi je jeho zrakosthost.
Obr. 3.

VySefeni zrakové ostrosti s vyvolanim optokinetickéhstagmu

Optokineticky nystagmus jeni reflex, ktery je vyvolan rotaci nebo pohybenofianého
predmétu v piipadt piné funkéni zrakové drahy. Lze jej vyvolat rotaci bubnu shyr (obr. 4.)
pii stabilni pozici vySébvaného nebo rotaci pacienta v kruhové mistnogtirsou hustotou
pruhi na sénach. Pacienti se neustale snazi gddwe fixovat cerené pruhy, coz pozorovatel

vnimama jako velmi rychlé kmitavé pohyb¥i gpodobr jako @i sledovani krajiny ghem
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jizdy vlakem) — optokineticky nystagmus. Vyvolandptokinetického nystagmu dokazeme

neporusenost zrakové drahy. Toto viget setadi ke screeningovému testovani zraku.

Obr. 4

Zrakovou ostrost @dfime pomoci specialniho @eého vélce s body v
Sestifadach (obr. 5.). Body o velikosti 0,5 — 7,5 mm jpagientem
pozorovany ze vzdalenosti 1 m pod prostorovym uhleém- 25,8

Uhlové minuty. Podléady bodh, kterou pacient rozlisi, tmjeme

zrakovou ostrost. VySna zrakova ostrost je v rozsahu vizu od 6/4
az po hodnotu vizu mensi nez 6/60. Pokud jsou hgdrpu horsi

nez 6/60, volime blizsi vySeivaci vzdalenost.

Obr. 5.

VySereni zrakoveé ostrosti pomoci zrakbgvokovanych potencial (VEP)

VysSeteni VEP spéiva ve snimanielektrickych impulz nervového systému. Impulzy
vyvolané na zakladstimuli v podolg swtelnych zablesk cernobilé Sachovnice nebo

cernobilych prufy, jsou snimany pomoci elektrod ungfstch na hlaw pacienta (obr. 6.).

Obr. 6.
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K objektivnimu vySaeni zrakove ostrosti slouzi metoda sweep VEP (sVE&jient
prostednictvim monitoru fixuje sitelny bod umisiny ve stedu testové figury s postupn
rostouci prostorovou frekvenci. Testovou figufagstavuje pole v podélgernobilych pruh
nebo Sachovnice s prémou strukturou. Snimaci elektrody jsou ugrigtnacele, temeni a
na tyle pacienta. Vysledky vy$ehi jsou zpracovany pidacovym programem a
vyhodnoceny v podabgrafu. Ri vyhodnoceni vySéeni se hled4 nejvyssi mozné frekvence,
béhem které doslo k vyhasnuti odgai zrakového signallCim vy3ssi je posledni

zaznamenana prostorova frekvence, tim lepSi jeozéakstrost pacienta.

Vyhodou této metody je jeji jednozimst, vysoka fesnost isieni, snadna opakovatelnost a

nasledna moznost porovnani ziskanych vysletlevyhodou je vys8iasova narénost.

Porovnani ziskanych vysledljednotlivymi metodami

Pri srovnani vysledk ziskanych rfenim zrakové ostrosti metodou prefemaiho vidsni
(pomoci Teller acuity cards) a pomoci ETDRS optotigiudie Friedman et al., 2002) byla
nalezena statisticky vyznamneé korelace (r = 0,38)die probihala v dome&s p&ovatelskou
sluzbou, testovano bylo 480 subjekttiznym stupsim kongenitalni drova s @nimi
patologiemi (najastji se jednalo o diabetickou retinopatii). Ob&dre hodnotit vysledky z
Tellerovych karet jakoiesréjsi. Zde je dlezité poznamenat, Zéipestovani zraku pomoci
Tellerovych karet je vyS&ivaci vzdalenost blizSi nez 5 nii RySeteni zraku Tellerovymi
kartami nedochazi ke zkresleni znaku kolem venikasy cylindru, jako je tomuipcteni
optoypovych znak Musime zohlednit i to, Ze vZdy je sn&p rozliSit testové znaky v
podol# pruhi nez gecist optotypovy znak (minimum separabile x minimwegibile).

DalSi studie, ktera se sotedila na srovnani vysledkiskanych metodou prefexkariho
vidéni (Teller acuity cards) a pomoci ETDRS optotypobphla u pacient s jednostrannou
amblyopii (studie Drover et al., 2008). Celkemesgtdvani z&astnilo 126 subjekt Na aich
bez amblyopie nebyl nalezen vyznamny statistickgliomezi metodou ETDRS a

preferegnim vidni (p = 0,36).

V piipact porovnani vysledk ziskanych testovanim zrakové ostrosti metodou s&¥EP
pomoci Snellenova optotyse vysledky reni vzajema liSi na staticky vyznamné hladin

(p = 0,05). Studie se uskitela ve Fakultni nemocnici U svaté Anny (2013), etigni se
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zWastnilo celkem 32 subjekbez @ni patologie s emetropii nebo pseudoemetropii
(ametropové s ptgbnou korekci). Metodu sVEP je vhodné pouZitipgck monitorovani
zrakové ostrosti uaskych pacient nebo u specifickych skupin dagfch jedind. Jeji
vyznamnost spva v opakovatelnosti &éleni se statisticky nevyznamnymi rozdily. Metoda
SVEP neni vhodna prabnou optometristickou praxi, protoZze neurgz zohlednit
subjektivni hledisko uZivatele bryli. \fipact bézné oftalmologické a optometristické praxe
je vhodné upednostnit vysledky ziskané subjektivni metodeedprysledky sVEP.

Zaver

Objektivni metody vySéeni zrakové ostrosti je vhodné pouzit pouzéipauk, ze subjektivni
metody vySeaeni selhavaji. Pomoci objektivnich metod videt zrakové ostrosti je mozneé

acinné testovat zrak udskych pacient nebo u specifickych skupin dagych jedindi.
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Rector’s Project of the Specific Research MUNI/G82013

How to objectively determine the visual acuity

The visual acuity examination represents the bagdical examination method of ophthalmologist
and optometry. The visual acuity enables to agbessctual visual performance of an eye and is
influenced by many factors. The important factansthe vision quality are physical factors (defeafts
the optic system), physiological handicaps (adaptaand placement of photoreceptors on the eye
retina), psychological factors (concentration aodtast perception ability) and the testing diséanc

The distribution of photoreceptors is not unifororass the retinal surface. The most acute and the
best quality vision is realized by macula lutea.isTks calledthe central visual acuity, which
determines the level and quality of our vision. Tdentral visual acuity can be examined by both
objective and subjective methods. For an ordinaamenation of the visual acuity the subjective itegpt
method is suitable and it is performed using ogtetgharts. During this technique, we have to ralyo
patient’s subjective assessment, the result iether influenced by the patient's mind and can be
distorted or misleading.

In order to receive a truly objective result, itniscessary to use techniques that are not inflgence
by the subject's mind. The objective methods of wisial acuity examination are not based on the
patient's own feelings and we apply them when thgestive methods of analysis fail. The objective
methods of the visual acuity examination are iaephble when examining uncooperative or non-
communicating patients. These methods are usedhfants, intellectual disability patients, patients

suffering from amblyopia or for the demonstratidrsinnulation or dissimulation.
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The objective methods of the eye acuity examination represented by the preferential looking
method, the method based on optokinetic nystagmdsttee method of visual evoked potential. The
visual acuity examination made by the objective hods is predominantly monocular, however the
binocular testing is possible as well. All thesetmels apply the differentiation angle’s minimaluesd
for the objective assessment of the visual acuity.

The visual acuity examination is based on the datetion of the minimum angle which is
included by two irritated cones in the retina wikie observed object. In fact, the minimum angle at
which we are able to see two points separatelgasched. In order to get the required situatioa, th
following condition has to be fulfilled: the ligipierception has to be received by the retina in sushy
when between two irritated cones always stays one con irritated. In this case, the human eye can
distinguish two points separately in the objectcepdf this condition is not fulfilled, two isoladepoints

could not be distinguished and they would be mengedone single percept.

The objective visual acuity evaluation is based tbe
corresponding spatial frequency detection and oésol. The
spatial frequency is represented by the regulanghaf a test

figure on a testing field within an angular degfpeture 1.). As

the test figure are used black and white stripesheckered field Picture 1.
with a variable structure. The visual acuity exaaion is started with the larger test figures ie th
testing fields and they are gradually reduced éstimg the required visual acuity. The better pdise

visual acuity is the smaller figures are distingeid in the testing fields.

Preferential looking method (PL)

The PL method is based on the patient’s subcorsceaction. The patient is shown two testing
boards simultaneously. One of these boards is edvey maximum contrast stripes with the exactly
defined spatial frequency, the second one is negmey. The grade of the neutral grey colour

corresponds to the average colour value of the hgll dark stripe from the first board. The patient

used Teller acuity cards (picture 2), Lea Grati(gsture 3) or Cardiff |||“”|”“”

gradually tested by boards of the same contrast Higher spatial

frequency.

For the visual acuity examination by preferentailing method are

cards. Teller acuity cards have a rectangular shhpeis split into two

Picture 2.

Picture 3.



equal halves. One half is neutral gray and the rekame contains stripes of different spatial
frequencies. Lea Gratings shape resemble ping-patgy Two "bats" are simultaneously presented to
patients, one gray and one with stripes of diffespatial frequencies. Cardiff cards are modifmagi of
Teller acuity cards.

In the case when the contrast stripes are percdiydtie patient, his/her eyes fix the board with
stripes. This fixation is the patient’s subconssiceaction. The examiner evaluates the patientlisyab
to resolute the contrast stripes and assesseghisdiction time (fixing time). The number of sutied
frequencies determines the visual acuity. The higpatial frequencies are perceived by the patibet,

better his or her visual acuity is.

Visual acuity examintation using optokinetic nystaws

Optokinetic nystagmus is an eye reflex evoked bg tbtation or
movement of the visual stimuli across the subjedgssial field. It can be
evoked either by the striped cylinder (picture dbfation in patient’s visual
field while patient sits in a motionless positionly a patient’s rotation in a
rounded striped room, where the stripes are ofouaridensity. Patients are
constantly subconsciously trying to fix the bladkpes, which the observel Picture 4.
views as an extremely fast oscillating movementthefeyes (like while watching the landscape during
the train ride) — optokinetic nystagmus. By evokihg optokinetic nystagmus we

prove the integrity of the visual pathway. This mxaation is one of the screening
eyesight tests.

The visual acuity it evaluated with the specialargtcylinder with marked
spots (picture 5) in six rows. The spots of the €£0,5-7,5 mm are watched b

the patient from 1 m distance under the spatialeaofyl,7 — 25,8 arc minute. Thét —

resoluted rows of spots determine the patient'satiacuity. The examined VviSUE'  picture 5.

acuity is from the vizus 6/5 to vizus lower thai®@/In a case the vizus values are worse than 6/60,

shorter testing distance is needed.

Visual acuity examination using VEP method
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VEP examination is based on the electrical impuldetection created by the nervous system.
Impulses evoked by visual stimulus, such as ligashes,
black and white chessboard or stripes are detebted
electrodes that are placed on the patient’s heeiti(@6.).

The method sweep VEP (sVEP) is used for the obpecti

visual acuity examination. The patient fixes thghti spot

with gradually increased spatial frequency in taeter of the

Picture 6.
test figure. The test figure is represented byltaek and white stripes or the chessboard with the

variable structure. Detecting electrodes are plamedhe patient’s forehead, vertex and occiput. The
examination results are processed by the compubgrgm into the form of the chart. During the final
evaluation the highest frequency that caused thieabthe visual signal is searched. The highetigpa
frequency is recorded, the better patient’s visiaity is.

The advantage of this method is its high accuratayjty, repeatability and comparability of the

results. However it is the time consuming method.

The above mentioned methods results comparison

When comparing the visual acuity examination raswlbtained by using preferential looking
method (via Teller's acuity cards) and using ETD&®&otype (the Friedman et al study, 2002) the
statistically significant correlation has been fduin = 0,79). The study took place in a nursing Bpm
480 subjects with a different degree of the corigémevel and also with the ocular pathologies (the
most frequently diabetic retinopathy occurred). &afly, the examination results from Teller’'s cards
are considered as more accurate. It is importanbte that the distance during the vision examomati
using Teller's cards is smaller than 5 m. During@ Wision examination using Teller's cards the
distortion of the character around the cylindettigal axis does not occur as it happens when usiag
optotype characters. It is also necessary to tadceaccount that it is easier to recognize theeatrias
the testing characters than to read the optotypeacter (minimum separabile X minimum legnibile).

The next study, which focused on the results cormmparobtained by using preferential looking
method (via Teller’'s acuity cards) and using ETDétffotype, took place with patients with unilateral
amblyopia (the Drover et al. study, 2008). Altogetll26 subjects were tested. The statistically
significant difference between ETDRS method andepeatial looking method was not found on eyes
without amplyopia (p = 0,36).

When comparing visual acuity examination resultsaimled by using sVEP method and using

Snellen’s optotypes the statistically significaiffetences occurred (p = 0,05). The study took @lac

41



Brno St. Ann’s Faculty Hospital (2013), 32 subjesithout eyes pathology and emetropia or pseudo
emetropia were examined (ametropia with the necgssarection). SVEP method is suitable in the
case of the visual acuity monitoring of childrenig@ats or the specific groups of adults. Its impade
lies in the examination repeatability with statiatly non significant differences. sVEP method @ n
suitable for the common optometry practice, becaudees not take into account the subjective aspec
of eyeglass wearers. In the case of the ophthabje@iband optometry practice it is better to ptiag

the results obtained by using the subjective me#igadnst SVEP results.

Conclusion

The objective methods of the visual acuity exanimaére suitable in the cases when the subjective
methods fail. The objective methods of the viswality examination can be used for the efficientons

examination of the children patients of the spedfioups of adults.
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5. INDIKACE VYUZITivELEKTROFYZIOLOGICKYCH
VYSETROVACICH METOD

Bc. EliSka Kondéova
Jméno Skolitele: MUDr. Jan Richter

Katedra optometrie a ortoptiky Lélské fakulty Masarykovy univerzity v Bén

Elektrofyziologické metody jsou vysoce sofistikoganmetody, které umdgji neinvazivig

diagnostikovat mnoha onemagn, ¢asto jest pred klinickymi projevy.

Mezi zakladni indikace k vyS@nitadime:

» Diagnostika @nich a neurologickych onematn

» Poruchy vi@ni nejasné etiologie

» Posouzeni funkce sitnicé pakalech optickych médii

* Monitoring u podeZni na retinotoxicitu a neurotoxicitu
» Detekce u édicnych nemoci

» Zhodnoceni funkce sitnice a zrakového nervu u podsech staw.

Historie elektrofyziologickych metod

Prvni pokusy o sejmuti elektrofyziologického z&zoaprobihaly na zwvatech. Elektrické signély
vznikaji diky proudni elektricky nabitycteastic, ionfi, pres bugcné membrany a to jak u obratldyc
tak u bezobratlych.

Poprvé sejmul potencidly z rybiho oka v roce 186&dsky fyziolog Holmgren, ktery je vSak
mylné¢ povaZzoval za ati potencialy zrakového nervu.ckoliv Dewar ze Skotska sejmul tyto
potencialy z lidského oka jiz v roce 1877, eleldtorografie nenasla SirSi klinické uplati az do
roku 1941, kdy Riggs pouZil ke snimani potericiélidského oka rohovkové kontaktni elektrody. V
roce 1945 Karpe zvejnil vysledky studie ERG lidskych¢ a tim polozil zaklady pro klinickou
elektrofyziologii. V roce 1992 Sutter zaved| doridiké elektrofyziologie novy Zisob stimulovani

sitnice a snimani potenaiditnice v podob multifokalniho ERG.
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ELEKTRORETINOGRAFIE (ERG)

Celoplo3ny, s#tlem vyvolany elektroretinogram je zaznam diflzték&ické odpo¥di generované
fotoreceptory a nervovymi liiami sitnice. Tato elektricka odp&l je vysledkem zin pohybu iond
v sitnici, zvla3¢ draslikovych a sodikovych, vyvolanychstelnym poditem.

Einthoven a Jolly poprvé referovali v roce 1908tech komponentach elektroretinogramu.
Patateini negativni vinu nazvali vinou ,a“, nasledujici zitovni ¢ast, kter& ma normainvyssi
amplitudu nez vina a, byla oztena jako vina ,b* a korméa prodlouzend pozitivriiast Kivky byla

nazvéana vinou ,c“. Toto oziani jednotlivychiasti Kivky ERG se pouZziva dodnes.

Puvod ERG

Sitnice obsahuje dva typy fotorecefitotycinky a ¢ipky. Absorpce sitla zrakovym pigmentem
obsazenym v zevnim segmentu fotoreceptoru, zahajojekularni zrdiny nasledované vznikem viny
hyperpolarizace fotoreceptor Hyperpolarizace znamena negativni ¢mm nitrobur¢ného
elektrického potencialu a tato elektricka éma je zachycena jako negativna-vina
elektroretinogramu. Stlem vyvolana hyperpolarizace fotorecefitor snizuje uvaiovani
neurotransmitér na synaptickych zakéenich. Tato zina zpisobi depolarizaci nebo hyperpolarizaci
postsynaptickych buk bipolarnich a horizontéalnich. Nésledkem depotaréz bipolarnich buk
sitnice se zvysi hladina extracelularniho draslda¥, vede k depolarizaci Millerovych kiknglie.

Tento jev je podstatou pozitivbiviny klinického elektroretinogramu.

Fyziologicky elektroretinogram a jeho hodnoceni

Fyziologicky elektroretinogram Z@ma negativni dvouvrcholovou vinou malé latenceerdd
nazyvametasny receptorovy potencial (R1, R2). Po ni registng negativni vinu a, ktera je pozdnim
receptorovym potencidlem. Na vzestup¥dsti pozitivni viny b je mozZné registrovat oséila
potencialy (OP), jejichZzivodem jsou synaptické vztahy ve it jadrové vrst¥ sitnice. Pozitivni
vina b je generovana nervovymi elementy #miifadrové vrstvy (biiky bipolarni, horizontalni a jiné).
Pomala pozitivni vina ¢ vznik& hyperpolarizaci pantového epitelu sitnice a Mullerovych Bkn
sitnice, ale za normalnich podminek se na ERG héazéacobr. 1).

Elektroretinogram snimame v klinickych podminkédah graptaci oka na tmu (skotopicky
ERG) a poté za ostleni, po adaptaci oka na&ho (fotopicky ERG). Hodnoty ERG jsou ovligny
intenzitou s¥telného stimulu, stavem adaptace sitnice a dal&kdlnostmi (nap wekem a
refrakénimi vadami oka, gihlednosti optickych prosdi a kolisanim sitnicového potenciakthém
dne).
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Na elektroretinogramu hodnotime amplitudu vinwiay b a oscil&nich potencial a déale
dobu latence jednotlivych vin za skotopickych eofatkych podminek. ERG odpédi pravého a
levého oka u normalnich osob za standardnich kgaatich podminek se mohou liSitiperné o 10
% (obr. 2,3).

Obr. 1: Zakladni slozky ERG [ 5]

bvina

Lo

Obr. 2: Zobrazeni a- viny, b- viny (upraveno) [3]

+ +
b b

Obr.3: Hlavni parameiry ERG ziznamu: 1
a- amplituda viny &
b- implicitni &as

Obr. 3: Hlavni parametry ERG zaznamu (upraveno) [3]
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Patoloqicky elektroretinogram

Hodnoty ERG se mohoudnit v zavislosti na typu, stadiu a rozsalimio onemocEni. Nejznanyjsi
a nejpouzivagjSi klasifikace abnormalnich naleZERG je klasifikace navrzena Karpem. Jejim
podkladem jsou amplitudové charakteristiky zaklariiomponent ivky ERG.

Supernormalni ERG je charakterizovan zvySenim amplitudy a i b vikgeré vznika
podrédzénim sitnicovych struktur intoxikaci, hypoxii, metdibkymi poruchami a ferusenim
retinotalamickych spojeni. iRladem jsou pé&ateni stadia degenerativnich a dystrofickych
onemockni sitnice, intoxikace organismu a metaldzy oka.

Subnormalni ERG spojeny se sniZzenim amplitudy a i b viny jecasgjSim typem
patologického ERG. Stupesnizeni potenciél je ovlivnén rozsahem, charakterem a hloubkou
patologického procesu. Tento typ ERG nachazime strafickych zngn sitnice a cévnatky, u
chronickych cévnich onemoam sitnice, u odchlipeni sitnice a u vysoké kratikasti.

Negativni ERG je charakterizovan normélni amplitudou viny a &snou amplitudou viny b.
Tento typ ERG zjifujeme nejastji u akutnich cévnich onemoém oka, jako je okluze centralni
sitnicové Zily a tepny.

Nevybavny ERG je elektrickou odezvougikych nevratnych zem v sitnici, napiklad u

pigmentové degenerace sitnice.

Od roku 1994 je vydana Mezinarodni sgolesti pro klinickou elektrofyziologii vighi
(ISCEV) standardni metodika, ktera ma umoznit saovvysledk. Tato snérnice zavadi &
zakladnich typ ERG- odpoxdi:

1. Ty¢inkova odpo¥d’ oka adaptovaného na tmu
Cipkovéa odpo¥d’ oka adaptovaného nagie (maximalni odposd)
Oscilani potencialy
Cipkovéa odpoud’
Odpowdi na rychle blikajici podfty (obr. 4).

AR A
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Obr. 4: Pét zakladnich typi ERG odpowdi [7]

1. Klasické (flash) ERG

Standardni vyS&eni probihd za fotopickych i za skotopickych podekim perimetrické kouli
(Ganzfeld). Zornice pacienta byéty byt maximal® dilatovany. Rohovky jsou znecitliay, podle
toho jaka aktivni elektroda je zvolena pro snimani.

Sitnice je stimulovana difuznim aglenim, pro které se vyuziva xenonova vybojka o jh%s
az 3 cd/ma kazdy zablesk trva maximé&lB milisekund. Jas pozadi Ganzfeldovy koule progiutké
vySeteni je 30 cd/rh

Ke snimani elektrickych potencidse vyuZivajiit elektrody: akni, referedni a zemnici.
Akéni elektroda se vklada do oka a reféréra zemnici jsou elektrody kozniaK je pred aplikaci
ttebaradre odmastit, teba lihobenzinem. Nasletlse nanese vodivy gel, ktery slouZi k z&jist
dobrého elektrickéhotipojeni.

Skotopicky (tginkovy) ERGje zaznam, ktery je sniman po adaptaci oka na 2B30min).

PouZzije-li se modrého &tla, které je pr@ipky podprahové, |ze ziskat pouzéihkova odpo¥d’.
Fotopicky ¢ipkovy) ERGje sniman po adaptaci oka ng&thv a @i oswtleni.

2. Flicker ERG
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Je-li sitnice stimulovana rychlymi zablesky o 3Blegh/s (30Hz), pak se jedné o flicker ER@.tBto
frekvenci nemohou tynky reagovat.

3. Oscilaéni potencialy

Oscilani potencialy je mozné izolovat z ER@vky zesilenim frekvetniho rozsahu na 100-300 Hz.
Jedna se o0 malé zakmity nasedajici na vzestuprénkamviny-b. Zakladnétyii oscilace se objevuji
s vrcholnymi latencemi 18-45 ms.

Klinické vyuziti

Pigmentova degenerace sitnice

U pigmentové degenerace sitniceijetelre snizeno ERG, u skotopického ERG je sniZzena ardplitu

viny a, coZ zné& chykgjici reakci tginek (obr. 5).

Normal eye retinitis pigmentosa
b

scotopic blue |
N——/"_\\ A e, e o

b

scotopic red
\v*"/»\ ! W g

: Fe

scotopic white

a
30 Hz flicker

lev

photopic white b

N

Obr. 5: Porovnani zaznamu vySeteni zdravého pacienta a pacienta s pigmentovou deggaci sitnice [3]

Kongenitalni stacionarni gni slepota

Toto onemoc#ni je pravdpodobré zpisobeno peruSenim signalu mezidnkami a bipolarnimi

burikami. Nasledkem toho vznikne tzv. negativni ERGI(fa chybi, a vina je prodlouzena).
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Cipkova dystrofie

Pri tomto onemoc#ni jsou se stoupajici tendenci poskozovépyy. Flicker ERG mé vyrazmizsi
amplitudu i témei normalni a vig i b viné skotopického zdbleskového ERG.

Cirkulagni poruchy sitnice

Arterialni okluze jsou provazeny snizenim ERG-odjolbv

Neprihledna éni média

ERG se vyuZiva zejména ve stavech po poleptasich maslednymi sisty vicek, které

znemo#uji posouzeni nalezu na zevnignadm segmentu a v nitru ok&imymi postupy.

4. Elektroretinogram na Sachovnicové reverzni podéty (pattern ERG-

PERG)

Pouzitiméernobilé reverzujici se Sachovnidegiimulaci sitnice se vytwdna sitnici obraz prostorév
strukturovaného podtu. Snimanim takto vyvolaného potenciélu zachytadpowd centralnicasti
sitnice i vrstvy gangliovych bék a jejich axod. Patologické hodnoty PERG Zjifeme u
nekorigovanych refralnich vad, amblyopii, makularnich dystrofii a degangé u glaukomu, cévnich
onemockni oka a u rozsahlejSich poSkozeirdgnicasti zrakového nervu.

Kiivka PERG mé celkentitkomponenty, které vykazuji typickou vinovou laterlJ zdravych
jedinai je tato Kivka tvarena negativni vinou N35 s latenci 35 ms, po nifedasge velka pozitivni
vina P50 s latenci 50 ms. Jako posledni vznikaave#gativni vina N95 s latenci mezi 90 a 100

milisekundami (obr. 6).

P50

N35 N5

0 50 100 150 200
Time [ms]

Obr. 6 : K¥ivka PERG [ 7]
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Klinické vyuziti

Glaukom

VySeteni PERG ma sy vyznam hlavi u detekci wasnych stadii glaukomu. Pokud je PERG p
pouziti velkych Sachovnicovych struktur normalé, j@i pouziti malych Sachovnicovych struktur
zmenéno, miZe to byt zfsobeno nedostateym optickym zobrazenim, nebo se jedna dinpajici

glaukom.

5. Multifokalni ERG (mf-ERG)

Multifokalni elektroretinografie fedstavuje dlezité doplrni standardni elektrofyziologické
diagnostiky, protoZze na rozdil od klasické, zabvesk ERG umoiuje detekci ohragdenych,
lokalizovanych defekt funkce sitnice snimanim elektrické aktivity mnééimych malych sitnicovych
oblasti. Vyznam mf-ERG tedy sfiga zejména v detekci sitnicové dysfunkcetasnych,
preklinickych stadiich.

Standardni vyS&tni probiha binokulagnza fotopickych podminek na&ich adaptovanych na
swtlo s optimalni korekci. Zornice jsou artificidlrrozSfeny, aby na sitnici dopadlo maximalni
mnozZstvi swtla. Elektrody se skladaji z pokovené elektrody skné v dolnim fornixu a rohovkoveé
elektrody typu kontaktnictiocek. Kozni pozlacené referéni elektrody jsou népstji umisgny na
spanku odpovidajiciho oka a zemnici elektrody ménugakicku nebocele.

VySetovana osoba fixuje centralni bod na monitorwasji s frekvenci 75 Hz, na kterém
jsou generovanyady Sestiuhelnik (neiasgji 61/103/241). Sitnicova velikost monitoru ma Zeat
20 az 30 uhlovych stuid. Jas bilych hexagdrje nastaven na 100 az 200 kandel na gteareni, jas
k rychlému gtidani bilé &erné barvy. Délka vySetni zavisi na ptiu Sestithelnfik (61 hexagot- 4

minuty).

Klinické hodnoceni

V klinické praxi je hodnocena centralni odpdva celkové mf-ERG odpe@di koncentrickych krut
se vziistajici excentricitou. Nejprve jsou wieny vyslednéady viech 61 lokalnich odp&i.

Z téchto dat je vytvien trojrozndrny obraz hustoty odpédi s pouzitim metody skalarniho smu.
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Vysledkem zpimérovani odpowdi v pEti uvedenych skupinach je&tcelkovych odpogdi. Na

kazdém lokalnim ERG rozliSujeme dominantni pozitichol P1 a dva negativni vrcholy N1,N2

Klinicky vyznam

1. Starnuti
Studie prokazaly progresivni pokles amplitud N1JA&Pprodluzovani latenci se
zvySujicim se skem. Tyto zndny jsou vysledkem jak morfologickych, tak i
funkénich zngn sitnice (pokles pitu neurori, mitochondrialni aberace v zevnich
segmentechipki, snizena temporalni adaptace sitnice, poruSEmop signalu).

2. Vrozené dystrofie sitnice
a) Stargardtova choroba— redukce centralnich odpsali

b) Mr¥izkova dystrofie — redukce amplitud

3. Ziskana onemoeni sitnice

VPMD - redukce centralnich odp&i. MERG ma vyznamné postaveni

v s

konzervativni i chirurgické téby (obr. 7).

I
Field View VPMD

-5 -4 -3 -2 =1 0 1 2 3 4 5 StDev

NORMAL

0 20 nV/deg”2

Obr. 7: Zaznam mf- ERG vySefeni, srovnani vysledk u pacienta s VPMD a zdravého pacienta [3]

4. Choroby postihujici vnihi vrstvu sitnice
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a) Diabetes mellitus
Zmeny na sitnici jsou pomoci tohoto vy&sti (respektive pomoci jeho modifikaci —
multifok&lni oscil&ni potencidly, sf- mfERG, u kterych dochazi k poadieni latenci
diive, nez jsou alterovany latence odgaivstandardniho uspédani mfERG.)
Abnormality jsou prokazatelné u diabétikez diabetické retinopatie (DR) a jejich

progrese std¢i pro brzky rozvoj DR.

b) Glaukom

VySeteni zajiuje wasnou diagnostiku glaukomovych &m Multifokalni
ERG s pomalou stimulaci (Sf mf-ERG) se vyama 85 % senzitivitou
k detekci glaukomu a umtije dokonce rozliSeni glaukomu s nizkou a

vysokou tenzi.

Mf-ERG je neinvazivni elektrofyziologické vy¥ehi umodujici objektivizaci malych
ohrantenych defekt funkce sitnice. Vyznam mf — ERG s{ped zejména v detekci sitnicové

dysfunkce wasnych, preklinickych stadiich.

ZRAKOVE EVOKOVANE POTENCIALY (Visual Evoked Potenti als - VEP)

VEP jsou bioelektrickou odpédi mozku na podrédZdi zrakovych receptérpiesré definovanym
podretem, bufto strukturovanym, nebo zableskovym.

VEP stimuly jsou reverzovandi s fazovym posunem, nebo zableskové typu flaska dlash
off. U zablesku je stimulujicim faktorem #ma osvitu sitnice, zatimcadippouZiti strukturovaného
stimulu se jednd o vznik kontrastu meizme oswtlenymi ¢astmi sitnice. N€asgjSim pouzivanym
druhem strukturovaného po#to je obraz Sachovnice (obr. 10.). Bylo zji&t, Ze strukturované
podrety aktivuji zrakovy systémdinnéji nez prosty zablesk, coZ vyplyva z fyziologickyelastnosti

zrakového analyzatoru. VEP uniedi vySetit funkéni aktivitu zrakové drahy v celém rozsahu.

Vi s

vyzZaduji relativid dobrou zrakovou ostrost vyEetané osoby, protoZe se snizovanim zrakové ostrosti
se shnizuje hodnota odp#di. RozliSujeme dva typy strukturovanych peétin pattern- reversal
(¢ernobila Sachovnice) a pattern-onsetriobila Sachovnice sdisid se Sedym pozadim).

Zableskové (flash) VEaji spiSe screeningovy charakter a nedavajifeesnpu informaci o

funkci zrakové drahy. Tento typ VEP je vS8ak mozZoéZit u osob s nizkou zrakovou ostrosti danou
nagiklad zakaly optickych médii, nebo u nemocnych stdomi, u osob s mentalni retardaci nebo v

pripadt simulace.
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Obr. 8: Typ strukturovaného podnétu pattern -reversal[ 3]

Hodnoceni VEP

Na kivce VEP vyseateni nalézame potencialni minimum N70 ms, potencidaximum P100 ms a
dalsi potencidlni minimum N140ms (obr. 9)ii Plodnoceni je posuzovana reprodukovatelnost
odpoudi, patet vin, tvar evokovaného komplexu, latence a anngditviny P100 a stranova diference.
Latence VEP je&as v milisekundach od &atku stimulu k vrcholu viny P100, amplituda tétawl
P100 je mifena v mikrovoltech. Hodnota absolutni latence e vyifesnou hodnotou nez absolutni
amplituda. U normalnich subjéktvykazuje latence variabilitu jen v rozmezi 2-5 %miienych
hodnot, zatimco hodnoty amplitudy vykazuji varidibiaz 25 % mezi jednotlivymi subjekty.

Hodnoty VEP jsou ovlivény vekem, zrakovou ostrosti,i§izornice a mohou byt ovlivmy i
spolupraci vySébvané osoby. Proto jsou stanovena kritéria norgnglib latenci a amplitudu viny
P100 do 50 let &ku a nad 50 let &ku vySetovanych osob. Obecna patofyziologie VEP mé& dv
zakladni podoby. Poskozeni myelinové pochvy seepigjrodlouzenim latence viny P100, poskozeni

axonalni snizenim amplitudy viny P100.
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Obr. 9 : K¥ivka VEP a jeji amplitudy [3]

Podminky vySéeni

VEP Pattern se vy3eiji u pacienta sediciho v dite vzdalenosti od monitoru, na kterém probiha
stimulace za podminek standardniho kontrastu a )agieteni probiha s event. brylovou korekci, s
normalni §ii zornice a vySétije se kazdé oko zvid&Zemnici a referemi elektrody jsou umishy na
usnich lah¢cich, snimaci elektroda je ungisa ve viasatéasti hlavy ve sednicére v mist zvaném

inion.

Klinické vyuziti

Pattern VEP jsou wvyuzivany v diagnostice onemntnzrakového nervu, v diagnostice
demyeliniz&nich postizeni zrakové drahy typu roztrouSené &kigru kompresivnich l1ézi zrakove
drahy, u funknich poruch, jako je hysterie nebo simulace, &skE oftalmologii k posouzeni
amblyopie, ke zjigni refrakénich vad a okulomotorickych poruch.

Flash VEP slouZi k posouzeni funlosti zrakové drahy vétské oftalmologii, k posouzeni
zrakovych funkci u nekomunikativnich pacierfmentalni retardace), ke zhodnoceni stavu zrakové
drahy a funkci makuly u snizené transparence optitlrostedi, nap. pred oper&nim zakrokem, a

jsou pouzivany i v diagnostice kortikalni slepoty.

Neuritida optického nervu
Latence viny P 100 je prodlouZzena a amplituda ja¢sniZena.

Snizena zrakova ostrost

Prodlouzena latence nebo vyhasnuti odgov
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ELEKTROOKULOGRAFIE (EOG)

Elektrookulografie (EOG) je ndzev zavedeny do khai elektrofyziologie Margem v roce 1951. EOG
registruje trvale itomné, klidové potencialy velikostkiplizné 6 mV, které existuji mezi rohovkou s
kladnym polem a sitnici se zdpornym polem. Ardé&mjas v roce 1962 zjistili, Ze népgim ginosem
pii EOG neni niteni absolutni hodnoty klidového potencialu sitnale, spiSe srovnani amplitudy za
skotopickych a fotopickych podminek vy&sti. To znamena &eni klidového potencialu sitnicéip
adaptaci oka na tmu (skotopicky EOG)iagalaptaci na sstlo (fotopicky EOG).

EOG zaznamenava zmy klidového potencidlu oka. Vy$evany by n&l mit maximalr
dilatované zornice. Breni se provadi v Ganzfeldbwperimetrické kouli, kde seé¢hem vySateni
stiidaji 2 ¢ervené fix@ni znaky, které testovand osoba vidi pod uhlem 30&rvené znéky
pieblikavaji v intervalu asi deseti sekund a pacjentyzvan, aby @nil fixaci pouze pohybemd a
neot&el celou hlavou.

Test se sklada ze dvou fazi. Prvni faze probihgkatopickych podminek po dobu 15 minut,
bez fedchozi adaptace na tmu. Jasdiiah zn&ek je utlumen. Druha faze za fotopickych podminek
trva taky 15 minut a provadi se na &sném pozadi o jasu 100 cdinde vhodné, aby se jas pozadi
zvySoval postuph a nedoSlo k ndhlému oshi sitnice, pofipad umoZnit pacientovy kratkou
adaptaci na s¥lo (3 minuty).

Pro tento test se vyuZivaji pouze kozni elektrad®mnici elektroda je @ nacele a aktivni
elektrody jsou umighy pii vnéjSim a vnitnim anim koutku (obr. 10).

Obr. 10: Umisténi elektrod u EOG [3]
Mezi rohovkou a sitnici vznika n&fovy rozdil 2-17 mV, ktery se ozégie jako klidovy

potencidl a madwvod v RPE a plehlé Brucho¢ membras. Rohovka pedstavuje pozitivni naboj

dipélu a sitnice je vzhledem k ni negativni. Poeteni vznika elektricky dipdl, ktery je orientovany
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shodr s optickou osou.iPoénich pohybech se hodnoty dipdlgmh, snérem k negativni elektr@dse
méifené napti stava pozitivejsSi a naopak.

Vysledek EOG se hodnoti pomo&idenova indexu. Je to vellina, ktera udava poin mezi
maximalni hodnotou potencidlu za¢da a minimalni hodnotou potencidlu za tmy. J&DG

fyziologické, ma index hodnotu 200-400, je-li men&k 180, jedna se o patologii danych struktur.

Klinicky vyznam

EOG referuje o stavu RPE, choriokapilaris cévnaitlkyvrste fotoreceptoi.

Viteliformni hereditarni dystrofie (Bestova chordpba

Jedn& se o dominartriédicné onemoceni, které se projevujeétdinou do 10 let oranZzovozlutym
cystoidnim loZiskem v makule. V terminalnim stadtwfuje cévnatka a klesa zrakova ostrost. EOG

je vyrazrg snizeny, zejména je snizena amplituda kifatopické faze.

Choroideremie
Pro tuto chorobu jsou charakteristick&ldva loZiska chroretinalni atrofie, ve kterych mizi
choriokapilaris, obliteruji choroidalni cévy a dtj@ pigmentovy epitel a sitnice. U pacignt

s choroiderémii zaznamename abnormalni EOG.

ZAVER

Veéasné uweni diagndzy je jednim zZedpoklad usmsSné I€by, a proto miZzeme povaZovat

elektrofyziologické vySé¢bvaci metody oka zaitkZitou sodast oftalmologického vySini.

Z optického hlediska je nutn&ipomenout, Ze id pouziti strukturalnich podi je nutna precizni
korekce pacienta. Na modernicHiistrojich i na blizkou vzdélenost. Zvl&Sfe nutna korekce
astigmatismu, protoZe bez korekce této vadyenbyt strukturalni podi zkreslen, coZ se projevi v
zaznamu. Neurologové tutoé¢os opomijeji, vySeétji ze vzdélenosti 3 az 5 m#fr zatimco
oftalmologové vySétiji ze vzdalenosti 33 centimétr i Spatném vizu nejsou P-ERG a P-VEP

spravrt hodnotitelné, nelsonam jiz neodrazi pkhcitlivost kontrastu
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INDICATIONS FOR USE OF ELECTROPHYSIOLOGICAL
EXAMINATION METHODS

Bc. EliSka Kondéova

Project Manager: MUDiJan Richter
Department of Optometry and Orthoptics, Medicaluigc Masaryk University

Electrophysiological methods are highly sophisédamethods that allow non-invasively

diagnose many diseases, often before clinical restafions.

The basic indications faxamination are:

» Diagnosis of ocular and neurological disorders

Vision disorders of unknown etiology

» Assessment of retinal function in turbidity optica¢dia
* Monitoring for suspected retinotoxicity and neurotaty
» Detection of hereditary diseases

» Evaluation of the function of the retina and optérve in traumatic conditions.

History electrophysiological methods

The first attempts to remove the electrophysiolalgrecording were carried out on animals.
Electrical signals are generated by the flow otteleally charged particles, ions across cell
membranes in both vertebrate and invertebrate.

First removed the potentials of fesfe in 1865 the Swedish physiologist Holmgren,
who is mistakenly considered action potentials hid bptic nerve. Although Dewar from
Scotland removed the potentials of the human exgady in 1877, electroretinography did
not find wider clinical use until 1941, when Riggsed to capture the potential of the human
eye by corneal contact electrodes. In 1945, Kawgdighed the results of a study ERG on
human eyes, and laid the foundations for cliniéatteophysiology. In 1992 Sutter introduced
into clinical electrophysiology new method of stilating the retina and retinal scanning

potentials in the form of multifocal ERG.
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ELECTRORETINOGRAPHY (ERG)

Full area, light-induced electroretinogram is rekcof diffusing electrical response generated
by the photoreceptors and retinal nerve cells. €lastrical response is a result of changes in
the motion of ions in the retina, especially patassand sodium induced by light stimulus.
Einthoven and Jolly first time reported in 1908 atbthe three components of the
electroretinogram. The initial negative wave callled wave "a", following the positive part,
which normally has higher amplitude than a waves b@en reported as a wave "b" and the
final extended positive part of the curve was chtlee wave "c". The names of the individual

parts of the curve ERG is still used today.

The origin of the ERG

The retina contains two types of photoreceptordsrand cones. Light absorption visual

pigment contained in the outer segment of the pko#ptor, launching molecular changes
followed a surge the hyperpolarization of photoptoes. Hyperpolarization is a negative
change in intracellular electrical potential ani$ ttlectrical change is recorded as negaiive
wave of the electroretinogram. Light-induced hyperpoldr@a of photoreceptors reduces
release of neurotransmitters at synaptic endindgss Thange causes depolarization or
hyperpolarization of the postsynaptic bipolar andrizontal cells. Consequently
depolarization bipolar cells of the retina increatiee level of extracellular potassium, which
leads to depolarization of the Miller glia cellhig phenomenon means positivevave of

clinical electroretinogram.

Physiological electroretinogram and its evaluation

Physiological electroretinogram starts with negatvnall wave latency and two tops, which
we call early receptor potential (R1, R2). Aftegisgering the negative wave and that is late
receptor potential. The rising part of the positvave b is possible to register oscillatory
potentials (OP), whose origins are synaptic refetinops in the inner core layer of the retina.
Positive wave b is generated by neural element&ldnghe core layer (bipolar cells,
horizontal, etc.). Slow positive wave arises c mgp&rization retinal pigment epithelium and

the retinal Muller cells, but under normal condisahe ERG not (Fig. 1).
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Electroretinogram is recorded in a clinical settiftgy eye adaptation to darkness
(scotopic ER G) and then for the lighting, the d@dapn of the eye to light (photopic ERG).
ERG values are influenced by the intensity of thbtlstimulus, the state of adaptation of the
retina and other circumstances (such as age amdctigé defect of the eye, optical
transparency, environment and retinal potentiatélations during the day).

The electroretinogram contains amplitude of the egaa and waves-b, oscillatory
potentials and latency of each wave in scotopic @motopic conditions. ERG responses of
the right and left eyes in normal persons undeandsted conditions of inquiry may vary on
average by 10% (Fig. 2,3).

FIG. 1: Basic components of ERG [5]

/:\ Ina

FIG. 2: The biphasic waveform of the typical normal patent (modified) [3]
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Obr.3: Hlavni parametry ERG ziznamu: 3
a- amplituda viny B
b- implicitni Cas

FIG. 3: Main parameters of the ERG recording (modified)[3]

The pathological electroretinogram

ERG values may vary depending on the type, stageeatent of ocular diseases. The best
known and most widely used classification of abrairfimdings ERG is designed by Karpe.
Its basis is the fundamental component amplitu@eadteristics curve ERG.

Supernormal ERG is characterized by increasing amplitude a ancbes that arises
from intoxication, hypoxia, metabolic disturbancesd interruptions of retinotalamic
connection. Examples are the initial stages of deggive and dystrophic diseases of the
retina, intoxication of the organism and metalboeiign body.

Subnormal ERG is associated with a reduction in the amplitudéhefwave a and b.
It's the most common type of pathological ERG. Tdeggree of reduction potentials is
influenced by the extent, nature and depth of #whgdogical process. This type of ERG is
found in dystrophic changes in the retina and dldonargent vascular diseases of the retina,
with retinal detachment and high myopia.

Negative ERG is characterized by the normal amplitude wave-d agduced
amplitude wave-b. This type ERG we find most actascular diseases of the eye such as
occlusion of the central retinal vein and artery.

None ERGis response of heavy irreversible changes indhiea, such as pigmentary

degeneration of the retina.
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In 1994 the International Society for Clinical Biephysiology of vision (ISCEV)
issued standard methodology to allow comparisaesilts. This directive introduces five
basic types of ERG-responses:

*Rod response to the dark-adapted eye

*Cone response to theght-adaptedcye (maximum response)
*Cone answer

*Dark-adapted oscillatory potentials

* Flicker ERG (Fig. 4).

Maximalni
odpowed

Oscilatni
polencialy

FIG. 4: Five basic types of ERG responses [7]

1. Classical (flash) ERG

Standard tests carried out under photopic and pmotonditions for the Ganzfeld’s globe
The pupil is usually dilatedCorneas are desensitized.

The retina is stimulated by diffuse lighting, whishused for xenon lamp brightness 1,5
to 3 cd / nr and each flash lasts up to 5 milliseconBsghtness of background Ganzfeld’s

globefor photopic examination is 30 cd /?m
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The sensing of electrical potentials using threetebdes: action, reference and
ground. Action electrode is inserted into the eye the reference and ground electrodes are
cutaneous. The skin prior to application to be prhpdegreased, perhaps alcohol.
Subsequently the loaded conductive gel, is use@mnsure good electrical connection.

Scotopic (rod-shaped) ERiS a record that is sensed by the eye adaptatidarkness

(20-30min). If a blue light that is subliminal suggtories can be obtained only bar-answer.
Photopic (cone) ERG@ sensed after the adaptation of the eye to &ghtlighting.

2. Flicker ERG
When the retina is stimulated by rapid bursts otg€es / second (30Hz), it is then a flicker

ERG. At this frequency rods cannot respond.

3. Oscillatory potentials

Oscillatory potentials can be isolated from ERG Hificption curves for the frequency range
100-300 Hz. It is a small glitch overlying the asdimg limb of the b-wave. The basic four
oscillations occur with supreme latencies of 18v5

Clinical Application

Pigmentary retinal degeneration

For pigmentary retinal degeneration is markedlyoed ERG, for scotopic ERG amplitude

of wave-a is reduced, and this correspond to ttledéreaction rods (Figure 5).
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FIG. 5: ERG recording in a normal patient and one with etinitis pigmentosa [3]

Congenital stationary night blindness

This disease is likely caused by interruption &f signal between the rods and bipolar cells.
This leads to the negative ERG (b-wave is missang, the a-wave is extended).

Cone dystrophy

The early “cone” portion of the scotopic flash ER&Gmissing. The scotopic bright white

ERG is fairly normal in appearance but with slovpliitit times.

Circulatory disorders of the retina

Arterial occlusion is accompanied by a reductioERG-responses.

Opaque ocular media

ERG is used mainly in the states of eye burns suttsequent adhesions of the eyelids, which
make it impossible to assess the findings in theraal ocular segment and the inside the eye
by conventional techniques.

4. Electroretinogram to reverse checkerboard stimul(pattern ERG-PERG)
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Using a black and white checkerboard reversing tighstimulation of the retina creates an
image on the retina spatially structured initiatiBy scanning the thus created potential
response can catch the central part of the retmh ganglion cell layer and their axon.
Pathological PERG values measured on the uncodeeteactive errors, amblyopia, macular
dystrophy and degeneration, glaucoma, vasculaasiseof the eye and extensive damage to
the front of the optic nerve.

The Curve PERG has three components which exlyitdal wavelength latency. In
healthy subjects, the curve is formed with negatraee N35 latency of 35 ms, followed by a
large positive wave with P50 latency of 50 ms. Aash there is a large negative wave N95
latency between 90 and 100 ms (Fig. 6).

P50

N35 N5

0 s0 100 150 200
Time [ms]

FIG. 6: Standard PERG [7]

Clinical Application

Glaucoma

Examination of the PERG has its importance esdgd@l detection of early stages of
glaucoma. If the PERG with using large checkerbatmactures normal, but using a small
checkerboard structure changed, it may be dueckodboptical imaging or beginning

glaucoma.

5. Multifocal ERG (mf-ERG)
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Multifocal electroretinography is an important adth to standard electrophysiological
diagnosis, because it allows the bounded detedbealized defects of the retinal function by
sensing the electrical activity of multiple smatinal parts.

Standard examination takes place in binocular giiotoonditions on the eyes adapted
to the light optimal correction. Pupils are aridity extended. The electrodes consist of
plated electrodes placed in the lower fornix ancheal electrode type of contact lenses. Skin
golden reference electrodes are placed on the amsbpriate sleep eye and the ground
electrode on the earlobe or forehead.

During the examination patient is fixing centralirgoon the screen with the most
frequency of 75 Hz, which are generated by a sesfebexagons (usually 61/103/241).
Display size has to take a 20-30 degree angle emetina. Brightness of white hexagons is
set to 100 to 200 candelas per square meter; thimdince of black hexagons has the lowest
possible value (below 1 cd / m). During stimulation there is rapid changing ofitghand
black color. Duration of examination depends on naenber of hexagons (61 hexagons/ 4
minutes).

Clinical evaluation

In clinical practice is centrally assessed resparse total mf-ERG responses of concentric
circles with increasing eccentricity. First, theage calculated final series of all 61 local
responses. Next step is creating of a three-dimmeakimage of density response (using the
method of scalar product). Results are created freenaged responses to the five groups of
five total response. At each local ERG we can wbfiiatedominant positive peak P1 and
two negative peaks N1, N2.

The clinical significance

. Aging

The study showed a progressive decrease in thatadgA P1 and N1

latency prolongation with increasing age. Thesengba are the result of both
morphological and functional changes in the reftha decrease in the number
of neurons, mitochondrial aberrations in outgnsents suppositories reduced

temporal adaptation of retinal disturbed signatgraission).
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. Congenital retinal dystrophy
Stargardt's diseasereduced central responses
Lattice dystrophy a reduction of amplitudes

. Acquired retinal disease
Agerelated macular degeneratiofAMD)- reduced central responses. Mf-
ERG has a significant position in assessment aftfianal changes in the

retina in AMD context various types of conservatarel surgical treatment
(Fig. 7).

Field View

-5 -4 -3 -2 -1 0 1 2 3 4 5 StDev

NORMAL

0 " 20nV/degh?

FIG. 7: Recording of mf-ERG test, the comparison resultg a patient with AMD and
healthy patient [3]

. Diseases which affect the inner layer of the retina
« Diabetes mellitus

Changes in the retina are with using this tesvi@its modifications -
multifocal oscillatory potentials - sf-mfERG, whittave prolongation
of latency before they are altered latency respoetndard
arrangement mfERG). Abnormalities are demonstrabtiabetic
patients without diabetic retinopathy (DR) and foogression suggest
early development of DR.

« Glaucoma
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Examination provides early diagnosis of glaucomanges. With the
multifocal ERG with slow stimulation (Sf f m-ERGaé a 85%
sensitivity for detection of glaucoma and evénatlows differentiate

glaucoma with low and high tension.

Mf-ERG is a non-invasive electrophysiological tegtich allows objectification of

small bounded defect of function of the retina.

VISUAL EVOKED POTENTIALS (VEP)

VEP responses are bioelectric brain irritation @ual receptors precisely defined stimulus,
either structured or flash.

VEP stimuli are reversing (with phase shift), goeyflash on and flash off. For flash
the stimulating factor is change of retina’s expeswhile with use of a structured stimulus
this is the formation of contrast between diffeleniftuminated portions of the retina. The
most used type of structured stimuli is a pictur¢he board (Figure 10). Structured stimuli
activate the visual system more efficient than mpge flash, which indicates from the
physiological properties of the visual analyser.P/&low to examine the functional activity
of the visual pathway in its entirety.

Structured (pattern) VEProvide more accurate information about the vigahway,

but require a relatively good visual acuity of #meamined person, because the reduction of
visual acuity decreases the value of the response.distinguish two types of structured
stimuli, pattern-reversal (black and white and &eelcoard) and pattern-onset (black and
white checkerboard alternating with gray backgrqund

Flash (flash) VEFave screening character and do not give accuratenation about

the visual pathway. This type of VEP can still beed in patients with low visual acuity
because of the opacities of optical media, or usconis patients, persons with mental

retardation or in the case of simulation.
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FIG. 8: Checkerboard pattern with red fixation point [3]

Rating of the VEP

The curve VEP examination contains potential minimN70 ms, the maximum potential
P100 ms and other potential minimum N140ms (Fig. ®)e evaluation assessed the
reproducibility of responses, number of waves, edola complex shape, latency and
amplitude of P100 waves and lateral difference. Vd&ency is the time in milliseconds from
the beginning of the stimulus to the peak of wau®® P100 amplitude of this wave is
measured in microvolts. An absolute latency is naareurate than the absolute value of the
amplitude. In normal subjects latency has varigbdnly 2-5% of the measured values, while
the values of the amplitudes show a variance dbWb% between different entities.

VEP values are affected by age, visual acuity, Ipdipimeter and may be influenced
by cooperation of the person examined. Generalopatsiology of VEP examination has
two basic forms. Damage to the myelin sheath Igattifonger latency of P100 wave, axonal

damage means reducing of the amplitude of the REY@.

PIOO

/v

N 140

1 1 1 1 1 1 1 1 1 1
200 msec

FIG. 9: Normal pattern reversal VEP [3]
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Terms of examination

Pattern VEP is examined with the sitting patiena atistance from the screen on which the
stimulation takes place under conditions of stathdantrast and brightness. Examination
carried out with the eventually dioptric correctiomith normal pupil diameter and there is
investigated each eye separately. Ground and referelectrodes are placed on the earlobes,

the sensing electrode is placed on the scalp imidéne at a place called Inion.

Clinical application

Pattern VEP are used in the diagnosis of diseakdiseooptic nerve, in the diagnosis of
demyelinating optic pathway disabilities such adtiple sclerosis, with compressive lesions
of the optic pathway, with functional disorderscisias hysteria or simulation in pediatric
ophthalmology to assess amblyopia to detect redeaetrors and oculomotor failures.

Flash VEP is used to assess the functioning ofvikeal pathways in pediatric
ophthalmology, to assess visual function in non{twmicative patients (mental retardation),
to assess the state of the visual pathway andifumcf the macula with reduced optical
transparency environment, e.g. before surgery,a@adlso used in the diagnosis of cortical

blindness.

Optic neuritis
The latency of wave P 100 is extended and the &mdgliis slightly reduced.

Decreased visual acuity

Prolonged latency or none response.

Electrooculography (EOG)

Electrooculography (EOG) has introduced in clinieééctrophysiology Marg since 1951.
EOG registers permanently present, standing palsnébout size of approximately 6 mV,
which exist between the cornea with the positivée @nd the negative pole of the retina.

Arden and Fojas in 1962 found that the biggestrdmution in EOG not measure absolute
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values of standing potential of the retina, bubheata comparison of the amplitudes for
scotopic and photopic conditions examination. Thisans measuring the standing potential
of the retina of the eye to adapt to darkness ¢peotEOG) and in adaptation to light

(photopic EOG).

EOG records the changes in standing potentialettle. The pupils should be dilated
maximally before testing and their size recorde@aburements are carried out in Ganzfeld
globe. During the examination patient two red fimatlights located 15 left and right of
center. Fixation lights should alternate in mostesafor 10 s.

The test consists of two phases. The first phdsestplace under scotopic conditions
for 15 minutes, without any prior adaptation to kehss. Brightness of fixation lights is
muted. The second phase in photopic conditions talses 15 minutes and is performed on
the backlight brightness of 100 cd /°nThe brightness of the background should increase
gradually (because of sudden glare of the retimralp allow the patient a short adaptation to
light (3 minutes).

Only the skin electrodes are used for this tesé gitounding electrode is again at the

forefront and the active electrodes are locatébdeabuter and inner canthus (Fig. 10).

FIG. 10: Placement of the electrodes for recording an EG [3]

Between the cornea and the retina 2-17 mV voltajerence arises, which is known
as standing potential and has its origin in RPEBnath's membrane adjacent. The cornea is
a positive charge and dipole retina is the negaklectric dipole arises after lighting which is
oriented identically with optical axis. When theeemoves, the values of the dipole varies
toward the negative electrode, where the measurkdge becomes more positive, and vice
versa.

The result of EOG is evaluated usiAgden index. It is a quantity that indicates the

ratio between the maximum value of the potential [ight and minimum values of the
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potential in the dark. If the EOG physiological,d&n index has a value of 200-400, if less

than 180, it is a pathology of the structures.

The clinical significance

EOG reports on the state of RPE, choriocapilarishofroid layer and photoreceptors.

Best disease

It is a dominantly inherited disease that manifetssif mainly in 10 years and leads to a
characteristic bilateral yellow “egg-yolk” appeatanof the macula. In the terminal stage
choroid and RPE atrophies and decreases visual acuity. EOG is faigntly reduced,

especially the reduced amplitude of the photopasph

Choroideremia

Choroideremia represents an X-linked diffuse dtyopf the choroid and pigment epithelium.

ERGs are usually abnormal.

CONCLUSION

Early diagnosis is one girerequisite for successful treatment. Therefore,can consider
electrophysiological examination methods for an omgnt part of the ophthalmic

examination.

From the optical point of view it should be notdettthe use of structural stimuli is
related to precise correction of the patient — oondemn appliance and at close range.
Especially astigmatism correction is necessaryabise without correction structural stimulus
may be distorted, which is reflected in the recdtdurologists neglect this thing and examine
at a distance of 3-5 meters, while ophthalmologstsmine at a distance of 33 c@ptimal

image quality is necessary for recordings.
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6. PRINCIP POLARIZACE SV ETLA A JEHO VYUZITI V
OPTOMETRII

Bc. Anna Kohoutkova

Vedouci prace: Mgr. Pavelik

Katedra optometrie a ortoptiky Lé&iee fakulty Masarykovy univerzity v Bén

Swtlo je @icné elektromagnetické wni, které ke svému i&ni nepaiebuje zadné
latkové progiedi, Sfi se tedy nap i vakuem. T zdékladni vlastnosti stla (a
elektromagnetického vémi vibec) jsou svitivost (amplituda), barva (frekvence) a
polarizace (Uhel vireni). Dalezita charakteristika gtla je jeho rychlost. Hodnota rychlosti
swtla ve vakuu je ¢ = 299 792 458 m.4/ latkovém progedi ma sitlo vzdy mensi rychlost
nez ve vakuu a jeji velikost je ovlitma jak vlastnosti prasdi, tak i frekvenci sitla.

Veli¢iny popisujici s¥telny svazek jsou veliny vektorové a maji tedy sin
Polarizace je definovana gnem elektrického pole, na které je kolmé magnetjpiié. Pokud
je smér elektrického pole v @itezu svazku vase nahodny, oztajeme s¥tlo za
nepolarizované. Naopak polarizovanyngteasm nazyvame stav, kdy vektor elektrického pole
napiklad zistava v jedné rovi takové s¥tlo je linearg polarizované. Nebddba opisuje
kruznici, takové sitlo je kruho polarizované. Lidské oko polarizaciésha nevnima, a tak
prostym pohledem nejsme schopni polarizovany svadekepolarizovaného rozeznat. Pokud
se necha svazek odrazit, pak tento odr@Zema polarizaci dopadajiciho svazku zasadn

zaviset.

E (t}

77



Pro gedstavu polarizace &ia se pouziva analogie s mechanickynmeémim nagiklad
na provaze.

Rozkmitame-li jeden konec natazeného provazu, frédhse postugnv riznych
mistech nahoru a doh tyto vinky se $i smérem ke druhému konci. 8telné vireni se chova
v podstat obdobr, postup® se zétSuje a zmenSuje vektor intenzity elektrického

(eventuel® magnetického) pole.
p
\\ %

Linearre polarizované vleni

Polarizace vlani (& mechanického nebo elektromagnetického) znamenéjcheg/lky
probihaji pouze v ditém snéru a ne chaoticky viznych smrech (mluvime pouze o
takzvané linearni polarizaci). Pokud tedy budenk®rscem provazu kmitat pouze nahoru a
dola, vznikne nam lineagnh polarizované vléni. Pokud bychom koncem provazu kmitali

nadhodr do riznych stran, vznikne vémi nepolarizované.

YIRS

Nepolarizované vini

Swétlo je obeck nepolarizované a zpolarizuje se fillad odrazem odipdméta pod
ur¢itym Uhlem, nebo gichodem speciélnimi krystaly- polarizatory.
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Polarizator vytvei z nepolarizovaného &tfa s\tlo linearreé polarizované podél tité
roviny. Pokud takovéto polarizovanééde nechame dopadat na polarizator druhy, kterému
iikame analyzator (uméije nam vigni analyzovat), pak zalezi na jeho &, kolik
dopadajiciho sla propusti. Pokud je polarigai rovina filtru rovnoldzna s rovinou

polarizace sétla, projde filtrem vSechno &tlo, pokud jsou roviny navzajem kolmé,
neprojde nic.

Opet si to Ize pedstavit pomoci jednoduché analogie sémim na provaze. Jako

polarizani filtr ndm bude slouzit tkovy plot, kterym provaz prochazi.

Budeme-li s provazem kmitat nahoru atdoVinéni bez problému projde za plot
(kmitani provazu nic nebrani), pokud budeme kmitatorovrg, zarazi se kmitani provazu o

latky plotu a virgni se dal nedostane.

Nesif-

Jaké existuji zfisoby polarizace stla:

Polarizace sstla odrazem kdy odrazeny paprsek od rovinného rozhrani bude

cast&ng linearre polarizovany, a jeho vektor intenzity elektrickghmle bude kmitat v rovin

kolmé na rovinu dopadu. Stuppolarizace zavisi na uhlu dopadu:

I

tga, =%

Polarizace sitla lomem kde se s#tlo polarizuje jertasté&ne. Vektory intenzity E v

lomeném a odraZzeném polarizovanérgtlsvjsou navzgjem kolmé.

Polarizace sitla dvojlomem,dopada-li pirozené s¥tlo kolmo na stnu dvojlomného

anizotropniho krystalu, &i se ve dva paprsky, které dale postupignhymi snéry. Jeden z
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nich ozngeny se nazyvaradny (ordinérni) naproti tomu paprsek zvangnimo-adny
(extraordinérni)se &fi krystalem éznymi sn@ry a tiznou rychlosti. Prvni paprsekafiny) se
fidi zakonem lomu, a proto seiS$tejnou rychlosti nezavisle na &, zatimco rychlost
Sikfeni mimdadného paprsku zavisi na & Sieni. Z tohoto @vodu, Ze se oba paprskyisi
raznou rychlosti, odpovidaji jim tézané indexy lomu. Oba paprsky jsou dokonale linéarn
polarizovany.

V praxi se pro vytvieni polarizovaného stla z nepolarizovaného pouzivaji tzv. polarizatory
Jejich vyuZziti je rozsahlé. Nachazime je iildpd v optickych z&zenich, uplaténi maji di
fotografovani, v oni optice aj. Polarizatory tteme dlit do dvou kategorii: absoépi
polarizatory a polarizatory&tici paprsek. Mezi absafpi polarizatory mzemeradit prirodni
krystaly jako nafiklad turmalin nebo hepatit. Polarizatorgpsti paprsek rozduji vstupni
paprsek na dva paprsky @pgch polarizanich staw. Jednoduché typyt¢hto polarizatal
uzivaji fadu sklegnych destiek nachylenych tak, aby se dopadajici paprsek eb@dd

Brewsterovym uhlem. Diky tomu je zajish maximalni polarizace.

V optické praxi je iteba zminit pistroj, ktery byl vyvinut specidth pro korekci
asociované heteroforie, resp. uUhlové odchylky fapro néteni hloubky prostorového
(stereoskopickeho) véthi a je také vySébvaci metodou u aniseikonii. Dle literatury se gdn
o metodiku vyvinutou dle H.-J. Haaseho, nazyvar@u METODIKOU POLATESTU. V
novodobé terminologii se pro ni &lo prosazovat zieni se zkratkou ,MKH" (M@-und
Korrektionsmethodik nach Haase“ — ¢fiti a korekni metodika dle Haaseho*). MKH
navazuje na monokuléarni stanoveni refrakce. ¢&stii MHK je gistroj Polatest, ktery
znamena skutay prilom v diagnostice a korekci anomalii binokularnitioléni. DalSi
vyuZziti polarizace v praxi nachazimé pySeteni stereopse a v neposledadt i v optikach

ve forme polarizanich bryli.

POLATEST
VysSetovaci istroj typu POLATEST od firmy Zeiss nebo RodenstogkZivaji pro
zobrazeni testovych figur principu ,,pozitivni p@tace”. (Princip pozitivni polarizace kazdé

oko vidi tmaveé znaky na &t¥em pozadi, znak je kontragsi nez pole.)
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Je nutné pracovat ve &lych mistnostech s dennimésiem. Navic musi byt iizpasobeny
podminky vidni tak, aby Bhem vySetovani byly stejnou formou poskytovany zrakové
podréty pravému i levému oku. Tyto pozadavky Ize sptméw testy pracujicimi na principu
pozitivni polarizace. Polarizai osy jednotlivychéasti testu jsou orientovany diagonalt;.

pro pravé (levé) oko ve 135° (45°), poddhako vici nim zkiizené osy analyzatbdo ,,V".
Tyto analyzatory Ize upevnit vyky¥na ot@&né na astigmatickou zkuSebni obruldimz se
odstraiuje nutnost pouzivat &ai binokularni pedsadky se samostatnym drzatkem pro dané
analyzatory. Retatime-li osy analyzatdr kolem horizontalni osy o 180°igneseme se z
orientace ,,V" do ,,A" a vySigivana osoba bude naslédunimat okkma @ima op&na

ramena této testové figury.

ZkuSebni obruba firmy Zeiss s horizontatalklagjicimi se analyzatory

Jednotlivé binokularni testy polatestu

KiiZovy testslouzi jako zakladni a konvam test bez centralniho fuzniho pétin

umoAujici primarr® mefit a korigovat motoricky podil heteroforii ve védwinim i
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horizontalnim sréru. Pouziva se také jako kamg test pro dosazeni akomaédaa refrakni
vyvazenosti ¢i. Obrazem v tomto testu jeerny Kiz na bilém poli, kde pravé oko vidi jen
svislou c¢aru Kize a levé oko vidi jen vodorovnowaru KiZze.VySeteni provadime
nasledujicim zfisobem: nejprve zakryjeme pravé okdeqioZime vySébvanému kizovy
test a zjistime, zda vidi symetricky Sedyzk Dale pedtadime analyzator a zjistime, kterou
¢ast Kize vidi nyni. V optimalni situaci by ¢a vySetovana osoba vid jen svisla ramena
kiize. Potom odstranime krytku a Zjifeme, zda nyni vidi i svislé ramentide. V gipac Ze
ano, mizeme konstatovat,Ze vidi binokularrv pripact, Ze se objevi gjaké odchylky od
zakladniho postaveni,musime vyrovnat vSe kimaki kliny. V astigmatické zkuSebni obgub
je dopordovano (stejt jako ve finalnich korednich brylich), rozdlit prizmatické hodnoty
stejnongrné pred okE o¢i. Tim se minimalizuji dsledky vad optického zobrazovéanti p

S

binokularnimviéni. ¢

Obr. 5.3 a-d. Monokularni a binokularni viem

kiiZzového testu s analyzatory

a) viem testu bezpd azenych analyzatér

b) viem testu v zakladnim postaveni analyzZ&poo pravé oko
¢) viem testu v zakladnim postaveni analyzZipoo levé oko
d) vychozi binokularni viem ,K* testu

s analyzatory v zakladnim postaveni

Rwickovy test, ozna&ovany mvodre jako test na cykloforie,slouzi také pro

diagnostiku a korekci horizontalnich heteroférii Rormalnim postaveni vidi pravé oko
nepolarizovanécerné mezikruzi ve #du testového pole (v Uloze centralniho fazniho
podrétu) a po jedné ri¢ce sméfujici nahoru a ddl Levé oko vidi roviZ nepolarizované
cerné mezikruzi a nad i podc&itkami po jedné stupnici. Test existuje jako jedndguc

dvojity.
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a b

Obr. 5.4 a-d. Monokularni a binokularni viem (jedaichého) rufi¢koveho testu s analyzéatory
a) vjem testu bez‘pd“azenych analyzatér

b) viem pravého okafpzakladnim postaveni

polarizachich filtrz

c) viem levého okapzékladnim postaveni

polarizachich filtrz
d) zakladni postaveni figur testd pinokularnim vnimani s polarizaimi filtry

Hakovy testmize byt orientovany htlvertikalré, nebo horizontakh Pomoci
hakového testu Ize ¢kovat vertikalni, resp. horizontalni odchylky a telai rozdily velikosti
obrazi vytvorenych na sitnici. Proto se tak&dy pouZziva ozngeni aniseikonicky test. Na
bilém poli se nachazi nepolarizované centralni knezi, vnimané alma @&ima. Pravy
(levy) hak je viditelny téz pravym (levym) okem artikalniho hakoveho testu. U hakovéeho
testu horizontalniho jsou horni (dolni) hakgemy pro pravé (levé) oko. Vy$evana osoba
se diva na centralni mezikruzi a my @jigme, zda se oba haky jevi niha dole, resp
.vpravo a vlevo fesre proti sol&, zda je pravy, resp. horni hak steyrelky jako levy, resp.

dolni. Pokud tomu tak neni, je nutn&a korekce kliny.

- d
Obr. 5.7 a-d. Monokularni a binokularni viem (vekalniho) hakového testu s analyzatory
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a) vizudlni viem f vyskové odchylce

b) vizualni viem f aniseikonii

c) vizualni vijem, kdy se oba héky testu do selmizaf
d) vizualni viem f deformacich

Hruby stereotesislouzi k proéieni stereopse, neboli hloubkového prostoroveho

vidéni. Stereopse je mozna jeti plokonalém binokularnim vighi, proto se provadi toto
vySeteni az po uko¥eni korekce na ipdeSlych testech, kdy se uz pildadosahnout
zékladniho postaveni. Hruby stereotest obsahujelevdkacniho centra v podab
nepolarizovanéhaterného a kulatého &, ktery neni disociovan, také stereoskopicky
vnimané pednety - hroty proti sob orientovanych trojuheltki. Tyto stereoskopicky
vnimané pedméty se jevi pi normalni pozici filté (,V* postaveni) v relativni vzdalenosti
pied fixatnim centrem a po oteni analyzatdr kolem vodorovné osy za figaim centrem.
Po sfuzovani se jevi nad a pod finanvcentrem jeden trojuheti@k, ktery smifuje svym
hrotem do sedu tohoto kulatého t&. Z casovych prodlev ip dosazeni fislusného a
otekavaného prostorového viemu poeywaceni analyzatorpied vySetovanyma o¢ima

0 180° (tj. otédeni os analyzatéro 90°) Ize ziskat podklad pro zlepSeni kvality
klinové korekce.

T v
® ®
Ad A
a b
v v
L J ®
A A

a) test bez analyzatér

b) vizualni viem pravého okaimormalnim postaveni polarizaich filtra

c) vizualni vijem levého okaimormalnim

postaveni polarizénich filtrz

d) vychozi — zakladni postaveni testu p

binokularnim vnimani, kdy se oba trojuhekyi jevi jakoby v prostoruipd kulatym fixénim
tercem
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Stereovaleéni test(test stereoskopického vyvazeni) nam unup se s $tSi ugitosti

dozwdét, zda se &ni par nachazi ve svém ortopostaveni. Test je wgtvabdobnym
zpusobem jako fedesly streotest. Kolem nepolarizovanéhiedit v podob ¢erného kulatého
centralniho tefe je konstruovana stupnice $enhi carkami po obou stranach. Pomoci tohoto
testu Ize proveést velmi jemnou a citlivou koreketdroforii s fix&ni disparitou. Stupeucasti
obou @i na hloubkovém vnimani vyjagje tzv. valence. Vyskytuje-li se dominance jednoho
oka i stereoskopickém vnimani $m, hovdime o prevalenci. Kazdé&rka periferg od
centralniho kulatého t&e predstavuje 20-60-100% prevalenci toho kterého ok&irive ji z
pozice hrot obou sfuzovanych trojuhetikt v jejich vzajemné vertikalni poziciiwi t¢émto
symetricky zakreslenynidrkdm. VySdabvana osoba vnima stéjjako u gedchoziho testu
opét pii zakladnim postaveni (invertovaném — pekbopeni) postaveni analyzaiodo ,V*
(,A") trojuhelnicky pred (za) fix&ni zna&kou. V obou situacich by &y hroty trojuhelnéki
mitit na sted stupnic, resp. igtd fixatniho tete. Pokud dochazi k tomuto stavu, jedna se o
stereoskopickou rovnovahu, resp. stereo-isovaledpomalené nebo omezené vnimani
hloubky prostoru srtem dopedu (dozadu) Ize zlepSit nebo zcela odstranit kiryazemi
dovnitt (vn¢). Nekdy vSak Ize vylepSit vySe uvedenou situaci i oddaycimi kliny s

vertikalni bazi. Jejich hodnotu je vSak nutné hiedlere za pomoci specialnich tést

. Obr. 5.10 a-d. Monokularni a binokularni
I m vjem stereovaledniho testu @i zkiizené
H m (zakladni) percepci

_

Fii

a) vizualni viem testu, kdyZ nejsoegazeny
Zadné analyzéatory

2 5 b) vizualni vjem pravého okaipormalnim
postaveni analyzator

¢) vizualni viem levého okaimormalnim

N b4 postaveni analyzatgr
d) vychozi binokularni viemtrojuhelnicky se
5 A jevi v prostoru ped kulatym fixanim terem a

stupnici (8)

c d

TESTY SLOUZICi KE ZJIST ENi STEREOPSE
Titmusav test slouzi k vySeteni stereopse kdy ma vy$etvany nasazeny

polarizani bryle, aby se separovaly monokularni viemy. Ctletdpro levé oko je
polarizovan v 45° a pro pravé v 135° a polatiziafiltry v obrubé jsou op&né
orientovany. Test obsahujéi tpodtesty, prvni ukazuje pouzd&ippmnost hrubého

prostorového vidni, dalSi gedstavuje vzistajici stupé prostorového vidni, od
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800 uhlovych vtéin do 40 vtéin posledni ostrost 400 ten, 200 vtgin a 100

vtefin.

Obr. 12: Titmusv stereotest
POLARIZA CNi BRYLE

V bézném Zivok se setkAvame pammé casto s linearh polarizovanym sitlem
vznikajicim nejastji odrazem od lesklé nekovové plochy. Takovou plochmize
predstavovat nadjklad sklo, hladina, #dovy papir atd. Hov@me-li o polarizénich brylich,
tak nads v této souvislosti zajimaji na z#mych plochach fedevSim odrazy stla
orientované horizontadén Toto horizontalay polarizované sitlo zpisobuje nefijemné
oslreni a optické Sumy. Polarizai bryle ndm pré&¥ tyto obtiZze eliminuji, protoZe se do oka
dostava pouze pozitivni vertikalni ¥mi, které nam umaditije vickt kontrastg a bareva. V
kombinaci s kvalitnim UV filtrem¢i fototropni vrstvou zaji&uji o¢im bezpénou ochranu
proti slun€nimu z&eni, zdokonaleni ostrosti \ddi, Ulevu od Unavy a vynikajici vnimani

barev. Krong jiného polarizani cocky naleznou uplatni také i fotografovani.
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PRINCIPLE OF LIGHT POLARIZATION AND ITS USAGE IN
OPTOMETRY

Bc. Anna Kohoutkova

Supervisor: Mgr. Pavel iz
Department of Optometry and Orthoptics, Medicalufge Masaryk University

Light is a type of electromagnetic radiation, whicloes not require material
environment for its wave propagation, i.e. is pggtad also in vacuum. Main three properties
of light are these: luminosity, color and polariaat Speed of light in vakuum is ¢ =
299 792 458 m& Speed of light is always lower in non-vacuum emvient and is
determined by environment properties and lightdestpy.

Light polarization is defined by direction of elgctfield, which is vertical to magnetic
field. A light wave that is vibrating in more thane plane is referred to aapolarized light.

On the other hand, polarized light waves are lighves in which the vibrations occur in a
single plane. A human eye does not perceive lighdrfzation, so polarity of light waves is

not recognizable by sight.

E (t}

For the better understanding of light polarizatian, analogy with vibrating rope is
being used. If a rope is vibrated from one end,enawdistributed via the rope to the second
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end. Light wave acts pretty the same way, wavesiscghdistributed, while vector of intensity

of electric (magnetic) field is being altered.

p

ey
&\ U

Linear polarization

o

77

. Light polarization (mechanical or electromagraliieneans, that vibrating happens in
only one plane, not chaotically in multiple plarfgss is called linearly polarized wave). To
generate polarized wave with a rope, which was asea example before, vibrating must be
done only in vertical direction (up and down). Biprating to different directions, not

polarized wave is being generated (as illustratddwb).

YIRS

Nonpolarized wave

Generally, light is nonpolarized and can be potatiby reflection under specific angle
or by transmission through crystal called polarizer

A polarizer alters a nonpolarized wave into linegaolarized waved with specific
plane. Second polarizer (called analyser) can bd afierwards, serving as a filter. Based on
a turning of analyser (turing of plane), wave ansmitted (filter plane is parallel to polarized
wave plane) or filtered (filter plane is not diagbto polarized wave plane).

As an example, vibrating rope is used again. Pidkete serves as a analyser

afterwards. Pictures below illustrates two menttboases.
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Vibrating rope in vertical direction makes wave graded and transmit flawlessly
through the fence. Vibrating rope in other direati@iagonal in our example) causes the

fence to filter the wave and the wave is absorbed.

e

Methods for achieving polarization of light:

Polarization by reflection Polarization depends on the angle at which tigat i

approaches the surface. Such light is partiall\apoéd. Degree of polarization depends on
the angle, as was mentioned before:

I

tga, =%

Polarization by refractiorPolarization occurs by the refraction of lightcBuight is

partially polarized.
Polarization by double refractiotsing double-refracting crystal refracts lightant

two different paths. The light is split into twodras upon entering the crystal. Both refracted
light beams are polarized totally.

As mentioned before, there are more ways, how karige light.

In practice, we use facilities called polarizersldfizers are used in optical tools, in

photography, ophthalmic optics, etc.

Polarizers can be divided into two categories: giise@ polarizers and beam splitting

polarizers. The most known absorptive polarizees ratural crystals such as tourmaline or
hepatit. Beam splitting polarizers split the inpight beam into two beams of opposite

polarization states. Simple types of beam splitpotarizers use multiple specially oriented
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glass plates that causes incoming light beam teefbected under the Brewster angle. This

ensures maximum polarization.

In practice, we must mention optical device, whicks specially developed for the correction
of associated heterophoria, respectively angularatien of fixation for measuring spatial
depth (stereoscopic) vision. This device is alseduss test for aniseikonia. According to the
literature, it is a methodology developed by H.-labe, and it is also called
METHODOLOGY POLATEST. In modern terminology, thisas abbreviated to "MKH"
(MeB-und nach Korrektionsmethodik Haase "-" Measuremand correction method
according to Haase "). Part of a MHK is a devicedaPOLATEST, which is a real
breakthrough in the diagnosis and correction ohaades of binocular vision. Polarization in
practice can be found also within examination efebpsis.

POLATEST

The investigative device POLATEST (developed bysZeand Rodenstock) uses
principle called “positive polarization” to displayest figures. Principle of positive
polarization is this: each eye sees dark characters light background because character is

more contrastive than the field.

It is necessary to work in bright rooms with dalgtigFurthermore, visual stimuli provided to
left and right eye must be the same. These reqemésrare met with the mentioned principle
positive polarization. The polarizing axes of thelividual parts are oriented diagonally, ie.
for right (left) eye at 135° (45°). Axes of the &mrs are oriented the same way. These
analyzers can be mounted flexibly on the astigmtast rim, which eliminates the need for
manual conversion lens with a separate handle. 8yimg axes around the horizontal axis by
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180 °, “V” orientation is changed to “A” and exara@will perceive opposite arm test figures

with both eyes.

Zeiss test frame

POLATEST binocular tests
Cross testserves as a basic test and conventional test wutithocentral fusion

initiative enabling to measure and correct motarslof squint latent (heterophoria) in both
vertical and horizontal directions. It is also useda final test to achieve a balance between
accommodative and refractive eye. The image oftdssis a black cross on a white ground,
where the right eye sees only the vertical linéhefcross and the left eye sees only horizontal
line of that cross.

Examination is done by following these steps: firgiht eye is covered, the cross is
presented and examinee should see a gray symnhetoea.

Next, an analyzer is used and examinee is askdtiéqrart of cross he sees. The
optimal situation is that examinee sees only valtiems of the cross. Then the cap of right
eye is removed and examinee is asked again, kéethe vertical arm of the cross. If so, we
can state that examinee sees in a binocular maihtieere are any deviations from the basic
position, all corrective wedges must be used. Uamgstigmatic test frame (as well as in the
final corrective glasses) it is recommended ta gpismatic values to both eyes identically.

This minimizes the effects of defects in binocwision.
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Fig. 5.3 a-d. Monocular and binocular perception thicross-test analyzers
a) perception test without front-end analyzers

b) perception test with default right eye analgzeositioning

c) perception test with default left eye analyzmrsitioning

d) initial binocular perception of K test (analysan default position)

Pointer testoriginally called as “cykloforia test” servesalfor diagnosing and
correcting squint latent (heterophoria). Duringmal horizontal position, the right eye sees
an unpolarized black ring in the middle of tesldfiand one pointer going up and one pointer
going down. The left eye also sees the unpolatitack ring and both pointers. Test exists in

a single and double version.

a b
m .
Obr. 5.4 a-d. Monocular and binocular perceptiontiipointer-test analyzers
a) perception test without front-end analyzers

b) perception test with default right eye analgzeositioning

C) perception test with default left eye analyzssitioning
d) initial test figure positioning (binocular pegption with polarized filters)

Hook testcan be oriented either vertically or horizontaBy using the
hook test vertical, respectively horizontal, deias and relative differences in

size of the image formed on the retina can be ieerifBoth eyes perceive
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unpolarized central ring. Right (left) hook is aMisible with the right (left) eye.

Within horizontal type of hook test, the upper (EnWwhooks are designed for right
(left) eye. Examinee looks at the central ring Aoth hooks should appear at the
top and bottom position, left and right positioreiny opposite to each other.

Hooks should be also the same size. If not, it@sessary to use correction

wedges.
]
(] [}
e
a b
o (]
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Obr. 5.7 a-d5.4 a-d. Monocular and binocular perception with bk-test analyzers
a) visualperception with height deviation

b) visualperception with aniseikonia

c) visualperception with both hooks plugin into each other

d) visualperception with deformations

Gross stereotest used to test stereopsis (depth spatial visibegting

stereopsis is possible only with perfect binocuilaion, this test is therefore done
after the completion of the correction with preddasts, which helped to achieve
the basic position. Gross stereotest containsadidix center in the form of a
round black polarized target, which is not disstadaln addition it contains
stereoscopically perceived objects - points agaash oriented triangle. These
stereoscopically perceived objects appear to laer@lative distance to the center
of the fixation (filter ("V" position) is in the manal position). After rotating
analyzers around the horizontal axis these obggmtear at the center of fixation.
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After a fusion a triangle appears above and belmicenter of

<7 v
o [ ]
A A
a b
A 4
] ®
A A
fixation.e d

a) perception test without front-end analyzers
b) perception test with default right eye analyzessifoning
C) perception test with default left eye analyzerstjmsng

d) initial test figure positioning - both triangleppear in a space before the center of
the fixation

Test of stereoscopic balan@ows us to know with greater certainty

whether the eye pair is in its ortho position. Tést is made in a similar manner
as the previous gross stereotest. Around an unpetafixation center in a form
of a black round central target is a scale madarek bars on both sides. This test
achieve sensitive correction of heterophoria witkatfon disparity. Level of
participation of both eyes on the depth perceptopresses “valence”. If there is
dominance of one eye in stereoscopic perceptidheoflirection we speak about
prevalence. Each comma from the central round tam@esents 20-60-100%
prevalence of a particular eye. Examinee percg@gsn the previous test) at the
initial position (inverted - after flipping) analges to position "V" ("A") triangles
before (behind) the fixation mark. In both situasaspikes of triangles should aim
for the middle of grades, respectively to the ceofethe fixation target. If this
condition occurs, it is a stereoscopic balancgeetsvely stereo-isovalence. Slow
or limited depth perception forward (backward) ¢enimproved or completely

remove with wedges.
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Obr. 5.10 a-d. Monocular and binocular perceptioritiv stereoscopic balance test

a) perception test without front-end analyzers

b) perception test with default right eye analgzeositioning

) perception test with default left eye analyzmrsitioning

d) initial test figure positioning - both triangleppear in a space before the black round
and grades.
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/. FUSION AND BINOCULARITY

lvana Brekalo, Marko Bahlen, Kristina Mih&, Sonja
Drugovié

University of Applied Sciences Velika Gorica

Introduction

Binocularity is a broad term that refers to the othe two eyes together, either
correctly (normally) or incorrectly (abnormally) okinal binocularity often results
in comfortable three-dimensional vision, or stesepTrue stereopsis is the
three-dimensional vision that you can have onhhwibrmal binocularity and
normal vision. The binocular visual system enablégl appreciation of a variety
of aspectsof an object in the field of view. Ovewide field of view, the sensory
system determines the direction, achieves a singge from the

two eyes, and provides information useful for judpihe distance of the object.
The motor system closely coordinates the orientatfcthe eyes at all distances
and angles for both

stationary and quickly or slowly moving targetsisb coordinates with the
accommodative system to maintain a clear imagesfAcient sensory and motor
binocular system provides single, clear, and cotabibe imagery used for mak

ing a wide range of decisions about the naturé®fbject of regard.

The purposes of vision are to identify and locabbgects, and the anatomy and
physiology of the brain reflect this duality. Therpose of binocularity is to
enhance vision over what it would be monocularlg particularly by way of
stereopsis. Stereopsis, which means "seeing sglwytributes to the
judgmentof depth and distance and participatelBaneécognition of some solid

objects.

Fusion, then, is a type of binocularity in whicle thlending of two images, one
from each eye, creates a single image in the b&@reopsis occurs because each

eye sees a slightly
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different view of the object due to the positiortioé eyes in your head. The
ability to judge depth does exist withaitereopsis, however. Visual clues such as
overlap of contours or the apparent convergingaoéliel lines give a person
a sense of depth without true stereopsis. Thuatiamn with one eye can be aware

of depth perception but not have true stereopsis.

Significance of binocular vision

Normal binocular vision with stereopsis (a typalepth perception) provides
many visual advantages over poor stereopsis or aubgnovisionin a variety of
everyday or specialized tasks. Good binocular wisiod stereopsis critica

lly enhance visual capability and provide more thest depth perception.
Binocular visual enhancement is generally greateleu conditions of reduced
visibility and is also present with tasks that app#ly do not involve critical
depth perception. Good binocular vision and stesisoprovide both low-level (as
in "camouflage breaking," or detecting figures agaa background) and high-
level (depth ordering) comparisons of informatieaitable to each of the eyes.
As compared with monocular viewing, binocular visend stereopsis also help
provide better motor control (e.g., when reachimgef target or completing fine
motor tasks); they also provide quicker and morigate cognitive information
(e.g., when estimating the time to collision).

Jones and Lee have shown binocular vision to bersugo monocular vision in
each of 10 widely varied tasks: letter identificati detecting camouflaged
octopuses, color discrimination, bead threadingaislosed circuitTv, tracking a
moving target using closed circuit TV, control tdrsce, needle threading, water
pouring, reaching with the hand invisible, and reag with the hand visible.
Subjects performed each task more effectively ubdercular than monocular
conditions, althoughsome of the tasks did not medtereopsis. Good binocular
vision and stereopsis provide information for o@irfine motor coordination
involving reaching and grabbing.

Figure 1 is a stereogram showing three rising liofe small tree. The relative
depths of the three vertical branches are ambigumoomnocular vision, but they
become obvious in binocular vision. The stereogsaould be viewed by means

of chiastopic(cross-eyed) fusion.
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Right Eye View Left Eye View

Figure 1 Stereogram of a small tree

The loss of stereopsis during constant strabisenesged eyes) has little obvious
effect on visually guided behavior in most affldteatients. The difference for
most everyday tasks

is likely small and it is often not noticeable.dddition, humans are well adapted
to learning compensatory behaviors to eliminateven enhancethe performance
of a task with

monocular or other cues. Pure binocular tasksedagively rare in everyday life.
In summary, good binocular vision and stereopsside more information than
just depth perception.

Good binocular vision and stereopsis allow the @ete perceive objects more
quickly and accurately than would otherwise beddige. This advantage is most
important in situations in which visibility or caast is low and in which critical
decisions must be made accurately and quickly f Bxposure duration may

expose stereo anomalies.
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The binocular field of view also is larger than thenocular field of view. The
normal monocular field. This provides greaterigptb detect and react to

peripheral stimuli. Poor binocular vision produtatsgue, blur, headaches,

and eye strain. Anomalies of binokular vision meguce visual comfort and
overall task performance. Binocular visual anonsadiee seen in individuals who
possess two eyes but ca

nnot use them together (e.g., strabismus) or effity (e.g., heterotropia/
vergences dysfunction). Strabismus is commonlyrredeto as "cross-eyed" or
"walleyed," and individuals with

this condition may have their binocular capabidit{e.g., stereopsis) reduced or
eliminated and/or their field of vision limited.

Strabismus may occur all the time (constant strabg or intermittently. Other
individuals who retain bifoveal fixation (heteroptaoor phoria) may be unable to
maintain clear,

comfortable vision as a result of stresses relatd@eping their eyes fused (poor
phoria/vergence relationship). Frequently theseviddals report blur, asthenopia
(eye strain), headaches, or diplopia (double vijsemsociated with the use of their

eyes, and they may notice difficulties with stermemr other critical visual tasks.

Depth and distance perception

The perception of three-dimensional space can béiwded into two processes:
distance perception and depth perception. Distpeoeeption is the judgment of
how far a given object is from the observer or fremme other object, and it
includes the ability to judge distances in absolutgs of measurement (e.g.,
meters). Distance perception is not a relativessssent and is therefore also
known as absolute depth perception. Depth peragpitibich is also known as
relative depth perception, is the perception ofrélative nearness of one
object to another or the evaluation of the relatefh intervals between two or

more points in space.
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Figure 2 Retinal disparity

Depth perception is a function of many factors. &epng on the context, it
usually includes more than stereopsis. Factordwedanclude binocular visual
factors such as retinal disparity (provides steseoand is very precise)and
vergence alignment (gross); monocular visual facsoich as accommodation,
looming, motion parallax, and the kinetic deptteeff and pictorial depth cues
such as occlusion, perspective, texture gradiesltjve size, height in visual
field, shadow, luminance, and aerial perspectiveredpsis is a specific type of
binocular depth perception that is the result efftbrizontal separation of the two
eyes and the subsequent ability to recognize tedisparity. Various attributes of
images, known as cues, activate depth perceptiomigtance perception. A
depth or distance cue is an identifiable propeftiyhe optical images that
iscorrelated with depth or distance. Because thens& of a depth or distance cue
depends on the visual environment, the brain ugegerous distance and depth
cues to optimize the reliability of space percapimany environment that might
be encountered. Binocular vision activates sesgatial cues to distance and
depth perception, but most cues do not dependrmtbiar vision and are

therefore known as monocular cues.
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Next figures illustrate several monocular depth”distiance cues. Some
monocular cues are based on the fact that an &bgestance from an observer is
inversely proportional to its retinal image sizer hstance, linear perspective is
triggered by the convergence of lines to a vangbpioint; a perfect example of
this is the convergence of the rails in Figureh®; $eparation of the rails is
inversely proportional to viewing distance. Thetteg density cue (Figure 4)
provides depth information when the angular sizeep&ating patterns or textures

(e.g., the gravel, railroad ties, and utility pgldaninish with distance.

Figure 3 Linear perspective

'J --.r f’{-. “+ |
P
awu U 0% 13ﬁ¥n
Figure 4 Texture density cue
Luminance variations reveal depth in several wadyad8ws reveal three-
dimensional relief in the presence of directiomngthtl sources. Aerial perspective

reveals depth over great distances by the redun@dast of images viewed

through atmospheric light scatter; this effectlesady illustrated in Figure 5.
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Figure 5 Aerial perspective

The overlay cue (or interposition; Figure 6) regedpth when the contours of
near objects occlude the contours of far objebis;dffect does not depend on

angular size or luminance variables.

Figure 6 Interposition

Looming, motion parallax, and the kinetic deptheetfare monocular cues that
stimulate depth and distance perception when magipnesent. Looming is the
sense of movement in depth stimulated by a chantfeeisize of a retinal image.
Motion parallax is the sense of depth or distarnivewated by the differential
motion of retinal images of objects that are fartbrenearer than the point of
fixation. Head motion induces the retinal image iovg. The kinetic depth effect
provides another sense of depth based on theetlitiat motion of portions of the
retinal images. However, the retinal image motiothis case is caused by object
motion rather than head motion.

Clinicians use motion parallax to judge the relafposition of objects when using
a direct ophthalmoscope. For example, if a climdgafocused on the iris and the
object in question moves against the direction o¥ement of the
ophthalmoscope, the object must be anterior tarihvand is most likely on the
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cornea. An object moving with the ophthalmoscopelaitwe behind the iris and

may be in the lens or vitreous.

Binocular fusion

In addition to stereopsis, hormal binocular visgowavides a single perceived
image for most objects. The unification of the @cuinages is called fusion.
Fusion ensures that binocular visual space isftdith object space and that the
observer sees one thing when only one thing exisis.term fusion is
sometimesused to represent two different processesbeing the construction of
a single percept from two retinal images (also km@as sensory fusion) and the
other being vergence eye movement (also known &srrfusion).

The Spatial Limits of Fusion

Fusion is limited to the vicinity of the horopterthreedimensional space in the
same way that stereopsis is also limited. Fusi@aurscwheneither corresponding
points or points with small to moderate retinalpdisties are stimulated. Large

retinal disparities cause double vision (diplopwahjch is the opposite of fusion.

|
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Figure 7 Normal range of fusion in the visual plane
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Figure 7 shows the normal range of fusion in tlseiai plane as related to the
ranges of patent and qualitative stereopsis. Tigeraf stereopsis exceeds the
range of fusion; in other words, not all objectscpéred stereoscopically are seen
as single. The range of depth in object spaceisHased without the aid of eye m
ovement is known as Panum's space. The portiogtiofrthat is optically
conjugate to Panum's space is known as Panum:sPaream's area is defined as
an area of the retina of one eye, any point of tvigizes rise to a percept of
singleness when stimulated simultaneously witmglsipoint on the retina of the
fellow eye. The spatial relationship of Panum'sadcePanum's space is illustrated
in Figure 5-8. Images fused in Panum's areas ooamesponding points raise a
possible paradox, because a single object is fotimecpotentially has two
different visual directions: that of the right egsed that of the left eye. The visual
system resolves this paradox by averaging the-rayid left-eye visual directions.
As a result,the fused image has an egocentrictairethat is intermediate
between the directions of the right and left eyidss directional averaging
process is known as allelotropia. In individualshwiormal vision, the ocular
image directions are averaged symmetrically; is¢haith strong ocular
dominance (e.g., in binocular anomalies), the ayiagpof direction is

weighted in favor of the dominant eye.

Far hmit af u-'\-_:l:- WiSIon

2

Mear imit of single wision

Horapies

Figure 8 Visual plane drawing of the geometrical relationship of Panum's area

The nonspatial limits of fusion

In general, the ocular images become more diffictdiise as image dissimilarity
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increases. When ocular image differences are amédlfusible, the visual system
typically strikes a compromise between the imadferdinces when constructing
the binocular image. This compromise is essentalhgrceptual averaging
process. Luminance averaging (e.g., white + graghtbray) occurs in the
luminance domain, and color averaging (e.g., regdeen = yellow) occurs in the
color domain. Not surprisingly, the visual systeverages the small luminance
and color differences that commonlyoccur in a redtenvironment, such as

when reading a book illuminated by an oblique lsghitrce. Because of binocular
parallax (as a result of the separation of the eyése head), one eye may receive
more reflected light from an oblique source thaagithe other eye and,
consequently, the book appears brighter to oneteyethe other; with binocular
vision, the book appears to have a luminance irgdrate between the monocular
extremes. Over time, differing retinal adaptatitsoacauses a shift of color
perception called the Bezold-Btiiche phenomenonyhich the dimmer image
appears pinkish-white and the brighter image bhseikite. The resulting

color difference is also fused to an intermediati®.

Occasionally retinal image differences occur tmats®m great that the brain cannot
reconcile the differences. When this occurs, onsvofphysiological responses
takes place: either diplopia and binocular rivarysustained suppression. When
parts or all of the ocular images contain high lamice contrast and chromatic
contrast but are spatially different, the patieqgexiences diplopia and binocular
rivalry.Binocular rivalry is the alternating perdem of two different objects in
the same visual direction. When rivalry occurs, epe's image dominates
perception while the other eye's image is momdgtanppressed; however,
during the next moment, the dominance of the eyesviersed. Rivalry
suppression is spatially limited to the regionieélrous contours, but the size of
rivalry suppression regions increases with retatalentricity. Diplopia and
binocular rivalry are necessary elements of notmacular vision and allow the

visual system to manage the images of objectstsduzutside of Panum's space.
Large differences in color between the ocular insagjeo induce binocular

rivalry. When this occurs, the observer alternagagceives the different colors.

The process of fusion may vary over visual spader. For instance, dissimilar
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ocular images may produce transient fusion whetallyi falling on
corresponding points; however, to sustain fusibe,itnages must be similar.

Fusion also may vary as a result of luminance dfiees that occur in natural
circumstances. Luminance luster occurs when amedisgees a large interocular
luminance difference in one portion of the binocwigual field and little or no
difference in the remainder of the binocular vidiigld. As a result of the rivalry,
the difference region is perceived to shimmer. Lnance luster occurs in nature
when viewing a small highly polished reflectivefage such as a facet on a
diamond. The luminance difference arises becatestatet reflects a narrow
beam of light to one eye but not to the other. Wrea ocular image has higher
contrast and edge sharpness than the other inemjpaith normal binocular
sensory function, those aspects of the weaker inttegecannot be reconciled
with the stronger image are continuously suppres&@dmmon cause of this
behavior is uncorrected anisometropia (a differenaefractive errors between

the eyes of 1 D or more).

Pathophysiology of common binocular anomalies

Systems analysis has generated a clearer undargjaridhe causes of
convergence insufficiency and convergence excdssdphoria. These anomalies
are discussed in detail, because they are thegonosnhon binocular anomalies
encountered in clinical practice. The complete paliysiology of many other
nonstrabismic anomalies, such as fusional insetfficy and basic esophoria, is

poorly understood.

Simple convergence insufficiency

Convergence insufficiency is generally regarded agndrome that includes an
exodeviation of the eyes at the nearpoint, relgtiltle or no deviation of the
eyes with distance fixation (generally a small enajr), a

relative deficit of positive relative convergenaed a receded nearpoint of
convergence. The syndrome produces a variety opsyms such as ocular

fatigue, headaches, and asthenopia.
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Near accommodative excess associated with simpkecgence insufficiency
may be explained by abnormally high convergenceractodation activity. The
high convergence accommodation activity is theltegihigh disparity vergence
activity necessitated by insufficient accommodatieegence and vergence
adaptation. Negative reflex accommodation offdedsetxcess convergence
accommodation within its capacity to do so, buenfhegative reflex
accommodation is overwhelmed by excess convergarmmmmodation, thereby
leading to manifest overaccommodation in near wisidhe adaptational
anomalies are probably the causes of simple coamerginsufficiency, but they
are not likely these patients' only physiologicailgems. Hypothesis for simple
convergence insufficiency explains the successsidiv training for these cases.
The magnitude and rate of convergence adaptatiwbeancreased significant
ly by vision training. Improved positive vergenaaptation reduces the demand
on disparityvergence and concomitantly reducesssxcenvergence
accommodation. Moreover, accommodative facilitynireg increases the

gain of reflex accommodation, and vergence fatikining increases the gain of

disparity vergence.

Convergence excess

The chief clinical characteristics of convergengeess heterophoria are moderate
to high esophoria in near vision, a high AC/A raaad a significant lag of
accommodation in near vision." Convergence excessdphoria is caused by
excessive sustained accommodative vergence inifarvdhe ability of
convergence-excess patients to maintain cleariagteinocular vision

ultimately depends on the gains ofthe reflex cdlere and the degree of
abnormality of the adaptive mechanisms. Convergencess heterophoria is
most successfully managed by plus lenses for ris@my which reduce reflex

accommodation and therefore excess accommodatigernvee.

The effect of blur on binocular vision
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Stereoscopic acuity is degraded by reduced coatrdsimage blur, and unilateral
blur is more devastating on stereoscopic acuity thiateral blur. The
physiological basis of the additional stereoscégss caused by unilateral blur is
probably foveal suppression of the blurred imadar-Biduced suppression
apparently reduces contrast sensitivity in the segged eye beyond the loss due
directly to blur, and contrast is correlated witbreoscopic acuity. Suppression
behavior makes it clear that a balanced refraciresction is necessary for good
stereopsis. Intentional differences of refractieft in place by the practitioner
(e.g., monovision contact lens prescriptions f@spyopes) exact a penalty of
poor fine stereopsis . Blur-induced unilateral fav&ippression can be used to
advantage in patients with refraction. By modebtiyring one eye, one can
prevent that eye from contributing to high-spatiauency vision, even

though fusion and oculomotor alignment are maimciny middle- and low-
spatial-frequencyvision. Visual acuity and refimettactive status of the
unblurred eye can be assessed in isolation, ewergthboth eyes are open and

aligned to the refraction target.

Spectacle corrections and binocular vision

Although clear ocular images are necessary for gb@eopsis and vergence eye
movements, the provision of clear ocular image$ wfiectacle lenses may create
other visual effects that distort the horopter at&teoscopic perception,unbalance
binocular motility, and perturb visual comfort. Twypes of spectacle lens
prescription probably account for most spectactktoed binocular vision
problems: prismatic and anisometropic. Prismatrcemtions may cause prismatic
distortion of stereopsis, whereas anisometropicectipns may cause anisophoria
and aniseikonia. These optical effects pose chgdieito binocular motor and

binocular sensory function.

Prismatic distortion of stereopsis

Ophthalmic prisms are commonly prescribed Bl ortB@ssist the oculomotor
system. When prescribed prisms induce distortidniseoretinal images, they

cause a curvature distortion of stereoscopic vispate For instance, the
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distortion induced by BO wedge prisms cause anctibgdy flat wall to appear
concave toward the observer. The accompanying mistartion of stereopsis is
the result of this asymmetrical image magnificabong the base-to-apex line of
prisms. The distortion can easily be appreciatediéying a regular geometric
target (e.g., a brick wall) through a high-powerdge prism held away from the
eye. This distortion is minimal in meniscus-desigithalmic lenses with front
curves of approximately +8.00 D (e.g., in modetaferopia corrections), but it
is relatively strong in lenses with nearly flatrdtaurves (e.g., in high myopia
corrections). Prism distortion is one reason thatgower of prism prescriptions
should be kept to the minimum value required fgoad oculomotor effect. This

is achieved by splitting any prism between the aylesn prisms are prescribed.

Anisophoria

Anisophoria is a significant change of heterophagsaociated with a change of
gaze direction, and it is commonly caused by tifferdintial prismatic effects of
anisometropic spectacles. Prismatic effects cabggdus lenses increase the
ocular rotation required to fixate the limits of @oject, whereas minus lense

s decrease the required ocular rotation. Wherottgars, the anisometrope's right
and left eyes must rotate differently when looKieig, right, up, and down. This
differential rotational stimulus (or prismatic etfgis proportional to the
eccentricity of gaze from the optical axes of #eskes, so increasing

retinal disparities are encountered by the patigtiit increasingly eccentric gaze
through the anisometropic spectacle prescriptitvese retinal disparities become
disparity vergence eye movement stimuli, becausg thquire different an

gular rotations of the eyes to bifixate targetdifferent directions of gaze.
Therefore, patients wearing new anisometropic sigées must use a combination
of versional and disparity vergence oculomotor imagon to align the eyes to

targets viewed off the opticalaxes.

Anisophoria occurs when gaze-specific adaptatioisable to neutralize
disjunctive eye-movement demand. Patients whosemaior systems
cannot achieve gaze-specific adaptation in respangew anisometropic correct

ions have noncomitant heterophoria.
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Symptomatic vertical noncomitant phoria is reldveommon in the lower field
of gaze of wearers of new anisometropic spectalflgaze-specific adaptation is
unable to neutralize a vertical imbalance, vertptadria in down gaze will be
evident. The magnitude of the heterophoria is ptatlle from the anisometropia
and the eccentricity of down gaze. Patients wilufficient gaze-specific
adaptation may require a slab-off prism to weas@mietropic spectacles

comfortably.

Aniseikonia

Aniseikonia is a difference in the size of the acuimages, and it commonly
occurs with visual distortion, headaches, and digod. Iseikonia is the
condition of equal ocular images.

Ocular image size is the size of an image as perddyy the observer. (Retinal
image size is the geometrical size of the imagthenetina and does not involve
perception, only optics.) Ocular image size is aeieed by the number of lo

cal signs spanned by a retinal image. Therefoeeptiular images are perceived
as equalif the retinal images cover the same nuwildecal signs in each eye,
irrespective of what the physical size of the eyghthbe or what the sizes of the
retinal images might be. Anisometropic spectaclayg oause aniseikonia. For
instance, the more myopic eye of most anisometnogiients is larger than

the fellow eye; this condition is called axial amsetropia. Regardless, these
patients have equal ocular image sizes (iseikanen their vis

ion has been corrected with contact lenses. Isakoersists because the retina of
the relatively larger myopic eye usually stretctlesng ocular growth to match
its larger optical image. As a result, a given ¢h@rtivates the same number of
local signs in each eye. Axial anisometropes ugtngle aniseikonia when

their refractive error is corrected by spectaciesés. For those anisometropes
who have aniseikonia, the aniseikonia is associattdretinal disparities that
increase with visual field eccentricity. The vapatin disparity is not red

uced globally by vergence eye movement. If the ohtacrease of these
disparities exceeds the rate of increase of Paran@és with eccentricity,

peripheral diplopia and rivalry occur. The magnéuwd aniseikonia that exceeds
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the allowable increase of peripheral retinal digpas approximately 7%.
Because binocularity in the presence of large &musé is unstable, vergence
alignment is usually lost, and foveal diplopia eesuAniseikonia cause

d by spectacle lenses can be classified as oweraieridional. Overall
aniseikonia is a uniform enlargement of one eyeldas image

relative to the other, and it is typically causgdspherical anisometropia.
Meridional aniseikonia is an enlargement of onésegeular i

mage (as compared with the other) in a specifiddiaer, and it is typically
caused byastigmatic anisometropia. These formais€#&konia may occur in
combination, and they may have differing effectsstereoscopic space

perception.
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Figure 9 Gaze-normal plane

The stereoscopic consequences of aniseikonic telisarities can be
appreciated by analyzing object planes. An obj&nigis a flat

surface that is pierced at its center by the cyedopdirection of gaze. A
particularly important object plane-the gaze-norplahe is
perpendicular to the cyclopean direction of gazguie 9). The perceived

orientation of an object plane is influenced by ¢benbined effects
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of horizontal and vertical disparities subtendedéxtures on the surface of the
plane. Aniseikonic ocular images contain distribn$ of retinal disparities that
are similar to those encountered by individualdwwibrmal vision viewing object
planes under different viewing circumstances. Téweegnormal plane-an object
plane that is perpendicular to the cyclopean doaatf gaze-is useful for
analyzing stereoscopic distortion. The gaze-noptaie is perceived to be

perpendicular to the direction of gaze by obserwetts normal vision.

Conclusion

Binocular vision literally means vision with twoes;, and refers to the special
attributes of vision with both eyes open, rathantlbne eye only. Our perception
under binocular conditions represents a highly dempoordination

of motor and sensory processes and is markedigrdiit from and more
sophisticated thanvision with one eye alone. Howehe use of a pair of eyescan
be disrupted by a variety of visual disorders,,engorrect coordination between
the two eyes can produce strabismus with its agtmtsensory problems,
amblyopia, suppression and diplopia. “Two eyesbatéer than one,” it is said;

and, indeed, two eyes do offer a number of advastager just one.
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8. POSTNATALNI VYVOJ OKA

Bc. Renata Papcunova
Jméno spoluautora: Mgr. M@Skrbek
Katedra optometrie a ortoptiky LF MU

Uvod

Ptfi narozeni ma lidské oko relati&mlolre vyvinuté vSechny své komponenty.
| presto je nutné, aby jeho s@sti proSly anatomickym a fyziologickym
vyvojem, zvla& pak ty, které se podileji na reftafm stavu oka. Nasledujici
text se pokusi ve své prvidhsti podrobd popsat postnatalni vyvoj struktur

podilejicich se na spravné refrakci oka, sitnieeakového nervu. Ve druhidsti

bude popsén postnatélni vyvoj fixace, zrakové stteorefrakce.[3]

Obr.1.: gkontrolujte o¢i Vaseho miminka. Bonella.cz [online]. 2014 [cit. 2014-07-
31]. Dostupné z: http://www.bonella.cz/novy-clen-rodiny/jak-zkontrolovat-zrak-

miminka.html|
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Postnatalni vyvoj struktur refrakce oka
Axiélni délka bulbu

Axialni délka bulbu se u novorozenéhoétitpohybuje kolem 16-17mm, kdy
oko s postupemeku naiista do obvyklé velikosti 24mm. Rt délky oka vSak
neni rovnondrny. Zmeny axialni délky se ¢kdy rozcluji do ti fazi. Prvni je
takzvana rapidni postnatalni faze, v niz dochaexgonencialnimu nastu
v pribéhu prvnich dvou let z 16mm na 20,3mm (siro 4,3mm). Nasleduje
infantilni faze, ktera trva od dvou dctplet, a bulbus ghem ni doroste na
21,5mm (néist o 1,2mm). Posledni je faze juvenilni, kdy do¢Hadokorteni
rastu, a délka oka je vetrnacti letech kolem standardnich 24mm {séro
1,5mm). [3, 6,7,8,9, 10, 14]

Zména délky bulbu logicky zgmi i jeho objem. Oko novorozence mé
pramerng asi 2,8cm, oko dospléhocloveka pak 6,5-7,2crh [3]

Rohovka

Postnatalni vyvoj rohovky v seétzahrnuje z¥tSovani pimeru, oplo¥ovani,
ztertovani a zvySovani transparentnosti. [3]

Horizontalni pamér je u novorozence kolem 9-10,5mm, vertikalni j& pa
néco malo ¥tSi. V piibehu prvniho roku Zivota narostetonér rohovky na 11-
12mm. Spolu s tim sedni i plocha rohovky ze 102nfnpii narozeni na 130mm
ve dvaceti mssicich. [1, 3, 10, 14]

Oplo&ovani rohovky vede k snizovani refrakce, kdymarozeni se lomivost
rohovky pohybuje kolem +52,00D.¢Bem prvniho fil roku Zivota klesd na
+45,00D a na konci puberty dosahuje asi +43,00D.

Dit¢ mé tlusgjSi rohovku nez dosiy jedinec. Centralni tlow&a rohovky
novorozence je fiblizn¢ 0,96mm, periferie ma asi 1,2mm. Po prvnich Sesti
mesicich se centralni tloti§&a rohovky zngni na 0,52mm. [1, 3, 10, 14]

SniZzena transparentnost byva hkawn dti, které jsou pedcasré narozené.

Tento stav se v pbéhu vyvoje zlepSuje snizovanim celularity.
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Béhem Zivota se #mi i mnozstvi buék, které vytvéi jednovrstevny endotel.
Novorozené di ma paet burgk kolem 4 000 — 5000 bak/mn?, kdy jejich

pocet s kem postupé klesa az na polovinu. [3]

Cotka

O¢ni ¢cocka ma vyrazny postnatalniist. To je dano mitotickou aktivitou
ekvatorialnich epitelidlnich bgk ¢ocky, které vytvédeji ¢ockové stroma. Tyto
buiky tvori vlakna a to tak, Ze lily, které jsou v oblasti ekvatoru,@aaji byt
SirSi a jejich vnitni konce se stavaji t&imi a tertimi, aZ nabydou podoby vlakna.
Jelikoz se vytvieji v pribéhu celého Zivota stale novéitky, staré biiky jsou
posunovany sirem dozadu, a vznika tak koncentrické vrstueky. [3, 5]

U novorozence jefftomna spiSe sférickéocka, kterd ma ekvatorialni jomer
kolem 6mm a optickou mohutnost asi +34,40D. Postugpio$ovani gredni ale i
zadni plochyocky vede k vzniku konoidniho tvaru, ktery je patunylosglych.
Postupnym vyvojem se ekvatorialnitap®r ¢ocky méni na 9mm a opticka
mohutnost na +18,80D. [1, 3, 6, 10]

Sitnice
Obecré se sitnice novorozence povazuje za ,nezralou”. sKet&nosti je
periferni oblast relativh doke vyzrala. Nedostatea zralost se nachazi hlavn
v oblasti centrélni. V gibéhu prvnich let a zejména pak prvnicksiai dochazi
k rozmistani sitnice, migraci sitnicovych hkikn s¢imz je Uzce spojena hustota
burék ve foveole a s ni zase centralni zrakova ostf®s8, 6, 7, 12, 14, 15]
Rozstovani sitnice je vyrazné. U novorozence nachazioehp retiny kolem
590mnf, u dosplého pak asi 1 250mm Rozfistani sitnice byva doprovéazeno
pierozatlovanim a celkovym zte&enim fotoreceptorové mozaiky ale i lskn
s nimiz jsou fotoreceptory v kontaktu. PostnatéizSiovani retiny neni ve vSech
oblastech shodné. N#klad centrélnicast se vyviji pomaleji nez periferie, coz
prispiva k snizeni hustoty gangliovych ale i jinychnék sitnice na periferii.
Stejre tak dochazi k pomalejSimu rozvoji v nas&asti nez v temporalni, a proto

v té nasalni nachazime vyssi hustotu fotorecé@aangliovych bukk. [6, 7]
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Dochazi také k migraci beh, kdy rnékteré jdou srérem z foveoly a druhé zase
dovnitt. F¥i narozeni je mozno ve foveole stale §eSaleznout gangliové liky,
buiky vnittni jadrove vrstvy a stefntak i buiky bipolarni. Po narozeni dochazi
k odsunu &chto burkk smérem z foveoly, coz vede k prohloubeni foveolarni
deprese. Na strandruhé migrujicipky smérem k stedu foveoly. V dsledku
téchto znén dochazi k redukci pméru foveoly, kdy se fixni p&et ¢ipka vtlaci do
pavodni jednétvrtiny foveolarni oblasti (z 2mfklesa na 0,5mf), co? méa za
nasledek zvySeni hustotypka nactyrnasobek. Je udavano, Ze ihned po narozeni
se ve foveole o fiméru 912um vyskytuje asi 19 00@ipkd/mn¥. V patnacti
mésicich je to i praméru 725m jiz 41 000 &ipki/mm’ a ve Gtyficeti psti
mésicich pi praméru 62Qum 112 00¢&ipka/mm?. Jeden z vyzkuin tvrdi, Ze
k naristu hustotycipka v centru foveoly dochazi az dtichtého sedmeého roku
Zivota a u sedmapadesétiletych lidi je pak naopaomvan vyrazny pokles, toto
tvrzeni vSak nebylo dost&t® potvrzeno. [3, 6, 7]

Migrace cipka je doprovazena prodluzovanim jejich axonu, kteppjge
vnitini segmentipku s jeho synaptickou stopkou. Toto prodluzoyamiezbytne,
neba’ umoziuje posun v§Siho segmentdipku centralg, zatimco stopka, ktera
je v kontaktu s bipolarnimi a horizontalnimitkami je posunuta do periferie. Po
péti dnech po narozeni je délka zevniho segmentuaaitiocipku asi 3im, coz
je asi desetkrat mémez ucipku zralého. ProdluZzovany jsa@ipky jak v i mimo
foveolu v pfibehu celého Zivota. [3, 7]

Soul#Zzré s migraci ¢ipka dochazi téz kzuzovani jejich gonéru. U
novorozence je vriihi segment silny@n, zatimco \Wtyticeti peti mésicich jiz jen
2um. DalSi zrény Siky nejsou tak vyrazné. [3, 7]

Cévni systém sitnice je u novorozence kompletnizpoucentralni oblasti.
Byva pak vyvinwjSi v nazalnicasti, ktera je kratSi. Temporalni, delast,casto i
u donoSenych i nema cévy, které by dosahovaly az k ora serrata, rekolik
tydni. Retina vSak nebyva futiké ohroZzena, nelochoroidalni systém je pin

funkeni, takze periferie je dost&@ zasobena. [3]
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Obr.2.: Vzhled zdravé makulylfersbedingte
Makuladegeneration (AMD). Occunet [online]. 2005 [cit. 2014-

07-31]. Dostupné z:http://ocunet.de/patienten/amd.html]

Zrakovy nerv a zrakova draha

Zrakovy nerv ani zrakova draha nejsou u pragrozeného dite anatomicky
ani funkéné vyvinuté. Je mozno pozorovat, Ze disk zrakovéhostnema u
novorozence Sedeélavou barvu. Jedna se o fyziologicky stav, ktergdga tim, Zze
jeS€ neni zcela dokafeno cévni zasobeni, které je v této datastoupené
zadnimi ciliarnimi arteriemi. &ové zbarveni disku totozné s délym ¢lovekem
byva @itomno jiz u kojent starSicketyt mésiai. [2, 3, 12, 15]

Neni zcela dokatena ani myelinizace zrakové drahy. Tento procesabyv
vétSinou dokorien kolem Sestéhodsice Zivota. [2]

Cely proces dozravani makularni oblastaibo nervu mize trvat az osm let,
dokud se vlivem centralnich regtdch mechanisifn senzorickych funkci sitnice
a optomotorickych reflex vSe nedotvii natolik, aby se nekoordinované pohyby

oc¢i novorozence dostaly do své dégppodoby. [2]

Postnatalni vyvoj fixace, zrakové ostrosti a refrak

Zrak neni plg funkéni hned od narozeni. To je dano tim, Ze viasievidime

okem jako takovym, nybrz mozkem. Sitnice okadstavuje jakousiipdsunutou
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¢ast mozku, ktera je diky zrakovému nervu v neustagpojeni se zrakovym
centrem v okcipitalnim laloku. [1, 8, 10]

Dité po porodu rozeznava pouzestw a tmu. @ikazem je pozitivni fotoreakce
zornic a reflexni zvedani bullpii pasivnim oteieni vicek ve spanku. Tento fakt
je z anatomickofyziologického hlediska pod#rinhlavre tim, Zecipky makuly
nejsou jedt zcela diferencovany a us@aldny. Proto u novorozeného étht
pievazuje periferni vighi nad centralnim respektive skotopické énid nad
fotopickym. Zrakova ostrost novorozence tak nzenbyt lepSi, nez je Uroie
periferniho viédni, coZz ve Snellenovych optotypech odpovida asd,128/600.
Novorozenec také neumi zafixovatwiny podit. Reagovat naddokaze jiz od
prvniho tydne Zivota pouze vSak stejnésmymi, konjugovanymi énimi pohyby
—versemi. [3, 11, 12, 15]

Na konci prvniho résice Zivota je mozno jiz pozorovat nepravidelnou
monokularni fixaci, kdy jedno oko fixuje a druhé seiZe jeSt oltas
nekoordinova#é pohybovat. @ se ve fixaci sfdaji. [2, 4, 12, 15]

Od druhého rsice se u dite za&ina vyvijet, ze z&tku jen kratkodoba,
binokularni fixace, kdy détpouziva ob o¢i sowasré. Zdokonaluje se koordinace
oko ruka.

Béhem druhého artétiho nesice Zivota dochazi k doke&mvani spojeni
primarnich zrakovych center s korovou zrakovou stiblavlast téch casti, které
odpovidaji makule. Proto jiz veéetim mesici existuje nepravidelna foveolarni
fixace, ke které se fglavad rozvoj diskonjugovanych ¢oich pohyli -
konvergence a divergence. Zrakova ostrost jditasi 6/60, 20/120. [3, 4, 11, 12,
13, 15]

Dulezity je ¢tvrty mésic, ve kterém je dosazeno definitiviteyahy makularni
oblasti nad periferii sitnice, coZz znamena, Ze ij¢ dchopné trvalé centralni
fixace. Kojenec z&né také pla akomodovat. Je tak poloZzen zaklad pro
akomodan¢-konvergeni reflex. Ten je dlezity nejen pro spravny vyvoj
binokularniho vidni, ale podle poslednich poznétkpro vyvoj spravné refrakce.
[4, 12, 15]

V Sestém msici je definitivie dokorten vyvoj foveoly, ¢imz je zahdjeno
vytvareni fazniho reflexu (schopnost spojit obrazky olmti v jeden zrakovy
vjem). To je zaklad pro prostorové hloubkové binlékni videni. Zrakova ostrost
pulro¢niho ditte je asi 6/24, 20/100. [3, 4, 11, 12, 15]
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V nasledujicich msicich dochazi, diky dotykovym reflex a chizi,
k upewiovani a zdokonalovani binokulérnich refiekteré se do té doby utkity.
Ve weku jednoho roku dosahuje zrakova ostrost jiz 620860. [3, 11, 12, 15]

Batoleci obdobi jeidezité pro upeovani souhry akomodace a konvergence.
Vyvoj vSech reflex byva ukoren do tetiho roku Zivota. Zrakova ostrost ve dvou
letech je 6/12 a vedch letech 6/9. [12, 13, 15]

Do Sesti let dochazi kfinalni stabilizaci reflexa nabyvani pevnosti
nepodmignych reflexi. Optimalre byva zrakova ostrost Sestiletéhoctit 6/6,
20/20. [11, 12, 13, 15]

Udava se, Ze vyvoj vighi probiha ve dvou fazich - aktivni a pasivni faze
Staly gisun kvalitnich s$telnych podsita zajig’'uje fazi aktivni. ikazem je fakt,
Ze narodi-li se dftse zdravymadma a od narozeni bude Zit ve&nmeoslepne,
abychom dosahli kvalitniho wdi, nestai jen kvalitni s¥telné podsty. Tyto
podrety musi byt totiz fokusovany na sitnici. Zde jegpokladem spravny pam
mezi lomivosti optickych prostdi a délkou oka,fpdpokladem je tedy spravna
refrakce oka. [1, 8, 20]

Zmeny refrakce, ke kterym dochazi od narozeni az dtéBe roku Zivota,
obvykle podléhaji witému vzoru, ktery je obeé&n nazyvan procesem
emetropizace. Emetropizace je proces snizovanakafr vady u dti s wkem,
kdy se ¥tSina novorozencnarodi s hypermetropii vimeéru do +2,00 - +3,50D.
Jak bylo zmigno v pedeslétasti, axialni délka oka se zvySuje, coz bylarmit
logicky za nasledek vznik osové myopie. Prodluzévdélky bulbu je vSak
kompenzovano oplo&tim lamavych ploch rohovky &cky. Tyto dva sotiasré
Emetropizace je aktivni, nikoli pasivnistovy proces. V idealnimiipact by
Sestileté (a starSi) ditnélo mit takovy pondr mezi lomivosti oka a délkou oka, Ze
pozorované fedmety budou fokusovany na sitnici. Takovyto reffak stav

nazyvame emetropii. [1, 7, 9]
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Zaver

Znalost postnatalniho vyvojetdkého oka, zvlatpakcasti, které se podileji
na ugeni refrakniho stavu &, je nezbytna b diagnostice refraknich vad u éi.
Dulezit¢jSi nez jednorazové, bye:livé, vySeteni a stanoveni korekce je u
détského pacienta pravidelné monitorovani refrak/ady. To je dano hlaértim,
Ze proces emetropizace napoméatigeginotlivych kontrolach odlisit vady mén
rizikové a rizikowjSi. Zanedbana korekce nebo pozdni zachyt réfiakady ma
¢asto za nasledek vznik amblyopie a strabismu, smZ problémy, které mohou

negativié ovlivnit budouci zivot ditte (nagiklad pi volbé povolani).

Obr.3.: Brylové ¢ocky pro déti, détské bryle. Nabidky.edb.cz [online].
2011 [cit. 2014-07-31]. Dostupné z:http://nabidky.edb.cz/Nabidka-15720-
Brylove-cocky-pro-deti-detske-bryle-Jablonec-Liberec-Tanvald]
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THE POSTNATAL EYE DEVELOPMENT

Bc.Renata Papcunova
Supervisor: Mgr. M&§ Skrbek
Departement of optometry and orthoptics LF MU

Introduction
At birth, the human eye has a relatively well depeld all of its components.

Nevertheless it is necessary that its components hadergone anatomical and
physilogical development, especially those involuethe refractive state of eye.
The following text in the first part describes thestnatal development of the
structures involved in the correct refraction o€ taye, the retina and visual
pathway. In the second part describes developnieiitation, visual acuity and
refraction.

i

[zKontrolujte o¢i Vaseho miminka. Bonella.cz [online]. 2014 [cit.
2014-07-31]. Dostupné z: http://www.bonella.cz/novy-clen-
rodiny/jak-zkontrolovat-zrak-miminka.html]
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The postnatal development of structures of
refraction

The axial length of the eyeball

In the newborn, axial length of eye is about 16nmu the eye increases by age
to normal size 24mm. Growth of eye is not unifodmhanges in axial length are
divided into three phases. The first is the ramdtpatal phase, in which there is
an exponential increase in the first two years fidmm to 20,3mm (increase of
4,3mm). The following is an infantile stage, whilgsts from 2 to 5 years and
eyeballs grows to 21,5mm (increase of 1,2mm). Hs¢ phase is a juvenile, in
which there is complete and the length of the esyeil4 years about standard
24mm (increase 1,5mm).

Cornea

Postnatal development of cornea includes the iser@a diameter, flattening,
thinning and increasing transparency.

In neonates, the horizontal diameter is about S+, vertical diameter is
slightly larger. During the first year of life caral diameter grows to 11-12mm.
Along with this is changing surface of cornea fra@2mnf at birth to 130mrhin
twenty months.

Flattening of cornea leads to a reduction of reéfoac At birth, the corneal
power is around +52,00Dpt. During the first halayef life, the refractive power
of cornea decreases to +45,00Dpt and at the epdbarty is about +43,00Dpt.

The child has a thicker cornea than an adult. Erger of cornea of newborn
is about 0,96mm, the periphery is 1,2mm. After fir& six months, the central
corneal thickness is changed to 0,52mm,

Reduced transparency is especially for childreng \ehe born prematurely.
This situation is improving by age.

During the life, the amount of single-endotheliall changes, too. Newborn
baby has 4000-5000 cells/finTheir amount gradually decreases by age up to
half.

Lens
Eye lens has significant postnatal developments Thidue to mitotic activity

of equatorial lens epithelial cells of lens, whichm the lens cortex. These cells
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form the fibers — cells of the equator are becomwder and their inner ends are
becoming thinner and thinner. New cells are forroactinuously, so the old cells
are shifted rearward. This creates a concentririag of lens.

The newborn has a spherical lens. Equatorial diamist about 6mm and
refractive power is about +34,00Dpt. The graduatkdining of front but also back
surface of lens leads to the typical shape, whgdh adult. Equatorial diameter is
changed to 9mm and refractive power is changed 800Dpt.

Retina

At birth, the human retina is immature. The peripharea of the retina is
correct matured, but central area is insufficiemtigtured. Especially in the first
months, retina expands and retinal cells migratechvis related to the density of
cells in foveola and visual acuity.

The expansion of the retina is significant. Theaaoé the retina at birth is
around 590mr in adults there is 1250nfiThe expansion of the retina must be
accompanied by redistribution and overall thinnofghe photoreceptor mosaic
and the cells with which they make contact. Poatnatpansion of the retina is
non uniform. The periphery expands faster than demtral retina, thus
contributing to the decreased density of ganglieilsand other cell types in the
periphery. Also, the temporal retina expands md@n tthe nasal retina. This
difference contributes to the higher density oftpheceptors and ganglion cells in
the nasal retina.

At the same time the retina is expanding aftembititte cells in the retina are
migrating, some away from the foveola and othevgatd it. At birth, there are
still ganglion cells and inner nuclear cells suchhapolar cells overlying the
foveola. After birth, these cells migrate away frime foveola. One result of this
migration is a deepening of the foveolar depressidre foveolar cones, on the
other hand, migrate toward the midpoint of the fdae As a consequence, the
diameter of the rodfree zone is reduced. Sincexedfinumber of cones are
condensed into about one-fourth the foveolar aeanf down to 0,4mr), it
follows that the density of cones must increaseuabfourfold. At birth, the
foveolar diameter is 91@n and there is about 19 000 conesfmAt 15 months,
the foveolar diameter is 7gB and there is 41 000 cones/frAt 45 months, the
foveolar diameter is 620n and there is 112 000 cones/fmn®ne of the research

shows, cone density at the midpoint of the foventacased until age 37 years. In
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72 years, there is a decrease in density. Thisnagti was not sufficiently
confirmed.

The migration of cones is accompanied by lengthlgeni axon, which
connects the cone inner segment to its synaptiécleedlhis lengthening is
necessary because the outer segment is movingakerie the cone pedicle in
contact with bipolar and horizontal cells is movperipheral. At 5 days, the outer
segment length of the most central foveolar cosemly 3um, less than one tenth
its mature length. Both foveolar cones and foveales outside the rod-free zone
seem to increase in length throughout life.

Another change concurrent with cone migration israwing of cone
diameters. At birth, the inner segment jgréwide, whereas at 45 month it igr@
wide. Thereafter, there is not big change.

Retinal vascular system of the neonate is complelein the central area. It is
more developed in the nasal part, which is shofi@mporal, longer part often has
not vessels, which extend to the ora serrata foersé weeks. Retina is not
functionally endangered, because choroidal systemfully functional, so

periphery is sufficient provided.

Ut SRR 724

[Altersbedingte Makuladegeneration (AMD). Occunet [online]. 2005
[cit. 2014-07-31]. Dostupné z:http://ocunet.de/patienten/amd.htmi]

Optic nerve ana visual painway

Optic nerve and visual pathway is not both anatamand physiological
developed at birth. Optic disc is whitish gray e hewborn. It is a physiological
condition, which is caused by the fact, that thecudar supply is not yet fully
completed. Pink coloration is in infants aged deer months.
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Myelination of the visual pathway is not completexh. It is completed around
the sixth month of life.

Maturation of the macula and the optic nerve cée tg to eight years, as long
as everything develops due to central regulatorychaeisms and sensory

functions of retina.

Postnatal development of fixation, visual acuity at refraction

Vison is not fully functional at birth. It is causéy the fact that we do not see
by eye, but by the brain. The retina representddiveard part of the brain and it
is in contact with the visual center of the oca@plbbe.

At birth, child recognizes only light and darkne3she proof is pupillary
photoreaction and reflective lifting of eyeballpassive opening of eyelid during
sleep. It is caused by the fact that cones of naaaré not yet fully differentiated
and organized. Peripheral vison prevails over egnin other words, scotopic
vision prevail over photopic. Visual acuity is abdu60, 20/600. Newborn can’t
fix light stimulus. Baby is able to respond toince the first week of life but only
by direct eye movements.

At the end of the first month, there is irregulaomocular fixation — one eye
fixates and the other eye may sometimes move umaoordinated manner. Eyes
alternate in fixation.

From the second month, child begins to have birardiation, so uses both
eyes simultaneously. Hand-eye coordination is imipign

During the second and third month of life, connattf primary visual centers
with cortical visual area is completed, especitilyse parts that correspond to the
macula. In the third month there is an irregulavefal fixation, which is
accompanied by the development of convergence aedgénce. Visual acuity is
about 6/60, 20/120.

The fourth month is very important, because theulagarea gets a definitive
superiority over the peripheral retina. So babyalde to continuous central
fixation. The infant begins to fully accommodatehefe is also basis for the
accommodative-convergence reflex. It is importamt ¢orrect development of

binocular vison, but also for the development afect refraction.
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In the sixth month foveola is finally completed.iJkeads to the formation of a
reflex of fusion. It is basis for spatial depth dtalar vision. Visual acuity is
about 6/24, 20/100.

In the next months, binocular reflexes are improdee touch reflexes and
walking. One year of age there is visual acuityul&sl5, 20/60.

Toddler period is important for the consolidatione tinterplay between
accommodation and convergence. Development ofxeflés completed within
three years. In 2 years visual acuity is about @@ in 3 years it is about 6/9.

Within six years, reflexes are finally stabilizédd.6 years visual acuity is 6/6,
20/20.

It is reported, the development of vison takes @lactwo phases — active and
passive phase. Active phase is ensured by suppighifstimulus. The proof is
the fact that if the newborn has healthy eyes ams lonly in the dark, not blind.
But his vision remains at the lowest level. Onlgthiquality light stimuli are
insufficient. These stimuli must be focused on théna. The precondition is
therefore correct refraction. This is a passivespha

Changes of refraction that occur from birth to Garge usually take place
according to particular pattern. These changes eafled process of
emetropization. Emetropization is process of reayicefractive errors in children
by age. Most newborns have hyperopia in averager2@®0-+3,50Dpt. As
mentioned in the previous part of the text, theabbdngth of eye is greater. This
should result in axial myopia. But it is offset thgttening of refractive surfaces of
the cornea and lens. Refractive error is gradusdyuced. Emetropization is
active, not passive growth process. Ideally, cbiléix-years (and older) should
have the ratio of refractive power of eye to lengtheye such that observed
objects are focused on the retina. This refracttaée is called emmetropia.
Conclusion

To diagnose refractive errors in childhood it igortant to know the postnatal
development of structures that are involved inréfeaction of the eye. There is
more important regular monitoring of refractiveaesr than a single examination.
It is caused by fact that process of emetropizatielps to differentiate less risky

errors and more risky errors. Neglected correctiofate detection of refractive
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errors often results in amblyopia and squint, whaoh issues that can negatively
influenced the future life of children (for examplehen choosing a profession).

[Brylové ¢ocky pro déti, détské bryle. Nabidky.edb.cz [online].
2011 [cit. 2014-07-31]. Dostupné
z:http://nabidky.edb.cz/Nabidka-15720-Brylove-cocky-pro-deti-
detske-bryle-Jablonec-Liberec-Tanvald]
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9. PLNA BINOKULARNI KOREKCE A MOZNOSTI
JEJI REALIZACE

Bc. Zuzana Kohoutova

Mgr. Petr Vesely, DiS., Ph.D.
Katedra optiky a optometrie LF MU, Masarykdyaiverzita,Lékaska fakulta

Binokularni vicni je koordinovana senzomotoric&i@nost, kter4d umatuje vidét
obéma a@ima obraz jednoduse.

Senzorick&ast je zrako¥ smyslova a zahrnuje vSechégsti oka - zrakovou
drahu a zrakova centra mozkovérk Pro spravné fungovani senzorické slozky
musi byt zachovéano:

» normalni nebo tégit normalni vigni obou @i,

» priblizné stejna velikost sitnicovych obranbou @i,

» centralni fixace oboudo,

* normalni retinalni korespondence,

» schopnost fuze,

» normélni funkce zrakovych drah a center.

Okohybné svaly, okohybné nervy, jejich jadra aarioka centra mozkové
kary fadime mezi motorickowast binokularniho vighi. Spravné fungovani
motorické sloZzky umaiije:

» priblizné paralelni postavenicopii pohledu do dalky,

» volnou pohyblivost &i ve vSech sirech,

» normalni funkci motorickych drah a center,

» koordinaci akomodace a konvergence.

Vyvoj jednoduchého binokularniho i se uskut@uje od narozeni,
neni vrozené. &hem prvniho roku Zivota se vyviji reflex fuze — jgmd dvou
obrazki v jeden vjem. Je torpchod k binokularnimu vighi, které se stabilizuje a

zdokonaluje az do Sesti letku ditte.
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Jednoduché binokularni di se vyznéuje temi zakladnimi stupni —
superpozici, fuzi a stereopsi

Superpozicge schopnost® prekryt olEma aiima nestejné obrazky.

Fuze umo#uje spojit stejné obrazky pravého a levého oka dene
smyslovy vjem. Podle toho, jakou oblast fuze zajgnuwozliSujeme fazi na

paramakularni, makularni a foveolarni. Fézli motoricka

Fraation Proit

slozka, kterd umaitije stet obou ¢i ve fixovaném pedntu ™ -

a senzoricka slozka, ktera zahrnuje psychicky ofygicky - ~
Fusion

dgj spojovani obraz pozorované kazdym okem i beznéch @f{ \? o

pohyhi. 'Lv)
Stereopsge schopnost vytvit prostorovy obraz, ktery je pozorovan z

lehce disparatnich béd Stereopse je mozZna jen za &mné existence

jednoduchého binokularniho iai.

Abychom vidli obraz jednoduse, je nutné, aby vSechny slozkkareho
organu spolupracovali a jejich vyvoj&@nnost nebyla naruSena patologii, nebo
Urazem. E nenaruSeném ipnosu informace ze sitnice do korovych center
nastavujeme aboci tak, aby jejich obraz dopadl na mista neggsiho vid&ni —
na fovey. Fovey jsou hlavnimi korespondujicimi boklglem kterych je dalSich
korespondujicich bdd které vidime jednoduSe. VSechny korespondujicitani
muzeme spojit dohoropteru — prostoru jednoduchého binokularniho &id
Disparatni body jsou mista sitnice, které spoluonesponduji a jsou vnimany
dvojité. Lehce disparatni body lezici WPanumo¥ prostoru umoziuji
stereoskopické vishi. Pokud je jednoduché binokularni naruSen@endojit ke
vzniku Utlumu, amblyopie nebo anomalni retinalni koresmmg Fricinami
vzniku €chto onemocEni jsou znény rohovky, @nich médii, sitnice, poruchy
okohybného ustroji, refrgki vady a poruchy zrakovych center.

Prvnimi poruchami jednoduchého binokularniho éwid je diplopie a
konfuze. Diplopie vznikd, pokud obrazy nedopadai stejnd mista na sitnici.
Jeden dopadne do fovey, druhy na disparatni mitices Na uchyleném oku se
zobrazi jiny obraz a vznika konflze — stejny baarestoru je vniman jakaizné
piednety. Poruchy JBV jsou Zjsobeny naruSenim senzorické slozky, nebo

zmenou motorické slozky vlivem zémy svalového nafti nebo inervace. Oba
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piipady se projevi kil strabismem — zjevné Silhani, nebo heteroforii rytgkn
Silhanim, které odhalime po zruSeni faze. V paioldgnokularniho vigni
rozliSujemedtlum, amblyopii a anomalni retinalni koresponde(&BK)

Utlum je proces, p kterém je zabr&mo prostupu informaci z uchyleného
oka do zrakového centrafiRlelSim trvani mize na podklag Gtlumu vznikat
amblyopie.Amblyopieje jednostranné nebo oboustranné snizeni zrakdweésts
pii normalnim anatomickém nalezu. Druhy amblyopieujswozena (nap pri
nystagmu, nebo albinismu), z nepouzivani oka, am&tmpicka, ametropicka,
meridionalni, relativni a n&gsgji vyskytujici se amblyopie ip strabismu. Ta
vznikd na zaklatl aktivniho atlumu fovey uchyleného oka. Dle st&smniZzeni
zrakoveé ostrosti se rozliSuje na malou, se zrakowsinosti do 0,7. &dni je
omezena zrakovou ostrosti 0,7 — 0,4. &k& amblyopie je pod 0,3. DalSim
znakem amblyopie je z¥na fixace. Nejtive vznika centralni fixace, kteraute
piejit ve fixaci excentrickou nebo bloudivou. Pacjestamblyopii postihuje také
porucha lokalizace, ktera se projevuje mponokularnim pozorovanirimmo vpred
a hlavni pohledovy sén se esouva na misto excentrické fixace. Excentrické
misto je tedy dominantnitippmonokularnim vidni. Misto excentrické fixace se
stava faleSnou makulou, ktera spolupracuje s fowslvavého oka. Amblyopické
oko lépe rozezna izolované znakim mér jsou znaky nahu&té u sebe, tim se
zrakova ostrost lepSi. Mluvime o poruSe rozliSovachopnosti. NejvysSim
stuprém poruchy JBV je ARK. Dochazi ke vzniku nové sitvié spoluprace —
fovea vedouciho oka a misto sitnice uchylenéhospkéu z&inaji spolupracovat
a maji spolénou prostorovou lokalizaci. Jedna se o nepravekiidoni viceni pxi
Uchylce. ARK vznika nepstji u dlouhotrvajicich malych a n&lénych strabisiin
¢asto s malou amblyopii jednoho oka nebo dobryngniid obou ¢i. ARK je
mozné rozdlit do dvou skupin.

Prvni skupina — harmonicka retinalni korespond€hi?eRK)

Druha skupina — disharmonicka retinalni korespondé¢BDARK)

Heteroforie

V piipadt, Ze jsou 6 vrovnokEZzném postaveni, do jejich vyvoje
nezasahla Zzadna patologie a vSechny sloZzky okaumpaiuji tak, jak maji,

mluvime o ortoforii. Pokud zruSimei fpinokularni fixaci pod#t k fazi, je mozné
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odhalit skryté Silhani — heteroforii. Podle &m odchylky je moZné roztit
heteroforie do &olika skupin:
» Vertikdlni
Esoforie — je nasalni odchylka.r@vlada sila vnihich gimych sval, diky
tomu maji @i snahu konvergovat.
Exoforie — je temporalni odchylkai&vaZuje fisobeni zevnichifmych svai
a &l maji snahu divergovat.
* Horizontalni
Hyperforie — oko snéfuje nahoru
Hypoforie — oko snéiuje doli
Velikost odchylky je piblizn¢ stejnd na oboudich, maji ale opay sner.
RozliSujeme pozitivni hyperforii,ipkteré jde pravé oko nahoru, levé ioU
negativni je s opany.

* Cyklovergence

Incykloforie a excykloforie se rozliSuji podle &#hi oka dle fedozadni osy
nasalg, nebo temporath

Zvlastnimi gipady heteroforie jsou arteficialni heteroforieeré vznika
navozenim decentraci brylovych skel vzhledem ked&tn zornic. Anizoforie je
heteroforie, ktera sedni se se sirem pohledu.

VSechny vyjmenované moznosti heteroforii se mohoyskytovat
samostaté, ale i v kombinaci s dalSim typem heteroforie, mebfralcni vadou.
Heteroforie sama o sémezpisobuje pacientovi velké potize, do té doby, dokud
funguje opravny mechanismus. Yigac, Ze ani opravné mechanismy neésta
usmernit pohyb @i, mize dochazet k lehkému rozmlZeni obrazu, vznikaggio
kolem @i i hlavy, pacient seip ¢teni, nebo namahankiorychle unavi, nebo
vznikaji da&tasné zdvojeni kontur obrazu.

Priciny vzniku heteroforie je &kolik. Jiz pi anamnéze fizeme podle
o¢niho rozestupu odhadnout, zda bude mit pacientdfeté. Vé&tSi aini rozestup
vede k exoforii, mensi k esoforii. Vliv maji i vremé anomalie anic, anich
bulbi, nebo okohybnych sual Krom¢ statickych poruch ma vliv na normalni
binokularni vigni i porucha AC/A nebo porucha inervacgmich svaib.

Vyskyt ortoforie je podle Hromadkovéiiplizneé 20 — 30% populace.
Castji se vyskytuje maléa heteroforie, daptji esoforie 2-3 stCasté byvaji i
kombinace horizontélnich a vertikalnich forii.
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Diagnostika heteroforie

Diagnostika heteroforie spiwva ve zruSeni poahi k fuzi a nasledného
vyhodnoceni. Pokud bychom nechali pégnk fazi zachované, #iila by se
fixaéni disparita. Pr&vzachovalé podity k fuzi jsou pro lidské okoiprozené.
Faznimi podgty se rozumi oramovani vy$evaci plochy, nebo centralni fisai
bod. Hlavnim cilem ip korekci binokularniho viéhi je zjiS€ni odchylky od
zakladniho, idealniho postaveni. Vystupem j&nr prizmatické hodnoty, ktera

umoziuje optimalr vyvazené a klidové vergémi porrery pii o¢ni praci.

1. Anamnéza

Jedna se o uvodni pohovor, ktery jako prvni updzoanmoZznost
vyskytu heteroforie. PtAme se na bolesti hlavyréteyvaji zfisobeny
dlouhodobou snahou ¥j$ich, nebo vnihich sval o udrzeni binokularni
fixace. DalSi problém, ktery doprovazi dlouhodobmkompenzovanou
heteroforii, je svalova astenopie. Ta vznika, pokeichodnota uchylky
skrytého Silhani dvojnasobna fazni vergenci. Pmollénastavaji u
esoforie pi pohledu do dalky, u exoforigfippohledu do blizka. Problémy
jsou doprovazeny slzenimeip swtloplachosti, nejasnym udim a jiz
zminovanymi bolestmi hlavy. Krogn jiného se mohou vyskytnout
problémy s fixaci, chybny odhad vzdalenosti, bolegtadech nebo Sije a
poskakovani, feskakovaniadki. Je samazjmé, Zze samotnda anamnéza
neodhali heteroforie, ale pde ndm g rozhodovani o moznosti korekce
prizmaty. Pokud pacient trpi vice uvedenyrizpaky, budeme se snazit

doporit noSeni prizmatické korekce.

2. Plnd monokularni korekce

Je velice dlezita, protoZze jenom s nittheme dosahnout optimalni
a plné binokularni korekce. PInou monokularni kofekzajistime
akomodani klid do délky. Pokud bychom nedoséahli plné manékni
korekce, mohlo by to ovlivnit dalSi binokularnérani.

Nejdrive zjistime zrakovou ostrost bez korekce. Pokugktgvany
nosi vlastni korekci, nasleduje vyi&ati i s korekci. Nasleduje objektivni

zkouSka nejastji skiaskopem, nebo automatickym refraktometrem.
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Subjektivnim vySéenim owfime objektivni ndfeni. Poté zkontrolujeme
korekci do blizka. Je snaha o it nejlepsi korekce,ipkteré pacient
pie¢te pozadovanou velikost optotypovych zhalonokular uréené
hodnoty umozni zobrazeni v centralni jamce Zlui@rsk Pokud by byla
piitomna heteroforie,ipbinokularni korekci by se jedno oko odchylovalo
od idealniho srru.

3. Binokularni korekce

Samotnd binokularni korekce je popisovaienymi autory odliS&
diky miznym pouzitelnym metodam vys$evani. Pouzivaji se dumetody
zaloZené na separaci obligzomoci dlice, nebo metodika POLATESTU,

ktera vyuziva polarizaci.

3.1. Zakryvaci zkouSka

Je to zakladni, jednoduché vy&eti, kterym odhalime skryté
Silhani. Pacient fixuje bod vzdaleny 0,5 — 5nti Postupi zakryvame
desttkou nebo rukou a sledujeme pohyhy.dPokud by oko &stavalo po
odkryti bez pohybu, jednalo by se o ortoforifi pohybu po odkryti bez
zjevného Silhani i@d zakrytim mluvime o heteroforii - oko provadi
zpetny fazni pohyb po odkryti a vraci se divpdniho postaveni. Pokud je
Uchylka zjevna, jedna se o heterotropiki fednostranném strabismu
vedouci oko fixuje i po odkryti Silhajiciho oka. Rakryti vedouciho oka,
Silhajici oko pebira funkci vedouciho oka i po odkryti vedoucilka,cale
po chvili pebira jeho funkci zase vedouci oko. Pokud je zakryt
neSilhajici oko a Silhajici oko nevykonava vyrovadvpohyb a Spatn
fixuje, mluvime o strabismu s excentrickou fixaeb zakryti Silhajiciho
oka pak ihned iebira fixaci vedouci oko. Vertikalni Gchylky maji

vyrovnavaci pohyb ve vertikalnim gna.

3.2. Maddoxiv cylindr
Pouziva se v kombinaci s MaddoxovyiiZem — pravouhly Kz se
dvéma stupnicemi.
Jedna je pro deni heteroforie do dalky, druha do blizka. Upredtje
swtlo — Maddoxovo sktlo, které pacient vnima. Madddx cylindr je
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brylova ¢o¢ka sloZzena z extréminldmavych cylindl, které centralni
swtlo prodlouzi do fimky. Fimka je kolméa na vrypy cylindru. Nejde
se cylindr vklada fed pravé oko vrypy vertikédn nasleds horizontalr.
Pokud pacient vidi linii uprogtd, jedna se o ortoforii riFheteroforii:
* Maddoxovo sklo bude vpravo — svisidra vpravo — nezkzena diplopie u
esoforie
* Maddoxovo sklo vpravo — svisté@ra vlevo — zkZena diplopie u exoforie
» Maddoxovo sklo vpravo — vodorovidara nahte — hypoforie pravého oka
» Maddoxovo sklo vpravo — vodorovidara dole — hyperforie pravého oka.
Pro nefeni heteroforii je poeba vylodit fuzni podrt. To je mozné
pii pouziti Maddoxova cylindru ¥ervené bar& a predrazenim ped druhé
oko filtr v komplementarni ba#v Docilime tak vzniku odliSného
vizuélniho vjemu jak pro pravé tak pro levé oko.
Zjistenou uchylku korigujeme podle postaveni Mlic¢v MS.
Prizma se vklada béazi proti 8m uchylky se snahou o dosazni

pseudoortoforie. Poloha baze klinu je potom nagieidu

HTF-HTT baze P/L
exoforie 0°/180°
esoforie 180°/0°
pravostranna
_ 270°/90°
hyperforie

pravostrann
] _ 90°/270°
a hypoforie

3.3. Graetiv klin
Pro realizaci této metody je @eba klin 6-8 pD. Klin se vklada s bazi

vertikaln® pred jedno oko, obvykle do 270°. Pacient s vloZenyimekn
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pied jednim okem sleduje MS, které diky nizké ho&rfagni rezervy
navodi diplopicky viem. Pacient vidi &ewtla nad sebou. Pravé oko vidi
horni obraz MS a levé oko vidi dolni obraz MS. pesunuti sitel vaci
sok pak zji§ujeme esoforii, exoforii. Tento test se pouzivavhéapii
zjistovani vertikalnich odchylek. Pro lepSi odliSenfrjezné Gradiv klin

doplnit ocervenozelené filtry.

3.4. Anaglyfni metody

Anaglyfni metody vyuZivaji aditivni, nebo subtrakti michani barev.
Cernou bychom dostalitpmichani dvou barev subtrakt&nAditivnim
michanim dvou barev ziskame bilou barvu. Tyto testy nejastji
pouZzivaji séervenym a zelenym filtrem. Pacietg@rvenym filtrem uvidi
cervené zné&ky, zelené diky subtraktivnimu michani barev zaoikn
Stejny gipad plati i pro pozorovani jen zelenym filtremstyevyuZzivajici
anaglyfni metodu jsou n&gstji Schobefiv test a Worthv test.
Nevyhodou d&chto test je, Ze oko je za zelenym filtrem stava
krdtkozrakym a zacervenym dalekozrakym. To ke vést k
akomodé&nimu neklidu.
3.4.1. Schobedyv test

Sklada se z centralnihngerveného kze, ktery je obklopeny @dwma
nebo temi zelenymi kruhy. Cely test lezi garném podkladu a pacient
test sleduje fes cervenozelené filtry. Podle posunuttize mizeme
posuzovat hodnotu heteroforie. Hodnota daedi Kize k prvnimu kruhu

je jedna prizmaticka dioptrie, stéjhodnotu ma vzdalenost knith

3.4.2. Worthiv test
Je to zakladni test vyvinuti jiz roku 1905. Z lktke zkuSebni

vzdalenosti jsou pozorovany zelené &qa v horizontalnim srru,
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cervend a bil4 ve vertikdlnim gm. Cely test je umish nacerném poli ve
tvaru kruhu. Fed @i jsou umistny komplementéarni filtry. Oboci vidi
horizontalni znaky zelené, hortérveny a spodni znak byémbyt bilé
barvy. Pravé oko gervenym filtrem vidi horntervenou znéu a dolni
pavodni bilou zn&ku. Zelené zn&y neuvidi. Levé oko se zelenym
filtrem vidi horizontalni zelené ztky a zelené dolni sHo. Fi
pozorovani obma a@ima se diky aditivnimu michani barev dolnitby
jevi bilé, pokud jsou & binokularré vyvazené. Nevyhodou pro deni
heteroforii je silny fuzni podt bilého s¥tla, ktery navozuje orto
postaveni &. Proto je Worthlv test vhodny pro vyjd&ni motoricky
kompenzovanych heteroforii a pouziva séedevsim k rychlému
posouzeni binokularniho Wdi a ugeni dominance oka. Dominanci oka
zjistime dle barevného vjemu spodni bilé ckya kterd niize nabyvat
cervené barvy (pro dominanci pravého oka), nebonge(pro dominanci
levého oka) nebo se barvy mohoiiddt a potom by Slo o soueai (i

simultannim vidni.

3.5. Testy vyuZivajici polarizaci

Testy vyuzZivaji k disociaci vjein polarizaci s¥tla. Polarizator a
analyzator jsou polarizai filtry, které maji schopnost pohltitast
elektrické slozky sétla a propout uritou c¢ast prochazejiciho &tla,
které je po pkchodu lineara polarizované. Dlezité je vzajemné nateni
os polarizanich filtri. Pokud budou osy stejné, bude intenzita paprsku
prakticky stejna. Pokud budou osy polarizatoru aly@@toru navzajem
kolmé, s¥tlo bude pohlceno a intenzita bude nulova.

Polatest vyuziva principu pozitivni polarizace. #@mma to, Ze neni
polarizované pole polatestu, ale samotny znak. T&ghdocili tak, Ze osy
polarizatoru, které se vkladaji do zkuSebni obrybgu kolmé na osy
analyzatoru v optotypové tabuli. Znaky, které bylgrmalnim okem
piehlédnutelné, se po nasazeni polarizétgfjasni. Pacient uvidéerny
znak na sttlém poli. Osy polarizatdrupravujeme ve zkuSebni obrupo
pravé oko do 135° a levé do 45°. Je docileno tdkopravé oko uvidi

vodorovné znéky a levé oko svislé ziky vySetovaciho pole.
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Negativni polarizace vyuZziva polarizace pokladuutede vnimana ta
¢ast testu, ktery je polarizovan souhkasn filtrem, ktery je vloZzen ve
zkuSebni obrub Béhem vySatovani je pateba kontrolovat fgsné
nataieni polarizatoru a analyzatoru, aby nedochazelo Jzmiku
zkreslenych vysledk

Polatest umaluje zji¥ovani jak hodnotu motorické, tak i senzorické

slozky JBV a jejich fipadnou korekci.

Po binokularni korekci do dalky imeme provést binokularni korekci do blizka.

Nakonec jemaé sféricky dokorigujeme.

Prizma

Prizma je hranol nebo opticky klin, ktery se sklad@aze, vrcholu a dvou
lamavych ploch. LAmavé plochy svirajtity Uhel o, ktery je proti zaklad®) bazi
hranolu. Paprsek prochaziéia lamavymi plochami a lame se pod Ghlém
deviace. Pokud je dopad paprsku kolmy na prvni V@maplochu, uwujeme
acinek klinu v prizmatickych dioptriich. Opticky klia (Einkem 1 pD uchyluje
paprsek ve vzdalenosti 1m o 1 cm. Paprsek se fichpdu druhou lamavou

plochou lame sirem k bazi.

........

Uplatreni prizmat neni vyhradnuréeno pro ziskani zrakové pohody u
heteroforie, ale ma Siroké uplaim i v ortoptice — rafeni uchylky, zji&ni
piitomnosti fuze, ré&eni Stky faze, cvteni kladné a zaporné iy fuze,

nacvicovani JBV v prostoru a dalsi.
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Prizmata, Telerovytocky, se vyuZivaji pro korekcidhem vySaiovani.
Jsou skle#né a jsou satasti zkuSebni sady. Nevyhodou je jejich tlika8a vaha
pii vysSich prizmatickych hodnotach. Wlmhmotna prizmata se skladaji z
n¢kolika shodnych malych hrandlks bazi stej orientovanou. Jmenuje se
Waferovo prizma a jejich vyhodou je jednoduchiéevreni k brylové obrub.
NejnowjSim typem prizmat jsou Fresnelova prizmata. Jsousamolepici
umélohmotné folie z malych prizmat nah&s$ych blizko sebe se stéjn
orientovanou bazi. Fresnelova prizmata se dajipitat@ brylovou obrubu, avSak
mohou zfisobovat sniZzeni zrakové ostrostii RySetovani je mozné pouzit i
prizmatické liSty se stoupajici silou prizmatickydloptrii. ZvlaStnim pipadem
prizma je Herschlovo otmé dvojprizma. Dvojprizma o sile kazdého prizmaiu 1
pD jsou ve spolkiné obruls a ot&eji se proti sofa Diky ot&enim je mozné it
silu od 0 — 30 pD.

Korekci malych heterotropii a heteroforii je moZpévést decentraci
sférickécocky. Konvexnicocka je skupina prizmat s bazemi dovnkonkavni s
bazemi zevé Aby bylo docileno prizmatickéhcatiinku, je poteba posunout itd
optickych¢o¢ek mimo sted zornice. Decentrace konvexniadtek zevig pasobi
jako prizma s bazi ze¥n decentrace dovititie jako prizma bazi doviit U
konkavnichc¢ocek decentrace sirem dovnit pasobi jako prizma bazi ze¥n

Decentrace zewypasobi jako prizma bazi dovhit

Metody aplikace klinové korekce:

Dle metody MKH
Metoda MKH doporduje celou klinovou korekci, kterou zjistimeip

vySetovani, aplikovat i do nasledné korekce, kterou hpat@ent nosit.

Maddoxovo kritérium

Maddox vychéazel z #feni, které provad na Maddoxo¥ kiiZzi pomoci
Maddoxova prizmatu. Jako korekci dop&wuat u esoforie naéiené nad 3 pD

korigovat 50%, u exoforie nad 2 pD korigovat 60%miigené korekce.

Sheardovo kritérium
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Opané orientovana $ka fluze musi byt alespo dvojndsobna hodnotam
heteroforie, aby nevznikala astenopie. Pokud ttakuneni, vznika astenopie a je

potreba korigovat heteroforii.

Percivalovo kritérium

Korigujeme rozdil ¥z &Si Stky fuze a 1/3 mensi&y fuze.
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FULL BINOCULAR VISION AND THE
POSSIBILITIES OF IT'S REALIZATION

Bc. Zuzana Kohoutova
Mgr. Petr Vesely, DiS., Ph.D.
Departement optometry and orthoptics LF MU

Binocular vision is coordinated sensorimotor atyivhat makes you to see image
with both eyes simply.

The sensory part is visual-sensuous and includey @art of an eye, the visual
pathway and visual centres of the cerebral cofexk correct functioning of
sensory component must be maintained:

* normal or near-normal vision of both eyes

* nearly the same size of retinal imagines of bmtas

* central fixation of both eyes

* normal retinal correspondence

* ability of fusion

* normally function of visual pathway and centres.

The external eye muscles, the external eye netiveis,nucleus and motor
centrum of cerebral cortex we can include amongmudrt of binocular vision.
The right functioning motor component is maked:

* approximately parallel position of the eyes laukiinto the distance

* free ocular motility in all directions

* the normal function of motor pathways and centres

* co-ordination of accommodation and convergence.

The development of normal binocular vision is readi from birth, it isn’t innate.

Reflex of fusion is developing during the first yed life. Reflex of fusion is
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connecting two images into one perception. It esttAnsition to binocular vision,

which is stabilizing and improving up to six yeafsage.

Simple binocular vision is characterized by thrasib steps - superposition,

fusion and stereopsis.
Superposition is the ability of eyes to overlay twwequal pictures.

Fusion can combine the same images of right an@yes in one sensory
perception. The fusion is extramacular, maculareédar. Fusion controls the
motor component that enables clash between theyes in fixed object and
sensory component that includes psychological dydiplogical process which
is linking the images of each eye without eye mosets.

Stereopsis is ability to create space image, wisicibserved from gently

disparate points. Stereopsis exists when the ndsmatular vision is present.

If we want to see a picture clearly, every compomenst co-operate and their
development and action can’t be impaired by patippotwr injury. When
transmission of informations is intact from rethoathe cortical centres, we can
move the eyes so their pictures are turning tddliea — space of the sharpest
vision. Foveas are the main corresponding pointsuAd foveas are located next
corresponding points which we can see easily. Egeresponding point is in
horopter — the space of normal binocular visiorsparate points are spaces of
retina, which aren’t corresponding together. Digpapoints are perceived as
double vision. Stereoscopic vision is possible fiahtly disparate points. If
normal binocular vision is broken, it can developress, amblyopia or
anomalous retinal correspondence. These disease®ealop from changes of
cornea, exe media, retina, disorder of externalneyscles, refractive defect and

disorder of visuals centre.

Diplopia and con-fusion are the initial disordefsrormal binocular vision.
Diplopia develops when the image doesn't fall ® shme place of retina. The
first image is falling to the fovea, the secondhe disparate place of retina. The
picture is different in the second eye and confussaarising — the same point is

different for both eyes and the pictures aren’tsaisparates of normal
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binocular vision arises from changes or disturbaf@®ensory or motor
components. This disorder is presented eitherdapisinus or heterophoria. We
can distinguish suppress, amblyopia and anomalaietorrespondence in

binocular vision pathology.

Suppress is process which prevents transmissioriaymation from lazy eye the
vision centre. When the suppress lasts for a cetitaie, arises amblyopia.
Amblyopia is one-sided or two-sided. It is a deseeaf visual acuity in normal
anatomic report. Types of amblyopia are: innamnfinability of use the eye,
anisometric, ametropic, meridional, relative andbmpia in strabismus- it is the
most frequent type. Amblyopia divides into: smadlehse — visual acuity is 0,7,
middle disease is between 0,3 — 0,7, heavy disgader 0,3. Another

sign of amblyopia is change of fixation. First,rés a central fixation, which can
progress into eccentric fixation or vagus. Nexhafjamblyopia is disorder of
localization — it's a monocular problem and the m&ight direction is in eccentric
fixation. Eccentric fixation is dominant in monoaublision. Anomal retinal
correspondence has got false macula- it's ecceintation in binocular vision.
False macula cooperations with fovea of healthy bgey eye distinguishes
better isolated signs. The less signs are densekepl together, the better visual
acuity is. This problem is called as disorder stidguishing ability. The worse
disorder of normal binocular vision is anomal ratioorrespondation. It develops
new retinal correspondence- fovea of healthy eyesaace of retina of lazy eye
cooperates and they have got common spatial l@tediz This is false binocular
vision. ARC develops by long-standing small andested strabismus with small
amblyopia of one eye or good vision of both eydRCAcan by divided into two
groups. The first group is the harmonic retinarespondence (HARK). The

second group is disharmonic retinal correspondé@nédrK)

Heterophoria

Ortophoria is condition when eyes are in paralédifon; their development was
not hit of pathology and all the components of egek together. Heterophoria is
covert strabismus. We can uncover heterophoria wieeabolition impulse for

suppress during binocular fixation. Heterophoria gat several basic groups:
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* Vertical

Esophoria - the nasal deviation. The strength tefiimal direct muscle prevails and

the eyes begin to converge.

Exophoria — the temporal deviation. The strengtextérnal direct muscle

prevails and eyes begin to diverge

* Horizontal

Hyperphoria - eye is directed at up.

Hypophoria — eye is directed at down.

We distinguish positive hyperphoria, when right gges up, left down. Negative
hyperphoria has the opposite direction.

* Cycklovergence

Incyclophoria and excyclophoria are distinguishgddiation of the eye by the

anteroposterior axis - nasally or temporally.

Special cases of heterophoria are artificial h@ieooia and anizophoria. Artificial
heterophoria develop non-centration of spectacisds relative to the centres of

the pupils. Anizophoria varies with the directidmmovement of eyes.

All types of heterophoria can exist alone, in comaion with next type of
heterophoria or refractive error. As long as cdirvecmechanism works,
heterophoria does not a big problem. When correctiechanism doesn’t work, it
can develop light blurring of the image, eye adtegdache, patient eyes are tired,

or can create temporary diplopia.

Causes of developing heterophoria are several.alfelteck spacing of eyes and
eye movements in eye history. Larger spacing o$ és@&ds to exophoria, minor to
esophoria. Influence also have congenital anomaliessocket, eyeballs, or

extraocular muscles, failure AC /A or failure oharvation of the eye muscles.
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Incidence of ortophoria is approximately 20-30%khe#f population by
Hromadkova. Small heterophoria, usually 2-3 degoeeurs more often. Often it

is a combination of horizontal and vertical forms.

Diagnosis of heterophoria

Diagnosis of heterophoria includes repeal impulsefusion. When the impulses
for fusion are preserved, we examine fixation digpalhe impulses for fusion
are nature for human eyes. Fusion impulse mearfsaime of examination areas
or central fixation point. The main intention ofraection of binocular vision is
detection of deviation from the basic, ideal positiWe assess prism correction

during following examination:

1. Eye history

It's initial interview. We ask for headaches - thag caused by long-term efforts
to external or internal muscles to maintain of lowar fixation. Another problem
is muscular asthenopia. This problem develops whaére of deviation covert
strabismus is double of fusion vergence. Probleeveldp by esophoria when we
look into the distance and exophoria when we lavknkar. The problems are
attended tearing eyes, photophobia, blurred visrmhheadaches. Problems with
fixation, wrong estimation of distances, back paimeck and hopping, skipping
lines - then may occur heterophoria. Eye historgsdaot reveal heterophoria, but

it will help us decide on the possibility of cortien prisms.
2. Full monocular correction

It's very important, because we can reach full budar vision only with full
monocular correction. We reach accommodative néstthe distance with full
monocular correction. If we did not achieve full maular correction it could

effect on other binocular measurements.

First we find visual acuity without correction.datient wears own correction,
followed by a test with correction. We continuewitbjective test. The automatic
refractor is used the frequently. We verify objeetmeasurement with subjective
examine. Then we check near correction. Effortlentify the best correction in
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which the patient reads the size of optotype characlmage should appear in
macula after monocular correction. Heterophorgresent if eye deviates from

the ideal direction during binocular correction.
3. The binocular correction

The binocular correction is described differentyydifferent authors. Authors use
different procedures for finding the best binocuwarrection. We use a methods
based on the separation of images, anaglyphic methmethodology
POLATEST.

3.1. The cover test

It's basic, simple tests which we detect covedtdsmus. The patient fixates a
distant point 0.5 - 5 m. We cover the eyes graguwailh plate or hand and we
watch eye movements. If the eyes remain after wereavwith no movement, it
would be ortophoria. When heterophoria is presentege performs a reverse
fusion movement after uncovering and returns tootiginal position. If the
deviation is manifest, this is a heterotrophia.dieg eye fixates after uncovering
lazy eye when unilateral manifest strabismus isqameed. After covering the
leading of the eye, lazy eye has got role of tladileg after uncovering the
leading eye, but after a while the leading eyedwsnain role. Than we can

diagnose strabismus with eccentric fixation andie&rdeviation.
3.2. Maddox rod

It is used in combination with Maddox’s cross -teegular cross with two scales.
One scale is to determine of heterophoria intadietance, the other for near. In
the middle is light — Maddox’s light that the patigperceives. Maddox cylinder is
a spectacle lens which is composed of extremetildoaylinders. Maddox’s

cylinder

extends central light into the line. The line isgendicular to the incisions of
cylinder. First cylinder is inserted before riglyeeincisions of cylinder vertically,
then horizontally. If the patient sees the lin¢hie middle, it is ortophoria. When
heterophoria is:
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* Maddox’s glass is right - the vertical line orethght - it is uncrossed diplopia
with esophoria

* Maddox’s glass is right — the vertical line oretleft — it is crossed diplopia with

exophoria

* Maddox’s glass is right - the horizontal linethé top - hypophoria right eye

* Maddox’s glass right — the horizontal line at th&ttom — hyperphoria right eye

It is necessary to cancel of the fusion stimulugrieasuring of heterophoria. This
is possible when we use Maddox’s cylinder in reldwes with a green filter for
the other eye. We will achieve so different visp@tception of the right and left

eye.

We correct by position of Maddox’s line in relatimMaddox’s light. Prism is
inserted to the basis opposite direction of theatmn. It is achieved

pseudoortophoria. Position of basis of the pristhésn following:

Heterophoria-Heterotrophia base R/L

exophoria 0°/180°

esophoria 180°/0°

right-sided

hyperphoria 270°/90°

Left-sigted

hypophoria 90°/270°

3.3. Von Graefe’s prism

We need prism with 6-8 pD. We use basis in vertigaction — usually in 270°-
for one eye. It is developed diplopic picture ofddax light. The patient sees two
pictures — one above the other. The right eye theesnage of the upper Maddox
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light and the left eye sees the image of the |dWwaddox’s light. Shift of lights
detects esophoria or exophoria. We can use mainlgedtect of vertical deviation.

And we can also use red and green filters.

3.4. The anaglyphic methods

The anaglyphic methods use additive or subtracteur mixing. If we mix two
colours subtractive, we get black colour. With &ig@dimixing of two colours we
get white colour. These tests are most often usedred and green filter. Patient
sees with red filter the red points, green poinfsre due to subtractive mixing
colour. The same case applies for observing a dgiéen but patient sees only
green points. Schober’s test and Worth’s test samhaglyphic method. The
disadvantage of these tests is that the eye inthgneen filter becomes short-
sighted and behind red filter becomes far-sightduks problem can lead to

accommodative unrest.

3.4.1. Schober's test

It consists of a central red cross, which is surd®d by two or three green
circles. The whole test is located on a black lzasEthe patient watches test
through red and green filters. According to shiftimss we can define value of
heterophoria. The distance from the middle crogkedirst circle is 1 pD. The

same value has got distance of circles.

3.4.2. Worth's test

It is a basic test has been developed in 1905. Skgave observed from classical
testing distance. Patient sees green symbols indmtal direction, red and white
symbols in vertical direction. Both eyes see gheerizontal symbols, red symbol
up and white symbol down. Right eye with red fikees upper red symbol and

lower symbol. Green symbols can’t see. Left eyd \green filter

sees horizontal green symbols and lower originaitsy. When we see lower
symbol with both eyes white, binocular vision id@lance. The disadvantage for
measuring heterophoria is a powerful fusion stirmutiwhite light, which

induces the ortho-position of the eyes. This isrd@son why Worth'’s test suitable

148



for testing motor-compensated heterophoria. Itasnhy used for fast assessment
of binocular vision and determination of eye domice We find eye dominance
by lower white colour impression of symbol, whicdndave a red colour (for
dominance of the right eye) or green (for the danae of the left eye), or the

colours may rotate and then it was a rivalry withidtaneous vision.
3.5. Tests using polarization

Tests use polarization of light to dissociate pgticas. The polarizer and

analyser are polarizing filters that have the abith absorb part of the electric
component of light and let through some portiotheftransmitted light that is
linearly polarized after passing through. The int@ot thing is mutual rotation
axes of polarizing filters. If the axes are the sathe intensity of ray is

practically the same. If the axis of the polariaed analyser perpendicular to each

other, the light will be absorbed and the intensiily be no.

POLATEST uses the principle of positive polarizatidhis means that the field

of Polatest isn't polarized, but the symbol is. 8éehis so that the axis of the
polarizer, which is inserted into the test framess@erpendicular to the axis of the
analyser in examination board. Symbols that haes loeerlooked by normal eye
after putting on polarizer filters are clear angiliée. The patient sees a black
symbol on a light board. Axes of polarizer are 8 nd 46 degrees (for right and

left eye). Right eye sees horizontal section;dgé sees vertical section of test.

Negative polarization uses polarization of testkkigasund. It is seen that part of
the test, which is polarized in agreement withtarfiwhich is inserted in the

frames

of the test. During the examination, it is necegsarcheck the exact rotation of

the polarizer and the analyser, they can develsipided results.

POLA-test allows the determination of motor andsseyn components of JBV
and their possible correction.

Prism
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Prism is optical wedge, which consists of a bageand two brittle surfaces. Two
refracting surface enclose a certain anrglevhich is opposite the base of the
prism. The ray passes through the two refractimfases and is refracted at an
angled = deviation. If the impact of ray is perpendiculaithe first refracting
surface, we determine the effect of the wedge pimmsdioptres. The optical
wedge with effect 1 pD resorted beam at a distafhdem by 1 cm. The ray

refracts toward base after passing to the secdrattimg surface.

Applying prism is not designed solely to obtainuascomfort at heterophorias,
but has wide application in orthoptic — measurihdeviation, detection of the
fusion, measure the width of the fusion, exercisgtive and negative width

fusion and practising of normal binocular visiorsjpace and more.

We can use Teler's lens for correction during eration. These lenses are from
glasses and they are included in the test setdiBaglvantage is their thickness
and weight at higher prismatic values. Plasticrpsigre from same wedges which
have got the same oriented base. His name is Watfisra and his advantage is
the simple attachment to the spectacle frame. Eest type of prism is
Fresnel’s prisms. They are self-adhesive pladtitsfiof small prisms close
together with same oriented base. Fresnel’s preande glue to spectacle
frames, but may cause a decrease in visual aguiyng the examination it is
possible to use the prism border. A special caggisim is Herschl’s rotating dual

prism.

Dual prism can rotate opposite to each other aedyesf each has got 15 pD.

They can change strength from 0-30 pD.

Correction of small heterotrophia and heterophoaia be performed decentration
of spherical lens. Convex lens is a group of prignts bases inside, concave lens
with bases outside. When we want to achieve a ptisreffect, it is necessary to
shift the centre of the optical lens is off-cerifeéhe pupil. Decentration of

convex lens outwardly acts as a prism with bassideit the inside is as
decentration prism base inside. Decentration o€ave lens inwardly acting as a
prism with base externally. Decentration externall{s as a prism with base

inside.
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Methods of application wedge correction:

By method of MKH (Mess und Korrektionsmethodik natdase)
Method of MKH recommends correct every prism whighfound out.
Maddox's criterion

He recommended correction by esophoria measurad3gy®@ correct 50%, for

exophoria measured over 2 pD correct 60% of thesared correction.
Sheard's criterion

Antisense width of the fusion must be at least évtite values heterophoria, so as

to avoid asthenopia. If not, there is asthenopdareeeds correcting heterophoria.
Percival's criterion

We correct difference between ¥z greater width efftision and 1/3 smaller

width of the fusion.
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1. Uvod:

Dosud bylo publikovano jenontkolik experiment, které se zabyvaly silou fuze
v zavislosti na urle vyvolané relativni vergeéni zatzi a jeS€ meére je znamo o
vztahu kontrastu a snizeni vysokych prostorovyekvienci vizualniho poditu

na fuzni @innost. Hlavnim cilem nasi studie proto bylo popdiatrelativni
vergertni zatze na prahové hodnoty pro dichoptické maskovéedgiavujici
hypoteticky objektivni korelat sily senzorické fuBalSim gedmetem byla blizsi
analyza vztahu mezi kontrastem a prostorovymi feekemi fix&niho obrazu a
jejich efektem nadinnost fuze.

Predem jsme si stanovili hypotéztim je fuzni mechanismus s#isi, tim Iépe
»ochrani“ meért kvalitni monokularni obrazipd dichoptickou supresi [2, 3].
Fuzni @€innost jsme riili objektivnim zpisobem. Zakladem pro totocheni byl
fyziologicky mechanismus dichoptického maskovani]l Tento mechanismus
omezuje zpracovani mé&hkvalitniho monokularniho viemuhem binokularni
percepce. Snizeni kvality siieme nafiklad predstavit jako snizeni kontrastu
obrazu. Monokularni signal s normalnim kontrasperk brani (maskuje) vstup
nekvalitniho obrazu s niz§im kontrastem do vizd@ngdomi. Experimentani
meieni bylo provadno prostednictvim detekce prahu dichoptického maskovani

béhem monokularni prezentace sekvence absgarogresivnim néstem
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degradaceied nedominantnim okem a n&mého (maskovaciho) obrazted
dominantnim okem [4].

Pro nasi studii byly vytvi@ny i mody progresivni degradace experimentalniho
obrazu (A, B, C), které byly postuppromitany na LCD monitory PC
haploskopu. Méd A jedstavoval paralelni snizovani kontrastu a vysokych
prostorovych frekvenci, méd B izolované snizenitkastu a méd C izolované
shizovani vysokych prostorovych frekvenci.

Jednotliva nsieni byla rozdlena do dvowgasti. V prvni¢asti byla pacientovi
piedkladana postugrse zvysSuijici relativni konvergeémi, resp. divergemi zatz.

V druhé¢ésti jiz nasledovalo vlastnigteni prahu dichoptického maskovani
nedominantniho oka. Pdgkraceni prahu byla aktivovana monokularni suprese,
vyiazena fuze a vySetvané oko proto opustilo vynucenou vergi@rpozici, do
které bylo v prvni fazi kreni dovedeno vergéni z4€Zi. DosaZeni supresniho
prahu a prolomeni binokularni faze je indikovanawmrostednictvim

“opusE€ni” vynucené vergeami pozice.

2. Materidly a metody:

VSechna jednotliva steni byla provaéha na prototypovém PC haploskopu
(uzitny vzor registrovany thadem pimyslového vlastnictvR) (obrazek 1).

Dva totozné 22“ LCD monitory Samsung E2220N a plahgéovinna zrcadla

v optické kvalit jsou fFipojena na d¥ nezavisle oténa ramena aipdstavuji
stimulani ¢ast zaizeni. Obraz, ktery je promitan na LCD monitornaehazi ve
skute&né vzdalenosti 0,4 m odtiopozorovatele. Tato vzdalenost je pomoci dvou
+2,0 D konvexnicltocek pevedena na optické nekane.

Ridici¢ast PC haploskopu je zaloZena na standartnifitasio(s operanim
systémem Windows XPRidici software byl vytvien a odladn vyhradi pro
dany experiment.

Videometrickatast PC haploskopu se sklada z monochromatickéattighkamery
Prosilica GC750 CMOS, prototypoveé fotoreftak predsadky vybavengyimi

NIR LED 530E850C diodami (maximum vyedé energie na vinové délce 850
nm) a dichroického (,,hot") zrcadla. Live video jeyZito pouze pro monitorovani
spravné polohy @ vici optické soustaypristroje. K udrzeni spravné polohgio

béhem celého experimentu slouzi takérbp brady aela.
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Obrazek 1:

Prototypovy PC haploskop

(1) stimul&ni monitor

(2) planarni zrcadlo

(3) konvexnicocky

(4) bani Stit

(5) predni Stit

(6) monochromaticka CMOS kamera
(7) r,&ni zoom a zawtovacic¢ocky
(8) excentricky fotorefrakni Stit
(9) dvobarevné zrcadlo

(10) kontrolni monitor

(11) operka hlavy
(12) operka brady

Pro nmefeni prahu dichoptického maskovani jsme pouzZiviatiérie
experimentalnich obrézKazda série obsahovala vzdy 24 progresivn
degradovanych obrazUmgle jsme vytvdéili tii mody (A, B, C) degradace
experimentalnich obrézkteré se lisily ve sniZzenidirého ,voditka“ pro
binokularni fazi: paralelni sniZeni kontrastu aokygch prostorovych frekvenci

v modu A, izolované snizeni kontrastu v médu Badozany pokles vysokych
prostorovych frekvenci v modu C (obrazek 2). Zaahgl experimentalnich
obrazi byl 70 x 62 stuj.

Jednotlivé série degradovanych oliragly vytvoreny pomoci postupnych Gprav
v nastaveni obrazovych transforméh filtri. Prislusné nastaveni
transformanich filtrd vychazelo ze spektralnich koeficiériskanych
dvoudimenzionalni diskrétni Fourierovou transforim@® FT) vstupniho obrazu.
Zmegna parametr filtr it nam umoznila ziskatitvySe popsané série rozdiln

degradovanych obréz
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Obrazek 2: Jednotlivé médy progresiviiegradovanych sérii stimdlsich obraa

a) paralelni snizeni kontrastu a vysokych prostymbvrekvenci (mod A)
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b) izolované snizeni kontrastu (méd B)
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c) izolované sniZzovani vysokych prostorovych fretsigmod C)
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Kazdé jednotlivé eni z&inalo neutralizaci pacientovy heteroforie pgetam
ramen haploskopu do forického Uhlu vydeané osoby, ktery byl manifestovan
pomoci umisini disoci&niho prizmatu (4 PD bazi dglpfed jedno oko
(neiastji levé oko). Samotné experimentélnéi@ni nelo dwé faze. Ped detekci
prahu dichoptického maskovani (druha faze) bylamejvytvdena relativni
vergergni zatz (prvni faze).

VZdy pisobily tizné arove (hodnoty) relativni vergeimi zatze (resp. 4, 8, 12,
16 PD konvergence a 3, 6, 9, 12 PD divergence)g&feéni zatz byla zvySovana
postupr prostednictvim symetrického posunu obitaza LCD monitoru kazdou
jednu sekundu (resp. jedno ,navySeni relativnigesni zatze vzdy znamenalo
2 PD u konvergence a 1,5 PD u divergence). Taktesgertni zatZ postups
zvySovala, az doséhla poZzadované hodnoty pro kuorikeginotlivé ndreni.
Nasledrt byla nedominantnimu (vy§ewvanému) oku fedloZzena série
progresivié degradovanych obrazDegradované obrazy s fatajici mirou
degradace byly zafovany kazdou jednu sekundu. Jakmile degradace wbraz
dosahla prahu dichoptického maskovani, doslo kaitimonokularni suprese

nedominantniho oka, fuze bylégpuSena a oko nemohlo setrvat ve vynucené
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vergergni pozici a opustilo ji. Pra&stento moment opudti vynucené vergeni
polohy byl pacientem vniman jako vyjédrvené rysky (obrazek 3b) z fialového
boxu, jehoz velikost byla 1,5 stupmorného uhlu (obrazek 3a). Pacientovym
ukolem bylo v tomto okamziku kliknout na &igéko mysSi. Pro stimulaci vizualni
pozornosti vySébvané osoby opouda referegni box kthem kazdého
jednotlivého néteni (z celkovych 24) ndhodpouze jedna zditrysek.

Obrazek 3: Experimentalni obrazy, které bylyé&sm® prezentovany na dvou
stimulanich LCD monitorech

a) dominantni oko (nedegradovany obrazemi fialovymi boxy a deémi

cervenymi ryskami)

Hodnota prahu dichoptického maskovéani byla vigadna v jednotkach FZT
odvozenych od progrese difuznich vlastnosti Baegavich filtri klinicky
pouzivanych pro fuzni zakravaci test (FZT) (metadikragna uzitnym vzorem
registrovanym Badem piimyslového viastnictvCR).
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Paadi jednotlivych nsieni bylo nahodné (nahoése stidaly jednotlivé mody
degradace obrazu tgrkladana relativni vergémi zatz). Pro kazdy subjekt bylo
poradi jednotlivych miteni generovano individuapccitacem.

Kazdy z 14 oftalmologicky zdravych paciénZ muz a 7 Zen, prmérny veék 21
let, nejstarSimu pacientovi bylo 27 let a nejmledgpacientovi 17 let) proved| 24
jednotlivych ngteni prahu dichoptického maskovani (8 relativniatggasnich
zaezi pri 3 modech degradace). Do naSi studie bytazeni jak pacienti bez
refrakéni vady, tak i pacienti s refraéki vadou (hodnoty myopie do =3,0 D,
hypermetropie do +1,0 D a astigmatismu do +1,0Magienti s refraini vadou
meéli po celou dobu réreni nasazenou svoji optimalni korekdie® provedenim
celé experimentalni procedury byli vSichni pacigaite& informovani a podepsali

informované souhlasy.

3. Vysledky:

Primérné hodnoty prahu dichoptického maskovani pro jdottgomody
degradace a jednotlivé hodnoty relativni vergerzatze shrnuje tabulka 1 a graf
1.

Tabulka 1. Rimérné hodnoty prahu dichoptického maskovani ve vztahu
k predem vyvolané relativni vergém zatzi a danému modu

degradace obrazu

Divergence [FZT] Konvergence [FZT]
velka mala mala velka
(12 a9 PD) (6 a3 PD) (4a8PD) (12 a 16 PD)
mod A 2,17 4,61 3,99 2,18
mod B 1,86 4,65 3,87 2,59
mod C 1,98 3,87 3,63 1,94
Graf 1: P&imérné hodnoty prahu dichoptického maskovéani ve vziapiedem

vyvolané relativni vergemi zatzi a danému modu degradace obrazu
(mala konvergence - 4 PD a 8 PD, velka konverged@ePD a 16 PD,
mala divergence - 3 PD a 6 PD, velka divergenc€b% 12 PD)
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Relativni vergenéni zatéi

Statistické zpracovani naiienych dat nebylo provedeno pro malggo

prométenych subjekt v ramci pilotni studie.

4. Diskuze a zaur:

Béhem naSich experiméahjsme dokumentovali postupné snizovani prahu
dichoptického maskovani v zavislosti na postupnérastu relativni
konvergeiini, resp. divergami zatze. Piimérna hodnota prahdichoptického
maskovani je vice sniZzovana élmvytvarenou relativni konvergeéni zatzi nez
ekvivalentnim stupm relativni divergeéni zatZe. Rozdily v prazich
dichoptického maskovani jsme shledali v pouzitiedenmodu degradace obrazu.
Hodnoty prahu se vZdy odvijely od pouZzitého médgrdeace obrazu (graf 1).
Vysledky naSeho #teni jsou v souladu s vysledky ziskanymiredthozich
pilotnich studii [4, 5]. Povrdily fakt, Ze se zvyi&il se relativni vergemi zatzi
dochazi ke snizeni prahu dichoptického maskovandany typ degradace.
Experimentalni réfeni také povrdilo nasi vstupni hypotézu [2,&3in byl
binokularni fzni mechanismus sijgi (tj. mér zatiZzen relativni vergenci), tim
lépe ,ochranil* méa kvalitni monokularni obrazipd dichoptickou supresi.
Dale jsme se také pokusili analyzovat vztah mezilyaim degradanim médem a
prahem dichoptického maskovani (resp. jak zvolegrad&ni mod ovliviuje
prahové hodnoty dichoptického maskovani). @bgpme k z&¥ru, Ze izolované
snizeni kontrastu v experimentalnich obrazech vuni®denglo stejny &inek na
silu senzorické fuze jako izolované snizeni vysblgyostorovych frekvenci
(mdéd C). Zatimco urovhmaskovaciho prahu ziskanghkem ngieni @i médu B

odpovidaly vysledkm mereni ziskanychip médu A, Grové maskovaciho prahu
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ziskané Bhem n&reni @i modu C byly u vSech vergémich za¥Zi soustavé
nizsi. Tyto vysledky doloZily, Ze ubyvani vysokyftekvenci ve vnimaném
obraze (nap pii nedostatené korigované refrakni vad) vyznamr handicapuje
fuzni mechanismus nezavisle na velikosti forickéomeovahy.

Mod A (paralelni sniZovani kontrastu a vysokych prostacbwyekvency byl
navrzen tak, aby napodobil degradaci retinalniaziou nekorigované
ametropie neboippouziti difuznich filtk. Vysledky naSich greni nam proto
mohou slouZit i jako refereni standard pro ,naturalni“ degradaci (obrazy v
modu A).

Snizeni urové supresniho prahu dichoptikého maskovani v modawy@ohlo
byt voditkem pro optimalizaci antisupresnich tetdjpych postup zaloZzenych
na cileném zérazreni vySSich prostorovych frekvenci.

Souhrn@ maZzemetici, Ze relativni vergemi (konvergenni i divergegni) zatz
a mod undlé degradace fixaiho obrazu vyznan@ovliviuji téinnost

binokularni fuze Bhem stimulace ve virtualnim prostoru.
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1. Introduction:

There are only a few experimental findings aboatgbwer of fusion in relation

to artificially induced vergence stress and evas Ie known about the impact of
contrast vs. high spatial frequencies decay ormfusfificiency. The main target of
our study was to define the effect of relative egrge stress in the relation to the
dichoptic masking treshold as s hypothetic objectorrelate of fusion efficiency.
The next target was to analyze the relation betviigation images contrast and
spatial frequencies and their effects on fusiortieificy.

First, we determined our hypothesis: more efficfeston succeeds to protect less
guality monocular image from dichoptic suppresgiari]. We measured the
fusion efficiency objectively. The base of the measent was the physiological
mechanism called dichoptic masking [1, 6]. This hatsm reduces processing
of less quality monocular input during the binocydarception. For example
lower contrast represents devaluation of the im&gen monocular signal with
normal contrast defends (masks) the input of baditguvith lower contrast to

the visual consciousness.
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Experimental measurements in this study were pasdrvia the detection of
threshold level during monocular presentation efgaquence of progressively
degraded images before non-dominant eye and unebhleg(masking) image
before dominant eye [4].

For our study, three special modes of progressidetyradated images (A, B, C)
were created. The images of these modes were peesgradually on the LCD
monitors of PC haploscope. Mode A represented leaddtraction of contrast
and high spatial frequencies, mode B representdaltés] detraction of contrast
and mode C represented isolated detraction of$pghial frequencies.

Each measumerents were divided into two partddritst part, gradually
increasing relative convergence or divergence whmgted to the subject, eye
was lead to the forced vergent position. In thesd@art, we measured the
treshold of dichoptic masking of non-dominant eenocular suppression was
activated at the moment of treshold, the fusion wectivated and the
investigated eye left its forced vergent positidhe reaching of the threshold
level and breakage of binocular fusion were indiddiy leaving off the forced

vergent position.

2. Material and methods:

Every particular measurements were obtained wisthotn-made PC haploscope
(the utility model registered by the Industrial pecty Office of the Czech
Republic)

(figure 1).

The two identical 22 LCD monitors Samsung E22200 first surface planar
mirrors attached to two pivoted arms representuéition part of the device. The
image projected on the LCD monitor in the realatist of 0,4 m from subjects’
eyes is converted to the optical infinity by intespd +2,0 D convex lenses.
The controlling parof the PC-haploscope is based on standard PC (with
Windows XP operation system). The custom-made obhimiy software was
created for the experiment.

The videometric part of the PC haploscope conseistsonochromatic digital
camera Prosilica GC750 CMOS, custom photorefractioeld equipped with
four NIR LED 530E850C (maximum radiated power & 88n) and dichroic
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(,hot®) mirror. In this experiment, the live videwas used only for monitoring of
the correct eyes’ position to the optical systdrthe device. The correct
eyes’position is also stabilised by placing subgelcead in the headrest and chin

in the chinrest.

Figure 1:

Custom-made PC-haploscope

(1) stimulation monitor

(2) first surface mirror

(3) convex lens

(4) lateral shield

(5) front shield

(6) monochromatic CMOS camera
(7) manual zoom & focus lens

(8) eccentric photorefraction shield
(9) dichroic mirror

(10) controlling monitor

(11) headrest

(12) chinrest

For the dichoptic masking threshold’s measuremeatsave used three series of
experimental images. Each series contains 24 sivgly degradated images. We
have artificially created three modes (A, B, Cyefjraded experimental images
differing in detracted clue for binocular fusiorarpllel detraction of contrast and
high spatial frequencies in mode A, isolated longof contrast in mode B and
isolated decrease of high spatial frequencies iden® (Figure 2). Angular
subtense of all experimental images was 70 x 62edsg

The series of degraded images were created by sggjushanges in the
parameters of image transformation filters. Paldicset-up of the transformation
filters was based on the spectral coefficientsiobthby two-dimensional discrete
Fourier transform (2D DFT) of the original inputage. Changing the filter
parameters allowed us to obtain three series tdréifitly degraded images.
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Figure 2: Modes of progressively degradated sefiéise stimulating images

a) parallel detraction of contrast and high spdteduencies (mode A)
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b) isolated detraction of contrast (mode B)
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c) isolated detraction fo high spatial frequen¢resde C)
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rotating of haploscope arm to the subject’s phamigle which was manifested by
placing a dissociative prism (4 PD base down)ant of one eye (most often left
eye). Experimental measurement was divided intogarts. Prior to detection of
the dichoptic suppressive threshold (second paetyelative vergence stress was
elicited (first part). The various levels of tredative vergence stress were exerted
(4, 8, 12, 16 PD of convergence, 3, 6, 9, 12 PBiwdrgence respectively). The
relative vergence stress was increased graduakbyioynetric shifting of images

on LCD monitors every 1 sec (single step was R®Pconvergence and 1.25

PD of divergence, respectively).
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Relative vergence stress was gradually increastidtueached the desired
relative vergence level for a particular measurdmrfenbsequently, progressively
degraded image series was presented to the nomdotr{investigated) eye. The
gradually degraded images were interchanged eveegdnd. When the
degadation has exceeded the threshold, monocypression on non-dominated
eye was activated, fusion was broken and the eykl ot remain in forced
vergent position and left it. The moment of le@vihe forced vergent position
was indicated by the subject as a red gauge €i8bj running off the one of
three purple boxes (angular subtense of each phgxevas 1,5 degrees) (figure
3a). The subject’s target was to clic on the mbuston at this moment.
Stimulating visual attention of the subject, ramdéponly one red gauge left the

reference purple box during each measurement (d#)o

Figure 3: Experimental images presented simultasigon two stimulation LCD

monitors

a) dominant eye (non-degradated image with thregl@boxes and two red

gauges)

167



Dichoptic masking treshold was expressed in urdf &erived from progression

of diffusion properties of Bangerter filters useitically for fusion cover test
(FCT) (methodology registered by the Industrialgemy Office of the Czech

Republic).

The order of the measurements was random (modesage degradation and

presented relative vergence stress changed raniidflyeach subject, the order

of particular measurement was individually compugenerated.

Each of 14 ophthalmologically healthy experimestabjects (7 men, 7 women,

average age 21 years, the oldes one was 27 yleangungest one was 17 years)

performed 24 particular threshold measurementsl@ive vergence stress levels

x 3 modes of degradation). Subjects without and &ith the refractive error

were measured in our study (myopia < =3,0 D, hygémopia < +1,0 D and

astigmatism < £1,0 D). Subjects with refractiveoetnave worn their optimal

spectacle correction during the entire measuretimaet All experimental

subjects were informed and signed the informed &uingrior to the experimental

procedure.

3. Results:

Average value of dichoptic masking treshold forredegradation mode and each

relative vergence stress summarize table 1 andhdgrap

Table 1: Average value of dichoptic masking thréghio relation to preloaded

relative vergence stress and the mode of imagedation

Divergence [FZT]

Convergence [FZT]

high level low level low level high level
(12 and 9 PD) (6 and 3 PD (4 and 8 PD) (12 anBdp
mode A 2,17 4,61 3,99 2,18
mode B 1,86 4,65 3,87 2,59
mode C 1,98 3,87 3,63 1,94

Graph 1: Average value of dichoptic masking thrésha relation to preloaded

relative vergence stress and the mode of imagedation (low level

of convergence — 4 PD and 8 PD, high level of caysece — 12 PD
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and 16 PD, low level of divergence 3 PD and 6 HBh kevel of
divergence — 9 PD and 12 PD)
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Statistical data processing was not performed duleet small number of subjects

in this pilot study.

4. Discussion and conclusions:

During our experiments we have documented progresi@crease of the
dichoptic masking thresholds in relation to the@ase of relative vergence stress.
Average value of dichoptic masking tresholds isemdecreased via the

artificially exerted relative convergence stresmtlequivalent degree of relative
divergence stress. We have found the differencés@sholds in using various
modes of image degradation. The treshold levelg wadated to used image
degradation mode too(graph 1).

Results of our measurements match the resulteqgiréwvious pilot studies [4, 5].
They confirmed the fact that increase of relatigegence stress causes decrease
of the threshold for a given type of degradation .

Experimental measurements also confirmed our hgsitl2, 3] that more
powerful binocular fusion (less stressed by thégaiaed vergence) succeeds to
protect less quality image from monocular suppoessi

Furthermore, we also tried to analyze the relabietween the mode of artificial
degradation and treshold of dichoptic masking.(hav selected mode influences
the treshold levels).
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We concluded that isolated detraction of contnagbiperiments in mode B was
not of the same value as the isolated detractidngbf spatial frequencies (mode
C). Whereas the threshold levels gained during niBdarallels the results of
measurements with mode A, the treshold levelseggturing measurements in
mode C were consistently lower in all levels oatile vergence stress. These
results demonstrated that detraction of high spéguencies in perceived image
(for example produced by inadequately correctedhctife error) significantly
handicaps the fusion independently of the magnitaig#horic imbalance.

Mode A (parallel detraction of contrast and hightsy frequencies) was created
to imitate degradation of retinal images by unocted ametropia or due to diffuse
filters. Results of our measurements then couldesas the reference standard for
.natural“ image degradation.

The lower levels of suppressive thresholds of nfodmages could be promising
for optimization of antisuppresive therapeuticalqgadures based on accentuation
of high spatial frequencies.

In summary we can conclude that relative vergetress (convergence as well as
divergence) and the mode of fixation image’s ani@di deterioration affect
significantly the binocular fusion efficienayuring stimulation in the virtual

space.

N
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7. SPORTS VISION TRAINER

Bc. Lucie Russnakova
Vedouci prace: Mgr. Petrik

Katedra optometrie a ortoptiky, LF Brno

Sportovni situace ¢eské republice

Ceska republika #a v z&i roku 2013 oficiald 10 513 834 lidiCeskéa republika
je v pastu obyvatel 81. na . Ale mnohoCechi se ¥nuje sportu. Naigklad na
Olympijskych hrach v roce 2014 v 8¢gsme ziskali 8 medalili a tim jsme se stali

Vv s

olympijska vyprava medaili deset a skiba tak na 19. mistv pa‘adi GsgsSnosti.

Znamy fakt je, Ze pokud se ch#levék ve sportu zlepSovat, musi trénovat a
cvicit. Pokud by gkdo chel byt nejlepSim basketbalistou, musi trénovat had n
koS, Ehani a také musi chodit dédcvicny posilovat. Talent je samiwgng také
dulezity. Ale samokejme jsou sportovni vykony ovliwmy nejen cwienim a
talentem. Vidni je sowast sportovniho vykonu stejako fyzické aspekty. V
Ceské republice je v3ak tato slozka sportovniho mykepomijena. V USA viak

pozornost ¥novana zraku sportoucstoupa.

Principem sportovni optometrie jesteni a korekce refr&kich vad s tirazem na
prostoroveé a periferni véthi. Binokularni viégni a jeho korekce jeitezita. Lze
ho také cwit pomoci specialnich cvik Méreni binokularniho viéhi zahrnuje
meieni heterofdrii a jejich korekci a zahrnuje tak&diesty na zjisni
akomodénich a konvergamich rezerv a posni. MiZeme trénovat nas vizuéhn
motoricky systém stefnjako koordinaci oko-ruka. Jeden #igtroja, které ngti a
trénuji zmigné aspekty vighi je SVTTM (Sports vision trainer). Tentdigtroj

neni jediny, ale je jednim z nejzn§sich.
Sport vision trainer: koordinace oko-ruka
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Sports vision trainer byl vyvinut Sports Vision Rilgl. Tato spolénost je znama
jako vyvoj& pristroji pro sportovni optometrii a je divizi the New SoWlales
Institue of Sports — a nejznéjsi agentura v Australii. SVT bylo vynalézano po 3
roky pro sportovce ale také nesportovce tak alyySoeali svoje schopnosti. Ale
je to multifunkciondlni fistroj, ktery niize byt pouzit jako k trénovani tak k
diagnostice kvality viéni hlavré koordinace oko- ruka. Také lze tentisproj

pouzit k iznym vyzkun@im.
Hardware

Hardware tohoto velmi zajimaveéhéigiroje slouzici pro sportovni optometrii
sestava z tabule, na které jsou LEBtk Na z&atku byla tato sitla bila, dnes
uz se vyrabi tak, Ze mohou byt vicebarevna. KaXig &wtlo je obklopeno
kruhem, ktery je vlasthdetektorem. Tento senzor je 8 centirietysoky a 8
centimetfi Siroky. SVT ma di verze — s 32 sly a 80 s¥tly. Ten WitSi s
osmdesati sitly je 1,25 metit Siroky a stejt vysoky. Vazi patnact kilograim
Tato verze je idealni pro kompletnEfani. Mensi verze s 32 &ly ma kufik pro
lepSi genaSeni. Dohromady s kikem vazi 40 kg. Rozény jsou potom 135x60
cm. SVT s 32 sitly je opravdu lehcefgnosny. Mize byt pouzit naipklad i pred

zapasem v kabi
Software

Software SVT tvéi program, ktery mize byt nainstalovan na ofgjném
notebooku, na kterém je jako oparasystém Windows. Manudl pro vlastniky je
dostupny také online. V SVT je&kolik progranmi k analyze a trénovani

sportovnich dovednosti. UZivatel si takéza vytvdit vlastni program.

Existuji dva z&kladni mody, které se liSi zejméng e v jednom se nove&io
rozsviti az po té, co danéditko vySetovany zmékne a u druhého se rozsviti

automaticky po wité dol& bez poteby stisknout tl&itko predchozi.
Prat SVT

Na zaéatku tohotatlanku bylo napsano, Ze kr@gnSVT existuj i jiné trenazéry.
Pros tedy zrovna SVT? SVT jeffstupné WCeské republice a to v The Vision
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Care Institute v Praze. Timto bych @atpodtkovat zangstnaném The Vision
Care Institute za ochotu a za to, Ze nas nechmicheom tento fistroj mohli

pouzit.
Sport situation in the Czech Republic

The Czech Republic had official 10 513 834 peopl8d. 9. 2013. This state is
81th state by population. But there is many pewgiie do some sport. For
example in the last winter Olympic Games 2014 inlfbave reached 8 medal and
we were 15th best country of the world and in #st summer Olympic Games
2012 London Czech republic get 10 medals and fadgin 19th place on the

rating.
Zdroje:

Cesky statisticky fad, Pohyb obyvatelstva, dostupné z:
http://www.czso.cz/csu/csu.nsf/informace/coby121848x, 2014

Wikipedie, Seznam stiaswta podle potu obyvatel, dostupné z:
http://cs.wikipedia.org/wiki/Seznam_st%C3%A1t%C5%AF%6C4%9Bta_podle
_ po%C4%8Dtu_obyvatel, 2014

Sports Vision, dostupné z: http://www.sportsviseom.au/svt/, 2014
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SPORTS VISION TRAINER

Bc. Lucie Russnakova
Supervisor: Mgr. Pavel iz

Department of optometry and orthoptics, LF Brno

People knows that if you want to be best in sonmetsmu have to do exercise. If
you want to be the best basketball player you hatein shooting at basket, run
and go to gym and also you must be talented. Bwetls more aspects than talent
and fitness level. Vision is the really importaatipof sport success. But in the
Czech Republic we often forget it, but in the USA éxample sports optometry

becomes a really great part of optometry itself.

The principle of sport optometry is to measure emdect refractive errors with
emphasis on peripheral vision. Binocular vision @saorrection and training is
important part too. Binocular vision measure ineludeasurement of heterophrias
and its correction if its need and other test f@mple accommodation and
convergence reserves. We can train our visual-nagsessment and for training
eye-hand coordination was invited some trainersparts vision. One of the

most known is the SVTTM (Sports vision trainer).
Sport vision trainer: eye-hand coordination trainer

Sports vision trainer was invited by Sports Viskty Ltd. This company if
recognized as provider of sports vision trainingats to the New South Wales
Institute of Sports — a leading agency in Austréi®(T was researches for over 3
years for athletes and other people to provide #iglls. But it is multifunctional

and it also can be used to diagnostic quality siovi especially eye-hand
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coordination too. Also researches can be doneisrirdiner. This device is
patented.

Hardware

Hardware of this really interesting instrument pbgs optometry consist of table
on which are buttons with LED lights. In the begngnLED lights was one
colored. Now from 2012 SVT has multicolored LEDhlig. Every one Led light is
surrounded by circle which is detector. This semsal is 8 centimeter high and 8
centimeter wide. There is two versions of SVT — bhas 32 sensor pads and lights
too and one has 80. The bigger one dimensions kwias 80 lights) are 1,25
meters in length by 1,25 meters in height and weighkilograms. This is ideal

for adjustment for height and allow complete measwant. The smallest one with
32 lights has case for easier move. The cast anohsitrument has together 40
kilograms and dimens are 135 cm and 60 cm. This S8Z Light system is truly

portable and it can be used for example beforengega the dressing room.

Software

Software of SVT is a program which can be instalhormal laptop with
Windows. Manual is for owners of this great trairseeonline too. There is many
programs to analyze and train sport abilities. dseralso create his own new

program. There are some mode which contains ingatigrograms.

Proaction mode mimics motor skill environment amd movement that is
initiated by the individual. When a light is get,dhe person hits the light, the
quicker it is hit the quicker the next light isuithinated. You can test reaction on

400 lights because every of 80 lights can be pragrad to come on 5 times.

Reaction mode mimics an open motor skill environinims movement that
occurs in response to another action been initidteskaction mode the reaction
time is set by examiner because every light becomfer example 1 seconds
after the previous. And if the persons is good eard hit for example 80% the
reaction times comes to be less time. You can yesep drills or you can use

your own sequence.
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Reactive random more is similar to reaction modgetloeluser can select a range
of reaction times. How researches are done devael@de&SVT creates new

programs to improve SVT.
Why SVT

At the top of this article was written that SVT 'isthe one trainer for sport vision,
S0 you can ask why SVT. The reason is simple — timbysport vision trainers are
in the Czech Republic. One is in optics in Kigfh. Which has original system
who was developed by one Czech programmer. The otteeis SVT and this

device is in The vision care institute of Johnsodatanson in Prague.
The vision care institute

This institute is the organization who help optamseto be better, to learn new
things. Also they want to patients or clients bppiar with optometrist works.
The vision care institute offers many

courses for optics, optometrist and contactolo@stthis courses participants can
often use equipment of this center. The centeudeimodernly equipped exam
rooms with foropters, slit lamps, LCD optotypes. étow this institute wants to
have the best equipment for optometrists, they lads@SVT. And we want to

say thanks to very nice people from this centdretdnere and use SVT for our

research.
References:

Cesky statisticky fad, Pohyb obyvatelstva, dostupné z:
http://www.czso.cz/csu/csu.nsf/informace/coby1218a8x, 2014

Wikipedie, Seznam stiats\wta podle potu obyvatel, dostupné z:
http://cs.wikipedia.org/wiki/Seznam_st%C3%A1t%C5%AF%6C4%9Bta_podle
_po%C4%8Dtu_obyvatel, 2014
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11. KOMPARACE KOREKCE REFRAK €NIiCH VAD
BRYLOVOU A KONTAKTNI COCKOU Z
HLEDISKA BRYLOVE A GEOMETRICKE OPTIKY

Bc. Emese Nagyova
Vedouci prace: Mgr. Pavelik

Katedra optometrie a ortoptiky, LF MU, Brno

1. Uvod

Cilem této iednésky je porovnat dvzékladni kore&ni ponucky pro
korekci refraknich vad - brylovécocky a kontaktni¢ocky. Vyswtlime jejich
raizné vlivy na vigni z hlediska brylové a geometrické optiky. Nelz&aks/
jednozné&né urcit vhodnost pouze jedné varianty pro dany typ aomatr. Ol
varianty maji odliSnou strukturu a vzdalenost od.oK toho plyne, Ze jejich
opticky &inek se projevuje u kazdé reftak vady jinak. Rozdily se objevuji
nagiklad ve velikosti sitnicového obrazu, ve stupnnaipzené akomodace do

blizka, ale také ve velikosti zorného pole.

2. Refrakce oka a refrak ¢éni vady

2.1. Refrakce oka

Refrakce neboli lom &ila je zpisobena tim, Ze se Zm snmér a rychlost
Siteni lomeného paprskuiprstupu z jednoho pragtdi do druhého. Povrchigs
ktery paprsek prochazi, ozhgeme jako lamavou plochu. [1]

Do oka dopadajici paprsek procha&skatika lamavymi plochami, z nichz
nej\wtsi vliv na lom paprsku ma rohovka andc¢ocka. Pod pojmem refrakce oka
se rozumi vztah mezi optickou mohutnosti optickginostedi oka a délkou
o¢niho bulbu. V pipad, Ze délka oka a lomivost rohovky &cky jsou
v optimalnim pondru, oko je ozn&vano jako emetropické. Paral&lprichazejici

paprsky optickou osou po lomu optické soustavly wakomodanim klidu se

178



protnou na sitnici v obrazovém ohnisku a vznikaryostbraz nekoné

vzdaleného fednetu. [8] Pokud je tento po#én porusen, paprsky nedopadaji na

sitnici pi akomod&nim klidu a vysledny obraz vzniknggu nebo za ni. Tento

stav se nazyva ametropie. [2]

Ametropii je mozné roztit do dvou fiznych skupin:

- sférické ametropie u tohoto typu refraknich vad, jak i ndzev napovida, je
charakteristicka sféricita lamavych plochiitBmnou vadu mize zmsobit
nespravna axialni délka oka (axialni ametropie)vhodné zakveni
(kfivostni ametropie - radiusova) nebo i nespravnyexntbmu optickych
ploch (indexova ametropie.) Do této skupinyipatyopie (kratkozrakost) a
hypermetropie (dalekozrakost).

- asférické ametropie- u této vady lomivé plochy rohovky @cky nejsou

sférické, ale asférické. Tento stav se ¢mj@mjako astigmatizmus. [3, 4]

2.2. Sférické ametropie

2.2.1. Myopie
Je to sféricka refraéhki vada, u které obrazové ohnisko v akondoda klidu

vznika gred sitnici oka. Daleky bod (R) se u kratkozrakéka wachazi v korieé
vzdalenosti ped bulbem (g < 0). Z toho plyne, Ze axiélni refrakce bude zapor
podle znaménkoveé konvencez A0 (D). (Obr.¢. 1.) Rednety, které se nachazeji
v prostoru za dalekym bodem oka, jsou rozmazané. [8

Obr. ¢.1. Myopické oko bez korekce
H, H,

-dR

R pI=

2.2.2. Hypermetropie
Hypermetropie neboli dalekozrakost je refrdkvada, u niz rovna@iané

s optickou osou dopadajici paprsky v akondodia klidu vytvdeji obrazové
ohnisko za sitnici. Vznikly obraz je zamlzeny afeéany. [3] Daleky bod (R) se
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u této vady nachézi v kotreé vzdalenosti za okemg@a 0). To znamend, Ze
axialni refrakce bude mit kladné znaménkg:>A 0 (D).
Obr2. Hypermetropické oko bez korekce

H,H, ar=aPp .

2.3.

Asférické ametropie

2.3.1. Astigmatizmus
Astigmatizmus je asféricka reftaik vada. Sférické refr&ki vady (myopie,

hypermetropie) se vyztaji tim, Ze zakiveni optickych ploch oka jsou
pravidelné, takze paralélrdopadajici paprsky vytvéji jedno ohnisko ifed nebo
za sitnici. Lomivost systému v kazdém meridianstggna. [5, 6]

Res astigmatickou plochu prochazejici paprsky vsakywdeji jedno
ohnisko, ale d¥ ohniskoveé linie (fokaly). [7] Je to Apobeno asféricitou plochy
optickych médii oka (rohovkaiocka), které nemaji stejnou lomivost ve vSech
meridianech. Existuji dva meridiany, ve kterych ichgi mohutnost vykazuje

maximalni a minimalni hodnoty. [5]

Oh¢.3. Pravidelny astigmatizmus —#imy, sloZzeny, myopicky
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3. Komparace korekce refrak énich vad brylovou a
kontaktni ¢océkou z hlediska brylové a geometrické
optiky

3.1. Korekce sférickych refratich vad brylovou a kontaktni
c¢ockou

Pro korekci sférickych refrakich vad se uziva sféricka brylowacka a
kontaktnic¢ocka. Brylovacocka se nachaziipd prvni plochou rohovky v &ité
vzdalenosti. Tato vzdalenost zadni plochy brylasa&ky od pedni plochy
rohovky se oznaije jako"vertex distancetj. vrcholova vzdalenost. Funké&béek
je zmenit chod paprsk v potebné mie, aby obraz pozorovanéhtegdnmetu vznikl
na sitnici. Pohyb a vzdalenost oka za brylovotkou zpisobuje uité rozdily ve
vidéni ametropického oka oproti vidi emetropickym okem. Kontaktidbcka je
korelkéni pomicka, kterd je umisha @Fimo na bulbus, respektive na povrch
rohovky, takZze se hybe spolu s okem. Pokud ametrogni svou brylovou
korekci na kontaktnicocky nebo naopak, fite pociovat ukité odliSnosti.
Pricinou je skuténost, Ze ob korekini pomicky maji jinou strukturu a jinou

vzdalenost od oka a ll tomu se jejich opticky &inek projevuje odlis&

3.1.1. Hodnota vrcholové lamavosti brylové a kontaki ¢ocky
Emetropické oko vidi na vSechny vzdalenastie. Jeho daleky bod se

nachazi v nekor@u a jedig ztohoto bodu paralein prichazejici paprsky
dopadaji pes neakomodujici oko na sitnici. U ametropickéha lak tohoto stavu
dosahnout pouze jeho vykorigovanim. Aby korekceabgpravna, je piteba
dodrzet kore&ni podminku do dalky:

,Obrazové ohnisko K korek’niho skla musi splyvat s dalekym bodem R
(myopického / hypermetropického) okd8 str. 47]

V myopickém oku obrazové ohnisko leZe@ sitnici. Pouzitim nejslabsi
rozptylné brylové&ocky, eventuald kontaktnicocky (s niz je viéni ostré), podle
korekéni podminky do dalky dopadaji paprsky do oka roatihz polohy
dalekého bodu, ktery je pak promitan do nekome jako je tomu u
emetropického oka. Tudiz se z myopického oka speeeidoemetropické oko a
obraz jiz vznika na sitnici. [8, 9] Myop bez kocekna pedméty umiséné mezi

dalekym bodem a okem akomoduje mémez emetrop. To #Ze
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zpasobit oslabeni akomodace. [4] Plati, Ze velmi lelpkékorigovani je vice
vyhovujici, neZ dokonale ostry obraz vyitgny minimalnim pekorigovanim. [2]
Pokud je myop fekorigovan, bude akomodovatii pohledu do dalky, coz e

vést k nezadoucim astenopickym obtizim. [4]

V gipad hypermetropického oka se paprsky protnou v ohniktaré lezi za
sitnici. Ostrého obrazu je mozné dosadhnout pomeisilméjSi spojné (konvexni)
brylové ¢ocky, eventuald pak kontaktnic¢ockou (s niz je vidni ostré a
akomodace je minimalni), jejiz obrazové ohniska ledalekém bodu, ktery je za
sitnici. Res tyto korekni pomicky bude mit prochazejici svazek pajrsbihavy
tj. konvergujici charakter, coz wumafe vznik obrazu na sitnici.
Z hypermetropického oka se st&jpako v pgipadd myopického oka stane
pseudoemetrop, pokud se daleky bod zobrazi do e&kana oko vidi ose
vzdalené pedntty s minimalni akomodaci. Kdyz by byl hypermetrop
podkorigovany, musel by stadle akomodovatti ppohledu do dalky.
Hypermetropické oko bez korekcé pohledu do blizka musi vice akomodovat
nez emetrop, a to e vyvolat pedcasny nastup presbyopickych obtizi. [4, 8, 9,
10]

Pro zajidni korekni podminky je nutné si édomit, Ze vrcholova lamavost
korelkéniho ¢lenu zavisi na progmlivé vzdalenosticocky od oka. U myopie je
hodnota axialni refrakce mensi nez vrcholova larsakorekni ¢ocky: Ar < S'g.

U hypermetropie je tomu naopak, axialni refrakce&si neZ hodnota vrcholové
lamavosticocky: Ar > S’s. Pomoci obrazk (Obr. ¢. 4., Obr.¢. 5.) mizeme tato

tvrzeni snadno potvrdit: [8]

S53<0 H, H, A< 0

sp T s
Ry=0w
N
.......... e M it
-Sp & d \—/

Obr. ¢. 4. Korekce myopie Obr. ¢. 5. Korekce

hypermetropie
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V giipadt, Ze pro korekci refrakich vad je pouzita kontaktigbcka misto
brylové korekci, je feba od uwfité hodnoty refrakce z#émit jeji vrcholovou
lamavost. Tento typ korekiho ¢lenu je umisin hned na fedni plochu rohovky.
To znamena, Ze vzdalenost kontaktnécdek (d) od oka bude menSi ne#ip
brylové korekci, jeji hodnota je rovna nule. Vysied optickou mohutnost Ize
uréit z prislusnych tabulek nebo vypitat ze vzorce (1). ¥Sinou ji neni teba
piepcitavat do hodnoty +4,0D.

S . :S—B'
KC 4
1-AdS;
1)
Ske - vysledna vrcholova lamavost kontaktndotiek (D)
Sk - vrcholova ldmavost koréki cocky (D)

4d =d-d, =2 rozdil mezi vzdalenosti d o,
- kde, e pivodni vzdalenost brylovicky p‘ed rohovkou (@sinou je to
12mm, ale tato hodnatarsze vyraz# liSit u kazdého klienta)

- kde ¢k vzdalenost kontaktddcky od oka (Omm).

Pri aplikaci kontaktnicltocek plati, Ze:
- umyopického okg treba snizit vrcholovou lamavost, aby ohniskova \enigst
byla wtSi

a znovu splyvala s dalekym bodem,
- u hypermetropického oki@ tomu naopak, hodnota vrcholové lamavosti am
byt zvysenaCocka leZi bliz k dalekému bodu, takZe jeji ohniskovadalenost je

nutné zkratit. [9]

3.1.2. Zména ve velikosti sithicového obrazu
Sktelné paprsky dopadaji na sitniciep uzlovy bod oka v nezmené

podolE. V redukovaném oku se ozfuge tento bod jako optickyigtd oka. Obraz
vytvoieny na sitnici je zmenseny gegraceny.

V @gipadt, Ze oko ma &akou refrakni vadu - je ametropické - se velikost
obrazu na sitnici bude liSit oproti velikosti obwaemetropického oka. Rozdil
spaiiva v tom, Ze sitnice ametropického oka lezi v jindalenosti uci uzlovému
bodu nez sitnice emetropického oka (@hi6). Oko s axialni formou myopie ma
vétSi predozadni délku a k¥ tomu je jeho sitnice vice vzdalena od uzlového

bodu. Ztoho vyplyva, Ze vznikly obraz budeétsi. Oko s axialni formou
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s 7

hypermetropie je naopak mensi, takZe sitnice lgz¢ ik uzlovému bodu a obraz

tak bude v tomtoifjpadt mensi, nez by byl v emetropickém oku. [3]

H,H,

@
| Hypermetropické oko

| Emetropické oko
ﬁ\(é Ny | Mvopické oko
- l.

N

Obr. ¢.6 Rozdil ve velikosti sitnicovych obraz

Stej@ velky obraz jako u emetropického oka by v myopiokéa
hypermetropickém oku vznikl jenom tehdy, pokud bylab brylova ¢ocka
umistna do pedmétoveho ohniska oka @}. [8] To vSak neni mozné, protoze
kazdy lidsky tvar ma odliSné anatomické postaveoti, ovliviiuje pozici brylové
¢ocky pred rohovkou. Ovlisujici inek ma nafiklad vySka nosu, umisti
ocniho bulbu v orbi, délka @nichtas. Tim, Ze ohnisko brylow&cky nesplyva
s predmetovym ohniskem oka, se z2mi jeji opticky &inek. To ma za nasledek,
Ze velikost vysledného obrazu na sitnici bude jiey v emetropickém oku. [11]
Zmena ve velikosti sitnicového obrazu jEtpmna i tehdy, kdyz je refréhi vada
oka korigovana kontaktriiockou misto brylového skla. Tyto zmy ve velikosti
sitnicového obrazu jsou zobrazeny na nasledujibiématech (Obe. 7., Obr.
¢. 8.):

J Yem_ y»IELrﬂ}z

Yuy

Obr. ¢.7.  Zm¢na ve velikosti sitnicového obrazuipkorekci myopie s brylovou a

kontaktni ockou
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Yay Yem YH2 R

Obr. ¢&.8.

hypermetropie s brylovou a kontaktni

cockou

Vysledky podle obrazk (Obr. ¢. 7., 8.) shrnujeme ki lepSi gehlednosti do

Zn¥na ve velikosti sitnicového obrazu #ip korekci

S

Vi

tabulky:
- : . i
Myopie Emetropie Hypermetropie
obraz na sitnici obraz na sitnici obraz na sitnici
bez brylova | kontakini be= korekce bez bj’_}-‘{ova kc)j?tvakfn:
korekce cocka cocka korekce cocka cocka
V vy v, V', V B V uy V' V &
Y ey Y mi Y M2 Y EM Y HY Y HI Y H

Pro porovnani velikosti sitnicového obrazue&opického oka s velikosti
obrazu myopického a hypermetropického oka korigétarbrylovou a kontaktni

c¢ockou mizeme dle schématu (oldt.7., obr.¢. 8.) a tabulky (takes. 1.) tvrdit, Ze:

Tab.¢. 1. Velikost sitnicovych obraz

- s velikosti obrazu emetropického okéef;) se nejvic shoduje velikost obrazu

myopického oka korigovaného kontak#otkou (' w2),
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- s velikosti obrazu emetropického okéef;) se nejvic shoduje velikost obrazu
hypermetropického oka vytieného brylovokockou (y'n1).

Muzeme konstatovat, Ze kontaktdiocka u myo@l mérF zmenSujea u
hypermetroff mére zwtSuje vysledny obraz oproti brylovéoéce. Z toho plyne,
Ze myop dosahne lepSi zrakové ostrosti s kontaktkiou nez s brylovodockou,

a proto je vyhod#si pouziti kontaktnichtoéek u vySSich forem myopie. U
dalekozrakého jedince je vyhaféi uziti kontaktnich¢oéek jenom pi vysoke
hypermetropii (nap afakie). V tomto fipadt by byla nevhodna korekce brylovou

¢ockou kwili zaZeni zorného pole a velkémuéseni obrazu na sitnici. [8,11]

3.1.3. Vliv brylové ¢ocky a kontaktni ¢ocky na akomodaci
»~Akomodace je schopnost oka #idoste pednety na riznou vzdalenost v

zavislosti na z@nach mohutnosti optického systému okid.2 str. 54] Pouziti
akomodace ip pohledu do dalky je minimalni. i ¢o¢ka se diky své elastigit
pii pozorovani do blizSi vzdalenosti vyklene do komgsiho tvaru. Optick&
mohutnostcocky se zvySuje ze zakladni +19,11D az na hodnotyO6E3 a tim
umoziuje vznik obrazu blizkéharedmetu na sitnici. [8, 12]

Ametrop, ktery nosi korekci do dalky a mstjelostaténou akomodéni Sii,
vidi blizké gedntty skoro tak dote jako stejd stary emetrop. Akomodai
proces je ale ovlwovan i korekci refraknich vad (myopie a hypermetropie)
brylovou ¢ockou, eventualéi kontaktni ¢ockou. U jednotlivych typ korekci
vykonava oko iizny stupé akomodace i pohledu do blizka. Tento rozdil
v akomodaci u myopie a hypermetropie lzéitupomoci fgepaitu. Vzhledem k
tomu, Ze tyto pepacty jsou dlouhé, pokusime se v tétiegnasce vysilit tento
rozdil pomoci obrazk (Obr. ¢. 9a, b, Obr.¢. 10a, b). Na schématech jsou
znézorgny polohy vyslednych obréz(a’s) vytvorené brylovou a kontaktni
¢ockou, podle kterych pak Ize igdpokladat velikost vysledné vynaloZzené

akomodace u jednotlivych tygkorekénich pomniicek. [8]
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Myopie
Obr. ¢. 9. a) Korekce myopie brylovatockou b) Korekce myopie kontaktni

cockou

|

o H, Ag< 0

B

N/

Po srovnani polohy obfaza’s) vytvorené brylovou a kontaktnéockou
zjiStujeme, Ze obraz vytweny kontaktnicockou lezi v blizSi vzdalenostiui
hlavni rovirg oka. Z toho vyplyva, Ze s touto koeek pomickou bude myopické

oko vic akomodovat nez s brylovéockou.

Hypermetropie

S:y%! e e A= 0
% . //\ ‘i,k\i\‘j
Bl ) E WV B |R<Ey
A 8,>0
d=0
.......... PIREE
......... RIS aB

Obr. ¢.10.a) Korekce hypermetropie brylovatockou b) Korekce hypermetropie

kontaktni ¢ockou

Pokud srovname polohy obiiga’s) vytvaorené brylovou a kontaktibckou
vidime, Ze obraz vytweny kontaktnicockou lezi bliz k hlavni rovi& oka.
Hypermetropické oko korigované kontaktédékou potebuje @i pohledu na
blizky predmét mére akomodovat nez s brylovawckou. [8,13]

VySe uvedené tvrzeni jsou vmé baisM@ praci ovieny i s pepaty.
Vysledky jsou shrnuty v nasledujici tabulce:

Tab.é.2. Akomodace myopa a hypermetropé korekci brylovou a kontaktni

¢ockou

veddlenost akomodace myopa akomodace hypermetropa
predmétu od oka s brylovou cockou| s kontakini cockou | s brilovou ¢ockon| s kontakini éockou

L -26,3cm 3,35D 3,78D 4,34D 3,79D
/




Z téchto hodnot mizeme wit (Tab. ¢. 2.), ze myop i hypermetropiip
korekci kontaktnto¢kou vynaloZi stejny stugieakomodéniho usili: Ak = 3,8D.

Pti noSeni bryli myop vynaklada m&akomodace nez s kontaktickou (Aky: =

3,35D) a hypermetrop naopak vice (Ak 4,3D). [8,13]

3.1.4. Zn¥na v rozsahu zorného pole
Zorné pole je mnozina vSechiegmetovych bodi, které jsou fixovany

pohybujicima se @ma, @icemZz hlava se nehybe.fiPkorekci refraknich
vad brylovou nebo kontaktnfockou lze pozorovat éité zmeny a rozdily v
rozsahu zorného pole. Nejzakl&®#im omezujicim faktorem zorného polé& p
brylové korekci je obruba. Problém je vtom, Ze¢widje omezeno ditou
velikosti @nice a pi pohledu mimo bryle neni vithi ostré. Zorné pole je
ovlivnéno taktéz optickou mohutnosti brylowécky. ZvySeni optické mohutnosti
o 1D pisobi giblizné 2,5% zménu ve velikosti zorného pole. Oproti brylové
korekci kontaktnitocky poskytuji neomezené zorné pole. Je tosppeno tim, Ze
kontaktnicocka se nachazitpmo na povrchu rohovky a je centrovana skoro vzdy
na sted zornice i fi pohledu véznych smdrech. Velikost zorného pole tedy
skoro Za&dnym zisobem neovlituje a nedochazi ani k nezadoucimu
prizmatickému tinku, coz je charakteristické pro brylové korekgEl, 14, 15,
16]

Kazdou brylovowocku lze charakterizovat pomoci optického klinu, tj.
prismou. Konvexni sklo pro korekci hypermetropie gedstaveno jako dv
spojena prismata, kde vrcholy jsou @oy od sebe. Vijfpad konkavniho skla
uréeného pro korekci myopie je tomu naopak, baze aptickych klini jsou
otoceny od sebe. [16]

Charakteristickou vlastnosti optického uline skuténost, Ze kolmo
dopadajici paprsek se vychyli &®am k bazi. Tato z&na pivodniho smiru je
ozna&ena jako deviace. [11] Takze jak Rutrle uvadpticky klin vykazuje

prizmaticky dinek jedné prizmatické dioptrie
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1 pD, jestlize ve vzdalenosti 1metru odchyli kottnpadajici paprsek o 1cm[8
str. 102] V brylovychéockach se tento nezadouci prizmatickiingk projevuje
pii pohledu mimo opticky #&d ¢ocky. To mize byt zgsobeno i nespravnou
centracicocky tj. decentraci. Pokud ale brylowvécka je spravé centrovana tj. na
stted zornice (optickd osa oka prochazi optickyrredd#m brylové ¢ocky),
prizmaticky &inek neni pitomen. [14] Prizmaticky &inek (A), ktery bude
pusobit na oko p pohledu mimo opticky #d cocky, Ize vypa@itat podle

Prenticeova pravidla:

a=25 [pD]
(2)
Jednotlivd ozn&ni znamenaiji:
dec - vzdalenost decentrace optickéhi@dtcocky [mm]
S’ > vrcholova lamavost brylové cocky [D].

[8, 14, 15]

Pokud paprsek dopada mimo optickgdtbrylovécocky do oka, nezobrazi
se resré na foveolu. Oko to snazi vykompenzovat svym pohylpeoti sngru
baze [isobiciho klinovéhodinku. [15]

Prizmaticky &inek se projevuje i na okraji spojnyatocek, kde fsobi
vypadekéasti zorného pole. Na okraji rozptylky vyvola teefekt zdvojnasobeni
obrazu. Velikost zorného pole, které je vyeé brylovoucockou, zavisi na
hodnot vrcholové lamavostiocky a nepimo unmérné i na jeji vzdalenosti od oka.
Na obrazcich rniweme vidt, Ze g korekci konkavnim sklem se zorné pole
rozSkuje (Obr.¢. 11a). V pipact konvexnichtocek je tomu naopak, zorné pole se
zuzuje (Obrg. 11b). [15]

=T

og
Ao
o)

= |

b | e Obr. ¢11 a) Zorné pole H

korekci konkdvnim sklem  b) Zorné poléigxorekci konvexnim sklem

g — skutené zorné pole g’ - neskdrié zorné pole e — vzdalenost refénén

roviny odcocky
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x (X) — pednetova (obrazovd) vzdalenost neskim&ho (skuténého) stedu

otaceni oka

Jak jiz bylo uvedeno,iipkorekci kontaktni¢ockou nejsou patrné zimy
v zorném poli. Pokud ale myop nebo hypermetrogrénsvou brylovou korekci
na kontaktni¢o¢ku, bude citit wfité zmeny v rozsahu zorného pole. Brylovou i
kontaktni ¢o¢ku rozptylnou/spojnou deme schématicky znazornit jako 2
prizmata s bazi ven/doviitZ toho plyne, Zze rozsah zorného pole je u myopa
korigovaného kontaktni¢cotkou WtSi ve srovnani &ockou brylovou, u

hypermetropa naopak mensi. [11]

3.2. Korekce astigmatizmu brylovou a kontaktfoickou

V astigmatickém oku misto jednoho ohniskanikaji dw k solk& kolme
ohniskové linie tj. fokaly, které jsou vdé vzdalenosti od sebe. Obrazem
piedmétoveho bodu je Us&a. Velikost astigmatizmu lze ¢&it v dioptriich
z rozdilu optické mohutnosti obou hlavnich meridi@ka. To je ozn&no jako
astigmaticka diference. [3,5] Korekci se snazimgatloout toho, aby tyto dv

fokaly splyvaly v jednom bagna sitnici. [8]

3.2.1. ZmEny v sitnicovém obrazu i korekci astigmatizmu
Sférick&docky zvétSuji obraz na sitnici stejrv kazdém meridianu. Oproti

tomu torickacocka je charakterizovana tim, Ze tznych meridianech vytio
razré velké obrazy siznou mirou zkresleni. Tento jev se nazyva meridiona
anizeikonie, tj,,nestejné zvtSeni velikosti obrazu viznych osach.{17 str.6]
Pricinou tohoto jevu je, Ze torick&ocka ma 0
ve vSech meridianech jinou hodnotu

vrcholové lamavosti. Jak se #m velikost < 69 -

obrazu v daném meridianu oka a jak vidi pr astigmatizis

neprimy astigmatizniis

¢loveék vysledny obraz signymi typy

jednoduchého astigmatizmu lze jednoduSe

,r sférické ametropie

znézornit pomociikladu s kruhem

S.’] Hﬂ (HHONJ(IH ?H.Hi



(Obr. ¢. 12). V pgipad, Ze ma jednoduchyffny astigmatizmus (vertikalni
meridian je vice lomivy), kruh se mu zobrazi jakaiti elipsa. V opamé situaci,

kdyz oko trpi Obr. &.12. Deformace kruhu u astigmatizmu

jednoduchym nefimym astigmatizmem,

u kterého je horizontalni meridian vice lomivy, budidét kruh jako svislou

elipsu. Jestlize je ifftomen Sikmy astigmatizmus, tak kruh bude vypad#b |
jedna Sikmo orientovana elipsa. [17]

Nasledkem meridionalni anizeikoni&@ pinokularnim viéni je prostorova
distorze (deformovani prostoru). Jeji velikostgeisla na dioptrickych hodnotach
a na vzdalenosti koreki ¢ocky od pupilarni roviny.

Pokud je pro dosfgho plna korekce a s ni spojené nasledky neshesite
podle Antona Ize zmirnit tyto problémy tim, Ze:

- o0sa cylindru z fivodni hodnoty bude natend k 90°/180° stufim. Je
prokdzano, ze
dosply ¢lovek hare snasi osu cylindru v Sikmé poloze a lépe osuake

v 90° nebo
180°. Prostorova distorze se timto postupeatstrani, ale prédoveka je to
pohodljSi, protoze osa cylindru je nastavena do takoviéhgo v niz je

schopen si na to

zvyknout.

- dioptricka hodnota cylindrick&ocky bude snizena. Vysledkem je mensi
meridiondlni z¥tSeni a spol¢ s tim i prostorové distorze. Aby kruh
nejmensiho rozptylutstal na sitnici (a sféricky ekvivalent byl zachoyge
nutné zrgnit i sférickou hodnotu.

- ¢ocka bude pblizend smirem k oku. Tim lze stefnjako v gedchozim
piikladu dosdhnout zmenseni meridionalni anizeikarpeostorovou distorzi.
Jestlize korekce je stdle rgatelna, lze vyzkouSet korekci kontaktnimi
cockami, které maji vyhodu v tom, Ze vrcholova vzdaknod oka se rovna
nule. Takze v minimalni mé zneni velikost

obrazu na sitnici a deformace prostoru nelskdeo vniméana. [3, 17, 18]
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COMPARISON CORRECTION OF REFRACTIVE
ERRORS WITH SPECTACLES AND CONTACT
LENSES IN TERMS OF SPECTACLE AND
GEOMETRICAL OPTICS

Bc. Emese Nagyova
Leader of the work: Mgr. Pavelik

Department of Optometry and Orthoptics, Masarykvdrsity, Brno

1. Introduction
The aim of this lecture is to compare tasic aids for correction of

refractive errors - spectacle lenses and contasele Their different effects on
vision will be explained in terms of spectacle age€ometrical optics. The
suitability of only one variant for the certain &pof ametropia cannot be
unambiguously determined. Both versions have diffeistructure and distance
from the eye. It follows that their optical effast manifested in each refractive
error in a different way. Distinctions occur e.g.the size of the retinal image, in
the degree of accommodation for the near objeatsalso in the size of the visual
field.

2. Refraction of the eye and the refractive errors

2.1. Refraction of the eye

Refraction is the bending of a wave entgran medium where its speed

changes. The refraction of the light when it pagsa® a fast medium to a slow
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medium bends the light ray toward the normal towdlet boundary between the
two media. The surface through which the refracpasses, is called refracting
surface. [1]
Light rays that enter the eye, pass throsgberal refracting surfaces of
which the largest influence on the refraction hesmea and eye lens. Refraction
is defined as ratio of the refractive power of teé&active media and the axial
length of the globe. Condition of the eye, whenridi# of the axial length of the
eye and the refractive power of the cornea andlghe is balanced, is called
emmetropia. Parallel rays of light coming from iy to focus on the retina with
accomodation at rest and a sharp image is formehdeoinfinitely distant object.
Condition when a mismatch is between the axial tengf the eye and the
refractive power of the lens and the cornea, iledaammetropia. The light rays
do not meet at a focal point on the retina, budtont of or behind that. [2]
Ammetropia can be divided into two differgnoups:
- Spherical ammetropiaas the name suggests, this type of refractiraeris

characterized by sphericity of the refractivefaces. The defect may be
caused by

incorrect axial length of the eye (axial aetrapia), incorrect curvature
(curvature

ammetropia) or incorrect refractive index tbie optical surfaces (index
ammetropia).

Myopia (nearsightedness) and hyperopia iffatesdness) belong to this
group.
- Aspherical ammetropia in this refractive error the surface of the earrand
the lens is

not spherical, but aspherical. This condii®called astigmatism. [3, 4]

2.2. Spherical ammetropia
2.2.1. Myopia

This is a spherical refractive error, whiea incident parallel rays of light
coming from infinity focus on a point in front die retina with accomodation at
rest. The far point (R) of the myopic eye is loda# a finite distance in front of

the eyeball (a < 0). The refractive power is negative accordm¢he sign
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convention: A< 0 (D). (Fig. 1) Objects that are in the areaheffiar point of the
eye are seen blurred. [8]

Fig. 1. Myopic eye without correction

H, H,

2.2.2. Hyperopia
Hyperopia or farsightedness is a refracew®r, when the incident parallel

rays of light coming from infinity focus on a poirtehind the retina with
accommodation at rest. The resulting image is etlend indistinct. [3] Far point
(R) of the eye is located at a finite distance beéhihe eyeball @ < 0).
Refractive power is positive: 2> 0 (D).

F@ Hyperopic eye without correction

H,H, ar=a’p .

2.3. Aspherical ammetropia

2.3.1. Astigmatism
Astigmatism is an aspherical refractive eriiche spherical refractive errors

(myopia, hyperopia) are characterized by a sphericagular — curvature of the
refractive media. The light rays focus at one fquaiht in front of or behind the

retina. Refraction of the eye in each meridiamesgame. [5, 6]
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Astigmatism is characterized by a curvammemaly of the refractive media
such as parallel incident light rays do not foctua @oint, but are drawn apart to
form a line. [7] The refractive media (cornea, leokthe astigmatic eye are not
spherical, and the refraction is different in eacteridian. There are two
meridians, in which the optical power shows the mmaxn ant the minimum

values. [5]

Fig. 3. Regulart@gnatism — with-the-rule, compound, myopic

3. Comparison correction of refractive errors with spectacles and
contact

lenses in terms of spectacle and geometricaltms

3.1. Correction of spherical refractive errors witepectacles and
contact

lenses
Spherical spectacle lenses and contact dease used for correction of
spherical refractive errors. Spectacle lens istetan front of the first surface of
the cornea at a certain distance. Distance betiveerear surface of the spectacle
lens and the front surface of the cornea is calltex distance. Function of the
lens is to change the course of light rays to eraatimage of the observed object
on the retina. Movement and distance of the eym ftioe spectacle lens causes

some differences in the vision of an ammetropic eyepared to vision of the
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emmetropic eye. Contact lens is a correction dediaeed directly on the eyeball,
respectively, to the corneal surface, so it moviesmg with the eye. If an

ammetrop changes its spectacle correction to aacbfégns or vice versa, there
may occur some differences. This is due to the tfaat both corrective devices
have a different structure and a different distainom the eye, and therefore, that

their optical effect manifests differently.

3.1.1. Value of refractive power of spectacle andatact lenses

Emmetropic eye can see at all distancagpsh The far point of this eye is
located at infinity. Parallel light rays, cominglpfirom this point, are focused on
the retina with accomodation at rest. Ammetropiecayn achieve this condition
with its correction. The correction is right, whehe following correction
condition in the distance is observed:

"Image focal point (Fg) of the correction lenses must coincide with famp
R (myopic / hyperopic) of the ey§8'p.47]

In the myopic eye the focal point is locatedront of the retina. Using the
weakest concave or “minus” lenses, or contact kre&h good visual acuity)
with correction condition in the distance, lightysabecome diverging from a
position of far point which is then projected tdimity. The myopic eye becomes
pseudoemetropic and the image is already formetti@nretina. [8, 9] Myopic eye
without correcting objects located between thepfaint and the eye, accomodate
less than emmetrop. It can cause weakening ofdbenamodation. [4] It is true
that a very slight undercorrection is often bettderated than a perfectly sharp
image with minimal overcorrection. [2] If a myopiye is overcorrected, it
accomodates looking into the distance too, which tad to accomodative
astenopia. [4]

In case of hyperopic eye, light rays areufmd at the focal point, which is
located behind the retina. Sharp image can be \athiby using the strongest
convex or “plus” lenses, or contact lens (with gagsual acuity and minimal
accomodation). Its image focal point lies in thegdaint that is behind the retina.
Through these correction aids character of ligi t@ecome converging. Then the
focal point is formed on the retina. Hyperopic &geomes pseudoemetropic. The
far point appears infinity and the eye sees distdnpects sharply with minimal

accommodation. When hyperopia is undercorrectesl,eye still accommodate
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while looking into the distance. Hypermetropic evighout correction to the near
objects accommodates more than emetropic eye,tarahicause early onset of
presbyopic difficulties. [4, 8, 9, 10]

To ensure the correction condition it is ortant to realize that refractive
power of the correction aids depends on a varidlg&ance from the lens of the
eye. In case of myopia, value of axial refractieriass than refractive power of
the corrective lensedi < S'g. For hyperopia it is the opposite, axial refraatie
greater than refractive power of the lenses:

Ar > S’g. Using the following images (Fig. 4., Fig. 5.)¢ wan easily confirm this

assertion: [8]

S53<0 H, H, A< 0

Fig. 4. Correction of myopia Fig. 5. Correction of

hyperopia

If contact lenses are used for correctionreffactive errors instead of
spectacle correction, refractive power should benged from a certain value of
refraction. This type of correction device is pldaen the front surface of the
cornea. It means that the distance of contact $(theand the eye is smaller than
the spectacle correction, its value is zero. Tiseltmg optical (refractive) power
can be determined from the appropriate tables louleged from the formula (1).

Mostly it is not necessary to recalculate until viadue

of £ 4.0 D.
.
K¢ .
1-AdS,
(1)
Ske - resulting refractive power of contact lenses (D)
Sk - refractive power of corrective lenses (D)

4d =d;-d, =2 difference between the distancesdd g,
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- Wherg @ the original distance of the lenses in frontteé cornea (usually the
12mm, but this
value can be differéarteach client)
- Wherg,ds the distance of the contact lens from the(8yam).

When contact lenses are applied:
- myopic eye: it is necessary to reduce refracpeger of contact lenses, to
achieve greater

focal length and coincidendth the far point
- hyperopic eye: it is the opposite, value of retiree power should be increased.
The

contact lens is closer te tar point, so the focal length should be
reduced. [9]

3.1.2. Change in the size of retinal image

Light rays fall to the retina through thedab point of the eye unchanged.
This point in the reduced eye model is called thical center of the eye. Image
formed on the retina is reduced and inverted.

When the eye has a refractive error — anopgtreye - size of its retinal
image is different from the size of the image ohegtropic eye. The difference is
that the retina of the ammetropic eye is located uifferent distance from the
nodal point than retina of the emmetropic eye (Bjg.Eye with an axial form of
myopia is longer and its retina is further from tiedal point. Therefore resulting
retinal image will be larger. Eye with an axialrfoof hyperopia is shorter, so that
its retina is located closer to the nodal pointl amthis case the image will be
smaller than it would be in the emmetropic eye. [3]

H,\H,
| Hypermetropické oko

K | Emetropické oko

ﬁ\,( Ny | Mvopicke oko
o (4] . =
.
M |
)

Fig. 6. Difference in the size of the retinal image
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Size of retinal image in the emmetropic amdhe myopic/hyperopic eye is
the same, if the spectacle lens is placed in thecbolocal point of the eye &
[8] However, this is not possible, since each hunface has a different
anatomical shape which affects the position ofgpectacle lens in front of the
cornea. Influential factors are the following:
height of the nose, location of the eyeball in trbit, length of eyelashes.
Spectacle lens does not coincide with the objemlfpoint of the eye, its optical
effect changes. The result is that the size ohakimage is different from the one
in the emmetropic eye. [11] Change in the sizestihal image is present even if
refractive error of the eye is corrected by contlactses instead of spectacle
lenses. These changes in the size of retinal imageshown in the following
figures (Fig. 7, Fig. 8.):

EM MY
H,
- yar
J’E}vf Vit Va2
A \ 2 48
g2 ng
d,=0

Fig. 7. Change in the size of the retinal image litorrection of the myopia with
spectacle and contact lens
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Yay Yem YH2 R=Fy=

Fig. 8. Change in the size of the retinal image Wwitorrection of the

hyperopia with spectacle and

contact lens

S

Results (Fig. 7., 8.) are summarized for the bettmity in the table below:

Tab. 1. Different size of the retinal images

Vi

- - : = 0
Myopie Emetropie Hypermetropie
obraz na sitnici obraz na sitnici obraz na sitnici
bez brylova | kontaktni be= Forelce bez brylova | kontakini
korekce cocka cocka korekce éocka cocka
V ur Vv, V), V Y ur y’ Vs
\_~ MY S MI JoOM?2 S EM S HY S O HI N OH: p

When the size of retinal image of the emmetropie sycompared with the

size of

retinal image of the myopic and hyperopic eye cae@ by eyeglasses and

contact lenses we can get the following resultomliog to the figures (Fig. 7,

Fig.

8)

and

the

table

(T

ab.

1):

- size of retinal image of the emmetropic eye\) most closely matches with

the
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size of retinal image of the myopic eye eoted with a contact leng’(;.),
- size of retinal image of the emmetropic eye\) most closely matches with
the

size of retinal image formed in the hypecogye corrected by spectacle lens

(Y 'H1)-

We can say that contact lenses in myopis: leduce and in hyperopia less
increase the resulting image on the retina unlpectacle. It follows that myop
corrected by contact lenses achieves better viaoalty than with spectacle
lenses. So it is better to use contact lensesrteadhigher forms of myopia. It is
better to use contact lenses to correct the fasigless just in case of higher
forms of hyperopia (e.g. aphakia).

Spectacle lenses are inappropriate for correctiom td narrowing of the visual
field and high magnification of the image on thena. [8, 11]

3.1.3. Effect of the spectacle lenses and contacenses on
accommodation

“Accommodation is the process by which the ayenges optical poweio
maintain a clear image or focusn an object as its distance varie§12 p.54]
Accomodation is minimal when we are looking inte tistance. The lens due to
its elasticity changes its shape when we are faguen a near object. Optical
power of the lens increases from the base +19.1d £33.06 D, and thus helps to
create an image on the retina of the near obj@ci.q]

Ammetrop who wears correction to the diseaand whose accomodative
amplitude is sufficient, sees near objects almssvell an emmetrop of the same
age. However the process of accommodation is indee by correction of
refractive errors (myopia and hyperopia). When ¢lge focuses on near objects
with each type of correction (spectacle and contanses) it uses different
degrees of accommodation. Difference in accommodafior myopia and
hyperopia can be specified by calculation. Dueh fact that these calculations
are long, in this lecture we explain the differenseng the following figures (Fig.

9.a,b, Fig. 10.a,b). Positions of resulting imafgs) formed by spectacles and
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contact lenses are shown below, according to whezree of accomodation for
each type of correction aids can be expected. [8]

Myopia
Fig. 9. a) Correction of myopia with spectacle lens b) Correction of myopia with

contact lens

L, H, Ap< 0

B

N/

Comparing the position of the imagesjareated by spectacles and contact
lenses, we can see that the image formed by thatdens is closer to the main
plane of the eye. It means that with this correctidevice myopic eye

accommodates more than with a spectacle lens.

Hyperopia
Holle gy>0
// s \‘
Bl \4 B &U R=F)
A 8,>0
d=0
.......... G
......... L TR

Fig.10.a) Correction of hyperopia with spectaclenke b) Correction of hyperopia with

contact lens

Comparing the position of the images)areated by spectacles and contact
lenses, we can see that the image formed by thaadens is closer to the main
plane of the eye. So hyperopic eye corrected wittoatact lens needs less
accommodation to the near objects than with a aplktens. [8, 13]

The above statement is verified by calcatatiin my bachelor thesis. Results

are summarized below:
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Tab.2. Accomodation of the myopic and hyperopic eggrected by spectacles and

contact

e akomodace myopa akomodace hypermetropa
y

lenses wredmeétu od oka | s brvlovou ceckou| s kontaktni cockou | s brylovou cockou| s kontakini ¢ockou

L -26,3cm 3,35D 3,78D 4,34D 3,79D
/

It can be determined from these values @adkb. 2) that myopic and
hyperopic eye corrected by contact lens use thes sdegree of accommodation:
Ak = 3,8D. If myopia is corrected by spectacles iteisough to use less
accommodation than with contact lenses£Ak3,35D), in case of hypermetropic
eye more (Ak:=4,3D). [8, 13]

3.1.4. Change in the field of view

Field of view is the set of all object pantvhich are fixed by moving eyes,
while head is not moving. There can be signifiaifferences in the field of view
experienced with spectacles or contact lenses. nibst basic restriction with
spectacles is frame, which is an obstacle anddritsi which vision may not be
clear. Field of vision through spectacles is a#fdcby lens power. Increase in
refractive power of 1D of the spectacle lenses eswapproximately 2.5% change
in the size of the field of view. Contact lensesvpde a full, continuous field of
view. This is due to the fact that contact lenkbcated directly on the surface of
the cornea and is almost always placed on the rcehtiae pupil even if we are
looking at different directions. Size of the fiedfl view is barely affected and we
cannot find any prisma effect, which is characterief the spectacle correction.
[11, 14, 15,16]

Each spectacle lens can be characterizeahbyptical wedge, i.e. prism. A
plus lens may be thought of as prism with the a@psards the edge of the lens. A
minus lens may be thought of as prism with the basards the edge of the lens.
[16]

A characteristic feature of the optical wedg that perpendicularly incident
light ray is deflected towards the base. This clkaafjthe original direction is
called deviance. [11] So as Rutrle stateedge prism has a prismatic effect of 1

pD, if at a distance of 1meter deflects perpenaicuicident light rays of lcni.
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[8 p.102] In spectacle lenses this unwanted prigneftect appears when it is
seen outside the optical center of the lens. Ttag be caused by improper lens
centration i.e. decentration. However, if the spelet lens is properly placed on
the center of the pupil (the optical axis of the @asses through the optical center
of the spectacle lens), prismatic effect is nospre. [14] The prismatic effech),
which operates on the eye looking out of the opteater of the lens, can be
calculated by Prentice’s rules:

_ decS
10

A [pD]

@)

Where:
dec ... distance of decentration of the optical @eat the lens [mm]

S' ... refractive power of the lens [D]. [8, 15] 1

If the light ray fall outside the opticalrter of the spectacle lens of the eye, it
does not appear exactly on the foveola. The ege td compensate it by moving
against direction of the base of the prismaticaffil5]

Prismatic effect appears in plus lenses asgascotoma around the edge of
the lens, whereas in minus lenses doubling of ¢bjean be seen at the edge of
the lens. Size of the field of view formed by thmestacle lens is affected by
refractive power of the lens and by the vertexagise. In the figures we can see
how concave lens extends the field of view (Figa)lTonvex lenses narrow the
field of view (Fig. 11b). [15]

Fig.11 a) Field of view with concave lens b)Field of view with
convex lens

g — real field of view ginreal field of view e — distance frtma
lens

X (X") — object (imagestdince of the unreal (real) center of the eye




As it was mentioned above, contact lensesi@oaffect the field of view.
However if myopic or hyperopic eye corrected byctpele lens starts to use
contact lenses, there can be seen some chandesfielt! of view. Spectacle and
contact lenses (concave/convex) can be schemgtiegdtesented as two prisms
with bases outside/inside. It follows that thedief view of myopic eye corrected

by contact lenses becomes larger, and in casepefrimetropic eye smaller. [11]
3.2. Correction of astigmatism with spectacle arehtact lens

In the astigmatic eye refractive mediaa$ spherical but refract otherwise
along one meridian than along the meridian perperali to it. This results in two
focal points. Degree of astigmatism (in diopterah de determined from the
difference in optical power of two main meridianstbe eye. It is marked as
astigmatic difference. [3,5] We try to achieve aiilence of the two focal points

in one point on the retina with correction. [8]

3.2.1. Changes in the retinal image by correctionf@stigmatism
Spherical lenses magnify the image @nrétina in each meridian equally.

Toric lenses create in different meridians imageslifferent size with varying
degrees of distortion. This phenomenon is calledidiomal aniseiconia i.e.
"unequal magnification of the image size in difféereaxes." [17 p.q
Fig. 27. Deformation of the circle

The reason for this phenomenon is that
toric lenses have in all meridians different

refractive power. Change of the image size in a- 69 -

certain meridian of the eye and how this . ==, .

o . o 4
resulting image is seen by people with simple neprimy astigmatizimis

form of astigmatism can be illustrated with the
following example of a circle (Fig. 12): sférické ametropie
Simple with-the-rule astigmatism (vertical

meridian is the steepest), the circle forms a

lying ellipse. In case of an eye with simple \s sikmy astigmatizmus

against-the-rule  astigmatism, where the
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horizontal meridian is the steepest the circleasnsas a vertical ellipse. Eye
affected with oblique astigmatism, sees an obligueiented ellipse instead of a
circle. [17]

Result of the meridional aniseiconia in lwal@r vision is spatial distortion

(deformation of space). Its size depends on the pemver and the vertex distance.

If an adult client cannot tolerate full compensatbf astigmatism author Anton
recommends:
- axis of the cylinder is rotated to 90°/180° cexg from the original value. It is
proven

that an adult tolerate worse the cylinder axian oblique position and tolerate
better the

axis which is at 90 ° or 180°. Spatial distantizvith this procedure is not
remove, but it is

comfortable for adults, because the cylindes &iset to the position in which
they are able

to tolerate it.
- refractive power of the cylindrical lens is redd. The result is less meridional

magnification and spatial distortion.
- lens distance from the eye is reduced towards eye. Reduction of the
meridional

aniseiconia and spatial distortion can be addewith this process. If correction
is still

unacceptable, astigmatism can also be corregtbdcontact lenses, which have
an

advantage that their distance from the surfac¢he eye is equal to zero.
Consequently,

change of the image size on the retina is mihend deformation of space is
not perceived.

[3, 17, 18]
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12. CONTRAST SENSITIVITY
Matic Vogrt*

University of applied sciences Velika Gorica, 2014

1.Introduction

To begin with, the need of defining the most impntttopics is necessary to be
able to understand what the seminar is all about.

Contrast — it is created by the difference in luamice, the amount of reflected
light, reflected from two adjacent surfaces.

Sensitivity - degree that an organ or organismaredpo certain stimulation

A contrast sensitivity assessment measures thiyatoilrecognise between fine
and finer increments of light against dark (cortjra€ontrast sensitivity is the
reciprocal of the contrast at threshold, for examphe divided by the lowest
contrast value at which forms or lines can be wmiggtished. Measurements of
visual acuity with low contrast optotypes is becognimore broadly used,
especially for patients with corneal or lenticutésorders or for those having had
refractive surgery. Low-contrast visual acuity aisl difference from high-
contrast visual acuity are often regarded as measof contrast sensitivity.
Contrast is one of the most important parametersading cortical cells involved
in vision processing. Responses of individual nesito repeated presentations of
the same stimulus are highly variable, with sigaadl noise levels imposing a
fundamental limit on the reliable detection anccdimination of visual signals by
individual cortical neurons. Neural interactionstaimine the sensitivity for
contrast at each spatial frequency, and the cormbmaf neural activities make

up an individual’s contrast sensitivity function§E).

Why is it important?
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In communication (faint shades of facial expressions)
In orientation and mobility (eg. curbs on the road, foggy, rainy, snowy environment)

In everyday tasks (cutting meat, pouring coffee into a dark mug)

P wonhoRE

In near vision tasks (computer, writing, reading in bed, old faded handwriting on

letters)

When the dimmer surface is black and reflects glotlithe ratio is 1. Contrast is
usually expressed in percents, and then the rationultiplied by 100. The

maximum contrast is hence 100%. The symbols ofrtbet common used visual
acuity charts are close to the maximum contrasthéin the lowest contrast
perceived is 5%, contrast sensitivity is 100:542@he lowest contrast perceived

by a person is 0.6%, contrast sensitivity is 1@%:070.

100%  25% 10% 5% 25% 1.25% 0.6%
Picture 1: Chart of contrast.
Visual acuity and visual field assessments areitiomally used in visual
assessments for driving, legal blindness, and i@tyanf occupations. Contrast is
another, but very important variable that affedsual acuity. This differs from a
common visual acuity testing in a routine eye exatmnch measures the ability to
recognize the smallest letters on a standard eyet.chlowever, it is well
established that those standards do not providef dle information required to
indicate how well a person can see the outsidedv&gveral studies have proved
that contrast sensitivity provides useful inforroatabout functional or real-world
vision that is not provided by visual acuity andiesual field, including the
likelihood of falling, controlling the balance, dimg, different crash involvement,
reading, daily activities and perceived visual disg. It is obvious that contrast
sensitivity should be incorporated with visual &ag@ind visual field in definitions
of visual impairment and visual disability and fegal definitions of blindness.
Consequently, using contrast sensitivity in comtiamawith visual acuity (and
visual field, if needed) gives a better idea of heell a patient actually functions

visually. In addition, measurements are relativglyck and simple procedures,
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and it can provide more sensitive measurementh@fpbssible slight loss of
vision than visual acuity. There exist many clihisduations in which contrast
sensitivity can be reduced while visual acuity reteat normal levels, including
after refractive surgery, minimal capsular opaaificn, and oxidative damage due
to heavy smoking in patients with multiple sclesoand in diabetics with little or
no background retinopathy. For these reasons, asindensitivity measurements
have turned into a standard for most clinical $riaf ophthalmic interventions,
and they have been widely used in the assessmergfraictive surgery, new
intraocular implants, Anti-cataract drug trialstemtial treatments for age-related

macular degeneration and optic neuritis.

2.\What is needed for good contrast sensitivity?

A contrast threshold is the smallest amount of remttrequired to be able to see a
specific target. Contrast sensitivity is the reogal value of the contrast
threshold. A patient who requires a lot of conttassee a target has low contrast
sensitivity and vice versa. Before sine-wave ggaiwere used as a measurement,
contrast was calculated in by Weber contrast. dieined as the luminance of the
background and the target. Nowadays, this measuteisieommonly used when
calculating the contrast of letters or similar &gy (eg. testing charts). For
example, Snellen letters are of high contrast (gelyeover 90%), with black
letters of low luminance against the much highemihance of the white
background. The combination of high and low contrasual acuity values
defines the location of the slope of the contrassgivity curve but diagnostically
the most important feature is any change over tifiere are no international
recommendations for the luminance level for contsassitivity testing, but there
is a recommendation for visual acuity testing.eikammends a luminance level

equal or higher than 85 candelas per square meter.
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In the late 1950s and 1960s the researchers (CdimRlobson and Blakemore)
began to assess contrast sensitivity using sineewgaatings; these gratings had
previously been used to characterise the opticdlopeance of cameras and
photographic film. Sine-wave gratings are repetitight and dark bar stimuli
with luminance profiles with the shape of the math&cal function sin. One
adjacent couple of light and dark bars builds up ogcle. A plot of contrast

1 period

or cycle
Lmax =
mean =
luminance
Lmin =

sensitivity over a range of spatial frequenciesindsf the contrast sensitivity

function.

Picture 2: Luminance.
3

INVISIBLE

INVISIBLE

_
N -
0.1 1 10 100

Picture 3: Distance in degees / log contrast sgitgit Spatial frequency.

On the graph is a typical photopic contrast sensitfunction. The grating acuity

limit or cut-off frequency, shown by the arrow,tlee highest spatial frequency
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grating that can be detected at maximum contrasgtiAng in the area outside the

curve is invisible to the human eye.

3.Visual acuity and contrast sensitivity

The point at which the contrast sensitivity funantiouts the spatial frequency
indicates the finest pattern that is just deteetadil maximum contrast, which
corresponds to grating visual acuity. Visual acety be predicted approximately
from this point on the contrast sensitivity functicAs ophthalmic practitioners
who are accustomed to think of a patient's leveligibn in terms of visual acuity,
it can be difficult to understand how vision cangm®r if visual acuity is normal.
For example, let's look at the everyday case, @issthe quality of sound is not
determined by the high-pitched voices, so the guali vision is not determined
only by the smallest detail that can be distingeshThe absence of low-
frequency sounds produces an "empty" sound, whashlbst its "course”. The
loss of low-frequency spatial frequencies likewiseduces a "blankly" picture of
the surroundings, although acuity stays the samereMnformation will be

presented in chapter 9.

4.Measurement of contrast sensitivity
Electronic devices and programmes are nowadaystis¢ commonly used

method in vision-research laboratories and clini¢ge sine-wave gratings are
projected on a video monitor with the spatial freigey and contrast normally
under computer or technician’s control. This allgneat flexibility of testing
parameters, factors and procedures. If the stiaraloptotypes or paediatric
symbols, recognition is required and the test ietuspeech responses. As in
audiometry, the result of the contrast sensitimigasurement is not one single

value but a diagram.
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CONTRAST SENSITIVITY
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VISUAL ACUITY
Picture 4: Visual acuity in connection with contrasnsitivity.

The border between symbols perceived and thoseatkatot seen are drawn by
an arc, called Contrast Sensitivity Curve. Its detating right-hand incline is the
most interesting part for practitioners.

As we mentioned before, a contrast threshold issthallest amount of contrast
required to be able to see a specific target. kamgle, if you have a grey pencil
on a slightly darker grey desk. It would be quiticllt for a test person with a
poor contrast to distinguish between the two. Gndther side, the same person
might easily see a black letter on a white testingrt because the contrast is high.
Therefore the contrast sensitivity testing normalgects visual impairments that
cannot be measured within the common eye assessmemtvisual acuity chart
(black on white). It is normally performed when aye practitioner detects a
specific visual complaint that affects the ability discern contrast. Everything
can be measured so as the threshold values careégurad with two different

techniques when using optotype tests:
4.1 Contrast sensitivity tests

e Cambridge (square-wave gratings)
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e Gratings (variable contrast)

e CVS-100E (sine-wave gratings, variable contrast)
e FACT (sine-wave gratings, variable contrast)

¢ Melbourne edge test (edges)

¢ Miller-Nadler (1.7 Landolt rings, variable test)

¢ Pelli-Robson (2.8 letters, variable contrast)

e Vistech (sine-wave gratings, variable contrast)
VISION CONTRAST TEST SYSTL
3 .“ !'!|||'

11

"‘;ﬁu}\“" "{jf‘ '[.l_:F_ !' = e

Figure 1.FACT sine-wave grating chart tests five spatial frequencies (sizes)and ninelevels
of contrast. The patient determinas the last grating seen for each row (A, B, C, [ and E}
and reports the orientation of the grating: right, up or left. The last correct grating seen
for each spatial frequency is plotted on a contrast sensitivity curve,

Picture 5: FACT test (5 rows with 9 columns).

This test was developed by Dr. Arthur Ginsburgetits five spatial frequencies
(sizes) and nine levels of contrast. The patieasised to read the last grating seen
in each row (A-E) and reports the direction of frating (right, left or up). The

last correct grating in each row is plotted on at@st sensitivity curve.
4.2 Low contrast visual acuity charts

¢ Bailey-Lovie (18% contrast letters, variable size)

e Regan charts (25%, 11% and 4% contrast letters, variable size)
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e Skill chart (low luminance, low contrast chart)

VRS KDR

NHCS O K aee
@5%
gw% b 8 g :
100% 6 8 *

0.03 0.10 0.32 0.63 125

Picture 6-7: The Pelli Robson contrast sensitighart and Translucent Low contrast visual acuity
chart.

Pelli Robson chart tests the ability to detectelsttof a fixed size that are
gradually less contrasted with the white background

Research shows that the contrast sensitivity cpregided by sine-wave grating
tests is more sensitive and informative than theerotow contrast letter acuity
tests.

Picture 8-9: Difference between various contrassiiwity tests and the presentation of full
@ Peli-Robson B8 VCTS/SWCT/FACT

f=—=f:Regan A=A Snellen identification CRIGINAL VCTS | SWCT\ FACT
ams 20120 g o
[
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£ Q
= =
2 5@ B
m —
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g 2
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g 2
a
3 o
I 1
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e
1.5 3 6 121824 42
Spatial Frequency
(cycles per degree)

5 2002 Vision Ssiences Ressarch Comporafion. All rights Resenved.

2 2002 Vision Solences Ressarch Copormtion. All rights Reserved.

spatial frequency ranges of three test types.
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In the picture above, the four pictures using thk $patial spatial frequency
ranges of three test types (Pelli-Robson, Regamg-®ave). It can be seen that the
Pelli-Robson chart may be a good indicator for mtety the threshold visibility
of large objects (buildings, trucks,...) in the gggor cloudy environment but not
for determining small objects (a child walking dretstreet,...). The Regan charts
tests more relevant sharp edges of the scene ashdHle grating chart obtains the
most relevant information for evaluating the apilib view the whole scene
clearly.

Testing is practically identical as measuring visauity at high contrast level,
for example we measure the smallest size of thetypts that the patient can
recognise. The threshold is defined as when at &ast of the 5 optotypes in the

same line are correctly acknowledged. The 2.5% iteite most useful test in

clinical use.
d GO N
E GCOOD-LITE J

Picture 10:Translucent Low contrast visual acuity charts wfith optotypes printed at 2.5%
contrast range.
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Other tests

- use of night driving simulator that can show gogsible problems with glare
and consequently with contrast sensitivity

- stereoacuity testing, test for depth perceptioay nbe undertaken (Lang

stereopsis, Random-Dot E test, Stereo Fly test, 1@#¢0...)

5.Test procedure

Ask a patient to quickly move down the chart anel plerson is asked to identify
the first or the last symbol on each line. When fieeson hesitates or makes an
error, move back one line and ask the person titeRecord the result carefully
and correctly, for example if on the 2.5% chart afethe letters was read
incorrectly on line 20/63 (6/18, 0.3) put down thgual acuity result as 20/63 (-1)

LOW CONTRAST TEST RECORDING FORM
xx=0D 00=0S

patient date

contrast

#of sensitivity

symbols 16 2 0 S0am m 2m 3m 4mSm 10m threshold
65" - o 80" 10 13 164 33 :
read = ontrast i
¥ s S
30 ! ! J0.6% 160
] ] 125
i A
25 : - : 1.25% 20
I Y I oy
i T 83
] %
; M s
20 : e 25% 40
i | N o
! : \ 25
I [ dsw 2=
15 : b 5% z
\ iy
i : \ 125
10 i \ 10% 10
1 ¥ A 8
! \ \
i 83
i \ \ sig
! \ \ s
5 i . 4 R EL
a L :
4 25
: : ) 2
. : ! \
High contrast 1 Y
visual acuty ———————+——T—"—"T—T1+—+—+—T"TF T *

at 2.5%.

Picture 11: Example of using the Low Contrast Restording Form.

After having used the test for a while, you willtrmeeed the recording forms
anymore, except for reporting your results to somaghbwvho is not accustomed to
using the test. For recordings it is enough togawn the name of the test, the
number of correct answers and the testing distafoese three values carry the

essential information for the follow-up.
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When both optotype and grating measurements are,nitaid useful to put them
on the recording forms to keep the history resahs to see the relationship
between the different threshold values. The tesirlance should be kept closely
equal; otherwise the results are not equivalens Way of recording can be used
to evidence any test results from previous tests.

Computerised versions of testing the contrast seitgiare also available in the

market. The downsides of these systems are thgtahe quite expensive and

complex to use them in the routine eye exam. The&legy also needs a
professional practitioner and the monitoring of thsplay’s calibration must be

also undertaken quite frequently for exact valuesrasults.
Picture 12: VSRC's CST 1800 Digital.

5.1 Various tests are available for children

1. Lea low contrast grating
2. Low contrast flip charts

3. Hiding Heidi low contrast face test (children)
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4. Heidi expressions test game

Picture 13: Hiding Heidi low contrast face test.

6.The Range of Normal Contrast Sensitivity

The range of normal contrast sensitivity and changecontrast sensitivity is the
diagnostically important feature that will be watdhin the future. Because of the
large variation in the normal values, we need teeh@n older value to compare
with to notice a change. Ideally, contrast sengjtiand visual acuity should be
measured when children leave their high schoolbrsgary school or in young
adulthood. Although the most common cause wouldab@mall change in the
refractive power of the eye, which is a benign ifiggl repeating the measurement
of contrast sensitivity would be beneficial as @ paroutine health examinations
to rule out changes in the visual pathways. Measant of contrast sensitivity
would also help us to better understand the comiglaf a person whose visual
acuity at high contrast has not changed but whasernvhas decreased at low
contrast levels.
If an occupation requires good visual functioncat tontrast levels, visual acuity
alone does not select the most suitable personghfdr particular task. For
example, if the task is to notice airplanes appnoar within low clouds, these
planes are best seen by a person with good visuélan the contrast range of 1-
5%. Since the declination of the slope varies ewenormal individuals, it is
possible that a person with lower visual acuithigh contrast has better function
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at the lower contrast levels than a person whohigiser visual acuity at high
contrast. This is important to remember in all sachupational tasks that require
exceptionally good visual function at low contréestels (eg. army, police, and
fire brigade).

People with any kind of trauma or brain injury fueqtly report decreases in the
sharpness of their visual functions. Patients midgscribe the situation as a
“blurry” vision, which is not the same as the biness while assessing the visual
acuity. However, visual acuity assessments mayfuibt explain the patient’s
complications. The usage of contrast sensitivisistenay show that the primary
cause is a loss of spatial contrast sensitivityictvitould be either temporary or
permanent. CS values are sometimes event bettdicfme of visual functions
than visual acuity. The real world itself is notaeaout of black and white objects
with a high contrast, but is made out of subtlenges in contrast. Some studies
even suggested that impaired contrast sensitivitypeople correlates with

increased crash risk in driving.

7.The three types of contrast sensitivity changes

Normally the loss of visual function is generalletsame at high and at low

contrast levels.

1. The curve of the slope in type | has no changes in declination;

2. When there is a small limited lesion in the centre of the macula, VA may decrease
several lines, but in the low contrast vision there may be only a slight or no loss;

3. Type lll change of visual information is determined by moderate to no loss of visual
acuity at high contrast and a severe loss of visual function at low contrast. It is often

caused by diabetic retinopathy, cataract, glaucoma, or optic neuritis, which are the
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most common causes.

Picture 14:Three types of changes in contrast sensitivity.

Clinically, it is known that there can be three pleowith various types of contrast
sensitivity losses but with the similar visual éisland visual acuity values. They
can have very different functional vision. The thrpeople whose contrast
sensitivity curves are in figure all have visuali&g of 20/63 (6/18, 0.3). Person
A has high normal function at low contrasts andcfions like a normally sighted
person. Person B has a decreased low contrasidnrantd the typical behaviour
of a person with low vision. Example C has gengralét visual functions at low
contrast and is severely visually impaired. Thee¢hpeople have the same visual
acuity, but one with a normal visual functions, dmes low vision and one is

visually severely impaired.
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Picture 15:Contrast sensitivity curves of three persons wislual acuity 20/63 (6/18, 0.3).

8.High order aberrations
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Low order aberrations, which include myopia, hypecand astigmatism is a bit
less complex as the high order ones. High orderrafi@ens include errors as
coma, spherical aberrations and trefoil. Thesesyg@n cause visual difficulties
such as problems driving at night, glare, haloksgyyvision, starburst patterns or
diplopia. Every eye has a certain degree of abhemamno eye is perfect. However,
not all high order aberrations are troublesomey dhbse that cause vision
problems. These reflective irregularities are digtas acquired by a wavefront of
light that passes through the eye, but with centaflective irregularities on the
transparent media in the eye (tear film, cornea, Tyauma, cornea scarring,

cataracts, eye surgery, severe infections or déseaan induce serious higher
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order aberrations. In some cases even conjunstigitcca can cause these

aberrations due to diminished tear film which digdbps refracting the light rays

to achieve focus.

Picture 16: Common shapes of aberrations creates alwavefront of light passes through eyes
with a refractive error.

Current literature in wavefront aberrometry stafest higher-order aberrations
account for about 17% to 20% of a patient's viglediciency. Therefore, as the

percentage shows the higher-order aberrations afatively important,
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representing up to 20% of uncorrected refractivererConventional spheric
lenses do not yet address these special needs.
The impact of higher order aberrations on visuatey depends on different
factors. People with wide pupils generally have enproblems with high degree
aberrations, particularly in dim lightning when tpepil dilates even wider. In a
few special cases the pupil size expands:

— when the brain works hard, the more pupils dilates

— when someone is interested in a topic you are talking about

— when in pain (eg. electroshock) or on drugs caused by alcohol or opioids

il

(amphetamines, cocaine, LSD, mescaline)

Picture 17: The Z-View abeometer (left) produces the iZon iPrint (right), which includes
a wavefront map for each eye as well as measurements of specific higher-order

aberrations.

9.Lower visual acuity may in some cases mean
better vision

If an occupation requires good visual functioncat kontrast levels, visual acuity
itself does not select the most suitable persomsttat particular task. For
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example, if an airport worker has to observe ampgaapproaching within the low
clouds, these planes are best seen by someoneavgtiod visual acuity in the
contrast range of 1-5%. Since the declination efglope varies even in normal
individuals, it is possible that a person with lowesual acuity at high contrast
has better function at the lower contrast levedsith person who has higher visual
acuity at high contrast. This is important to rerbemin all such occupational
tasks that require exceptionally good visual fumctat low contrast levels (eg.
soldiers, policemen, fire fighters ...). Contrashgtivity is generally affected in
leprosy patients in all five spatial frequenciesndng them, contrast sensitivity
falling outside the normative range was linkedncreasing age, being female and
having a grade 2 deformity. Contrast sensitivityinigaired in leprosy patients
having normal visual acuity. Elderly, deformed, tdenpatients are particularly

burdened with this vision function loss.

10. How to asses people with low contrast
sensitivity

It is important to test patients that have had aayma or head injuries in the
past. A few different medical and technical accessochave been suggested to
help people with low contrast to enhance theirydadtivities and consequently
the quality of their lives.

— A gradient amber filter that it initially used for post laser diabetic patients and
for some acquired brain injury patients. This kind of filter can be used in a lighter
or darker version as needed to fit each individual.

— Yellow filter to mark boundaries for hemianopsia patients in close work, reading
and writing. Yellow filters tend to increase contrast in daily activities both in
dark or bright environment.

— Freeform lenses, also known as digital high definition lenses are optimised with
computer controlled surfacing equipment. As every optician should know,
centre of the lens must be in line with PD. The lens design and fabrication itself
can reduce or even completely eliminate certain degree of aberrations.

— Wavefront lenses, special lenses created that take into concern the measure of
optics of the eye. An instrument (wavefront-guided Lasik eye surgery and

aberrometer) is needed that projects uniform light waves through the eye,
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which reflect off the retina, and then the returning waves of light are analysed.
Higher degrees of aberrations and refractive errors are taken into account.

— Wavefront lasik eye surgery, which reshapes the corneal surface to remove
irregularities. It does not only improve the visual acuity but also increases
contrast sensitivity and fine details. It also reduces risk of post Lasik
complications, such as glare, halos and possible difficulties in night driving. Of
course it depends on the degree of aberrations and the refractive power of the
eye.

— Anti-reflective coatings that enhance contrast

Péint Spread Function
{PSF)

Retinal Image

Perfact Eye
(prston]

Spherical
Abyes

Sarration

Citiaclrefoil

PICTURE 18: Picture shows an example of a perfget(piston) compared to eyes with higher
order aberrations (coma, spherical aberration, igieid)

— Neural vision enhancement therapy that involves automated proprietary
algorithms delivered to treatment workstations.

— Video games playing, this provides a complementary route to eyesight
improvement. Although the underlying cortical plasticity that is induced is likely
to be most beneficial for central deficits such as amblyopia, video game playing
may also compensate to some extent for optical and retinal defects by
retraining the visual cortex to make a better use of the information that it

receives, however degraded.

Although there are many positive things about lasstments, there must also be
a downside of it. Not all refractive surgeons woalgtee that wavefront guided
Lasik can help with high order aberrations. Funtih@e, some studies even show

that both wavefront and conventional Lasik can smpmlly cause these
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aberrations because of artificial changes thatdares to the natural shape of the
cornea. Ophthalmology times (April 2005) stated thavefront guided Lasik is

less likely to produce higher order aberrations ttiee conventional one.

Detection of patients who may be impaired:
— patients that read 1.0 line on the test chart slower with one eye than with the
other
— high order aberrations
— cataracts
— diabetics
— optic nerve disease

— multiple sclerosis (optic neuritis)
— corneal oedema

— age related

— leprosy

— strokes

— Developmental dyslexics

11. Conclusion

Poor contrast sensitivity is common in many visdigbrders including cataract,
diabetic retinopathy and many retinal disorders. d&le assist contrast sensitivity
in these patients with the use of high contrastrfl, better lighting and by the use
of bolder and higher contrast materials. In catapatients, surgical removal of
the cataract may significantly improve contrastsgerity.

Eye practitioners typically first offer the leastvasive but the most effective
possible treatment for an individual. If it is clearto enhance the quality of vision
without laser refractive treatment, it is suggedtedry it first. Wavefront-guided
spectacles as presented higher up might be a Hugine for people with low
contrast sensitivity.

Orthoptix iZon lens showed a significant level ddtipnt preference compared
with traditional lenses. A test in an FDA-validatagyht driving simulator at

55mph shows that people experienced significantiyroved values, for example
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a 20-foot shorted breaking distance compared t@lpewearing conventional
lenses. These lenses were also preferred by patweith ARMD as improve

distance vision performance in low contrast enwiment and improved reading
speed by 20%.

Lens filters and accessories not only improve thelity of life by enhancing

vision in daily activities but also improve deptérpeption.

It is our responsibility as the eyecare practitrsnéo test patient’s contrast
sensitivity function and to make the right solusofor the possible further
investigations. Contrast sensitivity function dosst only enhance our visual
acuity but also improves our daily lives.
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13. VYSKYT REFRAK CNiCH VAD U DETI A JEJICH
KOREKCE

Bc. Petra Zaménikova

Vedouci prace: Mgr. Markéta Zakova
Fakulta biomedicinského inZenyrstvi

Katedrarfsodowdnych oboi

1. Vlastni vyzkum

1.1. Cile prace a hypotézy

Cilem prace je zmapovat rozlozeni retmakch vad na vybraném vzorku
predSkolnich &ti. A nasledné porovnani vyskytu reféakch vad u vybraného
vzorku s obecnymi trendy prevalence reérdkh vad u pedSkolnich d&ti.

Pro napl®ni cili prace byly stanoveny tyto hypotézy:
Hypotéza 1: Prevalence reftaich vad u pedSkolnich éti kopiruje obecné
trendy rozlozeni &ské populace.
Hypotéze 2: Anizometropie se obé&aryskytuje u 5 % é&ti.
Hypotéza 3: Brylova korekce je uiquSkolnich &t casgjSi nez korekce
kontaktnimicockami.

1.2. Charakteristika vzorku a metodologie vyzkumu

V praci je popsan vyskyt refrakich vad u dti predskolniho ¥ku urceny
pomoci objektivni refrakceifstrojem Plusoptix A09. Data byla shroméaidd ze
z&znand zdravotnich karet Optiky D+P s.r.0., ziskanyckhdm zrakového
screeningu v matskych Skolach v Talfe a jeho okoli (nap Sezimovo Usti,
Sokeslav, Plana nad Luznici). Vy$enhi probihala v prosinci 2013 a v lednu 2014.
Do studie bylo zahrnuto kazdé &fané di¢ z Tabora a jeho okoli vesku 3-6 let,
a které zatim nebylo v péocniho Iékde a nenosilo brylovou korekci.

Vzhledem k ¥ku vySetovanych osob je jako dits hypermetropii ozrano

kazdé di se sférickou vadou>+1 D, jako di¢ s astigmatismem je oz¢eno
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kazdé di s vadou>0,75 D. Jako dés myopii je ozné&eno kazdé déts vadou>-
0,25 D. Pod pojmem anizometropie, zde rozumimediloau refrakni vadu na
oku pravém a na oku levém o 1 a vice dioptrii. Pojgnem dti bez nalezu paéi
vSechny ostatni i, tedy i cti se sférickou vadou 0,0 az +0,75D atid
s astigmatickou vadou 0,25 nebo 0,5 D.

Plusoptix

Série ranich autorefraktomeir Plusoptix je wena pevazi détem nebo
nespolupracujicim paciegmh (lidé s vyvojovym zpozthim, autismem,
traumatickym poragnim mozku a s omezenou pohyblivosti). &ském trhu je
v sowasné dob generace 09, konkrétrmodely Plusoptix S09 a A09. Verze S09
je ukena pedevsim pediatim a @nim optikam, pistroj sdm vyhodnoti vysledek
meéieni a doporti, zda je pakebné dié podrobwji vySetit. Oproti tomu model
AQ09 je uken pedevSim pro screeningova vy&eti a vysledek gfeni sam
nevyhodnocuj¢2,3.

Mezi hlavni vyhody fstroja Plusoptix pafi rychlost n&teni (cca 1 vtiéna).
Méreni se provadi binokul&ra neni pdeba aplikovat éni kapky. Jedn& se o
bezkontaktni ri¥eni, ditsky pacient mze sedt na klire rodice a obsluhaistroje
provede nifeni ze vzdalenosti 1 m. S@sti je i analyza rohovkovych refiex
indikujicich strabismus. Plusoptix je vhodny preipaty od 6 nisiai [2,3].

Princip rénich autorefraktomeirPlusoptixiady 09 je zaloZen na excentrické
fotoskiaskopii. Infréervené sitlo prochézi pes opticka média na sitnici a odrazi
se. Podle stupnrefralkéni vady vznikd na zornici specificky &elny obrazec,
z kterého je naslednvypaitena hodnota sférické vady.ckéni je opakovano ve
ttech merididnech, aby mohla bytena i fipadna astigmaticka vada. Sféricky
rozsah je -7 az +5 D s krokem 0,25 D. Cylindrickysah je -7 az +5 D s krokem
0,25 D a 1-180° s krokem 1°riBtroj uki i velikost zornéek a to v rozsahu 4,0-
8,0 mm, vzdalenost zornic a postaveti[2,3].

1.3. VySet Fované osoby

Do vyzkumu bylo zgazeno 2004 igdSkolnich dti. Celkem bylo 934 divek a
1070 chlapg. U kazdého déte byly zneieny ol& oci. Bylo tedy zngfeno celkem
4008 @i, 1868 Zenskych a 2140 muzskychi.oNasledujici graf fehledr
zobrazuje péty divek a chlapic v jednotlivych ¥kovych skupinach.
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Graf ¢.1: Pocet divek a chlapcti v jednotlivych vékovych skupindch

1.4. Refrak éni vady

Rozlozeni refraénich vad v populaci fedSkolnich &i, zachycenych
pristrojem Plusoptix A09, vyobrazuji nasledujici graZ 2004 zngtenych dti
bylo 1704 bez nalezu na obotich, jednalo se o 790 divek a 914 chiapd 300
déti byla podchycena refréki vada alespo na jednom oku, z toho bylo 144
divek a 156 chlapic Tento pordr ukazuje nasledujici graf.

W Bez nalezu

B Sndlezem

Graf ¢.2: Pomér mezi détmi s refrakéni vadou a bez této vady

Z celkového p#iu 522 @i s nalezem bylo nejvicesip které byly astigmatické
(nad 0,75 D). Tchto @i bylo 258 a to odpovida 49 % ze viech ®refrakni
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vadou. Druhou nejp@tnsjsi skupinu tvei 204 @i s hypermetropii nad +1,0 D.
Myopickych @i se seSlo 60. Tato nejmensi skupina odpovida pb2i2é.

H Hypermetropie
H Myopie

M Astigmatismus

Graf ¢.3: Refrakcéni vady v predskolnim véku

Rozcdleni podle refraénich vad a jejich velikosti zobrazuje nasledujici
graf.

B Hypermetropie 1-1,75 D

U Hypermetropie 2,0-2,75D
Hypermetropie 3,0-4,75 D
Myopie< 1,75 D

B Myopie2,0-2,75D

B Myopie 3,0-4,75D

W Astigmatismus 0,75D

B Astigmatismus 1,0-2,0D

o Astigmatismus 2,25-2,75D

Astigmatismus >3 D

0%
0%

Graf ¢.4: Rozdéleni podle refrakcni vady a jeji velikosti

1.5. Hypermetropie

Ze 4008 ¢i se hypermetropie nad +1 D objevila u 2@4, coz odpovida 5 %
z celkového p&tu oci. U 95 % @i se objevila jina vada anebo byly bez néalezu.
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Tento pongr mezi hypermetropickyma a ostatniménea vystihuje nasledujici
graf.

B Hypermetropie

W Ostatni

Graf ¢.5: Pomér mezi hypermetropickyma o¢ima a o¢ima bez ndlezu
nebo s jinou vadou
DalSi graf podrohiji znazonuje zastoupeni jednotlivych sttip refrakéni
vady mezi dtmi s hypermetropii. Z 204 dalekozrakychi dyla u 72 % vada
mensi nez +1,75 D (a zaraveetSi nez +1 D). 20 % @ meélo vadu +2,0 D az
+2,75 D. Hypermetropie mezi +3,0 a +4,75 D bylanzamenana u 8 %o Vada
nad +5 D nebyla zachycena u Zzadného oka.

0%

B Hypermetropie 1-1,75 D

B Hypermetropie 2,0-2,75D
B Hypermetropie 3,0-4,75 D
B Hypermetropie >5,00 D

Graf ¢.6: Rozdéleni hypermetropie
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1.6. Myopie
Z 4008 @i se myopie objevila u 60 coz odpovida 1 % z celkovéhocpo

oci. U 99 % @i se objevila jind vada nebo byly bez nélezu. Tgaoer mezi

myopickyma a ostatnimaiona vystihuje nasledujici graf.

1%

B Myopie

W Ostatni

Graf ¢.7: Pomér mezi myopickyma o¢ima a o¢ima bez ndlezu nebo
s jinou vadou
DalSi graf podrohiji znazonuje zastoupeni jednotlivych sttip refrakéni
vady mezi ¢ima s myopii. Z 60 & s myopii byla u 97 % & vada mensi nez -
1,75 D. 2 % ¢i mélo vadu -2,0 D az -2,75 D. Kratkozrakost mezi -8,&4,75 D

byla také zaznamenana u 2 %.d/ada nad -5 D nebyla zachycena u zadného
ditéte.

29%_ 2% 0%

B Myopie<1,75D
H Myopie 2,0-2,75D
B Myopie 3,0-4,75D
H Myopie >5,00 D

Graf ¢.8: Rozdéleni myopie
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1.7. Astigmatismus

Z 4008 @i se astigmatismus objevil u 258iocoz odpovida 6 % z celkového
poctu zmetenych @i. Pod pojmem oko s astigmatismem se skryvd oko
s cylindrickou vadow0,75 D. U 94 % & se objevila jind vada, byly bez nalezu
anebo mnily astigmatismus mensi nez 0,5 D. Tento pormezi @&ima s

astigmatismem a ostatnim&ma vystihuje nasledujici graf.

W Astigmatismus

W Ostatni

Graf ¢.9: Pomér mezi o¢ima s astigmatismem a ocima bez ndlezu
nebo s jinou vadou
DalSi graf podrohi znazoruje zastoupeni jednotlivych stup refrakéni
vady mezi ¢ima s astigmatismem. Z 258ics astigmatismem byla u 31 % vada
0,75 D. 56 % & me¢lo vadu 1,0 D az 2,0 D. Astigmatismus mezi 2,25% D

byl zaznamenén u 7 %io Vada nad 3 D byla zachycena u 6 & o

B Astigmatismus 0,75D
B Astigmatismus 1,0-2,0D
W Astigmatismus 2,25-2,75D

B Astigmatismus >3 D

238



Graf ¢.10: Rozdéleni astigmatismu podle velikosti

Rozdleni astigmatismu vzhledem Kk reftak vadt, tedy podle pozice
sitnicovych obraz vzdaleného bodu ip uvolnéné akomodaci, zobrazuje
nasledujici graf. Z 258¢0 s astigmatismem je nejvic&igoostihnuto slozenym
astigmatismem. Z tohoét&i ¢ast tvdi slozeny astigmatismus hypermetropicky a
mensi ¢ast astigmatismus sloZzeny myopicky. SmiSenym astigmem je
postihnuto 23 % & ze vSech astigmatickychcio A nejmér oci, trpi
jednoduchym astigmatismemgasgjSi byl jednoduchy hypermetropicky

astigmatismus oproti jednoduchému myopickému asticgmu.

m Jednoduchy
astigmatismus

B Smiseny astigmatismus

m Slozeny astigmatismus

Graf ¢.11: Rozdéleni astigmatismu vzhledem k refrakcni vadé

1.8. Anizometropie

Pod pojmem anizometropie, zde rozumime, rozdilmdakini vadu na oku
pravém a na oku levém o vice nez 1 D. Ve studid2@8i byla anizometropie
zmétena u 61 &i, coz odpovida 3 % ze vSech &enych jeding a 20 % z &ti
s refrakini vadou. Z toho u 8t byl rozdil vady oka pravého od levéhési nez
3 D, jednalo se o0 0,4 % ze vSechétemych gedsSkolnich &ti a 2,7 % z jedink

s refrakni vadou.
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3% 0%

W Anizometropie 1,0-2,75D
W Anizometropie >3 D

= Ostatni

Graf ¢.12: Zastoupeni anizometropie v populaci déti

1.9. Déti s brylovou korekci

Nasledujici graf a tabulka zaznamenavaji koliti dre t#idach, kde byl
screening provagh, bylo jiz v péi o¢nich Iékdt a nosilo korekci. Ve vSech
pripadech se jednalo o brylovou korekci. Tytdi & ramci screeningu jiz nebyly
méfeny @istrojem Plusoptix, protoze u nich jiz byla vadadgloycena. Z 2062
déti nosilo v dol screeningu 58 i brylovou korekci, to odpovida 3 %, u 300
(14 %) dti se objevila vada alespma jednom oku a 1704 (83 %gtilbylo bez
nalezu na oboudich.

3%

M Bryle
B Sndlezem

= Bez nalezu

Graf ¢.13: Pocet déti s brylovou korekci
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Zav ér

Ne kazdé oko se vyviji sprava ¢asto dochazi ke vzniku refrakich vad.
Zachyt refraknich vad je veliceezity, aby se fedeSlo nap vzniku amblyopie
nebo t3i progresi myopie. \Ceské republice maji zachyémich onemocini na
starosti hlava pediati v ramci pravidelnych prohlidek. Ti ¥ipact podezeni na
o¢ni poruchu odesilaji ditdo rukou @nich specialis.

Prace s&mi se znan¢ liSi od prace s dosfymi. U kojendi a batolat nelze
piedpokladat, Zzadnou velkou spolupraci a vy§ati je odkazan na objektivni
zjistovani velikosti refraéni vady (nap. skiaskopii, autorefraktometr) u starSich
déti 1ze zapojit i subjektivni sloZzku a dfit vizus pomoci optotyfp Déti maji
velkou akomodéni amplitudu, proto je p&eba prova& meieni v cykloplegii.
Nasledny vybr vhodné koreé&ni metody je znéné¢ individualni. Jako koreini
pomicku Ize pouzit dioptrické bryle nebo kontaktoiky, refralkéni chirurgie je
pouze okrajova a nastupuje kigads, Ze selZzou prvni dvmoznosti.

Cilem vyzkumu bylo zmapovat rozloZeni reér@ikh vad na vybraném vzorku
piedSkolnich &ti a potvrzeni nebo vyvraceri hypotéz. VSechnytit hypotézy
byly potvrzeny.

VySeteni pomoci fistroje Plusoptix p&t mezi objektivni metody vyseni, je
vhodny pro screening, ale nedostate pro celkové vySéeni zrakové ostrosti u

déti. Presto je dlezité, aby screeningova vyEeni u dti i nadale probihala.
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INCIDENCE OF REFRACTIVE ERRORS IN
CHILDREN AND THEIR CORRECTION

Bc. Petra Zangaikova

Supervisor: Mgr. Markéta Zakova

Faculty of Biomedical Engineeringepartment of Natural Sciences

1. Exploratory study
1.1. The hypotheses

The aim of study is to map the distribution of aetive errors on a sample of
preschool children. Comparison of the researchltseguth the general trends in
prevalence of refractive errors in preschool cleitdr

To the aids were set following hypotheses:
Hypothesis 1: Prevalence of refractive errors iasphool children follows the
same general trends in the distribution of thedchdpulation.
Hypothesis 2: Generally anisometropia found in 5%haldren.
Hypothesis 3: Spectacle is more common than cdoreaif contact lenses in

preschool children.

1.2. Characteristics of the sample and research

methodology
The study describes the occurrence of refractiver&in preschool children.

Children were measured by Plusoptix A09. Data wegkected from medical
cards of Optika D + P s.r.o. The examinations weziel in December 2013 and
January 2014 in for example Tabor, Plana nad Liz8ezimovo Usti. The
children were 3-6 years old. They have not yet b&enthe care of an
ophthalmologist or wore spectacle correction.

A child with hyperopia means the child with sphati@aberration> +1D.
Every child with a cylinder disorder of 0.75 D is marked as a child with
astigmatism. Every child with a defeet-0, 25 D is marked as a child with
myopia. The anisometropia is different refractiveein the right eye and the left
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eye of one or more diopters. The children withowtdihg is children with
spherical aberration 0.0 to +0.75 D or childrenhvastigmatic defect 0,25 or 0,5
D.

1.3. Plusoptix
Plusoptix A09 is 3rd generation Binocular Autorefa. It is especially

designed for pre-verbal infants (6 months and ¢ldsrwell as non-cooperative
patients. This includes patients with developmedéddy, autism, traumatic brain
injury and restricted mobility. Taking a measuremigneasy and takes less than
one second. Start the camera by pressing the triggevarble sound attracts
attention, capture both eyes in the white rectanglecreen and a measurement is
performed automatically. Measurement distance & f8et (1 meter) with a
tolerance of +-2 inches (+- 5 centimeters), sohtlyjgmoving patients can be
measured, tdd].

Measurement results are displayed on screen immegdid&Readings include
full refraction, pupil sizes, PD and corneal refiex Autorefractor plusoptiX A09
measures refraction by means of photo-retinoschigythe same as retinoscopy
with the only difference being that low level infed light is used instead of
visible light to avoid glare. Infrared light is c@tetely innocuous and contained
in sunlight as well as all incandescent lights.(&ght bulbs, halogen spots etc.).
The spherical refraction is calculated based oncilescent pattern within the
pupil. Measurements are performed in three mergignorder to determine

cylinder and axigt].

1.4. Investigated children
The survey included 2,004 preschool children. haltavere 934 girls and

1,070 boys. Every child was measured binoculdtlyvas therefore measured
total eyes 4008 (1868 women and 2140 men's eyés)fdllowing chart shows

the numbers of girls and boys in different age gsou

243



350

300

250

200

150

100

50

Number of children

Age

287 288

328
291

H Girls

M Boys

Chart 1: Number of girls and boys in different age

1.5. Refractive errors

groups

The following graphs depict the distribution of regftive errors in a

population of preschool children.

2004 childrenreveneasured by Plusoptix

A09. 1704 children were without finding in both sy&@90 of them were girls and

914 boys. 300 children were with refractive errbileast in one eye (144 were

girls and 156 boys). This ratio is shown in thédaing chart.

m Withoutfinding
| With finding

Chart 2: Ratio between children with refractiveoeand without this defect

From a total of 522 eyes with the finding were megts astigmatic (0.75

D and more). These eyes were 258 and it means 48¥%es with refractive error.

The second largest group is formed by 204 eyes wyfheropia over +1.0 D.
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Myopic eyes were sixty. This was the smallest grdaply 12% eye with

refractive error).

B Hypermetropia
H Myopia

m Astigmatism

Chart 3: Refractive errors in the preschool age
The following chart shown distribution of refractierrors and their size.

B Hypermetropia 1-1,75D

B Hypermetropia 2,0-2,75D

M Hypermetropia 3,0-4,75 D
Myopia<1,75D

B Myopia 2,0-2,75D

m Myopia 3,0-4,75D

W Astigmatism 0,75D

W Astigmatism 1,0-2,0 D

= Astigmatism 2,25-2,75D

Astigmatism >3 D

%
s

Chart 4: Distribution according to size and refracive error
1.6. Hypermetropia

Of the 4008 eyes is 204 with hypermetropia oveD+Ivhich corresponds to
5% of the total number of eyes. 95% of all eyeseweithout findings or with
other refractive errors. The following graph ddsed the ratio between
hypermetropic eyes and the others.
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B Hypermetropia

B Other

Chart 5: Ratio between hypermetropic eyes and eyes without
the finding or with other errors

The next graph shows the degrees of hyperopia antoegoreschool
children with hyperopia. From 204 hypermetropic ey@d 72% smaller defect
than +1.75 D (and greater than +1 D). 20% of ey dndefect from +2.0 D to
+2.75 D. Hyperopia between +3.0 and 4.75 D weremesl in 8% of eyes. Error
over +5 D was detected in no eye. The next graplvstthe degrees of hyperopia

among the preschool children with hyperopia.

M Hypermetropia 1-1,75D
B Hypermetropia 2,0-2,75 D
m Hypermetropia 3,0-4,75 D
B Hypermetropia >5,00 D
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Chart 6: Distribution of hypermetropia
1.7. Myopia

From 4008 eye were 60 myopic eyes, it means 1%eofdtal number of eyes.
99% of all eyes were without findings or with othexfractive errors. The
following graph described the ratio between myagyes and the others.

1%

M Myopia

H Other

Chart 7: Ratio between myopic eyes and eyes without the
finding or with other errors

The next graph shows the degrees of myopia amangréschool children
with myopia. From 60 eyes myopic eye had 97% smédkéect than -1.75 D. 2%
of eyes had a defect from -2.0 D to -2.75 D. Myopgween -3.0 and -4.75 D
were observed in 2% of eyes, too. Error over -5 & wetected in no eye. The
next graph shows the degrees of myopia among thsclpool children with
myopia.

1,7%- 17" 00%

B Myopia<1,75D
B Myopia2,0-2,75D
= Myopia 3,0-4,75D
B Myopia>=5,00 D
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Chart 8: Distribution of myopia
1.8. Astigmatism

From 4008 eye were 258 astigmatism eye appear&sBatvhich corresponds
to 6% of the total of the measured eye. The eyh agtigmatism is the eye with
the cylinder error 0.75 D in the study. 94% of all eyes were withiddings or
with other refractive errors. The following graplesdribed the ratio between

astigmatic eyes and the others.

W Astigmatism

m Other

Chart 9: Ratio between astigmatic eyes and eyes wit  hout the
finding or with other refractive errors
The next graph shows the degrees of astigmatismm@rtize preschool

children. From 258 astigmatic eye had 31% refraciror 0.75 D. 56% of
astigmatic eyes had the error from 1.0 D to 2.0/r%. of eyes had the cylinder
error from 2.25 D to 2.75 D. Astigmatism over 3 [asvdetected in 6% of

astigmatic eyes.
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B Astigmatism 0,75 D
W Astigmatism 1,0-2,0D
W Astigmatism 2,25-2,75D

B Astigmatism >3 D

Chart 10: Distribution of astigmatism by size
Astigmatism may also be classified with respedhtorelative position of

the retinal images of a distant object under camust of minimal accommodation.
This distribution is shown in the following chalfrom 258 eyes with astigmatism
are the most eyes with compound astigmatism. Theposed hyperopic
astigmatism is more frequent than composed myomtgraatism. Mixed
astigmatism is in 23% of the all astigmatic eydse Eimple astigmatism appears
by a minimum of eyes. The simple hyperopic astigenatis more frequent than

simple myopic astigmatism.

H Simple astigmatism
m Mixed astigmatism

= Compound astigmatism
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Chart 11: Distribution of astigmatism with respect to the
refractive error

1.9. Anisometropia

The anisometropia means the different refractiverdoetween the right eye
and the left by more than 1 D in the study. In @dgtof 2004 children were
anisometropia measured by 61 children, it is cpoading with 3% of all
children and 20% of all children with refractivear Eight of all children had the
different error in the right eye from left more tha D, it was about 0.4% of the

all measured pre-school children and 2.7% of tha#erefractive error.

3% 0%

B Anisometropia 1,0-2,75D
M Anisometropia >3 D

Other

97%

Chart 12: Representation of anisometropia in the po  pulation of
preschool kids

1.10. Children with spectacle correction

The following chart shows the number of childremoawere in the care of
ophthalmologists and wore correction, and who werelasses where screening
was conducted. In all cases, it was the spectaxtedaion. These children were
not measured by the Plusoptix in the screeningusectheir refractive errors were
recorded. 58 children from 2,062 wore spectaclerection at the time of

screening. It means 3% children wore spectaclenanchild wore contact lenses.
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3%

B Spectacles

m With the finding
Without the finding

83%

Chart 13: Number of children with the spectacle cor rection

Conclusion
Not every eye develops properly and refractive rerremerge often.

Detection of refractive errors is very important geevent such amblyopia or
progression of myopia. Mainly pediatricians arepmssible for the detection of
refractive errors in the Czech Republic. The pedians send a child to eye
specialists in case of suspected ocular disorders.

Work with children is very different from the woviith adults. In infants
and toddlers cannot be expected any great cooperaind eye specialist is
dependent on the objective detection of refracteror (eg, skiascopy,
autorefractometer).

The subjective methods of measure visual acuityumsmly the charts may
involve in older children. Children have great anooodative amplitude, so the
measure in cycloplegic is necessary. Consecutileets®en of correction method
is very individual. As a corrective aid can be uggé glasses or contact lenses.
Refractive surgery is only marginal and it is parkar if the first two possibilities
fail.

The aim of the research was to map the distributforefractive errors on
representative sample preschool children and cuoafion or refutation of the
three hypotheses. All three hypotheses were coafirm

Examination the device Plusoptix among the objectimethods of

examination, it is suitable for screening, but ffisient for a complete
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examination of visual acuity in children. Neverdésd it is important that

screening for children, remains.
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14. GAS PERMEABLE CONTACT LENSES
FLUORESCEIN PATTERN

Mia Kralji ¢!, Kristina Mihi %, Sonja Drugovi?
!student at University of Applied Sciences Velika Gorica

Zassistants at University of Applied Sciences Velika Gorica

Introduction

Fluorescein instillation is the best way to deteerthe relationship
between a rigid contact lens and the cornea. $tthie tear film shows us the
amount of tears under the lens. In order to téar liecome fluorescent should be
a minimum thickness of 60 microns with a 0.025 &efescein in its composition.

Areas of contact and areas with thin tear flmsivewn in dark blue,
while areas with a thick layer of tears and thénbgj concentration of fluorescein
as a bright yellow. Everything else we see in défe shades of green. For this
reason the dark areas are not necessarily the giotontact, but it is possible that
the tear film is too thin to become fluorescent.

At lower concentrations, the fluorescent image fb&tter than with
normal amount. This case is also possible whendka®gin runs out.

For viewing fluorescein patterns and staining, nifggation, cobalt-blue
filter and yellow batrrier filter are needed.

There are several pattern types: optimal fit, dlad steep spherical fit and
astigmatic — with the rule type with steep and Igais; and against the rule type
with steep and flat lens. Alignment is consider@tye the best fit pattern.

For clients with keratoconus, RGP lenses are tihesmiution. That is
why lens fitting has to be precise. The three-ptath is considered the optimal

fit for keratoconus.
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Rigid gas permeable contact lenses
Rigid gas permeable or RGP contact lenses are ofdded material but
not quite as rigid as PMMA. They are much easidit tand transmit oxygen, but
the comfort is poorer than with hydrogel materials.
RGP lenses are usually small, only about 9.0 mdiameter. Movement
of the lens, or “lag”, is usually 2-3 mm becauserethey need to move to transfer
oxygen to cornea. Lenses are fit to tuck under ufigp¢o minimise the lid feel.
Most contact lens practitioners now fit rigid leas the basis of a trial
fit. A lens close to the parameters of the lenspitaetitioner guesses will work is
placed on the cornea. Now the practitioner examine@gement, and the best way

to do it is with fluorescein examination.

Fluorescein

In 1888, fluorescein was first used for investiggicorneal lesions by
Straub. It was only used with white light until @bm 1938 discovered that
cobalt blue filter enhances viewing of fluoresceatterns.

Fluorescence intensity varies with the relativiekhess of the tears. That
Is why the fluorescent patterns are useful RGPelepsactitioners. Thicker layers
of tears are seen as bright yellow areas, anddiers and areas of contact as
dark blue. Below critical thickness, there is nsiblie fluorescence. For example,
the tear film needs to be at least 60 in thickness with fluorescein concentration
of 0.025 %. Intensity diminishes as the tears dithe concentration over time.

Fluorescein pH has a significant effect on fluoezd properties. A pH of
less than 6.0 has one half the fluorescence otiaalgH of 7.0.

Fluorescein is available in impregnated striptefike liquid form.

1. Fluorescein impregnated paper strips are dry agdine wetting with a
liquid, buffered solution. The strip greatly redsdhe risk of bacterial
contamination.

2. Sterile fluorescein is available in liquid form,tbs excellent medium for
culturing Pseudomonas species. Therefore, thdesteyuid is available
in single doses to help prevent contamination Wwébteria.

3. Fluorexon is high molecular-weight liquid fluoresteused for soft

lenses.
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The instillation of fluorescein is performed beltive upper or lower
eyelid. When using strips, you need to be careftite injure the epithelium and
create area of staining. The client needs to [daweral times to fluorescein is
mixed with tears. Fluorescein should never be applirectly to the cornea.

The concentration of fluorescein is highly depernaemthe technique of
applying fluorescein strips. A repeatable procedwreh as saturating the strip and
shaking off the excess before application can hedmtain roughly the same

concentration.

Fluorescein patterns

Fluorescein patterns provide a simple picture ocbraplex three-
dimensional tear layer. Clearance areas becomeasicigly brighter to a certain
thickness. Dark areas do not necessarily signdy pinessure is applied to the
cornea. The area can have a very thin tear layan alignment relationship.

For viewing fluorescein patterns, cobalt-blue filbe ultraviolet light and
yellow barrier filter (Kodak Wratten 12, Wratten,X& Tiffen 2 photographic
filter) in observation system are needed. A Wrattgriilter can be used in front
of white light to replace cobalt filter.

Eccentricity plays a large role in pattern appeega’ high shape factor
or low eccentricity means there are low amountattening out toward the
periphery. Low shape factors or high eccentriaiicates a large amount of
corneal flattening toward the periphery.

Pattern reading should be identified as centrad;p@ripheral, and
peripheral. Little to no movement usually indicadéesteep lens. Excessive
movement can indicate a flat lens. In rapid phtselens is pulled up by the
upper lid, and drops back into position in slowlkeage. Too much movement can

result in unstable vision.

Optimal fit pattern

Most practitioners consider alignment as optimalBase curvature is
parallel to the cornea with evenly thin tear filmder the lens. A cross-sectional
view reveals contact lens and cornea are parallelgh entire optical zone with
edge lift in the periphery.
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Picture 1. Optimal fit

Flat fit pattern
Dark area in centre surrounded by clearance lisaa sign of a flat lens.

The tear film is thin or non-existent in centra@éam@nd thick in periphery. The
darkness in fluorescein image indicates pressutb@nornea. The smaller the
dark area, the greater the pressure. On the o#met, the larger the dark area, the
closer the lens is to alignment. In cross-secti@ntbuch between contact lens and

cornea is visible in central optical zone.
A flat lens is more easily decentred or dislodgetth Wwlink and chances of

losing the lens are increased.

Picture 2. Spherical flat pattern

Beginning on the left is an alignment pattern. @iaek areas are at
maximum. From left to right, the patterns represeseries of base curves that are

progressively flatter. The lens on the right iseanessively flat lens.

'Y ¥ 1Y
L L L)

Picture 3. Increasing flatness
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Steep fit pattern

Steep lenses have a central area of clearanhe pettern. Steep
fluorescein patterns have the greatest fluorescender the central portion of the
lens where the tear film is the thickest while pleeiphery is dark because of the
contact between cornea and contact lens. A crasgseaeveals clearance in
central area surrounded by touch.

Steep lenses are usually well centred. They ardrot initial comfort
and can later develop into hazy vision and discon#bthe end of the day. Lack

of lens movement is also a telltale sign.

Picture 4. Spherical steep pattern

Astigmatic fluorescein patterns

Astigmatic fluorescein patterns have differentegojances than spherical
patterns. Cornea has different curvatures in itddians. Probably the best way to
understand toric patterns is to consider the lensstnea relationship of each

principal meridian on its own.

With the rule

With the rule type of astigmatism appears as “Hetyor classic
“dumbbell” pattern. The dumbbell pattern appeargmvthere is bearing along the
entire flat meridian.

With the rule type of cornea is fitted with alignméens. The lens has
midperipheral touching along the horizontal memdéd midperipheral clearance
along the vertical meridian. In horizontal crosstsm the contact lens is parallel

with cornea and in vertical cross-section touchimthe optical zone is visible.
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Picture 5. With the rule (WTR) cornea and alignmentlens
A WTR cornea and flat fluorescein pattern differrthose of a spherical
cornea in the shape of bearing area. The centaairgearea of a toric cornea is

oval in shape rather than round. Because of tleiorfpositioning there is little

- [
-\

Picture 6. With the rule (WTR) cornea and flat lens
A WTR cornea and steep lens look just like a sghésteep lens in the

to no movement.

central area. Apical clearance appears in bothi@aod spherical lens. The
bearing areas for a WTR cornea are along the ffjdttgizontal axis. The steeper

the lens, the smaller the bearing area.
Typical case of WTR cornea and steep lens hasataharance,

midperipheral bearing along the horizontal axisl andperipheral clearance

along the vertical axis.
In vertical cross-section there is no touch ankldnzontal cross-section

there are small contact areas in periphery.
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Picture 7. With the rule (WTR) cornea and steep les

Against the rule

An against-the-rule (ATR) cornea and alignmens Ipattern appear
almost the same as a WTR pattern, only rotateceg@ees. The “dumbbell” is
oriented vertically. A spherical lens on an ATRreea is entirely parallel to
vertical meridian.

In vertical cross-section the contact lens is Ipgraith cornea and in
horizontal cross-section touching in the opticalees visible.

Picture 8. Against the rule (ATR) cornea and alignmant lens
Against the rule cornea with flat lens appears \ikida the rule type of
cornea with flat lens only rotated for 90 degrees.
The same case is with steep lens, it pattern igasito WTR cornea and
steep lens only rotated 90 degrees.
The amount of toricity affects the appearance efgattern. The greater
the toricity, the smaller the alignment area arerttore apparent the dumbbell

becomes.
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Keratoconus and contact lenses

Keratoconus has a characteristically differentgsatbecause of the
topography. An alignment, or three-point touchtgrathas a central dark area, a
midperipheral light area and a peripheral dark.area

False fluorescein patterns have an appearanceioppo that of the true
fitting relationship. A pseudo flat and pseudo ptpattern can appear because the
fluorescein has not penetrated under the lens.rdaliore fluorescein is the best
way to determine if the pattern is false. Having platient blink to increase flow
under the lens is also helpful.
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Své studium naUniversity of Applied Sciences. e § =

Velika Goricav Chorvatsku jsme zapaly 1. dezna 2014. M; e
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Tato chorvatska soukroma universita, ktera se mchd «~~ .

Zaday
b RS,

priblizng 16 km jihovychodd od hlavniho nasta Zaliebu, Y N i

nabizi  gradudni i )

b Cermd
H

postgradualni studium. ke [ o
) . Mapa Chorvatska; Velika Gorica
- Studenti si  mohou

vybrat mezi dennim a dalkovym studiem.

Universita zajemaém o studium nabizi

Nové bud iversit . . ” . L
ova budova universty moznost vykru z @ti moznych studijnich

obori, které zahrnuji i studium Optometrie. V gaané dob ma universita 920
student, kteri pravideld dochazi na denni studium. Slozeni studlena
universig¢ je wkové velmi odlisné, hlavér pokud se zagtime na obor
Optometrie. VysokoSkolskeé vekéni si zde dopiuje fada lidi, ktéi jsou jiz davno
zakehli v pracovnim procesu. Obor Optometrie zde minhor@ati studuje také
mnozstvi slovinskych studentktei aktual® ve své rodné zemi nemaji moznost
studia Optometrie. V ramci Chorvatska je tato ursita jedina, ktera nabizi
studium Optometrie, takZze se zddetivaji studenti ze vSech kéutohoto
piimorského statu. Momentain je nabizeno pouze bak#&é studium
Optometrie, ale #hem FiStich let by nabidka #&ea byt rozsfena také o

magisterské studium.
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V sowasné dob universita disponuje éma budovami. Stara budova ve
svém pizemi zahrnuje administrativni prostorycalhny pro studenty tizeme
nalézt taktéz vipzemi a v prvnim p&t. \EtSina weben je vybavena piiacovou
technikou, kterou studenti vyuzivaji rédgad pi zawrecnych pisemnych

zkouSkach a testech. Ve druhémigedbudovy je sidlo

dekanatu a sekretariat. Stara budova také zahr
postranni kdlo, vjehoz pizemi se nachazi velk
poslucharna. Prvni patro tohotdidda je celé ¥novano

oboru Optometrie. Nachazi se zde mald posluchérrig™e

také vysSdbvna, rozdlend na pt boxi, které jsou| 4 ‘/ y

i\k A ) '.’/
Prace v laboratadi

vybaveny vSemi zakladnimi parckami pro

vySetovani klienf. Kazdy box nabizi
studentm jiné druhy optotyp, které obsahuji
raizné testy pro dolashi vysledné korekce
daného klienta. Prvni dva boxy jsou navic

vybaveny foroptery. K dispozici zde maiji

Prace se $rbinovou lampou
studenti také 8tbinové lampy a keratometry. Dal&iidlo staré budovy zahrnuje

knihovnu, kde si studenti mohou bezptaapjcit odbornou literaturu, ktera je
nabizena v chorvatské i anglickém jazyce. Stardowmudtaké studefitn a
vyucujicim nabizi moZnost posezeni ve Skolni kavakde se podav&ada
teplych i studenych nealkoholickych najpoKavarna je fistupna i véejnosti a
nabizi hostm vnittni posezeni vifijemném zazeméi venkovni posezeni pod
slune&niky. Nova budova byla otéena 5. k¢tna 2014 a my &y tu cest
zUCastnit se slavnostniho otewi. Budova je modegénvybavena a kazdaebna
ma klimatizaci. Krond poslucharen zde takéireme nalézt kabinety vyujicich
a také pokoj pro dojizgici vyucujici. Urcité poslucharny jsou dle naseho nazoru
ne¥astré eSené. Jsouifhs Uzké a dlouhé. Pokud student nesedi¢ktaré
z prvnich g@ti lavic, moznosti ziskat zipdnasSky nové informace jsou zna
omezené. Do budoucna ma universita v plan jestSi gestavby a zramé
rozS8rovani studijnich prostor diky neustale sét&ujicimu zajmu o studium.
Vyuka probihala fevazri individualre. Spoléné s chorvatskymi kolegy
jsme absolvovaly pouze hodiny arigjly, prednasky z kontaktniclktocek a
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refrakci ve vySdgbvre. Kantai k nam ngli velice vsticny a laskavy fistup. Diky
malému potu posluchai ve tide jsme nély moznost se hodiptat a dozvdét se
tak co nejvice novych a velice cennych informaci pas obor. Vyuka probihala
velice podobn jako na domaci universit- bihem semestruipdnaskoveé bloky,
které byly u gkterych gednttt rozvinuty o ptibézné testy a na konci semestru
astni a pisemné zkousky. \kterych gednetech jsme musely vypracovat a
piednést ped ostatnimi kolegy prezentace, které se vztahosefyn obsahem
k danému fednetu. Velikym giinosem ve studiu pro nas byla moznost si valnou
vétSinu teoretickych poznaikz prednasek vyzkouSet vzétp v praxi. \EtSinu
¢asu jsme tedy stravily v mistni vyEmtné, kde se nam dnovali také velice
individualns. Na universit je vyuka vyrazi piizpusobena pracujicim studém.

Je proto zceladiné, Ze studenti travi nejviéasu ve Skole v patek a v sobotu.
Vyjimkou ovSem neni aniifpad, kdy stravite ve Skole cely vikend od ranad@z
vecera.

Uroven vyuéujicich kantod na universit je velice vysoka. Studenti jsou Skoleni

opravdovymi profesionaly ve svém oboRada z nich se

e

jese dal phbézne vzdlava a tak finasi studeriim stale

nové a aktualni poznatky z jejich oboru. Jelikoz

. Jedna z mala hodin v chorvatstig
s vywujicim z Rakouska, Svycarska a Slovinska. Hodingbfiraly gevazr

v anglickém jazyce, pouze vyjirti@ v chorvatstig. Kantdi po studentech ip
zawrecnych zkousSkach chli prevazr jen to, co bylo zmigno na pednaskacki
bylo uvedeno ve studijnich textech. Studemttedy v podstét stai chodit na
piednasky a davat na nich pozor k tomu, aby$igpzviadly zkousky a dokaiili
studium.

Nezapomenutelnym zazitkem pro nas také bykasti na druhé
optometrické  konferenci  centralni a
jihovychodni Evropy, ktera se letos konala na
Istrii v krdsném  pimorském  néstetku

Rovinj. Aktivné jsme se zapojily do
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pomocnych praci, které byly pro i@aani konference nezbytné. Prvni dva dny
konference byly #novany workshofim, které zahrnovaly néjer¢jSi témata.
Ugastnici si mohli vyzkous$et praci nadtinové lamg, vysetovani forii a tropii

a mnoho dalSich uziteych wcich. DalsSi dva dny poté byly émovany
pirednaSkovym blokm. Své prezentace zderepnesli zastupci z Rakouska,
Némecka, Slovinska, Svycarska, Kanady... Samjoz nechykily ani piispsvky

od chorvatskych koléga také pispivky ceské delegace. ddstnici konference
meli i volny ¢as, ktery mohli travit bdi u hotelového bazénu, na mistni plézi
prochazkou v uzkych wkach malebného #steika.

Doufame, Ze na$ studijni pobyt odstartoval nowauzéhraniniho studia.
Clovék musi @co olstovat, aby mohl absolvovat studium v zahtaniObsti
ovSem zdaleka népsahnou pozitiva,ifnosy a vyhody, které studium v zahkdni
piinese. Neni nic lepSiho nez se potkavat s lidmasetio oboru a vy#iovat si
navzajem svoje rady a poznatky tykajici se dan®élpnaatiky. NaSeho vyjezdu
rozhodré nelitujeme a iele dopordujeme vSem dalSim studém, & to zkusi
také. Nebyly jsme prvni a snad ani posledni, kdd p&or reprezentoval

v zahrandi.
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THE SPRING SEMESTER 2014 IN CROATIA

Haskova Barbora, Krcliiakova Veronika, Rosova Katma,

Odvarkova Zuzana

Departement of optometry and orthoptics, LF, Masanyiversity

Spring Semester in Croatia

Our study began on 1 March, 2014 at the Universitpplied 3 o nae

A gFahred
@ w Velika Gorica

Sciences Velika Gorica in Croatia. This Croatiangie B A e

university is located approximately 16 km from tiapital of
Croatia - Zagreb. At this university people cardgtGraduate

and Postgraduate studies in a full-time or distdoga.

Students can choose from 5 different departments pb

Kl

which is also Optometry. At present, the universtattended A map of Croatia; Velika

by 920 students, who are prepared to study everyStadents of Optometry are

ﬁ, " 4 ] [

w# W people of different age. There are a lot of

r!l‘

| people with years of practice and

| experience who wish to complete their

& university education. Many students come
from Slovenia and attend the university in
Croatia because they have no university of
Optometry in their home country. This is the onhyvwersity that provides study

of Optometry in Croatia therefore students fromwile country meet here.
Currently, students can get only Bachelor’s degré&ptometry, but within the

following years the offer should be extended to tdas degree.
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Presently, the university consists of two buildingse old one comprises
administrative rooms and some classrooms on thengréiloor and some more
classrooms on the first floor. Most of the lecttwems are
equipped with computer technology which is usedifal
exams and tests. On the second floor there isetieos
Dean’s Office and the Secretariat. The old builcalsp

provides an adjacent building where a large leatooen is

located on the ground floor. The first floor is déad to the ?

department of Optometry. There is a small lectamr

A practice in laboratory

and a laboratory which is divided into 5 boxes.lElbox is equipg
aids for examination of clients. There are difféddnds of optotypes with

different binocular tests for examinations. Studaeran use a Foropter, a
Biomicroscope and a keratometer for practical iigason.

The other part of the old building consists oftadry where students can borrow
professional literature in Croatian or English laage. Behind the old building
there is a university cafeteria where people
can order hot or cold non-alcoholic drinks.

The cafeteria is open to public too and it

offers homely inside seating as well as outside
seating under the parasols.

The new building has been opened since 5

May, 2014 and we took part in the opening

Working with a biomicroscope
ceremony. The building is modern and is air-condiid. Next to the lecture room

there are teachers’ staffrooms and a room for gué&be university plans more
construction work and expansion of the lecture reale to the high interest in
the study of Optometry.

During our stay, we usually had individual lessofsgether with our Croatian
schoolmates we used to attend only English andj@aucalled Contact lenses
and a practical part of refraction in examinatiooms. The
lecturers were helpful and kind. We had the opputyuo
make a lot of inquiries and gained new knowledgeunfield.
The education system at University of Applied Scemnis very
similar to that of Masaryk University — during teemester

One of the lessons in croatian



there is a block of lectures with continuous tests oral or written exams at the
end of the semester. We had to prepare a few pgeggers from some subjects
and then we presented them to our schoolmatesofdhe biggest advantages
was that we could try new theoretical knowledgprictice. We spent a lot of
time in the laboratory. Lots of the students wdse @eople who worked, so it
was usual that the lessons took place on Fridaysametimes also at weekends.
The university has really high-quality lecturemsidents have the chance to be
taught by real professionals in their spheres. Sointiee teachers go through
further studies, and then they pass the new artd-d@ate information onto their
students. We have met lecturers from Croatia, Aaiswitzerland and Slovenia.
We attended lessons mostly in English and onlywadiethem were in the
Croatian language. The information for the finatsewas given during the
lessons in the presentations or was written irsthdy texts. Thus to be present at
the lessons, to pay attention and to write dowroirigmt notes was crucial, yet it
was enough for passing the final exams.

A good experience was our participation in The 8ddoptometric Conference of
the Central and South-Eastern Europe which
took place in Istria at the beautiful seaside of
the town Rovinj. We helped with the
organisation. The first two days of the
conference were devoted to the workshops
with interesting topics such as work with a

A workshop at the Conferece in Rovinj tropia or phoria &tarticipants could listen to
the presentations which were given by people framtAa, Germany, Slovenia
and Canada, and of course, by our Croatian colEsagnd delegation from the

Czech Republic.

We hope that our study stay will start a long caapen with foreign universities
and that the opportunities for this kind of studil e increased. While the
student has to sacrifice something to study abroiadyr her obligation is not
bigger than the positive sides and advantages ltastvery good and helpful to
meet people who are interested in the same thifms.can exchange ideas and

knowledge with each other. We are very glad thatedd travel and study in
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Croatia and we recommend other students to tnydtfend new experience with

this amazing opportunity!
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16. PRISTROJE PRO MERENi ROHOVKOVYCH
PARAMETRU

Bc. Hana Simkova

Spoluautor: Mgr. Pavel Benes, Ph.D.

Katedra optometrie a ortoptiky, Lélska fakulta Masarykovy univerzity

Zakladni rohovkové parametry
M¢éteni rohovkovych paramétpati k zakladnim a gfejnim metodam

Vv praxi optometristy a oftalmologa. Jejich vyznamgjen p aplikaci tvrdych,
ale i mekkych kontaktnicltocek, dale pi screeningu rohovkovych ektazii a
pozorovani moznych zén a proces na gednim segmentu oka souvisejicich
mimo jiné i s noSenim kontaktni¢h¢ek. Jemné zemy a odchylky profilu tka#
rohovky, zgisobené nap kontaktnimicockami nebo péinajici patologii mohou
byt indikatory moznych blizicich se komplikaci.

Z&kladnimi ngfitelnymi rohovkovymi parametry jsou: pol@ny kiivosti predni a
zadni plochy, rohovkovy astigmatismus, excentrj¢ép optickd mohutnost,

tlou¥’ka, citlivost.
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K zakladnim metodarfadime mechanickoti automatickou keratometrii a
topografii, k no¥jSim pak pat opticka koheretni tomografie a dalSi
sofistikované fistroje pro zobrazovani a hodnocerégniho segmentu oka.
Samotné zjiovani keratometrickych hodnot poskytuje pouze omézeformace
o predni ploSe rohovky, je tak geba ziskat vice metrickych a digjicich
adaj.

Mimo tato kEzna vySateni, roz&iena pedevsSim v praxi optometristjsou
rohovkové parametryidiezZitou charakteristikou v rohovkové a reféak chirurgii.
Stale vice vyhledavané refrak zakroky, ale i terapeutické indikace jako jeinap
crosslinking, jsou nathto @istrojich plré odkazany. Svoji vyznamnou roli maji

takeé v kataraktové chirurgii, zejména pasledném zjiovani aberaci oka.

PFistroje pro m éreni rohovkovych parametr a

Keratometrie

Pojem keratometrie znamenaieni polongru kiivosti predni plochy
rohovky. Ve skuténosti jde o nej&Zrgji vyuzivanou metodou vyS@ni zakiveni
rohovky, kdy se i poloner kiivosti predni plochy rohovky a orientace hlavnich
fez astigmatismu. NMiené oblast rohovky se lisi dle typtigiroje, ale zpravidla
se pohybuje v rozmezi 2-4 mm okolo jejiho centiak@né hodnoty poloénu
kiivosti jsou pak udavany v milimetrech nebo v didpkr. Z rozdilu hodnot mezi
nejplossim a nejstréfisim meridianem je mozné zjistit i velikost astiginau
piedni plochy rohovky, ktery méa vliv na celkovy rdftai stav oka.

Prvni keratometr (oftalmometr) byl sestrojen rol5@ Hermannem von
Helmholtzem (1821-1894).

Principem keratometru je odraz dopadajicihgilavod gedni plochy
rohovky, ktera se chova jako konvexni zrcadlo (tzmik Purkyiovych obrazk).
Samotné n&¥eni probiha za pouZiti testové kg o dané velikosti a umisié do
znamé vzdalenostitpd oko. Pozorovatel pak sleduje zdanliiiiny a zmenSeny
obraz &chto zngek. Velikost nasledného obrazu se stanovuje z psioktivosti
piedni plochy rohovky. Testové zZtky jsou voleny tak, aby jejich vysledné

zobrazeni bylo v koincidenci, v takovérigad je mefeni validni.
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Pt praci s gistrojem je nutné brat ohled naigpb zobrazovani naffenych
hodnot. U mechanickych keratomejsou hodnoty od#dtany na stupniciifistroje

a testové znky pozorovany okularem. U automatickych keratoinet& vyuziva
elektronika, s¥telné a detedni diody. Jejich obrazy jsou snimany CCD kamerou
a nasledavyhodnoceny. Bkteré automatické keratometry jsou kombinovany

s refraktometry, tonometry, pachymetry, topografyerometry i jako vicetné

kombinace.

Mechanické keratometry

Helmholtzav keratometr

Helmholtziv keratometr byl sestrojen jako prvni keratometerk

pouzival pro pozorovani dvou petrolejovych lamp.

Javal-Schiotaiv keratometr

Javal — Schidtev keratometr byl vynalezen lékd.. E. Javalem a H. A.
k mereni zakiveni rohovky. Miteni probihd v centraldésti rohovky o pkméru
cca 3,6—4,2 mm.
Keratometr vyuziva dvou testovych #ek, cerveného obdélniku a zelené
pyramidy.
Nejvétsi vyuziti Javal — Schidtzova keratometru je vtk@itologii, @i diagnostice

keratokonu a f» korekci afakickych 6i.

Hartinger av keratometr

Tento mechanicky keratometr od firmy Zeiss poufieané zn&ky,
zdvojeni a posunuti ztak se uskutauje pomoci dvou diasporamietnezi

¢ockami objektivu.

Sutcliffav keratometr

U Sutcliffova keratometru vyr&pého firmou Bausch and Lomb seii
oba hlavnirezy @i jednom nastaveniifstroje. Testovaci ziky jsou tvaeny

ttemi kruZznicemi a znaménky + a -, které musi bywz@gemné koincidenci.
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Littman uv keratometr

Littmanav keratometr je nyni povaZzovan za jeden z ifesjgjSich

mechanickych keratométrJako testové ziky zde najdeme duty a pevniik

Automatické keratometry

Automatické keratometry se vyuzivaji &&$tji v kombinaci s dalSimi
piistroji, a to nap s autorefraktometrem, tonometrem, pachymetrer neb
v kombinacich.

U téchto @istroja je vyuzivano principu elektrickych ovladacich piyk
swtelnych a detekovacich diod. K provedeni centrasanaotnému gfeni
poloméru kiivosti rohovky se vyuziva @itace. NejwtSi vyhodou automatickych
keratometil je presné zhodnoceni maximalniho a minimaln#zu v centralni
casti rohovky a to v @meéru az 7,5 mm.

Dulezitou sodasti gistroje je také detektor #ni — CCD kamera,ipvod
informace do digitalni podoby a displej nebo monito

Pri méieni zakiveni rohovky automatickymi keratometry se zvyJujesnost

a opakovatelnost &eni tim, Ze nadtené hodnoty festava hodnotit lidské oko.

Keratoskopie

Keratoskopie je technika umiadjici komplex®ji vyhodnotit znénu povrchu
rohovky. Zatimco keratometrietrhe analyzovat pouze 6 %eulni plochy
rohovky, keratoskop zobrazi az 70 %. Prvnim kekatosm byl Placidv disk,
coZ jsou sousgedné kruhy — gidaji secerné a bilé, které jsou promitany na
rohovku. Uprogted se nachazi pozorovaci otvor s lupou, kde patérpwatel
sleduje a vyhodnocuje odraz a tvar kruRodle jejich deformace Ize usuzovat na
nepravidelnosti v povrchu rohovky. Pokud se vyskythybsjici mista, jsou
negastji vlivem nag. vyssiho nadinicoveho oblouku nebo strany nosu. Na

podklad této metody se Pladiél disk stale vyuziva v modefj§ich gistrojich.
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Pocitacova topografie

Princip fotokeratoskopie vychazi ze zakladnihogpua Placidova kotate a
vyuZiva p@itacovy zobrazovaci systém. Obraz je zachycen fototgrar&tery
posila data potaci ke zpracovani. Rita¢ vyhodnocuje a zobrazuje vysledky na
obrazovce nebo vysledky i tiskne. Nme vSak pouzivaji Haeni — topografy,
jejichz zakladntasti je hlava fistroje, ve které je konkavni provedeni Placidova
disku. Uprosted je snimaci kamera a kruZnice jsou petieny. Jejich poet se
liSi na typu pistroje. Vysledna gteni jsou pak ve forthbarevig kddovanych
map, povrch rohovky Ize znéazornit i v trojrozamém zobrazeni prasghledrjsi
zobrazeni pibéhu zakiveni a tvaru rohovky. Ritacova topografie tak umakije
analyzovat vice nez 6 000 datovych bo@ povrchu rohovky, tzn. Ze unmnie
vyuZivat kvantitativni a kvalitativni analyzu polér kiivosti predni plochy
rohovky v celém jejim rozsahu. Pegperifernicasti rohovky jsou dlezité i
screeningu p&najicich ektatickych onemoémich, ktera nelze klasickym
keratometrem zjistit.

Topograf je tedy fistroj pro mapovani rohovky v celé jeji ploSe. @dai
probihd pomociifpojeného PC, gieni je spusho automaticky, jakmile se
doséahne optimalni &ici polohy. Software fistroje je schopen zjistit Udaje
v kterémkoliv bod rohovky a obsahuje i fluo simulaci pro aplikadpetlivych
kontaktnichcocek. Jako nadstandardniigluSenstvi Izeistroj doplinit i
pupilometrickym softwarovym modulem a modulem pré&eni slzného filmu,
meibografii, zobrazeni oximapy, uhlwka a dalSich.

K jednodusSim fistrojaim pati Easygraph (Oculus, oht. 1), ktery se

Vv s

(Oculus) s mnoha softwarovymi moduly (obr2).
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Obr.¢. 1: Topograf OCULUS Easygraph  Obr.2: Vysledné zobrazeni
Keratografem

Pachymetrie

DalSim neopomenutelnym parametrem rohovky je @jistka, ktera se i
kontaktni ultrazvukovou nebo bezkontaktni optickaghymetrii.

Kontaktni ultrazvukova pachymetrie

Kontaktni ultrazvukova pachymetrie probihdqzenim hrot sondy na
anestezovanou rohovku. Krystalovgmit sondy vysila i fijima ultrazvukovy
impuls, ktery se odrazi odgxni a zadni plochy rohovky. Nutnosti jegné
prilozeni sondy kolmo na rohovku a to proto, Ze zw#&kosa musi prochazet
kolmici k povrchu rohovky.

Vyhodou této metody je moznostteni tlougky v riznych mistech
rohovky. Naopak nevyhodoutibe byt grenos infekce mezi pacienty, a to
z davodu kontaktu rtici sondy s rohovkou.
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Bezkontaktni opticka pachymetrie

Bezkontaktni mireni tlousky rohovky je metoda, kdy nedochazirpému
kontaktu s rohovkou. Metoda funguje na principuakytich metod za vyuziti
Stérbinové lampy.

K vyhodam bezkontaktni metody jégolevSim zamezentgnosu infekci,

neni poteba pouzit anestetikum a je snadno dosazeno gentedtaveni.

Aberometrie

Wavefront analyza neboli aberometrie je metodagkse vyuziva pro &ieni
aberaci niZzSich a vyssitadi optického systému oka.

Metoda aberometrie je zaloZena na principu podiédhdiminga a podle
Hartmann-Shacka. &tteni probih& ve stovkéch jednotlivych lcal po
vyhodnoceni informaci matematickymi analyzami (atgaus na zaklagl
Fourierovy analyzy), vznika digitalni vinoplochdekd hodnoti tvar pacientovy
rohovky.

Aberace nizSich i vysSidtadi predstavuji piblizné 20 % lomivych vad oka a
vyznamig se tak podileji na zhorSeni kvality &id.

Mezi pristroje zalozené na wavefront analyzeipaag. Wasca Wavefront

Analyzer od firmy Zeiss (obt. 3) nebo Zywave od firmy Bausch and Lomb

Obr.¢. 3: Aberometr - Wasca Wavefront Analyzer (Zeiss)
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PFistroje pro zobrazovani a hodnoceni p  fedniho segmentu
oka

V souwasné dobjsou kladené&im dal vySSi naroky na detailnost préveni
piedniho segmentu oka, a protacastji vyuziva sofistikovagjsich
zobrazovacich a diagnostickyctigtroji. Témito bezkontaktnimi metodami jsou
zjistovany informace ofedni i zadni ploSe rohovky, pachymetrii v celénmsetm

rohovky, informace o komorovém Uhlu, duhovceniaocce.

Pentacam (Oculus, Inc.)

Pentacam je rotai Scheimpflugova kamera, ktera je schopna zachytit
Schempflugovy obrazyipdniho segmentu. Tato metoda poskytuje ostré aeyso
kontrastni obrazy, které zobrazuji informace tetipi plochy rohovky sgmem
k zadnimu pouzdrtiocky. Nejwtsi vyhodou zobrazovaciho systéntisproje
Pentacam jefiesné niteni centralnéasti rohovky s naslednym zobrazenim
elevanich map, korekce pohytoka klienta a kratka dobactieni. Software
nowjSiho gistroje Pentacam HR (oht. 4) umouje také niiit denzitometrii
(postup kaleni éni ¢ocky), simulovat usazeni nitréoi ¢ocky (IOL) a
fluosimulaci kontaktnickiocek.

Z vytvoreného trojrozrérného matematického modeliegniho segmentu
je mozné ziskatdkolik zasadnich informaci, jako napopografie pedni a zadni
plochy rohovky (obr¢. 5), rohovkova pachymetrie od kraji ke kraji, 3balyza
komorového uhlu a tomografie.

Pristroj je vyuzivan pro rohovkovou i kataraktovoéra&eni chirurgii a

screening glaukomu.
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Obr.¢. 4: Pentacam Onbt. 5: Vysledek nsieni gistroje

Pentacam

Orbscan Il (Bausch&Lomb)

Orbscan je bezkontaktni opticky systém, kterym gZmné ngfit predni i
zadni plochy rohovky,detre jeji tlou¥’ky, analyzu pedni komory a&ocky. Jeho
dalSi funkci je pupilometrie. Samotnéi@ni probiha fiblizn¢ 2 sekundy a
pacient Bhem ngteni fixuje s¢telny tek. Vysledkem nifeni je barevna mapa
s legendou, ze které Izecitrmaximalni a minimélni hodnoty (obf. 6).

Pristroj Ize kombinovat i s Hartmann-Shackovym abertsem, ktery niri

i aberace vysSickadi wavefront analyzou.

Obr.¢. 6: Vysledek nsieni z giistroje Orbscan
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Atlas (Zeiss)

Pristroj Atlas je vysoce pokidy diagnosticky rohovkovy systém, ktery
analyzuje topografii rohovky, jejitedni i zadni plochu rohovky, hloubku a
tlou&’ku rohovky. Ristroj funguje na principu Scheimpflugovy kamemnéti ve
25 000 bodech. Celédgieni probiha asi 2 vty a jeho vysledkem je
trojrozmerny obraz. Velikymi pednostmi pistroje jsou moznosti srovnavat
porizené snimky, vytv@ni virtualniho modelufpdniho segmentu, moznost
analyzovat pokrdélost katarakty a fesrgjSi urceni vhodnych parameir

intraokularnicocky (obr.¢. 7).

Obr.¢. 7: Histroj Atlas 9000 od firmy Zeiss

Dualni Scheimpflug Gv analyzator Galilei

Duélni Schempflugyv analyzator Galilei slouzi pro 3D analyziegniho
segmentu a topografii rohovkytibtroj Galilei funguje na zakl&tivou principi:
Placidovy disky poskytujifiesné niieni zakiveni rohovky a Scheimpflugova
kamera je vhodna pro ziskani dat (abi8).

Pristrojem Galilei se daji zji®vat informace o pachymetrii, denzit
rohovky ic¢ocky, topografii rohovky ocky, Ize analyzovatigdni komoru a
mefit tloustku cocky.

Velikou vyhodou pistroje Galilei je v tom, Ze vSechna&ieni probihaji
najednou, coz vyraziredukuje chyby a urychluje &feni. Kombinaceit pristroji
v jednom je Uspor)Si feSeni. Najastiji je pristroj Galilei pouzivan pro biometrii

u kataraktove chirurgie.
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Obr.¢. 8: Vysledek nsieni @istroje Galilei

Predné-segmentové OCT

Opticka koheretni tomografie je bezkontaktni technologie, ktera
poskytuje detailni zobrazeni struktur iigmémiezu. Principem je
nizkofrekverni interferometrie, kdy je intenzitatasova prodleva mezi &em
vyslanym a odrazenym od vyE®tané tkas srovnana s odrazemésla od
referertniho zrcadla. Timto vznika tzv. interference. Pzetge rychlost sstla
milionkrat vySSi nez rychlost zvuku u ultrazvuke U optické koherentni
tomografie mozné dosahnout axialniho rozliSeréddech 2-2@um.

Predre-segmentova opticka koherentni tomografie se vyaukingieni
vzdéalenosti mezi jednotlivymicmimi strukturami, k ufeni ptimeéru pupily,
hloubky gedni komory, tlouXy a polongri kiivost ¢ocky. Velmi dilezité je
OCT i pi diagnostice rohovkovych dystrofii, degeneraciangih méreni tlougky

rohovky. Ristroj zobrazuje f@dni segment s@snosti kolem 10 um (obr.9).
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Obr.¢. 9: Zobrazeni rohovkyifstrojem OCT
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Basic corneal parameters
Measurement of corneal parameters is one of tmelatd and cardinal

methods in an optometrist’'s and an ophthalmolagstactice. It's important not
only in the application of RGP and soft contacsks) but also in the screening of
corneal ectasia and observing changes and proaesthesanterior segment of
the eye caused by wearing contact lenses. Sligirigds and deviations profile
corneal tissue, e. g. caused by contact lensespmriding pathology may be
indicators of possible impending complications.

The basic corneal parameters are the curvatuteeddriterior and posterior
surfaces, corneal astigmatism, eccentricity, thtecalppower, thickness and
sensitivity of the cornea. The basic methods arehamgcal, automatic
keratometry and topography, the new ones arealmitherence tomography and
other sophisticated devices for imaging and evalnaif the anterior segment of
the eye.

Besides these routine examinations, particulargdus optometrist’s
practice, are corneal parameters important charsiiteén corneal and refractive
surgery. Increasingly popular refractive surgeryharapeutic indications such as
crosslinking are fully dependent on these deviltissimportant also in cataract

surgery, mainly during the detection of aberratiohthe eye.
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Corneal parameters measuring devices

Keratometry

The term keratometry means measurement of the tcuwevaf the anterior
corneal surface. In fact, it is the most widelydisgethods of measurement of the
curvature of the cornea, which measures the radioarvature of the anterior
corneal surface and the orientation of the maiti@es of astigmatism. The
measured area of the cornea varies by type of éelbid generally ranges from 2
to 4 mm around the center. The unit of the radfusiovature is millimeters or
diopters. The difference between the flattest dedpest meridian is possible to
determine the size of astigmatism of the antemoneal surface, which affects the
refractive condition of the optical system of tlyee

First keratometer (ophtalmometre) was constructelB66 by Hermann von
Helmholtz (1821-1894). The keratometer works ongitieciple of reflection of
incident light from the anterior corneal surfacéjaeh is a convex mirror (i.e. the
Purkyne images). The measurement is carried ongwstest mark, that are
located in knowing distance in front of the eyeeTserver then follows the
apparent direct a reduced image of the brand.ssikeequent image is calculated
from the radii of curvature of the front corneaifage.

It is necessary to take into account the methatisgflaying measured
values during the work with the machine. For meatadrkeratometer values are
read on a scale apparatus and test marks obséncedjh the eyepiece. For
automatic keratometer is used electronics, ligh#ind detection diodes. Their
images are scanned by a CCD camera and subseqeeaiipated. Some auto-
keratometers are combined with refractometers,nt@ters, pachymeter,

topographer, aberrometer or multiple combinations.
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Mechanical keratometer

Helmholtz keratometer

Helmholtz keratometer was constructed as theKesitometr. It used two

kerosene lamps for the observation.

Javal-Schiotz keratometer

Javal - Schiétz keratometer was invented by dodtoEs Javal and H. A.
Schiétz and even now is considered as the mostywded mechanical devices
to measure the curvature of the cornea. Measuresmaeain the central part of the
cornea with a diameter of about 3.6 to 4.2 mm.

Keratometer uses two test marks, red rectangleyeseh pyramid.

The largest use Javal - Schittz keratometer isimactology, the diagnosis of

keratoconus and correction of aphakic eyes.

Hartinger keratometer

This mechanical keratometer from the company 4esses a solid brand.
Duplication and displacement brands are carriedusung two diasporameters

between the objective lenses.

Sutcliffe keratometer

Sutcliffe keratometer manufactured by Bausch amdthaeasures both
major cuts in one device settings. Test marks a@enup of three circles and

signs + and -, that must be in mutual coincidence.

Littmann keratometer

Littmann keratometer is now considered as one@®hibst exact
mechanical keratometer. As a test mark we cantfiachollow and solid cross.

284



Automatic keratometer

Automatic keratometer is most often used in contimnawith other
devices, e. g. autorefractometer, tonometer, paetgmor in combination of all
these mentioned.

This device uses the principle of electrical colstrbght-emitting diodes and
detecting diodes. Computers are used for centratieasurement itself and the
radius of curvature of the cornea. The biggest athge of automatic keratometer
is an exact assessment of the maximum and a minionoss-sectional central
portion of the cornea on average to 7.5 mm.

An important part of the device is also a radiatietector - CCD camera,
transfer information to digital display or monitor.

During the measuring of corneal curvature by autank@ratometer increases the
accuracy and repeatability of the measuremenineesured value ceases to

evaluate the human eye.

Keratoscopy

Keratoskopy is a technique for comprehensive etialg@hanges of the
corneal surface. While keratometry analyzes onlyod%e front surface of the
cornea, keratoskopy receive up to 70%. The firgtitkskope was Placido disc,
that is composed of concentric circles - alterrgablack and white, that are
projected on the cornea. There is the observatswith a magnifying glass in
the middle. According to deformation can be assutoedegularities in the
corneal surface. If there are missing points oftea to e. g. superciliary upper
side or nose. Using this method the Placido distilisused in modern devices.

Computer topography

Photokeratoskopy is based on the principle of Badisc and computer
imaging system. The image is transcribed by theecanwhich sends data to a
computer for processing. The computer evaluatedespdays the results on
screen or even printed results. Recently it has bsed a device - topographer
which primary part is the head of the device with toncave embodiment

Placido disc. There is the document camera in tldellmnand circle are lit.
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The amount of the circles varies on the type oiaeVvlhe resulting
measurements are in the form of color-coded niepstirface of the cornea can
be represented as a three-dimensional display doe precise display during the
curvature and shape of the cornea. Computer topbgrallows analysis of more
than 6000 data points on the corneal surface. 8ielbles the use of quantitative
and qualitative analysis of the radius of curvatfrthe front surface of the
cornea in its range. Now the peripheral part ofdbimea is important in screening
commencing ectatic diseases that cannot detedabgic keratometer.

Topography is a device for corneal mapping the wisokface. Control is
via a connecting with PC, the measurement is stat¢omatically when reaches
the optimal measurement position. The softwar@efdevice is able to detect the
data at any point in the cornea and includes flomkation for the application of
contact lenses. As an optional equipment can asadded pupilometric software
module and a module for measuring tear film, meiapgy, oximapy view, angle
of the eyelids and more.

The one of the simplest instruments is Easygramhul{3, Image no. 1)
which is attached to the slit lamp. Probably thestrm@mmon type is Keratograph
(Oculus) with many software modules (Image no. 2).

Image no. 1: Topograph OCULUS Easygraph Imag&nohe result of the
measurement device by

Keratograph
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Pachymetry

The other significant parameter is the thickneshefcornea which is

measured by contact ultrasonic or optical non-adrgachymetry.

Contact ultrasonic pachymetry

Contact ultrasonic pachymetry is conducted by plathe probe tip to the
anesthetized cornea. The crystal converter of thlegtransmits and receives an
ultrasonic pulse which is reflected from the frand back corneal surfaces.
Necessity is the exact attaching the probe perpaflatito the cornea and because
the sound must pass through the axis perpendituthe surface of the cornea.

The advantage of this method is the possibilitthefmeasuring the thickness
at different locations of the cornea. And conversleé disadvantage can be the
transmission of infection between patients dudaéomeasuring probe contact

with the cornea.

Non-contact optical pachymetry

Non-contact measuring corneal thickness is a metlfwte is no direct
contact with the cornea. The method works on tivecqnle of optical methods for
the use of a slit lamp.

The advantages of non-contact methods are primarjyevent transfer of
infections, it is not necessary to apply an andistlaed is easily achieved by a

central setting.

Aberrometry

Wavefront analysis or aberometry is a method thased to measure low
and high order aberrations of the optical systeithefye.

Aberometry is based on the principle accordinggohErning and the
Hartmann-Shack. Measurement is performed in husdpséthdividual points and
the evaluation of mathematical analysis informat@gorithm based on Fourier
analysis), there is a digital wavefront which asesghe shape of the patient's

cornea.
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Low and high order aberrations represent approxaim@0% of refractive
defects of the eye and significantly contributéhi® deterioration of vision.
Among the instruments based on wavefront analysisidle Wasca

Wavefront Analyzer from Zeiss (Image n. 3) or Zywdxom Bausch and Lomb.

Image no. 3: Aberometer - Wasca Wavefront AnalyZerss)

Devices for imaging and evaluation of the anterior segment
of the eye

Currently there has placed increasingly higher detsan the detailed
measurement of the anterior segment of the eyé¢hamdfore it is often used
sophisticated imaging and diagnostic devices. Thes@on-contact methods for
determining a front and back surface of the corpaahymeter in its entirety

corneal, information about ventricular angle, &=l lens of the eye.

Pentacam (Oculus, Inc.)

Pentacam is a rotating Scheimpflug camera whielbls to view
Scheimpflug images of the anterior segment. Thithaweprovides sharp and high
contrast images that display information from theegor corneal surface towards
the posterior capsule of the lens. The biggestradga of the imaging device
system Pentacam is the precise measurement oétii@akcpart of the cornea with
elevation map display, correction of eye movemeutshort measurement time.
Software newer devices Pentacam HR (Image noleyslso measuring
densitometry (process of hardening of the eye Jansulating of seating

intraocular lenses (IOL) and fluosimulation of cacttlenses.
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Some essential information is obtained from creatddee-dimensional
mathematical model of the anterior segment, eofodraphy anterior and
posterior corneal surface (Image no. 5), cornecthymetry, 3D analysis
ventricular angle and tomography. The device isldsecorneal refractive

surgery and cataract and glaucoma screening.

Image no. 4. Pentacam Image no. 5: The restitteoineasurement

device by Pentacam

Orbscan Il (Bausch&Lomb)

Orbscan is a non-contact optical system which pgbke to measure front
and back surfaces of the cornea, including itktiess, the analysis of the
anterior chamber and lens. Its other function gilpmetry. The measurement is
carried out for about 2 seconds and the patienhgumeasurement fixes the light
target. The measurement result is a colorful mdp legend, from which you can
determine the maximum and minimum values (Imageho.

The device can be combined with Hartmann-Shackatmater, which measures

high order aberrations by wavefront analysis.
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Image no. 6: The result of the measurement dewiderbscan

Atlas (Zeiss)

The Atlas device is a highly advanced corneal dagjo system that analyzes
the topography of the cornea, the anterior andepiostsurface of the cornea, the
depth and thickness of the cornea. The device wamkbe principle of
Scheimpflug camera and measured at 25,000 poiheswhole measurement is
about 2 seconds and resulted in a three-dimensioiagle. The advantages of the
device are possibilities to compare the capturexbes, create a virtual model of
the anterior segment, the ability to analyze mgtwi cataract and accurate

identification of suitable parameters intraocuknd (Image no. 7).

s

IR |

Image no. 7: Atlas 9000 from Zeiss

Galilei dual Scheimpflug analyzer

The dual Schempflug Galilei analyzer is used foraialysis of the
anterior segment and corneal topography. Galileicgenorks on the basis of two
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principles: Placido discs provide precise measurgsnaf the corneal curvature
and Scheimpflug camera is suitable for data adipmns{Image no. 8).

The information about pachymetry, corneal and ssity, lenses and
corneal topography, anterior chamber and measheethickness of the lenses
can be analyzed by Galilei.

A big advantage of the device Galilei is that alasurements are performed
simultaneously, which greatly reduces errors am@dup measurements. The

combination of three devices in one is more econahsiolution. Galilei device is

used for biometrics in cataract surgery.

Image no. 8: The result of the measurement by desailei
Frontly segmented OCT

Optical coherence tomography is a non-contact t@olgy that provides a
detailed view of the structures in cross-sectidre principle is the low-frequency
interferometry, where the intensity and the timlagd®detween the transmitted and
reflected light from the examined tissue comparét the reflection of light from
the reference mirror. This is interference. Becanfgbe speed of light is a million
times bigger than the speed of sound in ultrasoiicdn be achieved in the order
of 2-20 microns in optical coherence tomographylasolution.

Frontly segmented optical coherence tomographgesl io measure the
distance between the eye structures, to determepupil diameter, depth of the
anterior chamber, thickness and radius of curvaititee lens. It is very

important in the diagnosis and OCT corneal dystyamhdegeneration in
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measuring corneal thickness. The device displag$rtmt segment with an

accuracy of about 10 microns (Image no. 9).

Image no. 9: View of the cornea by OCT device
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17. SPORTOVNI OPTOMETRIE

Bc. Lenka Pivodova

Vedouci prace: Mgr. JitkadBkova
Katedra optometrie a ortoptiky, Masarykova unverZitkaska fakulta

VétSina lidi, kigi se profesionakhveénuji sportim, investuji svoje penize
do sportovniho obteni a vybaveni, aby dosahli co nejlepSich vysiedkie
Uspich nezavisi pouze nachto aspektech. Zadny sportovec by nezlepsil své
dovednosti bez dost&®é kvality vickni. A tudiz se nabizi otadzka, jakou
pozornost ¥nuji sportovci p& o zrak? \&nuji stejnycas péi o zrak? Zrak je
nejdilezitéjSi smysl, ktery vede naSeéld, a proto zastava i vyznamnou roli p
sportovni aktivié, zejména sportech na profesionalni Urovni. &idposkytuje
informaci, kolik sily, rychlosti a jinych dovednéstnusi sportovec vynaloZit
k dosazeni usgghu. Na druhou stranu lidé, kiese zajimaji o sportovnidi, ale
pouze z pozice divdka, mohou byt réznpotencialnimi adepty pro od&wi
sportovni optometrie. Tito lidé mohou mit vybornkwalitu vidéni, ktera nize
zvysit jejich zjem o sportovni aktivity.

Kazdy sportovec a sportovni asociace i iyt dostatén¢ informovani
a vzatlavani v oblasti sportovni optometrie,ggéo zrak, které maji vyznamny
vliv na sportovni vykon. Mezi nezbytné aspektyipatakova ostrost, zobrazeni a
kvalita obrazu na sitnici. Dale senzoricky, motkyicsystém a postupné
zpracovani vstupnich informaci. Senzoricky a motgrisystém zajiduji stabilni
fixaci a plynulé @éni pohyby, jejich souhru a dalSiildzité funkce, jakymi jsou
akomodace, vergence a fuze. Do procesu zpracomérimace, ktery probiha
specifiky, patti interpretace a vyhodnoceni vizualnich p#dn

Sportovni optometrie
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Sportovni optometrie zahrnuje mnoho vyziiaaproblematik. Sportovni
optometrie se zabyva mnohaigpby, jak spravhdocilit potebné kvality vidni
ve sportovnim oddtvi. Sportovni optometrie poskytuje sportért informace,
jak predchazet énim drazim. Souasré také gedava individualni dopoteni,
diky kterym lze dosahnout nejlepSich sportovnictlegki. Sportovni optometrie
je zantfena na nedostatky, poruchy v oblastiénid které mohou mit negativni
vliv na sportovni vykon jedince. Mezi tyto nedokiatze z&adit nedostatsou
zrakovou ostrost, vizualni ruSivé patin jaky jsou oslani, mihavé vidni, halo
efekt a dalSi faktory, které mohou #&mit rozmazané viéhi a snizenou

zrakovou ostrost.

Rozmazané vithi, halo efekty vlivem nedostét® korekce refraini vady

vyznamrg ovliviwuji sportovni vykon jedince.

RovnezZ je tomu v pipad nezaddouciho oséni.
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Zrakovy trénink je zagfen na specifické vizualni schopnosti, které
piedstavuji stzejni roli pro konkrétni sportovni o&vi. Nezbytnou satasti
zrakového tréninku je spaled konzultace mezi odbornym pracovnikem a
sportovcem, trenérem a ostatnitieny tymu, jedna-li se o kolektivni sport.
Tématem jejich sezeni jsou sarfgme nantty a reSeni, které by co nejlépe
vedly k dosaZeni vynikajicich sportovnich vykonDale jsou konzultovany
moznosti korekce refrgkich vad, sportoMon je poskytnuto poradenstvi
v aplikaci kontaktnichcocek, které jsou pohod#sim pomocnikem i sportu
oproti brylové obrub. A to je dalSi problematika, kterou sportovni opétrie
zahrnuje. Pro volbu korekce reftalk vady mezi kontaktnicockou anebo
brylovymi ¢ockami je teba zohlednit nejen typ sportu, ale i pohodli aykgv
jednotlivce. RestoZe jsou kontaktntocky v mnoha ohledech komforjsi
variantou, ®ktefi sportovci mohou preferovat korekci brylovyntockami.
Jednim z @vodu pouziti bryli misto kontaktniagto¢ek mohou byt klimatizovana
vnitini prostedni, kde dochazi k vysuSovatdcek. V €chto pipadech jsou

klientam dopor@ovany @&ni kapky, které povrchocek zvihtuji.
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Pri vybéru korekéni pomicky je teba zvazit &kolik dalezitych fakton.
Zda-li se jedn& o venkovni nebo halovy sport, tedyelné podminky, oskni a
s nim souvisejici rusSivé odrazy. Nezadouci odrazyles mizeme na brylovych
¢ockach eliminovat povrchovymi Upravami, a tim zvySiivatelské pohodli a
sportovni vykon. Nejen antireflexni Uprava, ale sam material brylové&ocky
musi byt pélivé zvazen. DalSim faktorem oviivjicim sportovni vykon je zorné
pole. Kontaktnicocky zorné pole nikterak neomezuji oproti brylovynratam.
Ocnice brylovych obrub by #hy mit adekvatni pmmér, aby bylo zorné pole co
nejmért omezeno. Obruby by #y byt vyrobeny z pruzného materialu, ktery
zvySi odolnost @i deformacici prasknuti obruby i nech&éném aderu, a také by
mély byt upevreny k hlaw pomoci gumiky, kterd bryle fixuje a bréani jejich
spadnuti.
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Zrakovy trénink neni kratkodobou zaleZitosti, \ddje trgglivost nejen ze
strany klienta, ale i odbornika. Vysledky, pozifiamény se mohou dostavit az za
dobu rEkolika tydni. Ale vSe zavisi na fpstupu, dodrzovani dopafenych

postu a a:nich cvieni.

Vizualni zpracovani informaci

Sportovni vykon zahrnuje reakci sportovce na ggdzpracovani vstupni
informace a fsluSnou odposd’ systému. Model zpracovani informace byl
navrzen pro lepSi pochopeni jednotlivych vizualnbcesi. Proces zpracovani
informaci sestava zéitcentralnich mechanigim odwtvi. Jedna se o peraap

mechanismus, motoricky mechanismus a zrakové aantru
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VSechny mechanismy spolu vzajemspolupracuji a navazuji jeden na
druhého. Velké mnozstvi informadiighazeji k percemimu systému z odliSnych
receptofi, kterym jsou zrakové receptory, vestibularni, Bw@ a hmatové
receptory. Vstupni informace jsou pro své velké st filtrovany a vhodné
¢asti jsou dale zpracovangast informaci, kterd neni podstatna, je odfiltravan
jinym neurologickym mechanismem. Tento procé&éhni informaci hraje
dulezitou roli v pibéhu sportovniho vykonu a udrzeni pozornosti. Infazengou
dale interpretovany motorickym systémem, jelimnhost ma vyznamny podil na
utv&eni zrakového vjemu. Posled¥dst procesu zpracovani iadéni informaci

probih& ve zrakovém centru v mozku.
Vidéni a rovhovaha
Vidéni Uzce souvisi s drZzenimglda. Schopnost udrzet rovnovahu a

sowasre zpracovavat vizualni podty je vyzadovana v mnoha dynamickych

sportovnich aktivitach.
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Pro n&teni spoluprace vizualniho systému s rovnovahsia tyla
provedenaada tedt a cvieni. Testy sp&ivaji v pineni nékolika Ukoli, zatimco
se testové podity pohybuji nebo nachazeji v konstantni pozici. eKtova
schopnost udrZzet rovnovahu je zaznamenanaubpu kazdého Ukolu a
vyhodnocena dleifslusné stupnice, ktera vypovida o kwalispolupraci &chto
dvou systén.

Zorné pole

Zorné pole je dalSi nedilnou s@sti sportovni optometrie, které bylm
byt vénovana pozornost. Wdomeni si podwrta piichazejicich z periferie je
dulezitym aspektem, ktery oviiwje celkovy sportovni vykon jednotlivce.
Dulezitymi faktory jsou rozsah zorného pole, kvaltarného pole, reakce na

podreéty v zorném poli a jejich spravna lokalizace v poos.
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Byly provedeny studie, které porovnavaly zorné epasportové
s nesportovci. Studie ukazaly, Z&3ina sportovic ma roz&ené zorné pole, ale
zejména se objasnila skatest, Ze reaki casy na fizné testové podity
v zorném poli jsou rychlejSi u sportave porovnani s nesportovci.

Zavislost a nezavislost zorného pole vzhledempatevni¢innosti jsou
spojeny s procesem zpracovani informaceskt&fé studie uvadi, Ze fip
kolektivnich sportech, népfotbal, basketbal, davaji jedinciganost perifernim
stimulim, respektive citligji vnimaji periferni podéy. Vyswtlenim je
skute&nost, Ze sportovci musi udrzovat neustalou pozomesbjekty okolo sebe.
Naopak u jednotlivi, individualnich spoftt je zvySené citlivost na centralni

podrety zorného pole, a tim i zvySena koncentrace naamdmrovnovahyda.

Ve sportovni optometrii Ize najit mnoho aspeldteré je vhodné testovat
a vyhodnotit.Cim vice bude provémo podobnych studii, tim Iépe budeme moci
porozungt slozitétmu systému naSeho organismu a tim efe}ti\gtanovime

prislusné postupy, které pomohou lidem k dosazersiiglgSportovnich vykan
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SPORTS VISION

Bc. Lenka Pivodova
Supervisor: Mgr. Jitka 8ikova
Department of Optometry and Ortoptics, Medicaluigg Masaryk University

Most people, who are participate in sports, spefat af money on their
sports clothes and equipment to achieve the bssttse But the success does not
depend only on these components. Each athlete wmntldmprove own skills
without sufficient quality of vision. Here is theigstion, what about their care of
vision? Do they spend as much time on reachindgése visual quality as buying
sports equipment? Vision is the most important husense, that leads our body,
so that vision has obviously significant role irogp. Vision provides information
for athlete, how much strenght, speed and othdrrekist be performed to get the
successful results. On the other side people, whangerested in sports, but only
as a spectator, could be potentially sports vip@atents. These people could have
the great visual quality, which would increase tfeance to enjoy watching
sports.

Each athlete and all sports associations shoulafoemed and educated
about the aspects of vision, that have main infteeon sport performance. The
necessary aspects are sight, sensory and motensgsid information processing.
The sight means brightness of the image on thearetnd ocular health. Sensory
and motory system provides fixation stability andwements of the eye and other
important function such as accommodation, vergeand fusion. At least
information processing ensures exact, specificqanck processing, interpretation

and determination of visual stimulus.

Sports Vision

The term sports vision has lot of explanations mwe@nings. Sports vision include

many different ways to take care of vision qualgsoperly. For athlete the
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optometric sports vision provides education andvgméon of injuries. It also
gives individual advices to improve sports perfongce Sports optometry is
focused on functional vision deficience, that maggatively affect athlete’s
performance. These deficiencies include the lack of visual aguivisual
distracting stimuli such as glare, blurred visibalo effect and other factors that
may cause blurred vision, decreased visual acuity.

Blurred vision, halo effects due to insufficientrigxtion of refractive errors

significantly affect sports performance of an indual.

Also it happens in the case of disturbing glare.

It could be insufficient quality of vision, typicaisual distraction such as glare,
haze or halo effect and the other factors, whiah @@use blurred vision or low
visual acuity. The visual training is based on #ewvisual abilities, which may

be essential for concrete sports activity. Whatmere, the consultation is
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necessary between optometrists and athletes, ntsaineaches and other team
members. They consultate regarding visual factodsstrategies to reach the best
results. Sports optometry is specialized contagsdeservices, because contact
lense are more comfortable for majority of spadtian glassesAnd that is
another issue, which includes sports Optometry. sétect the correction of
refractive error between the contact lens or ewsgia necessary to take into
account not only the type of sport, but also coinémd habits of the individual.
Although contact lenses are in many ways more cdatite option, some athletes
may prefer eyeglass correction. One of the reatfumaise of glasses instead of
contact lenses can be air-conditioned interior meidevhere there is a drying
lenses.In such cases, the clients are recommended fodeyes, which moisten

the surface of the contact lens.

When selecting corrective aids need to consideersévmportant factors.
Whether it is an outdoor or indoor sport, the light conditions, glare and
distracting reflections related. The reflections ¢® eliminated by the spectacle
lens surface treatments, which increasing user axdnmaihd sports performance.
Not only anti glare surface, but the material oé d#lenses must be carefully
thought out. Another factor, which has influencespbrts performance, is the
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field of vision. The contact lenses are not lingtithe visual field as spectacles.
The spectacle frames should have adequate diamseténat the field of view as
the least restrictivecrames should be made of resilient material, wincheases
the resistance to deformation or rupture from aadial blow, and also should be
fixed to the head by means of elastic bands, whi@s the glasses and prevents
them from falling.

JLLS
54

Sports vision training does not take a short tinteneeds athlete’s
patience. The practising can takes a long time rbefesults become. But
everything depends on careful and consistent apprdaing recommended visual

exercises.

The Visual Processing Mechanisms

Sports performance involve athlete to process sfiali infomation and

perform an appropriate motor response. The infdongbrocessing model was

developed for better undertanding each aspectspoftss performance. The

information processing model consists of threeregéprocessing mechanisms.
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First mechanisms is the perceptual mechanismse¢bend is the decision
mechanism a the last is the effector mechanisms& heechanisms are supposed
to operate sequentially. The perceptual mechanisoreve great amount of
information from different specific receptors, suahvision receptors, vestibular,
auditory and tactile receptors. Because of inctedémount of signals, the
information is filtered. The appropriate part offammation is selected for
porcessing. The rest of information, which is redevant, has to be filtered out by
another neurologic mechanism. This selections aitidrifig process have
principal importance of athlete’s experience arulita to control attention. The
perceptual mechanism organizes and interprets ggedeinformation to provide
optimal perfomance. The selected information isnth@nsmit into a decesion
mechanism. The main task of decesion mechanismdstermine the appropriate
motor response strategies for the sensory infoanatvhich is necessary during
sport activity. After selecting motor informatiors imparted to the effector
mechanism. The motor response is under controlffetter mechanism. The
neural commands to produce response are sentual dentre in brain, then the
action is stimulated. Internal and external infotiora is coordinated by

perceptual and decesion mechanism.
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These models represent simple explanation of viss@thanisms and
process that occurs, when athlete must react apdme to sensory information in

sport situation.

Vision and Balance

The vision and balance are closely related. Thétyaho keep balance
while processing complex and action visual infoioratare required in many

dynamic sports activities.

For the measuring cooperation between visual systairbalance was developed
many sequences tests. These sequences requirer@erée of several different
tasks, while the stimulus or subject is standingmaving on the balance rail
secured to the floor.

Athlete’s ability to keep balance is subjectivedyed during each task with the

scale, which shows levels of performance quality.

Visual Field

The visual field is also part of sports vision, ahicannot be missed. The

processing of information from peripheral visuadldi is necessary part to reach
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the best perfomance in many kinds of sports, eafppdeam sports. There are
specific faktors of peripheral visual field, whiblave to be assesed, e.g. extent of
the visual field, the sensitivity of the visual lfle the visual response speed to
information coming from periphery, and the laspatsl localization precision of

peripheral stimuli.

Studies, which are focused on sports vision, al@paoed the field of
vision in athletes and nonathletes. Results ofetlsésdies show, that athletes have
larger horizontal and vertical field of vision thaanathletes. Also was found out,
that athletes react more quickly on peripheral gfithan nonasthletes. What is
more, some studies show increases in the extenswél fields by doing specific
excercises.

Field dependence and independence are related pvitbessing of
information to discern relevant stimuli from aneigvant stimulus background.
Some studies ahave theory, that field dependersopsrrely more on external
cues during processing of information, on the othele field indenpendent
persons usually use internal cues. However, fiefgheddent persons have
advantage in collective sports, team sports, eajbhll, basketball. The reason is,
that in these kind of sports athletes must keegtamh adjustment in performance
to external objects. On the other hand, athletém doing individual sports e.g.

gymnastics, rely on more internal stimuli, suclbady orientation.
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In conclusion, sports vision has many aspects, dbald be studied. The
more tests and studies we will done, than we baice the right way for athletes

to reach the best performance.
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18. VYUZITIi FEMTOSEKUNDOVEHO LASERU P RI
OPERACI KATARAKTY

Bc. Katg‘ina Strouhalova
Vedouci prace: doc. MUDr. Svatopluk Synek, CSc.

Katedra optometrie a ortoptiky, L&kl fakulta, Masarykova univerzita

Abstrakt:

Prvni ¢asti této prace s nazvem VyuZziti femtosekundovetserl p operaci
katarakty je samotny vyskyt onemeai, na které navazuji ope€rd techniky,
jakymi se v pitbéhu doby snazili lidé vyp@dat s timto onemo&nim. Zmirény
jsou faze operace, které byly a stale jsou postufaesm zdokonalovany. Popsan je
zde téz princip samotného femtosekundového lasesbrazkovou flohou
srovnani standartni operace Sedého zakalu a operagmuZzitim
femtosekundového laseru. Prace dale hodnoti vyferdyosekundového laseru a

jeho rozs&ieni do budoucna.
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Uvod

Katarakta je jednou zéitnegasgjSich @icin slepoty ve sité. Z tohoto
davodu jsou kladeny velké naroky na zkvalith a zlepSeni by zmirtného
onemocgni. Operace pragdala v pfibchu poslednich 40 let velky rozvoj,
vrcholem se stala fakoemulzifikace, ktera byla mad&dokonalovana
zmensovanim opetaiho fezu a zvySovanimipsnosti. Zaroue probihal i vyvoj

nitroocnichcocek pro dosazeni optimalniho ¥ po operaci.

Pod pojmem katarakta se rozumi jakékoli zkalendni docce zmisobujici
jeji poruchu pithlednosti spojenou s rozptylem prochazejicihétlay Jedinou
moznosti Iéby tohoto onemoaimi je operce spojena s implantacidémitroaini

cocky.

Mezi mozné piznaky pati nag. zhorSeni zrakové ostrosti, glare, &ma

refrakce a snizeni kontrastni citlivosti.

Historie |é éby katarakty

* Operace katarakty je jako takova nejstarSim apéma zakrokem v

dgjinach lékastvi.

* Asi 500 @. n. . provadli Indicti lékai v Babylorg tzv. reklinaci, coz je

zatlatenic¢ocky do sklivce pomoci ostré jehly sterilizovanoulameni.

Reklinace se jako postup prowalasi 4 000 let, f@srEji do roku 1745. V
souwasnosti se tento typ operace provadind v Indii a v Africe, coz jsou

praw oblasti s nejvysSim vyskytem Sedého zakalu i&sv

Nedostatky reklinace jsou, kdy zkalen&bcocka ve sklivci niize po
delSi dok vést ke vzniku bdi odchlipeni sitnice, nebo druhotného
zeleného zakalu. DalSim problémem je, Ze uirdin ¢ocky v oku chybi
+20,0 dioptrii.

[1] [2]

312



Obr. 1 Ukazka samotného zakroku reklinace

V poloving 18. stoleti ve Francii Jacques Daviel usknie

extrakapsularni extrakci ¢ocky ze zadni komory.

V 2. polovirg 19. stol. A. von Graefe provetdhearni extrakci cocky

s periferni iridektomii.

Prelomem 19. Stoleti se provwdg 2 techniky, intrakapsularni a
extrakapsularni extrakce. U intrakapsularni exidigla extrahovana cela
¢ocka i s pouzdrem. i extrakapsularni extrakci bylo pouzdimcky

ponechano, bylo idealnim mistem pro ugrisumelé nitroaini ¢ocky.

Mezi intrakapsularni techniky extrakce katarakafiptzv. Krwawitzova
metoda kryoextrakce&ocka se u této techniky po ot@ni oka namrazila
a kyvavym pohybem byla z oka vytazena, sniziloaseriziko vytvaeni

trhliny v pouzde. Chykjici dioptrie @i vyjmuti ¢o¢ky nahrazovala
afakické skla v brylich.

V roce 1967 Charles Kelman upozornil na moznostzpbwltrazvuku
k rozdleni jadra na menstasti s naslednou fakoemulsifikaci. Az do
souwasnosti je tato technika standartni operaci katyrak
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» Zatatkem naSeho tisicileti doslo k razsii femtosekundovych laserty
nahrazuji mechanické mikrokeratomy k provedeni v&bwé lamely u
LASIKu, postupem¢asu nasli vyuZziti i u operace katarakty, provadi se
kapsulorexe, fragmentaci jadra a poslednim Ukone&m vytvaeni

rohovkovych vstup pro nastroje. [3]

Faze operace katarakty:
1. Kapsulorhexe- oteweni gredniho pouzdraocky.

2. Hydrodisekce - oddleni ¢octkového jadra od pouzdréocky aplikaci

tekutiny.

3. Fakoemulzifikace - ultrazvukové rozéeni jadracocky na men3tasti
a jeho odstrami. DalSi funkci fakoemulsifikaniho gistroje je aspirace
vytvorena pumpouUginky ultrazvuku jsou tepelné, mechanické, a také
kavitatni, ty maji destrudni vliv na jadro. Dale vznikaji akustické viny

Sitici se kapalnym mediem, tyigobi destruktivé na okoli.

4. Aspirace ¢o¢kovych hmot s naslednouimplantaci umélé nitrooéni

goky.

[3]

Femtosekundovy laser
Femtosekundovy laser jako takovy byl pouZzit popwece 2001 k vytvieni

flapu u LASIK. Je infréervenym laserem o vinové délce 1053 nm velmi blizké
infracervenému z&ni, ktera umoZnuje fokusaci &&lného paprsku do pn

S presnosti pm.

Kriticka je rychlost, kterou se stelny paprsek $i. Swtelny paprsek ma kratkou
dobou pulgé 10" s, diky kratkému trvani impulsje dodavéna energie

s minimalnim vlivem na sousedni tkarUltrakratkd doba trvani pulsje také
dulezita k fotodisrupci &kolika mikroni tkare.

Laser pracuje pr&vna principu fotodisrupce, odfgmi cilovych tkani. Vychyli
fokusovany paprsek s maximalni faiinou energii k vytu@ni plasmy, vytv se
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kavitatni bubliny, maly objem tk&nse odp# a vznikd oxid uhtity a voda.
Fotodisrupce je igména laserova energie na mechanickou, diéyuz mize byt
pouzivana Kezim tkargé v mikroskopickém réritku. [4]

Obr. 2 Vytvoreni pulsi femtosekundovym laserem [4]

Obr. 3 Vznik kavitaénich bublin [4]

Obr. 4 zZvétSeni kavitaénich bublin, p#i kterém dochéazi k splyvani s postupnym odélenim
tkané [4]
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Operace pomoci femtosekundového laseru

Ultrakratké pulsy femtosekundovych lasemoznuji vytvéeni velmi gesnych
lamel rohovky pro LASIK, tundlv rohovce pro rohovkové prstence a jsou mimo
jiné pouzivany takeé pro transplantaci rohovky.

Bylo jen otazkoucasu, kdy se tyto lasery &®ou vyuzivat i u operace Sedého
zékalu. Ultrakratké pulsy toti#eZou precizé cilové struktury, a to s minimalnim
vlivem na okolni tkd& a vyznama snizuji potebu ultrazvukové energie
k odstragni jadra. Sotasti gristroje femtosekundového laseru je i zobrazovaci
systém pedniho segmentu, a to pomoci Optické koherentnio¢pafie nebo
Scheimpflugovy kamery, dikgemuz je laser miniddré reprodukovatelny,
piesny a bezgmy. Timto dokdZze splnit vysoké poZadavkyi mplikaci
nitroocnich cocek torickych, akomodaich a multifokalnich, se zaj&tim
nejlepSiho mozného refrékiho vysledku.

Pii pouziti femtosekundového laseru dochézi ke zleipSeSech krok
pouzivanych B operaci katarakty: keratotomii, kapsulotomii astyeréni jadra.

[4]
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Obr. 5 Zobrazeni priifezu pomoci optické koherentni tomografie femtosekutovym laserem

LensX
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Operace katarakty femtosekundovym laserem

U operace katarakty je nutné zobrazititpz anatomie celého segmentu oka
v realném c¢ase. Je tedy nutné proniknuti do hlubSich strukturto [Fi
kapsulotomii a fragmentaci jadra. P&gwoto je nutné zobrazeni hlubSich struktur
a to pomoci Optické koherentni tomografie nebo Bapugovy kamery. [4]
Kapsulorexe:

Praw zde ma operace femtosekundovym lasereméti@jpotencial. Pro spravny

vypocet nitrod@ni ¢ocky se pedpoklada standardni polokacky v oku, ta je

ovlivnéna velikosti a umighim kapsulorexe.

Obr. 6 Klasicka kapsulorexe

Obr. 7 Kapsulorexe pomoci femtosekundového laseru
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Rozdéleni jadra:
Pri klasické fakoemulzifikaci jsou vytieny velké Sokové a akustické viny, které

mohou poSkozovat endotelové nlby. Pouzitim femtosekundového laseru se

vyrazre snizi pouziti ultrazvukové energie.

Obr. 9 Roztvrceni jadra laserovym paprskem

Obr. 10 Rozdélené jadro odsaté klasickym fakoemulsifik&nim pristrojem
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Rohovkové vstupy
Vytvorené rohovkové vstupy provedené femtosekundovynrdasenaji pesre

planovanou geometrii a jejich uzfye pevny a spolehlivy.

Obr. 11 Vytvoreni rohovkovych vstupi

Vyhody femtosekundového laseru jsou:

» Postup je méhzavisly na chirurgické dovednosti, mé&t3i pesnost nez
pii pouziti tradénich chirurgickych metod.

« Rez jedistéjsi a hojeni rychlejsi.

» Za pomoci femtosekundového laseru se docili fragpoenadra, ktera
usnadni operaci.

« Rezy na povrchu oka jsouristupiové, zaji§ujici pevnost rany ied
zavedenim nastrbjpro dokoreni operace.

Budoucnost femtosekundového laseru
Jendou z fekazek zavedeni tohotdigtroje do Bzné praxe je jeho vysoka cena.

Navic se bez ifstroje pro samotnou fakoemulsifikaci nelze obgpifstroj je
nutny pro dokoteni operace. Do budoucna seéekava rozd&eni operace
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katarakty prav femtosekundovym laserem, n&bgsou zde velké vyhody
v podol& presnosti, kterou nelze manualni technikou provést. [

Zav ér

Jak jiz bylofe¢eno, operace femtosekundovym laserem ma velky pdlerza
pomoci femtosekundového laseru se docili fragmenfadra, ktera usnadni
samotnou operaci. Je jisté, Ze opafatechnika pray Sedého zékalu se bude
nadéle zdokonalovat. Je&tale ma pouziti femtosekundového laseru u katgrak
své odjirce, ale stejpitak, jak se stala fakoemulzifikace rutinni zalegit, bude

do budoucna rutinni zalezitosti i pouziti pfd@mtosekundového laseru.
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operace pomoci femtosekundového laseru a poskytriatmaci, bez kterych by
tento gispivek nebyl aplny.
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THE USE OF FEMTOSECOND LASER IN CATARACT
SURGERY
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Abstract:

The very first chapter called The use of the femtosd laser in cataract surgery
describes the exact location of the disease itfelfowing chapter contains the
description of the various techniques in the catasargery being used over the
past few decades as well as those techniques wabsreto provide nowadays.
The information about the principles of the fenetmand laser itself are provided
including the photos thanks to whose we can compieeclassic method of the
cataract surgery with the one uses the femtosetas®l therapy. The thesis
mentions the advantages of the femtosecond laggersuas well. The final

chapter containts the information of the possilde af the femtosecond laser for

the cataract surgery in a future.

Introduction

Cataract is one of the most common causes of s&lr-or this reason there are
high standards for the quality and the improvenoénihe treatment of this kind of
disease to be expected. The cataract surgery extardyreat development in the
past fourty years and the most helpful and inoeathethod being used that time
was phacoemulsification. The researchers then rooedi in searching for new

methods that helped to make the incision in capsulaller and even more
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precise.

The term cataract means any opacification of tims leapsula which obstructs
light from passing and being focused on the refiri@e only option to treat the
cataract is the surgery in combination with the lanpation of an intraocular

contact lens.

Most common symptoms are low vision acuity, glahe, changes of refraction

and low contrast sensitivity.

History of the cataract surgery

The cataract surgery itself is one of the oldestrieques in the surgery area in a

history of medicine.

500 years BC the special treatment called thenaitin by the indian doctors in
Babylon have been demonstrated. The reclinatiadhegpush of the lens into the
vitreous body with a help of sharp needle whichtéilized in a fire before used.

Procedure described above doesn't involve any laesat

Reclination as a treatment has been promoted ascaessful surgery technique
almost for 4000 until 1745. Technique mentionedvals still being used in India

and Africa which are known for the highest rateatfaract in the world.

Some side effects in reclination surgery technigaa be included and cause
retina detachment or secondary glaucoma. The rdnudvene lens in the eye
leads into the high hyperopia due to this treatn(20DPT).

In the middle of 18th century J. Daviel the firgtracapsular extraction out of the
posterior chamber of the eye has been promoteds Tdghnique involved
extraction of the capsula and nucleus.

The main disadvantage of this technique was a gnesion requiring longer

recovery.

In 2nd half of the 19th century the linear extrawtiof the lens including the
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periphery iridectomy was promoted by A. von Graefe.

Phacoemulsification is a type of cataract surgerywhich the lens with the

cataract is broken up by ultrasound, irrigated sunctioned out.

At the beginning of the 21st century the femtosédassers started to be in charge

as a replacement of mechanic microkeratom for eolammel in LASIK surgery.

Stages of cataract surgery:

1. Capsulorhexis -the opening of the anterior capsule.

2. Hydrodisection - the separation of the nucleus from capsule ofi¢he

with the special liguid.

3. Phacoemulsification - the lens with the cataract is broken up by

ultrasound, irrigated and suctioned out.

4. Lens aspirations.

Femtosecond laser

Femtosecond laser has been used in 2001 for #tdifire and it's wavelength is

1053 nm.

The most critical is its speed in which the lighbeing spread. The light ray has
a short amount of time in which pulses are beinglena 10-15s. Such a short

time of making those light pulses is important@botodisruption of the tissue.

When laser used cavitation bubbles are being nead#le volume of a tissue is
evaporated and it leads into formation of the carlboxid and water .

Photodisruption is a transformation mechanic energyof laser one.
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Femtosecond laser surgery

Special system able to display an anterior segnoénthe eye is a part of
femtosecon laser thanks to the OTC or Scheimpfiayisera.

When femtosecond laser used a great improvemenbéas found in all the
stages in classic cataract surgery: keratotomysutapmy and a removal of the

nucleus.

Cataract femtosecond laser surgery

During the cataract surgery itself it is necesstrydisplay the cross-section
anatomy of the whole eye segment in a real peridon@ -P. For this reason it is
extremely impotant to display it's structures lecatleeper in a tissue with OCT
or Scheimpflug's camera.

Capsulorhexis:

For the correct calculation of an intraocular leveshave to make sure we count
in the classic location of the lens within the ey@ch depends mostly on size and
location of capsulorhexis.

The separation of nucleus:

When femtosecond laser used the use of the ultnasenergy decreases to it's
minimum.

Corneal entancies

To make entrancies in the cornea the geometrycbs planned strictly and their

closure has to be stable and solid.

The advantages femtosecond laser surgery

offers compares to those in classic surgery:

e More precise
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» Clearer incision with faster recovery
« Eeasier surgery thanks to the nucleus fragmentation

* Incisions on a surface help the wound to stay stead

The future of the femtosecond laser

The main problem to start use in cataract surd@emtosecond lasers only is
these lasers are very expensive and every hbspifivate clinique is able to
affort them. It is believed that femtosecond laseitsbe used more in a future in
cataract surgery for its great precision which canipe managed by manual

routine.

Conclusion:

Femtosecond laser surgery has a high potentialnkehéo femtosecond lasers
fragmentation of the nucleus is reached and mdkesstrgery itself easier. Its
obvious that surgery techniques for cataract ataggto be improved year by
year. There are still arguments againts the uski®technique in cataract surgery
but as phacoemulsification became the routine sudgecond laser surgery will

soon replace techniques used nowadays.
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Abstract

Percentage of refractive cataract surgery dependbleviewpoint of calculating
the optimum value of the optical power of the intnalar lens. With the growing
demands of patients in refractive outcome is angtremphasis on accuracy of
preoperative measurements (keratometry and biojiEey thesis deals with the
problem of intraocular lens power calculation afterneal refractive surgery. The
aim of this study is to determine the refractivatestbefore and after cataract

surgery.

Problematika vypoétu optické mohutnosti IOL

NefastjSi ocni komplikaci, kterd sereSi operaci, je Sedy zékal neboli
katarakta. B této operaci je odstrén obsah nitroéni cocky a néasleda je
vloZena unila intraokularnicocka (IOL) o ukité optické mohutnosti. Tattncka,
poté kompenzuje vznikly dioptricky deficit. Operase hodnoti za ugpnou,

v tom gipadt, pokud dotgny vidi na poZadovanou vzdalenost aigbtije pouze

jedny bryle na &nou dennéinnost.

Katarakta

Souwasné vzorce slouzici k vygto optické mohutnosti velmi déd popisuje
historicky podtext celého problému. Poprvé bylarape katarakty datovana jiz
ve 12. stoleti fed nasim letopgem. Cocka se jednoduse dislokovala do sklivce
vpichem pomoci ostré jehly v mésB-4 mm od limbu a tim byl odstr&m mlzny

efektcocky. Negativem tohoto zakroku byla poop#arakorekce, ktera udiného
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emetropického oka dosahovala + 12D (afakie). Pmldéooperéni refrakci se
nereSil az do 50. let 19. stoleti, jsou-li opomenuxperimenty v 18. stoleti. Az
anglicky léka Ridley se v roce 1949 pokusil o prvni implantaitiaocni ¢ocky

z PMMA (v &le se chova jako inertni material). [1,2]

Etiologie katarakty

Katarakta, neboli Sedy zakal, je stav, kelyppruSena transparentnost lidské
c¢ocky. | pii sowasnych znalostech neni zcela obgmen @Ficina zpisobujici
kataraktu. Prvotni projevy katarakty jsou subjefivasto neposehnutelné a pro
jejich lokalizaci se musi pouzit specidlni metodeo pjiS€ni drobnych
opacifikaci. OperativniteSeni Sedého zakalu je ukonem, ktery je podlozen
subjektivnim rozhodnutim klienta. Zachovani trameptosti je jedna ze

zakladnich funkci lidskéocky a Uzce souvisi s biochemickymi pochody v oku.

Klasifikace katarakty podléh&iginé vzniku, pozici, stupni pokgdlosti nebo
kauzalig s jinym jevem. Neni vSeobecné klasittkd schéma. V zavislosti na
Ucelu Ize kataraktu klasifikovat dle tohotslent:

a) Senilni katarakta — katarakta zfisobena poruchou transportu Ziviréliine ji
na nuklearni, kortikalni, zadni subkapsularnfedpi subkapsularni.

e

kortikosteroidi, fenothiazii (psychotropni latky), miotik (latky ovliwjici
svalovou funkci) nebo konkré&rAmiodaron (antiarytmikum).

c) Traumaticka katarakta — zpisobena Urazem. dZe se jednat o tupé poram,

subluxaci (dislokacifocky, perforujici poraéni, cizi €lisko, chemické poraimi.

d) Radia¢ni katarakta — vznika na zakladvlivu elektromagnetického #&ni. To
muze byt ionizujici (RTG) z&ni, ultrafialové z&ni, infr&ervené z#eni nebo se

muze jednat o mikrovinou radiaci.

e) Metabolicka katarakta — v disledku onemoatmi cukrovkou, galaktosemii

(porucha pemeny galaktozy na glukézu) nebo hypokalcémii.

f) Klasifikace dle stupré zralosti — brunescentni (opakni az ddd), incidentni
(drobné zakalky), intumescentni (bobtnava), matupalescentni az bild),
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hypermaturni (pezrala, zahyby na kapsule) az katarakta Morgaeiz(pla, jadro
se volrg pohybuje wockovém pouzdru).

g) Klasifikace dle lokalizace katarakty — zakal pedniho pdélu, zakalo¢kového

jadra, zakal perinukleariasti, zakal zadniho polu nebo katarakta celkova] [1

Vzorce pro vypatet optické mohutnosti intraokularni ¢o¢ky

Chceme-li matematicky popsat oko jako optickoustavu, musime pracovat s
diléimi optickymi plochami a jejimi zakladnimi charakstikami (polonérem
kiivosti, pozici na optické ose, indexem lomu). Pokedy znadme zcelaigsre
vSechny parametry a uzijeméepnou matematickou metodu pro vyhodnoceni,
meéli bychom byt schopni vypitat optickou mohutnost implantatu. Zde vSak
narazime na dva zakladni problémy: 1) ne vSechmndty jsme totiz schopni
presré zmefit (resp. uéime je s neznamougsnosti); 2) samotny opérd zakrok
je pro kazdé oko individualni &ipvypoctu IOL nelze pedvidat zminy souvisejici
S operaci (zejména pozice IOL po zakroku a opeiraahikovany rohovkovy
astigmatismus). Oba dva problémy jsodnpioéné biometrickou
individualitou kazdého oka. Pro spravné&ani IOL je tak zapdebi jistych
piedpoklad, které statisticky vedou k nejlepSim vyslédk [3, 4, 5, 9]

IOL Ize umistit do oka do jedné Zépoloh (obr.1) . Pozice a)igdni komora)
a pozice b) (do sulku) vyzaduji kompletni extralpgivodni zkalenécocky,
zatimco poloha c) vyZaduje un@isi implantatu do kortexwocky (zbylého
obalu). Tento obal vznikne specidlni technikour&temozni oteteni pouzdra
c¢ocky (kapsulorexe) a nasleginjsou aspirovany zkalen&ockové hmoty
(fakoemulzifikace). [3, 4, 5, 9]

(@ AcIoL
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Obr. 1 - Mozné pozice intraokularniébcek. Rredrtkomorovécoky se oznéuji AC IOL (Anterior chamber I10L),
zadrekomorovécocky pak jako PC IOL (Posterior chamber IO[_Q]

Generatni vyvoj vzorci

Vzorce |. generace

V obdobich prvnich implantaci se do oka vkladacka o konstantni hodn®t
+18 D. Tento fistup vSak vedl v extrémnichipadech k poopetai zbytkovée
refrakci, ktera pesahovala az + 9 D. Vysledkyiqmzere nastolily potebu gesre
vypccitat optickou mohutnostocky. Nejjednodussi cesta, jak dosahnout hodnoty
implantované nitrogni ¢oc¢ky je jednotnd standardni hodnota modifikovana
faktorem brylové korekce? = 21 + 1,2B, kde: P — pedpokladana opticka

mohutnost IOL [D], B — koredni hodnota brylovéocky [D].

Uvedeny vztah nabizi jen hrubé&ilpizeni, nebé nerespektuje individualni
biometricka specifika (Obr. 2). [3, 5, 9]

ACD

Obr. 2 — Biometricka specifika kazdého oka; paramenai polon®ry kiivosti, parametryr indexy lomi a
parametd pak jejich vzajemné vzdélenos[ig]
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Prvni ndznakeSeni pisel v roce 1967, kdy rusky chirurg Fjodorov uvéxl.

vergerni rovnici:

0L - 1336 - 1--|15336 :
AL - ELP 39 _ELP
1000 LK
1000 v
DPostRx

kde: IOL — opticka mohutnosiocky [D], AL — axialni délka oka [mm], ELP —
efektivni pozicecocky (pozice implantovan&ocky po operaci) [mm], K —
celkova opticka mohutnost rohovky [D], V — vertikélvzdalenost koreki
brylové cocky od oka [mm], DPostRx — poZadovana poopeiaefrakce [D].

S obdobnymi vztahy ifBli nasled® i Binkhorst, Colenbrander, Hoffer; jejichz
vzorce byly velmi podobné. &inou se liSily v rozdilné interpretaci, pouZiti

jinych rohovkovych indek lomu aj.Casem se ujal jeSfednodussi Binkhorgvy

vzorec:
101 — 1336 - lﬂlg_'sﬁ ?
AL - PK 336 PK
K

kde: IOL — opticka mohutnost emetropizujtotky [D], AL — axialni délka bulbu
[mm], PK — hloubka fedni komory [mm], K — celkovd optickh mohutnost
rohovky [D].

Vzorec byl diky své ifesnosti porérné dokie pouzitelny pro fedrekomorové
¢ocky. Binkhorst zavadi tzv. vitreosenzorickou vzdalst) coz je firastek +0,25
mm k nangiené axialni délce bulbu. Tato hodnota se dafgeu ficist k
parametru AL, protoZe ultrazvukovéfiti echo se odrdzi od prvnich sitnicovych
struktur za sklivcem, cozZ je vrstva vyZivovych c&amotnd senzorick&ast

sitnice je ale uloZena o +0,25 mm dale. [3, 4] 5, 9

Vzorce Il. generace
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Obdobi teoretickych vzaicprvni generace byla ukdena rokem 1980, kdy
trojice autofi Sanders, Retzlaff a Kraff zkggnila vzorec jednodusSe nazvany SRK
(zkratka slozena z prvnich pismen jejickijrpeni). Tato trojice autdr se
odklonila odieSeni pomoci vergeénich vztali a jako stZejni hodnotici metodu
pouzila statistiku. Vzorec SRK odvodili jednoduchimearni regresni analyzou
pooper&ni zbytkové refrakce ze souboru 1200 padieNelkou oblibu si vzorec
ziskal gedevSim diky velmi snadné aplikovatelnosti a jediobdsti. Jeho zmi

je:

IOL= AKonst—25-4AL-09-K ,

kde: I0OL — vyslednd optickh mohutnost implantovaméky [D], AKonst —
velikost konstanty fislusna pro implantovanou IOL [-], AL — axialni Kalbulbu

v [mm], K — opticka mohutnost rohovky [D]. [3, 4} 9

Vzorec SRK byl navrzen sigdpokladanou 60 — 70%gsnosti, kdy poopetai
refrakce oka negsahne +1 D. #odrg méla A-konstanta (AKonst) hodnotu
116,5. Vzorec vykazoval uspokojivé vysledky vipac predrtkomorovych

cocek, v oblasti zadtkomorovych¢ocek byla velikost chyby nepaimé vétsi.

Autori tedy gistoupili k pronénné A-konstard, kterd byla vzdy specificka pro
kaZzdou IOL ¢ocku. A-konstanta zavisela na fyzik&toptickych parametrech
intraokularni¢ocky, jde ociselny parametr, ktery vyjégje pisobeni¢ocky na
optické zobrazeni oka. Hodnota A-konstanty je nigi@&pedrtkomorovécocky
(hodnoty okolo 114 az 116) a vysSi pro zddmorové (118 az 118,7). Doslo
tedy k odliSeni fedrekomorovyche¢ocek od zadskomorovych. [4, 5, 9]

Od z&atku byla patrna zavislostigsnosti vzorgé na axialni délce oka.
NejlepSich vysledk bylo dosahovanoip axialnich délkach oka 22 az 24 mm
(délka ptimérného lidského oka). Je-li bulbus kratky (AL < 22njn vypaitena
hodnota IOL je {liS velkd a oko se myopizuje; je-li bulbus dloutdL > 24

mm), vypa@&tena hodnota IOL je naopak nedostatea oko se hypermetropizuje.

Aby se autth SRK co nejvice fiblizili poZzadované (#tSinou nulové) refrakci,

snazili se nalézt idealni hodnotu pro A-konstaktara bude fesré odrazet nejen
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pone¥ry mezi implantovanou IOL a okem, ale zarvey obsahovala i Udaje o
predni komde. Po implantaci z#fili zbytkovou refrakci kazdého oka a pro kazdé
oko, operatéra a pro kazdou IOL &jali predpokladanou A-konstantu dle

vztahu:

8.55-B-25-4AL-09-K-IOL

AKonst poppzer = 0.0875.B_1

kde: B — pooperai brylova korekce [D], AL — axialni délka bulbu ifn), K —
optické mohutnost rohovky [D], IOL — opticka mohast implantatu [D]. [6, 8]

Rozdily mezi fivodni A-konstantou a individualizovanou A-konstantse
statisticky zpiméruji a vypa@tena hodnota se do budoucri&ia k pivodni A-
konstang.

Motivaci k vydani nového vzorce byly fiepnosti u extrémnich délkach biulb
(vzorec SRK vykazoval velkou myopizaci u kratkychllds). Novy vzorec
nazvali SRK Il a byl publikovan v roce 1988. Zakiad/ztah je stejny jako u
SRK, navic se ale dod&t& upravuji vstupni parametry:

10L=AKonst—25-AL-09 K,

kde pro:

AL <20 mm: AKonst = AKonst + 3

20 mm< AL < 21 mm: AKonst = AKonst + 2
21 mm< AL < 22 mm: AKonst = AKonst + 1
22 mm< AL < 24,5 mm: AKonst = Akonst
AL > 24,5 mm: AKonst = AKonst — 0,5. [9]

Nedostatek #edchazejiciho vzorce d&h byt feSen piétenim gFisluSejici
celatiselné hodnoty k gvodni A-konstant Velikost cel@iselné hodnoty je
zavisla na velikosti axialni délky oka. Vztah inidiwvalizujici A-konstantu pro
SRKII:
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AKonstypymry =IOL+B-rf +2.5- AL+09.K—C,

kde: B — pooperai brylova korekce [D], AL — axialni délka bulbu ipn), K —
opticka mohutnost rohovky [D], IOL — opticka mohash implantatu [D], C —
faktor upravujici A-konstantu v zavislosti na ariatiélce [-], rf — refraéni faktor

[-]. [8]
Pro refrakni faktor dale plati: pro IOL <16 je rf = 1,00; pi©OL >16 je rf = 1,25.

Pro faktor C upravujici funkci:

AL<20mm:C=C + 3
20mMmM<AL<21 mm:C=C+2
21 mm<AL<22mm:C=C+1
22mMm<AL<245mm:C=C
AL>245mm:C=C-0,5.

Oba vzorce neberou v Uvahu vilastnéstky, ani jeji pozici v oku (nepracuji s
pied- nebo po-opetai hloubkou pedni komory). Proto vzorec, jenZz vykazoval
znané chyby v oblasti kratkych a dlouhych biultpobizel #zné autory

k individualnim apravam. [4, 5, 9]
Vzorce Ill. generace

Tuto generaci vzoic charakterizuje kombinace teoreticko-statistického
piistupu a poprvé se daa pracovat s hloubkourgdni komory. Jedné se jiz o
soustavy zhruba deseti vzardy jsou vSak jiz integrované wiptrojich ngficich
axialni délku oka, takze odpada pracné dosazoWEky. tomu se otetela cesta
pro sloZigjSi kalkulace. Jako prvni byl vzorec Holladay —veary po svém stici
J. T. Holladayovi. Vzorec uvedl v roce 1988 a bytem na plankonvexnich
c¢ockach a opt byl postaven na vergé&mim popisu s konstantami odvozenymi
béZnou regresni analyzou. Vitreosenzorickou vzdalerag@itava jednoduchym
priétenim 0,2 mm k celkové axialni délce oka. Na romdilrodiny SRK vzont
svij individualizujici parametr nazyva Surgeon Fa¢®F). SF vychazi ziwodni
A-konstanty, ktera je dana pro kazdéatku, a jeji hodnotu navySuje o kulovy

vrchlik tvoreny rohovkou. [9]
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Holladay si i i vypoctu pooperani hloubky gedni komory pomaha regresni
analyzou. V intervalu 20 az 25,32 mm uvadi propmréini zavislost hloubky
piedni komory na axialni délce oka. Peéelpraieni hodnoty 25,32 povazuje
hloubku gedni komory za konstantni. Zbyla vzdalenost (vauzdé roviny
duhovky po pedni plochu implantovanéocky) je parametrem zohlédjicim
praw SF.

Na Holladayovu formuli reaguje trojice autarzorce SRK uvedenim nového
vztahu, s nazvem SRK/T (1990). Tento novy vztalzgézen na roz&ném
zapisu vergetnich zavislosti, poupraveny regresni analyzotkdNk let nato se
objevil vzorec Hoffer Q pracujici zejména s kratkyannormalnimi axialnimi

délkami oka (k predikci velikosti hloubkygdni komory vyuzival tangentu K).

Vzorce Hoffer Q, Holladay 1 a SRK/T jsou zany na stejnych
matematickych principech. Jejich hlavni rozdil &pé ve vypdétu kone&né
pozice IOL. Vzorce jsou po¢me spolehlivé pro vzorové oko (AL = 24 mm),
které je vSak plnéiznych gedpoklad. Predpoklada se propéni zavislost mezi
piedni a zadndasti oka, dale se ndklad predpoklada zavislost mezi rohovkovou
optickou mohutnosti a pozici tenkécky (to obzvlag neplati v pipad axialni
hypermetropie). [3, 5, 9]

Vzorce IV. generace

V roce 1991 fiSel Haigis s novym vzorcem, ktery byl zaloZzenysm@dném
matematickém zakladako pedchozi vzorce, s tim, Ze roage paet vstupnich
proménnych (a0, al, a2). Jednotlivé parametry modifilkaptickou mohutnost
¢ocky, hloubku gedni komory a axialni délku okanl@zité je, Ze se vSechny tyto
proménné daji individualizovat zvI&§ zatimco vSechny ostatni vzorce ¢siji
individualizaci do jedné jediné pramné. Vzorec tak vykazuje uspokojivé

vysledky napi¢ vSem axialnim délkam. [9]

Biometrie

Biometrie je metoda, kterd slouzi k &mni axialni délky oka. Axialni délka

oka je definovana jako vzdalenost mezi centrem guayvrrohovky a mistem
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nejostejSiho vidni na sitnici — foveou centralis. Zbena hodnota je pibna
k vypaitu optické mohutnosti nitr@mi ¢ocky, kterd ma byt implantovana do oka.

Axialni délka oka se v s@asné praxi operativy kataraktyermvyvojové
mladsi metodou optickou nebo vyvofostarSi metodou ultrazvukovou. [1, 6, 7,
8]

A) Ultrazvukova (akusticka) biometrie

Tato technika vyuziv&st&ného odrazu ultrazvukového signalu od
echogenniho prosdi. V oftalmologii se pouziva ultrazvuk o frekvemezi 8 az
20 MHz.
V oku je rozeznavano 5 prastli, ve kterych se ultrazvukiSiiznou rychlosti, na
jejichZ rozhrani dochazi k odrazu ultrazvukim v&tsi je rozdil akustické
impedance, tim vice se ultrazvukového signalu ddrdgdna se ofechod
rohovka-komorova vod&omorova vodatocka, cocka-sklivec, sklivec-sitnice,
bélima-retrobulbarni tk& [1, 6, 7, 8]

B) Optickd biometrie

Jednd se o nekontaktni formu biometrie zalodena principu parcialni
koherentni interferometrie. Vyhoda sjpa v nekontaktnim gfeni, kdy pacient
fixuje swtelny bod a mii se axialni délka oka podél zrakové osy. U vysbkyc
myopi jsou nargiené hodnoty v porovnani s ultrazvukovymdrenim resrgjsi.
Opticky biometricky pistroj dokaze r&it také keratometrii, hloubku fpdni
komory a &ii skléry. Jeho dalSi vyhodou je jednodus&fifani u atskych
pacienti. Velkym negativem je fakt, Ze neni schopen biomledho néfeni pokud

je rekteré optické prosedi zkalené, protoZe jimi neprojde paprdék6, 7, 8]
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Abstract
Percentage of refractive cataract surgery dependbeviewpoint of calculating
the optimum value of the optical power of the intnalar lens. With the growing
demands of patients in refractive outcome is angtremphasis on accuracy of
preoperative measurements (keratometry and biojiEey thesis deals with the
problem of intraocular lens power calculation afterneal refractive surgery. The
aim of this study is to determine the refractivatestbefore and after cataract
surgery.
The problem of calculating the optical power of thdOL

The most common ocular complication that Ikes operations, cataract or
cataract. During this operation, the contents resdpand then the intraocular lens
Is inserted in an artificial intraocular lens (I0&) a certain optical power. This
lens, diopter after offsets resulting deficit. Tlgperation is evaluated as
successful, in that case, if that sees the dedisgdnce and only needs one eye on
activities of daily living.
Cataracts

The current formula used to calculate thecaptpower very well describes
the historical subtext of the problem. It was ficataract surgery dates back to the
12th century BC. The lens is easily deployed ihi® vitreous body incision with
a sharp needle at the point 3-4 mm from the limlas removed by a foggy lens
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effect. The weakness of this procedure was postipercorrection that a normal
eye reached emetropického + 12D (aphakia). Probleith postoperative
refraction did not address until the 50s of thehl®entury, when omitted
experiments in the 18th century. When English ptigai Ridley in 1949 tried
first implantation of intraocular lenses made of M (in the body acts as an
inert material). [1,2]
The etiology of cataract

Cataract or cataract is a condition whictpairs the transparency of the
human lens. Even with the current level of knowkedg not fully understood
condition causing cataracts. Initial symptoms diarzcts are often subjectively
imperceptible and their location must use a spegiathod to detect small
opacification. Operational solutions cataract isaahthat is based on the client's
subjective decision. Maintaining transparency is ohthe basic functions of the
human lens and is strongly associated with biocbalnprocesses in the eye.
Classification of cataracts cause of the subjeosition, degree of progress or
causality with another phenomenon. There is a géngassification scheme.
Depending on the purpose of cataract can be diedsitcording to this division:
a) Senile cataract- cataract caused by impaired transport of nuisieWe divide
it into nuclear, cortical, and posterior subcapsataerior subcapsular.
b) Pharmaceutical cataract- caused by the use of drugs. The most eviddaheis
effect of corticosteroids, phenothiazines (psyabmitr substances), miotics
(substances that affect muscle function) or spedlfi Amiodarone
(antiarrhythmic).
c) Traumatic cataract - due to the accident. It may be a blunt trauma,
subluxation (dislocation) of the lens, perforatimgury, foreign body, chemical

injury.

d) Radiation Cataracts- occurs under the influence of electromagnetitatzon.
This may be ionizing (X-ray) radiation, ultravioletdiation, infrared radiation or
it may be a microwave radiation.

e) Metabolic cataracts- as a result of diabetes, galactosaemia (Dissrdér
galactose to glucose) or hypocalcaemia.

f) Classification according to the degree ofmaturity - brunescentni (opaque

brown), incident (small opacities), intumescenteéping), mature (opaque to
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white), hypermaturni (overripe, the folds of thepsale) to cataract Morgan
(overripe, the nucleus moves freely in the lensncgs

g) Classification according to the localization ofCataract - clouding of the
front pole, clouding of the lens nucleus, perinaclef turbidity, cloudiness of the
posterior pole or total cataract. [1,2]

The formulas for calculating the optical power of hntraocular lenses

If we want to mathematically describe the agean optical system, we have to
work with individual optical surfaces and its basibaracteristics (radius of
curvature, the position of the optical axis, refinge index). So if you know
exactly all the parameters we use a mathematic#thadefor its evaluation, we
should be able to calculate the optical power efithplant. Here, however, we
encounter two main problems: 1) not all values bseave are able to accurately
measure (or determine it is of unknown accuracy);TBe actual surgery is
different for each individual eye and calculatif@Ll can not predict changes
related to operations (particularly positions afsewrgery and IOL operations
induced corneal astigmatism). Both problems arejestibto biometric
individuality of each eye. To correctly determirfe tlOL is so needed certain
assumptions, which statistically leads to the bestlts. [3, 4, 5, 9]

The IOL can be placed into the eye in onthode positions (Fig. 1). Position
a) (anterior chamber) and position b) (in the ss)lgequire a complete extraction
of the original clouded lens, while the positionrejjuires the placement of the
implant into the cortex of the lens (the remainipgckaging). This package
created with a special technique that allows thenom of the lens capsule

(kapsulorexe) and subsequently aspirated cloudedhs lematerials

(phacoemulsification). [3, 4, 5, 9]
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FIG. 1 - Possible position of intraocular lenseatekior coky are called AC IOL
(anterior chamber IOL), posterior chamber lensenths a PC IOL (Posterior
chamber IOL). [9]
Generational development patterns
Formulas I. Generation

In the first implantation in the eye lensiderting a constant value of +18 D.
This approach has resulted in extreme cases obpeasttive residual refractive
error, which exceeded to + 9 D. Results of natynaised the need to accurately
calculate the optical power of the lens. The easiey to reach the intraocular
lens is a single default value modified spectadeection factor: P = 21 + 1.25
B, where: P - estimated optical power IOL [D], Borrection value lenses [D].
The relationship provides only a rough approxinmatisince it fails to individual

biometric specifications (Fig. 2). [3, 5, 9]

=
d

ACD .

FIG. 2 - Biometric specifics of each eye; parametéenotes radius of curvature,

refractive index n parameters, and the parametded, their mutual distance [9]

The first hint of the solution came in 1967, wheRwssian surgeon Fedorov said

the vergetini equation:
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AL - ELP 1336 _EIP
1000 .
1000

DPostRx )

0L =

Where: IOL - optical power of the lens [D], AL -iaklength of the eye [mm],

ELP - effective lens position (the position of tingplanted lenses after surgery)
[mm], K - total optical power of the cornea [D], Wertical distance corrective
lenses from the eye [mm], DPostRx - required pcstaipse refraction [D].

With similar relations came subsequently Binkho&ilenbrander, Hoffer; whose
patterns were very similar. On average they ditfare different interpretations,

the use of other corneal refractive indices, etgerCtime, took even easier
Binkhorstiv formula:

1oL = 33 ,—l,}:ﬁ :
AL — PK 33 _PK
K

Where: IOL - emetropizujici optical power of thaé$e[D], AL - axial length of
the eyeball [mm] PK - anterior chamber depth [mikh},total optical power of the
cornea [D].
The formula was due to its accuracy relatively vegiplicable for anterior lens.
Binkhorst introduces the vitreosenzorickou distamdgch is an increase of +0.25
mm to the measured axial length of the eyeballs Walue is recommended to be
added to the parameter AL because measuring utiascho reflected from the
first retinal structures for the vitreous humor,igthis a layer of nutrient vessels.
The actual sensory part of the retina is savedg5-mm further. [3, 4, 5, 9]
Formula Il. generation

Period theoretical formulas of the first gextem were discontinued in 1980
when the trio of authors Sanders, Retzlaff and Kpablished formula simply
called SRK (an acronym composed of the first Isttdrtheir surnames). This trio
of authors have deviated from the solution usinggeenich relations as a
fundamental evaluation method applied statistid®K SQlerived a simple linear
regression analysis of postoperative residual catma of a set of 1,200 patients.
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Great formula gained popularity because of its vemyplicity and ease of
application. Its wording is:

10L=AKonst—25-AL-09-K .

Where: IOL - the resulting optical power of the laited lens [D] AKonst - the
size of the relevant constants for IOL [-], AL -aXength of the eyeball in [mm],
K - optical power of the cornea [D]. [3, 4, 9]

SRK has been designed with an estimated 60-70%ramgcuthe postoperative
refraction does not exceed = 1 D. Originally, thedxstant (AKonst) value of
116.5. The formula exhibited satisfactory resuitshie case of anterior lens in the
posterior chamber lens was disproportionately gresnount of error.

The authors therefore came to the variable andtaotthat was always specific
for each IOL lens. A-constant dependent on the ipbghemical parameters of
optical intraocular lenses, it is a numerical pagtanwhich expresses the effect of
the lens on the optical appearance of the eye. staat-value is low for the
anterior lens (values around 114 to 116) and hifgreposterior chamber (118 to
118.7). There has therefore to distinguish antefrom posterior chamber
intraocular lenses. [4, 5, 9]

From the beginning it was obvious dependeffitkeoaccuracy of the formulas
of the axial length of the eye. The best resulteeveehieved when the axial length
of the eye 22-24 mm (length of an average humai. &yben the bulb of the
short (AL <22 mm), the calculated value of IOL isotlarge and the eye
myopizuje; if eyeball length (AL> 24 mm), the cdlted value of the IOL is
insufficient and conversely eye hypermetropizuje.

To the authors SRK as closely as possiblelds&ed (usually zero) refraction,
trying to find the ideal value for the A-constahat will accurately reflect not
only the ratios between the IOL and the eye, bad alould include details of the
anterior chamber. After implantation of the meaduresidual refractive error of
each eye and each eye, the surgeon and for eachdlOllated the estimated A-
constant according to the equation:

AKonst

_855-B-25-AL-09-K-I0OL
INDIVIDUAL — 0.0875.B 1 ;
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where: B - postoperative spectacle correction [Ab],- axial length of the eyeball
[mm], K - optical power of the cornea [D], IOL - togal power of the implant
[D]. [6, 8]

Differences between the original A-constamd @ersonalized A-constant is
statistically averaged a calculated value in therki added to the original A-
constant.

The motivation for the release of new fornsuleere inaccurate at extreme
lengths bulbs (SRK showed great myopizaci at sbailb). The new formula
called SRK Il and was published in 1988. Basictr@ship is the same as SRK,
but in addition to additionally modify the inputnaaneters:

10L=AKonst—25-AL-09-K .

wherein for:

AL <20 mm: AKonst = AKonst + 3

20 mm< AL < 21 mm: AKonst = AKonst + 2
21 mm< AL < 22 mm: AKonst = AKonst + 1
22 mm< AL < 24,5 mm: AKonst = Akonst
AL > 24,5 mm: AKonst = AKonst — 0,5. [9]

Lack of previous formula should be addressed bynadidteger values pertaining
to the original A-constant. Size of integer validependent on the magnitude of

the axial length of the eye. Relationship dististying the A-constant for SRK 1I:

AKonstypymry =IOL+B-rf +2.5- AL+09.K—C,

wherein: B - postoperative spectacle correction [&l] - the axial length of the
eyeball [mm] K - optical power of the cornea [D]LUQ optical power of the
implant [D] C - factor governing the A-constant dading on the axial length [-]
rf - refraction factor [-]. [8]

For refraction factor also applies: IOL <16, rf £Q; IOL> 16, rf = 1.25.

The C factor regulating the function:

AL<20mm: C=C+ 3
20mMmM<AL<21 mm:C=C+2
21 mMmm<AL<22mm: C=C+1
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22mm<AL<245mm:C=C
AL>245mm: C=C-0,5.

Both formulas do not take into account the charesties of the lens, or its
position in the eye (do not work with pre-or popemtive anterior chamber
depth). Therefore, a formula that showed significamors in the short and long
bulbs prompted various authors to edit individ{| 5, 9]

Formula Ill. generation

This generation patterns characterized byrmabination of theoretical and
statistical approach and was first starting to warth the depth of the anterior
chamber. This is the system roughly ten patterrmwvever, they are already
integrated in the devices measuring axial lengthth&f eye, eliminating the
laborious appointing. Thanks to open the way forer@mmplex calculations. The
first pattern was Holladay - named after its aexttd of JT Holladayovi. The
formula introduced in 1988 and was intended to gdanexnich lenses again and
was built in vergetnim description with constants derived ordinaryresgion
analysis. Vitreosenzorickou distance counted bypbinadding 0.2 mm to the
overall axial length of the eye. Unlike their famd SRK patterns on the
individual parameter called Surgeon Factor (SF).b@B6ed on the original A-
constant, which is given for each lens, and itsi@ahcreases by a spherical cap
formed by the cornea. [9]

Holladay and when calculating a postoperasinterior chamber depth helps
regression analysis. In the interval 20 to 25.32 pravides proportional relation
between the depth of the anterior chamber of thal ength of the eye. After
exceeding the value of 25.32 is considered antehamber depth constant. The
remaining distance (distance along the plane ofiriseanterior surface of the
implanted lens) is a parameter that takes intowatgoist SF.

The formula reacts Holladayovu trio of auth&RK formula by introducing a
new relationship, called SRK / T (1990). This neslationship is based on an
extended writing vergemich addiction doctored regression analysis. A years
later appeared Hoffer Q, working in particular waiort and normal axial length
of the eye (the predictions of anterior chambettldeged tangent K).

Formulas Hoffer Q, Holladay 1 and SRK / T dased on the same
mathematical principles. Their main difference lieghe calculation of the final
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IOL position. The formulas are quite reliable foetmodel eye (AL = 24 mm),
but this is full of different assumptions. It issasned proportional relationship
between the front and rear parts of the eye, agxXample assumed correlation
between the corneal optical power and the positbrthe thin lens (this is

especially not the case for axial hyperopia). [2]5

Formula IV. generation

In 1991 came a new Haigis formula, which vimsed on a consistent
mathematical basis as the previous formula, withdkpanding number of input
variables (a0, al, a2). Individual parameters nyoitié optical power of the lens,
the depth of the front chamber and an axial lergjtibthe eye. Importantly, all
these variables can be individualized, whereasllirother formulas combine
individualizing into a single variable. The formudad shows satisfactory results
across all axial lengths. [9]
Biometrics
Biometrics is a method used to measure the axmajtheof the eye. The axial
length of the eye is defined as the distance betwbhe center of the corneal
surface and the point of sharpest vision in thenaet the fovea centralis. The
measured value is needed to calculate the optmaépof the intraocular lens to
be implanted into the eye.
The axial length of the eye with the current piaef cataract surgery measured
by optical developmentally younger or developméwntarlier by ultrasound. [1,
6, 7, 8]
A) Ultzrazvukova (acoustic) biometrics

This technique uses partial reflection of witeasonic signal echogenniho
environment. In ophthalmology used ultrasound fegmy between 8-20 MHz.
In the eye 5 is distinguished environment in whidkrasound propagates at
different speeds, on which interface occurs ulinasoeflection. The greater the
difference of acoustic impedance, the more ultrassignal reflected. It is a
transition cornea-aqueous humor, aqueous humoy-lens-vitreous, vitreous-

retina, sclera-retrobulbar tissue. [1, 6, 7, 8]

B) Optical biometry
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This is a form of non-contact biometrics lwh®m the principle of partial
coherent interferometry. The advantage of non-admteeasurement, whereby the
patient fixates light spot and measure the axiadtle of the eye along the visual
axis. At high myopes are measured values comparéith witrasound
measurement more accurate. Optical biometric dewea measure also
keratometry, anterior chamber depth and spreateottlera. Another advantage
is easier measurements in pediatric patients. Tdheldwnside is that it is unable
to biometric measurement if some optical environnmeouded because they do

not pass the beam. [1, 6, 7, 8]
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Okluzni terapie, jako zaklad pleoptick&lg, vede ke snizeni utlumu
postizeného oka a naslédke zlepSeni zrakové ostrosti. Existuggkolik forem
okluze. Nefastji uzivanou je okluze totalni, ktera zcela zalmja vidkni
vedoucim okem. DalSi variantou je okluze parciglgiz cilem je snizZeni vizu
vedouciho oka pod vizus oka amblyopického a nefiésto pouzivanou formou
je okluze sektorova, ktera kgzuje z vidni pouzeiast zorného pole.

Parcialni ¢ast&nou) okluzi reprezentuji dy vzajeme se prolinajici
penaliz&ni taktiky: (1) penalizace farmakologicka, tedy ikate cykloplegik
(negastji atropinu) vyfazujicich akomodaci a rozgjicich zornici vedouciho oka
a (2) penalizace opticka provid pomoci adice spojného skla nebo pouzitim
difuznich filtri. Césténa okluze je povaZzovana za vhodnou alternativu k
pouzivani standardnich (totalnich) okluzor

Ve dvojitt zaslepené studii sledujeme degkadaltinky jednotlivych
tzv. difuznich Bangerterovych fifir Provadime r¥eni objektivnich paraméir
degradace obrazu (PSF a MTF) a subjektivnichnzuidéného obrazu (centralni
zrakova ostrost a kontrastni citlivost) s cilem enatického porovnani obou
metrik.

Jednotlivé Bangerterovy filtry s@&zené do série s progresivni mirou
difuzibility jsou obvykle ozn&ny¢islici vyjadtujici zrakovou ostrost, na kterou

piislusny filtr snizuje kvalitu vi#ni normélniho oka. Degradace obrazu je
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dosahovanoiiznou hustotou mikrobublin ve folii t¥ii filtr. S rostouci hustotou
mikrobublin vyrobce &ekava postupné zhorSovani obrazu na sitnici sleuiwa
oka.

Studie je provatha s difuznimi filtry Trusetal Verbandstoffwerk Ghhp
D (0,8, 0,6,0,4,0.3,0.2, 0.1) a Ryser Optik &AH (0.8, 0.6, 0.4, 0.3,0.2,0.1) a
dale se sférickymi konvexnimio¢kami (+ 0,75, +1,0, +1,25, +1,5, +1,75, +2,0 D)
a s vrstvenymi foliemi s aditivnim difuznim efektdé) 3, 4, 5, 6, 8 vrstev) jako
dvémi referegnimi sadami.

Objektivni charakteristiky difuzibilnich vlastnostéchto sad filth a
konvexnich¢ocek byly meteny prostednictvim PSF (Point Spread Function —
mira rozptylu bodového zdroje studovanou optickoustavou). Mieni byla
provedena na optické lavici sestavajici se z Heddgeru (632,8 nm),
prostoroveho filtru, kolimatoru, clony 3,5 mm (naobujici obvykly pamer
zornice za fotopickych podminek) a digitalnino #giaratu, na kterém se
zaznamenal vysledek afeni. Pomoci vyp&u Fourierovy transformace vzark
PSF byla u kazdého filtru vyptena modulani prenosova funkce (MTF) a
nasleds popsan tvar MTFikvek.

Subjektivni méteni se provadi na opticky presbiopizovanych
dominantnich &ch 60 mladych, oftalmologicky zdravych dekgh
pozorovatal. Pred samotnym gfenim je provedeno celkovécr vySeteni.
Nejlépe korigovana zrakova ostrost (na stadardnimiDRES optotypu,
VectorVision, USA) a kontrastni citlivost (na stamdnim optotypu pro 1,5, 3, 6,
12, 18 CPD, VectorVision, USA) je drena za fotopickych podminek dle
doporweni FDA pro multicentrické Kklinické studie (tj. z&ontinualni
zpetnovazebné stabilisace svitivosti 85 cd/m2).

Predl®zné vysledky rifeni v pilotnicasti studie odpovidaji teoretickému
ocekavani. Dobra shoda mezi objektivnimi a subjekininparametry potvrzuje
optimalni nastaveni obou metodik. Série iiltRyser Optik AG postradaji
harmonickou progresi difuzibilnich vlastnosti gak v subjektivnich testech tak i
pii objektivnim n@teni. Nejvice vybeéuje filtr ozna&eny 0.6. V naSich
subjektivnich i objektivnich g&fenich je vice difuzibilni (tj. vice degraduje
pozorovany obraz) nez filtry 0,4 a 0,3t Pbjektivnim n&teni MTF filtr 0,6
dokonce prokazuje nejvysSi rozptyl. Tyto vysledkgy v dobré shadnag. s
praci Péreze, Archera a Artala z roku 2010, veéktamlie 0,6, 0,4 a 0,3
rozptylovaly s¥tlo v podobné nie a vykazovaly podobou degradaci obrazu,
pouze folie s ozrienim 0,8 zpsobovala mensi rozptyl a mensi degradaci obrazu
nez ostatniit filtry. U filtr & Trusetal Verbandstoffwerk GmbHamstavuje p
subjektivnim ngieni nejmensi miru degradace filtr s a@mrdm 0,6 a filtr 0,8 se
nachazi az na druhém n#isK inverzi vyrobcem deklarované miry difuzibilnich
vlastnosti dochézi také v nizkych prostorovych\egicich u filth 0,1 a 0,2. R
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objektivnich n&fenich ale tyto dyskongruence nebyly nalezeny a ktilojd
metrika této sady Bangerterovych filtse podobala optimalni progresi v obou
referergnich seriich (tj. jak u spojnyatoéek tak u vrstvenych difuzibilnich folii).

Vysledky pilotnicasti nasi studie Ize souhgaznait jako konsistentni.
Davaji tak uspokojivy fedpoklad ziskani reprodukovatelnych vyskedgo
dokorteni celé studie, jejimz cilem bude provedeni matieRéaanalyzy vztahu
subjektivni a objektivni metriky difuznich vlasttioBangerterovych filit a
nalezeni reprezentativniho desktriptoru pouZitednéh klinické praxi pro
bezp&né davkovani parcialni okluze v pleoptickémcewii.
Subjective and objective metrics of partial occludes

Occlusion therapy, as a basis of the pleoptic rmeat, leads to a
reduction of supression of the affected eye, antseguently to improvement a
visual acuity. There are several forms of the agiol The most frequently used
is total occlusion, which completely prevents uwsiof Ithe eading eye. Another
option is partial occlusion, whose aim a reductainthe visual acuity of the
leading eye to amblyopic eye and the least fredpemsed form is sector
occlusion, which excludes only one part of the aidield.

Partial occlusion represents two penalty tactickl pharmacologic
penalization, usually application of atropine ehating accommodation and
dilating the pupil of the leading eye and (2) opgtenalization using an optical
addition of a convex lenses or an application ftdive filters. Partial occlusion
Is considered an appropriate alternative to thedstal (total) occluders.

In our double-blind study, we follow the degradateffects of diffusive
Bangerter’s filters. We carry out an objective nieasent of image degradation
parameters (PSF and MTF) and subjective changaspefceived picture (visual
acuity and contrast sensitivity) to get mathematomparison of the two metrics.

Bangerter's filters arranged in series with a pregive degree of
diffusibility are usually identified by a number gnessing the visual acuity for
which a filter reduces the quality of normal eysion. The degradation of the
image is achieved by varying density of microbubllethe film forming filter.
With the increasing density of microbubbles mantufeer expects a gradual
deterioration of the image on the retina.

The study is carried out with diffuse filters Trtee/erbandstoffwerk
GmbH, D (0.8, 0.6, 0.4, 0.3, 0.2, 0.1) and RysetikOhG, CH (0.8, 0.6, 0.4, 0.3,
0.2, 0.1) as well as with spherical convex lense®.75 +1.0, +1.25, +1.5, +1.75,
+2.0 D) and the multilayer foils with additive diffion effect (2, 3, 4, 5, 6, 8
layers) as two reference sets.
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The objective characteristics of the filters anel tbnvex lenses were tested
through the PSF (Point Spread Function). Measurenveere made on the optical
bench, consisting of a He-Ne laser (632.8 nm)stiagial filter, the collimator, the
aperture 3.5 mm (simulating normal pupil diametadler photopic conditions)
and the digital camera for recording of degradeages. With the calculation of
the Fourier transform samples of the PSF for editeln Was calculated

modulation transfer function (MTF) and then desesithe shape of the MTF
curves of the individual samples.

Subjective measurements are performed on an dgtipatsbiopized
dominant eyes of 60 young, healthy adults. The eyg@mination is carried out
before the measurement. The best corrected visualya(ETDRS — standard
optotype, VectorVision, USA) and contrast sendyi\(standard chart for 1.5, 3,
6, 12, 18, CPD, VectorVision, USA) ase measuredeurghotopic conditions
recommended by the FDA for multicenter clinical ds&s (i.e. continuous
feedback stabilization of luminance 85 cd/m2).

Preliminary results of measurements of the pilotlgtcorrespond to the
expectations. Good agreement between objective sargective parameters
confirms the optimal settings of the two method@sgA series of filters Ryser
Optik AG devoids harmonic progression of diffusipl®perties in subjective tests
as well as in objective measurements. The filtbeled 0.6, was deviating the
most. This one is more diffusible than 0.4 and Bu3.0bjective measurement of
MTF of filter 0.6 shows even the highest anomalede results are in good
agreement with the work of Pérez, Archer and A28[L0), in which the film 0.6,
0.4 and 0.3 scatter the light in a similar extemty the film labeled 0.8 caused
less dispersion and less image degradation thamopeethree filters.

For filters Trusetal Verbandstoffwerk GmbH in theubgective
measurement the filter labeled 0.6 shows the loveasti of degradation and the
filter 0.8 is the second lowest. The inversion tfudible properties declared by
the manufacturer occurs also for filters labeled @nd 0.2 in low spatial
frequencies. But these dyscongruences were notlfouabjective measurements
and objective metrics of Bangerter’s filters matwod optimal progression in both
reference series (convex lenses and multilayer  s)foll

The results of our pilot study can be summarized@ssistent. They give us

satisfactory prerequisite to obtain reproducibleules after completion of the

study. The aim will be to implement the mathematarelysis of the relationship

of subjective and objective metrics diffusion prdjgs Bangerter’s filters and to

find representative desctriptor applicable in catipractice for the safe dosage of
partial occlusion in pleoptic exercises.
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Occlusion therapy, as a basis of the pleoptic rmeat, leads to a
reduction of supression of the affected eye, antseguently to improvement a
visual acuity. There are several forms of the agol. The most frequently used
is total occlusion, which completely prevents wsiof Ithe eading eye. Another
option is partial occlusion, whose aim a reductainthe visual acuity of the
leading eye to amblyopic eye and the least fredpemsed form is sector
occlusion, which excludes only one part of the aidield.

Partial occlusion represents two penalty tactickl pharmacologic
penalization, usually application of atropine ehating accommodation and
dilating the pupil of the leading eye and (2) opgtenalization using an optical
addition of a convex lenses or an application &tidive filters. Partial occlusion
Is considered an appropriate alternative to thedstal (total) occluders.

In our double-blind study, we follow the degradateffects of diffusive
Bangerter’s filters. We carry out an objective nieasent of image degradation

parameters (PSF and MTF) and subjective changaspefceived picture (visual
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acuity and contrast sensitivity) to get mathematomparison of the two metrics.

Bangerter's filters arranged in series with a pregive degree of
diffusibility are usually identified by a number gessing the visual acuity for
which a filter reduces the quality of normal eysion. The degradation of the
image is achieved by varying density of microbublle the film forming filter.
With the increasing density of microbubbles mantufeer expects a gradual
deterioration of the image on the retina.

The study is carried out with diffuse filters TrtedeVerbandstoffwerk
GmbH, D (0.8, 0.6, 0.4, 0.3, 0.2, 0.1) and Ryse&tikOpG, CH (0.8, 0.6, 0.4, 0.3,
0.2, 0.1) as well as with spherical convex lense®.75 +1.0, +1.25, +1.5, +1.75,
+2.0 D) and the multilayer foils with additive difion effect (2, 3, 4, 5, 6, 8
layers) as two reference sets.

The objective characteristics of the filters anel tbnvex lenses were tested
through the PSF (Point Spread Function). Measurenveere made on the optical
bench, consisting of a He-Ne laser (632.8 nm)stiaial filter, the collimator, the
aperture 3.5 mm (simulating normal pupil diametader photopic conditions)
and the digital camera for recording of degradeages. With the calculation of
the Fourier transform samples of the PSF for editeln Was calculated

modulation transfer function (MTF) and then desesithe shape of the MTF
curves of the individual samples.

Subjective measurements are performed on an dgtipabsbiopized
dominant eyes of 60 young, healthy adults. The egmination is carried out
before the measurement. The best corrected visualya(ETDRS — standard
optotype, VectorVision, USA) and contrast sendyi\standard chart for 1.5, 3,
6, 12, 18, CPD, VectorVision, USA) ase measuredeurghotopic conditions
recommended by the FDA for multicenter clinical ds&s (i.e. continuous
feedback stabilization of luminance 85 cd/m2).

Preliminary results of measurements of the pilatdgtcorrespond to the
expectations. Good agreement between objective ;argective parameters
confirms the optimal settings of the two method@sgA series of filters Ryser
Optik AG devoids harmonic progression of diffusipl®perties in subjective tests
as well as in objective measurements. The filtbeled 0.6, was deviating the
most. This one is more diffusible than 0.4 and Bu3.0bjective measurement of
MTF of filter 0.6 shows even the highest anomalede results are in good
agreement with the work of Pérez, Archer and AgalL0), in which the film 0.6,
0.4 and 0.3 scatter the light in a similar extemty the film labeled 0.8 caused
less dispersion and less image degradation thamopeethree filters.

For filters Trusetal Verbandstoffwerk GmbH in théogctive
measurement the filter labeled 0.6 shows the loleest of degradation and the
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filter 0.8 is the second lowest. The inversion iffiudible properties declared by
the manufacturer occurs also for filters labeledddhd 0.2 in low spatial
frequencies. But these dyscongruences were notfouobjective measurements
and objective metrics of Bangerter’s filters matah optimal progression in both
reference series (convex lenses and multilayes)foil

The results of our pilot study can be summarizedoasistent. They give us
satisfactory prerequisite to obtain reproducibkutes after completion of the
study. The aim will be to implement the mathemaiaeelysis of the relationship
of subjective and objective metrics diffusion prdjes Bangerter’s filters and to
find representative desctriptor applicable in datipractice for the safe dosage of
partial occlusion in pleoptic exercises.
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What are rgp lenses?

At the very beginning of lenses the first lens matevas PMMA, these lenses
had a very hard material that came to market 5V ITkhe material itself was very
uncomfortable, hard, very hard to carry and amtlaocted no oxygen. Until the
beginning of the seventies it was the only onehenmharket. About that time new
materials started coming and they were much saftdrconsisted of a hydrogel.
The materials in themselves were a lot more coabbe, easier to carry and
better for oxygen permeability and slightly begmdominate the market.
Although the arrival of these materials meant bettel more comfortable lens
wearing doctors have completely ignored the hamndde and stopped fitting. The
problem with the new material was that they werngsoay the problems in the
cornea, but also an optical system was by no masgeod as the material of
hard lenses. At the end of 70' better rgp lensasest coming, with better
materials and better oxygen permeability. The neterin themselves were hard
but not uncomfortable and painful to wear as PMMAey were also much

simpler to fit due to advanced design.
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Picture 10. Rgp lens

When talking about RGP lenses we must keep in tiatithey are not the same
as soft contact lenses. RGP lenses have a smaléthg which is approximately
9.0 millimeters. Also, we need to know that the R&fses must be moving at
least a little bit when they are in the eyes beeaasygen could circulate through
tears to the cornea and this movement is about#k@neters. Since RGP lenses
are made of hard materials it takes some timeust ajn them. After fitting the
patient usually feels uncomfortable because theweyelids presses the lens, this
discomfort leads to frequent watery eyes blinkt fiesv minutes after curve fitting
and therefore patients are advised to keep yout steaight and gaze toward the
knees. Before fitting the need to review to detesmwhether the patient can wear
RGP lenses and whether he is able to adjustingreamctenance. Before fitting

the RGP lens is necessary to make a slit-lamp R&wiethe patient and make
Keratometry in order to know which type of lenswvature and be patient. RGP
lenses are easier to maintain, and the preserzactdria on them is much smaller
than soft lenses. While getting used to the RGBdgishould be noted that the
patient need to every day extend the period of wgdenses, of course it does
not mean you should suffer if there is a strongahsfort during the first few days
of wear. In these cases it is recommended to viiean tvhen you do not feel the
discomfort. Customize lasts until the patient igat@le of wearing lenses the
whole day. With RGP lenses is not recommendedetepsbecause they can move
through the cornea and cause erosion, also oduatrghie lens moves from the

cornea to the sclera, and also causes erosion.
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Rgp lens wear and examination
There are several factors for which patients shaoldvear contact lenses, and
we will be describing it in details and make acfieation. How do we know that
the patient is able to wear contact lenses? Hirall e need ophthalmological
documentation, if a patient had a history of ambpgms with the eye or cornea,
before any trial fitting it is necessary to eliraia any ocular pathology. Patients
must also be informed of all factors of wearingteahlenses to help themselves
have decided whether to wear them or not. The mgsdrtant item is the eye
health. It is necessary to eliminate any erosioayerabnormalities in epithelium.
Any previous bacterial infection may increase sk of microbial keratitis and
patients with a history of this disease aren't neo@nded to wear rgp lenses. The
most common condition when wearing RGP lensegliy @ye, dry eye is
unfortunately nowadays often represented states giiienomenon makes it
difficult to carry and causes erosion to the eye tusmall tear and the tear film
fails to connect with the lens which leads to cairseraping the edges of the lens.
Patients who have minor symptoms of dry eye islisatributed RGP lenses
but not on all day wear. When we talk about theegaimhealth of future carrier
RGP lenses we need to assess its propensity tgiaeand chronic infections.
Allergies can be associated with poor tear film #redtendency of development
of inflammatory reactions in solution or in the dejts on the lenses, in patients
with frequent allergies are attributed to dailytdehses. In chronic infections can
happen that patients have excess mucus in te#lie aame means susceptibility
to infections. Also, people with hypertension arene to dry eye due to diuretics
that treat their condition, people with thyroid fiysction are also prone to
developing dry eye. Every hormonal changes whetiegr are associated with
pregnancy, lactation or menopause may lead tordagion of corneal edema and
accumulation of mucus. Oral contraceptives can lelsd to similar effects,
although recent research proves that the correlatith contraception today is
very low because the latest pills contain a lowasedof hormones than their
predecessors.
Psychological factors
The psychological attitude towards wearing and ma@&img lens has a major
impact on quality and customer satisfaction camrthie future. There are patients

who can quickly adapt to the lenses, and for theey tire not a problem during
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several days of wearing and cleaning after rem&al.also have patients who
are very difficult to get used to wearing lenses] they look at a RGP lenses with
fear of pain and injury. It is important to emplzasihat the adaption is possible.
The latest research shows that people who had edangny types of glasses are
prone to adapting very quickly and had no problentls further maintenance and
regular check-ups with your optometrist.

Use of positiveterms when presenting GP lenses to patients is advise@GRy
experts. Negative terms such as “pain” should b@ded. For the optometrist
who uses negative terms, he or she has alreadienplat some degree of pain is
usually associated with the use of GP contact Ibfest patients will accept a
slight sensation associated with the applicatioma &P lens. Put the patient in a
relaxing mood and advise not to force blink and tootlose the eyelids tightly.
Words such as “having a tickling sensation” sholkd avoided because being
tickled is generally not considered enjoyable. Wagds “a slight irritation,” the
antonym of which is calmness, should also be awbid®ositive terms are

preferred to encourage the patient

Slit-lamp and keratometry examination

A biomicroscope, or slit lamp features a detaittdreoscopic, noninvasive view
of the anterior segment. The transparent oculsueis allow the use of several
different types of illumination. Types of illuminah vary with the positioning,
size, shape, focus, and filtration of the beam.t®tgsof the biomicroscope is
essential for the competent contact lens pracégtioffter the opening of dialogue
with the patient about RGP lenses begin check-ugt We check whether an eye
has any anomalies or scratches

We look at the second form eyelid to make surettiepatient's best selection
are RGP lenses. Shape of the eyelid should beteatkthe upper eyelid covers
the cornea and a lover eyelid needs to be at te efithe cornea.

We look at the blinking, and blinking for us itilmportant to see detritus because
the movements of detritus conclude what the pasiegar film is.

We analyze tears at which we see the tear menisatesof flow, content detritus
and interference colors.

We are looking at the conjuntive to see if therarig damage
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We see the corneal profile of a patient and basetthat, we conclude which lens
we put in. The most common profile is the curramgent and we have the
distinctive convex, strikingly tangential, one-cadvprofile and concave.
Checking the transparency of the cornea

The keratometes the most commonly used instrument for cornealature
measurements. It not only measures radius of aun&abut it can also verify

base curves of rigid lenses and detect corneairdis.

Lens fitting
Important factor®f an optimal gas-permeable lensiiitludes the lens—cornea
alignment, good lens centration, and patient coinf@ans comfort is determined
principally by the interaction of the lens with tbgelids. Assessment of the lens
interaction with the eyelids at the time of fittiagll assist the optometrist in
advising the patient regarding the prospects fuaessful fitting and good lens
comfort.
Gas-permeable lens centratisriargely determined by patient factors. Although
the optimal lens centration is affected by the leask optic zone radius in
relation to the keratometric readings, the lendreéinn is also influenced by a

number of other important patient factors:

1. Upper and lower lid positions(stabilizes lens, reduces sensation).

2. Tighter lid tension (gauge by difficulty of eversion). An example

is the Asian eye.

If either the upper or lower lid hits the lens edigeing a blink, lens comfort will
be reduced. This is of particulary important during initial adaptation period of
1 to 2 weeks. Try to have the lid either approxghal mm from the lens edge, or
have the lid overlap the lens edge by a similaiadise. Good comfors affected

by the lens-to-lid relationships. Upper titht overlaps the lens and does not hit
the edge with each blink is usually comfortable.aea of clearanca a gap
between the lower lid and lens edge also is a gagpdto look for with a

comfortable lens. Poor comfasgtalso affected by the lens-to-lid
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relationships.Upper lithat does not overlap the lens and hits the edtfeegich
blink is usually not comfortable.

Lower lid and lens edgbumping up against each other as the lens drops can
indicate an uncomfortable lens. Good comfort casevs a first-time wearer who
experienced good comfort soon after the delivesit.viinform the patient that the
majority of patients will experience a slight awaesswhen the GP contact lens
is placed on the cornea. This new sensation vaBigdate a little each day as the
body adapts to the new situation. Before the fitidlhe GP contact lens should be
thoroughly cleanedith a good GP contact lens cleaner and visualipected for
unwanted foreign particles and debris. The clegdontact lens should be
conditioned before placing it on the eye, whesgilitbe examined for hazing, dry
patches, and areas of poor wetting ability. If d#soare present, the

patient may be predisposed to future problems. @wact lens care procedures
may necessitate customization at a later time. Retting ability of the GP
contactiens is often associated with deposits from badrifey or secretions from
the patient’s own system. This poor wetting abilitsty be a warning sign of a
possible dry eyd?rocedures performed during every GP contact lemgress
report includes, but is not limited to, comfarith the contact lenses, the wearing
schedule, visual acuity, overrefracti@rsually with loose ophthalmic lenses),
fluorescein pattern analysis, keratometry or topphy, spectacle refraction,
biomicroscopy (with and without the contact lensagd GP contact lens
inspection. Other helpful tests are retinoscopy @retkeratometry (also called
front surface keratometry).

Success with trial fitting can be assured when faators are taken into account:
spectacle astigmatism, contact lens itching, coméas awareness (comfort), and
spherical refractive error. According to one stuaigh success rates are obtained
with low astigmatism, no itching, good comfort, doa spherical error. For high
astigmats, those with more than 0.75 D, the presehitching is possible. When
there is no itching, the success rate is 90%. Where is high astigmatism with
itching, the success rate is 62%. When we are gakia lens out of an eye there
are a few ways to do it, note that whetever way @udoing it you should inform

a patient about it.
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Inserting the lens into the eye is easy if you kimw and in what way, and if
you have done it before, but the past practiceqsired. When placing lenses
ask the patient to look straight ahead and stasmieédrim. If you first put the lens
in the left eye stand with his left. Positioninguyaight hand so that his head with
your elbow reserve at the back that would not alisvhead to move. Put a lens
to the index finger of your left hand. Ask the patito look down and put the
middle finger of your right hand raise the uppeglel then ask the patient to look
up and put the middle finger of his left hand catuh lower eyelid, the patient
should stare straight at an object and then weéhgutens on the cornea. It is
important to emphasize that RGP lenses are goispgdaoifically and only to the
cornea which means that there are no movemente iayie because of the
potential erosion. The patient will feel some diséort and it instructed to hold
his head straight and look pointed to his kneepeRethis procedure with the
other eye.

When it comes to taking a lens out of an eye, rpesple have problems in the

beginning so we show them two tehniques.

1. The "pinch" technique involves controlling the uppad lower lids by
placing a finger or thumb on the lid margin of e&thrting with the lids
parted somewhat wider than

the total diameter of the lens, gently bring thegether so that the lid margins
burrow under the periphery of the lens, than pogpin@ lens out. If the lids are
controlled and positioned correctly, almost no éoicrequired to break the
surface tension holding the lens in.The lens shmelihse from the cornea with a
gentle "pop" to be collected. If you want to shadify with practice it is often
possible to get the lens to settle on a fingeherthumb of the hand controlling
the lower lid,which can then be shown to the patwth a bit of a flourish. A
cheap andflashy trick undoubtedly, but also a destnation of skill whichcan
reassure a patient who is nervous that removal tbigldifficult. The pinch
technigue is probably the most commonly used teglanthese days, but it doesn't
work on everyone. Some patients respond to touabfitigeir lid margins by

going into blepharospasm.
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Picture 11. The "pinch" tehnique

2. The "pull and blink" method used to be the firsbick in the days of

PMMA lense. However, it still works well on manynkes, often in those
patients who respond badly to the pinch technigbe. method is as
follows. The patient fixates an object chosen s the cornea, and the
lens, is positioned between the lids at the polmene the parpalpebral
distance is at a maximum. The patient is thentimlgpen their eyes as
wide as they can. The lids are tensioned by pulinifpe outer canthus
until the surface tension of the tear film is bnok&his can be done with a
finger, but is sually more easily donewith the pitaomer's thumb, which
has a greater contact area. Ifthe eyes are pasitioorrectly and the lids
tensioned evenly,little force may be required. Hegrgesometimes the
tensioning of the lids is insufficient to break the&face tension, and this
must be achieved by asking the patient to blink[€he may be ejected
from the eye rather quickly in these circumstansedye prepared to catch
it, unless you would like to spend the next 5 masutn the consulting
room floor looking for the lens. If the blink istheer violent, the patient

may hurt the eyelid too.
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Picture 12. the "pull and blink" method
If all else fails,you can always use a suction bBol@hese handy devices were

once found everywhere that contact lenses wegglfith the days when PMMA
and early RGP lenses dominated the market. They se&ave all but
disappeared, but if a lens sticks hard on the @cles they occasionally do — a
suction holder is the tool of choice. It is therefa good idea to have a supply in

the consulting room.

Picture 13. suction holder

Lens care
When a patient starts wearing lenses we shouldnmfom and show him how

to properly take care of his lenses. Rgp lensesasg to maintain and in the

following steps it will be shown how. In a lenge&it we have: Disinfecting,
storing and cleaning solution, daily cleaner amaatein remover tablets. It all
comes with a lens storage boxes. Every day belfieréens is put in to the eye

it needs to be cleaned and that is with no excsation
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Picture 14. lens care kit

First we open the lens boxes and put one lensrihand. Then we use a day
cleaner and start cleaning our lens with one fimgbbing it in to the palm of
our hand. When we are done with that, we use atgasolution to remove all
the extras from the day cleaner, because in aafas® removing it our eyes
could 'burn’ a little bit when we put a lens, thahen we are completly sure
that the lens is clean we put it on the cornearfeweek lens needs to be
cleaned with protein tablets. We put both lensesiox on its place, fill it
with a storing solution, put a protein tablet aave it over the night. In the

morning lenses must be washed again with a clgasalution.

Picture 15. Lens cleaning

Regular examination every six months
After we fit the lens and the patient learned htat proper care, arrange

inspection every six months. Examination is esaéttierefore to see whether
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there is on the eye appeared erosion, and gaappiearance of certain anomalies
due to lack of oxygen. We make a review of the eanm order to see if there is
any damage to it, we do it with a diffuser. We alsca fluorescent probe to see
how the lens stands on an eye. If we notice mi@tscyr vacuoles which means
that there are not enough oxygen, also if thereirsdo be blebs they point to a
lack of oxygen. On the lens we look at whether thpgeared such deposits or
bacteria.
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22. SOFT CONTACT LENSES AND TEAR FILM

Nikolina Puntari¢®, Kristina Mihié%, Sonja Drugovi
!student at University of Applied Sciences Velikaico

Zassistants at University of Applied Sciences VeBkaica

Introduction

The contact lens is the common name of all thef@idrision correction that is
used in direct contact with the front of the corn&éhere are several types of
contact lenses, such as RGP lenses GP lenses tintbstact lenses. In what

follows we will talk about soft contact lenses dadr film.

Soft contact lenses

A soft lens may be defined as a contact lens mahe & hydrophilic material and
with a diameter larger than the cornea (semi dcléesign). The hydrophilic
material provides pliability to the lens, allowirtggo conform to the shape of the
eye. Because soft lenses readily conform to thpesbathe eye, they tend to be
easy to fit and to be relatively comfortable. Thegddophilic material also
maintains lens movement, because the pores in teria allow tear flow
through the lens itself avoiding any suction ortie eye. The large diameter is
necessary to maintain adequate lens centratioheondrnea, and also assists with
lens comfort and retention in the eye. Soft lermeshe most popular contact lens

wear modality, accounting for some 88% of lens wesar
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Slika 1. Soft contact lens

Advantages and disadvantages

Soft contact lenses offer certain advantages asatidantages.

The best part of wearing soft contact lenses isediate comfort, adaptation time
Is short owing to minimal movement and materiaihaf lens. Other advantages of
soft contact lenses are that they are suitabléofgg and short wearing times and
variable wearing schedules, they cause minimatrakorneal distortion so
spectacle blur is rare. Furthermore, the largecaptne makes for minimal flare
and soft lenses are rarely dislodged thus makieghtgood choice for sporting

activities.

On the other side there are certain limitationshsag short life of a lens, since
they are fragile and subject to rapid accumulatibsurface deposits. In extended
wear, soft lenses may cause inflammatory compdéioatiOngoing lens care takes
a significant amount of time (lens cleaning andndextion are essential). They
may be inadequate for correcting low astigmatiswoh iams difficult to verify soft

lens parameters.
Types

Several soft lens modalities are available, inegigdhe following:
Conventional daily wear lensesre those that have a replacement interval of 6 to

12 months. A more traditional definition of conviemal wear is a lens that is
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worn until change is necessary due to deteriordéing performance, lens loss, or
lens damage. Planned or frequent replacement systese conventional daily
wear lenses with a prescribed replacement inter@mmon replacement
intervals are annual, semi-annual, and quarterlpnv€ntional care and
maintenance systems are used. The main advantageneéntional daily wear
lenses over other lens modalities is that theyarestom-fitted in a wide range of
spheric, toric, and multifocal designs in materiagidow, medium, or high water
content. The disadvantage is that they require taxngare systems that include

protein-remover tablets.

Hydrogel disposable lenseseduce the amount of lens maintenance required,
thereby reducing the cost and compliance burdeth@patient. A wide variety of
disposable lenses are available, such as two-weeikly diposable and daily
disposable. Two-week/monthly disposable hydrogetés became possible with
the introduction of molding technology, which brbtighe unit cost of lenses
down enough to permit disposing of lenses rathan fhrotein-cleaning them. For
daily disposable lenses there is no care systeniesasdstorage case is no longer

needed.

Silicone-hydrogel lenseswere introduced in 1999 intended primarily for
extended wear, they are also prescribed for dadgrnas a premium lens type.
The inclusion of silicone allows oxygen transmiggipovalues in excess of 100,
considered sufficient for overnight lens wear withe majority of patients.
Because silicone is hydrophobic, the silicone-hgdtomaterials are surface
modified by a plasma batch process in order torensuvivo wettability. A water
content of 20% to 40% gives sufficient water traissibility to ensure rapid
recovery from any lens adherence after overniglarwehe aqueous phase of the
tear film is able to penetrate the lenses, reptetii® post-lens tear film, and
thereby restore lens movement with blinks. Theeeaarecdotal reports that these
low-water content materials also reduce symptonyiess in some patients.
The second generation silicone-hydrogel disposigbiees introduced in 2004 are
being marketed for daily wear. These lenses halmvar silicone content and
correspondingly higher water content, in order éduce the need for surface

modification and to reduce manufacturing costs.ifTeygen transmissibility is
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still much higher than traditional hydrogel lensegthout the tendency to
dehydration associated with high water content nadse

Tear film

The tear film is critical to the normal functionirgj the eye. It has four main

functions: it provides the first refracting surfagiethe eye, it protects the eye by
flushing away cellular debris and foreign mattegives the cornea nutrition, and
it provides lubrication for the lids and for coriténses.

The average volume of the tear film is 6 t@l8 Under normal conditions, tear
film is secreted at a rate of approximately fl2per minute. Absorption occurs
through the mucous lining of the eye and the nasiotal duct at a rate of up to 2
pL of fluid per minute. Thus, under normal condiscall the tears are removed by
evaporation and absorption. Tear drainage is throtlge puncta into the
nasolacrimal duct. The tear pH of the open eyeld % 7.82, the average being
7.45. Contact lens wear may decrease the pH irtettwes under the lens. The
oxygen tension in the precorneal tear film is 140160 mm Hg, and this will
decrease with contact lens wear.

Tear composition includes electrolytes, proteins, sterols, andnvites. Other

components are glucose and various metabolites

iy
e in the

| Conjunctiva

Slika 2. Glands of the eye

Layers
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The tear film is historically considered to be dstisg of three layers: oily, or
lipid; aqueous; and mucoid, or mucous layers. Therall thickness of the tear

layer is 7 to 9 um.

The lipid layer is principally secreted by the meibomian gland egldased into
the tears by the mechanical action of the blink.pgDeduction in the meibomian
gland may be regulated by the parasympathetic myst@ée glands of Zeiss and
Moll also

produce oil. Tear lipids inhibit evaporation anéyent tear spillage onto the lids.
The evaporation rate of the tears increases 10Hfdihe oil layer is removed. The
lipid layer consists of cholesterol esters, leaittatty acids, free cholesterol, and
phospholipids. The lipid layer is normally approgi@ly 0.1um thick. Contact

lens wearers exhibit more meibomian gland dysfoncti

The aqueous layeris produced by the lacrimal gland and the glarnfdkrause
and Wolfring (accessory lacrimal glands). The aggethickness is from 6 to 8
um. Basal tears constitute normal lacrimation. Reflears, or stimulated tears,
are the result of excessive lacrimation producedhylacrimal gland. Basal and
reflex tear production can be measured with ther®en tests. Reflex tearing can
be triggered by a host of factors, including thesence of a foreign body under a
contact lens, a bad edge of a contact lens, aléms) corneal abrasion, or toxic

solution reactions.

The mucous layeris composed of a double layer. The inner layetedathe
glycocalyx is produced by the underlying epithetialls and is from 0.02 to 0.04
um thick. The outer layer is mucus produced by gob#ds, Manz glands, and
crypts of Henle and is 0.6 touIn thick. The mucus from the goblet cells attaches
to the underlying glycocalyx. There are approxiryale5 million goblet cells per
eye located mainly in the inferior, medial conjumat Contact lens wear increases
the number of goblet cells and, thus, increasesomsi@roduction. Mucins are
high-molecular-weight glycoproteins that have at@ro backbone with side
chains of carbohydrates. These molecules have hotpolar and nonpolar
component. The nonpolar end aligns with the hydobph epithelial cells; the

polar end attracts water. This allows the muciodat the epithelium and make it
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more hydrophilic. In addition to making the epitheburface hydrophilic, mucus
also traps and removes debris from the eye. Poeadimg of mucus results from
abnormalities such as improper blinking and lagbalmos. Inadequate mucus
may result from goblet cell loss, vitamin A defiety, and chemical burns.
Contact lenses remain on the cornea by means dfuttiace tension of the tear
film. The lens floats in the tear film. Thus, thasea tear layer anterior and
posterior to the lens. The tear film on the antesiaface of the lens pulls the lens
onto the corneal surface. The surface tension eftéar flm on the anterior

contact lens surface at ordinary temperature (83.05'46 dynes/cf

i
]

LIPID {oil) layer

From meibamian

glands
MILCIM layer
From surface
calls

AQUEDUS {water) layer
From tear glands

Slika 3. Layers of tear film

Post-lens and pre-lens layer

There aregwo tear film layers anterior to the cornea in contact lens wear. The
contact lens creates a tear film layer both intfifrthe lens and behind the lens,

known respectively as the pre-lens tear film aredpbst-lens tear film.

The pre-lens tear film is important to the patient for good lens comfand a
vision. The pre-lens tear film is the layer ovemtyithe contact lens, creating the
all-important anterior optical surface of the eyel groviding lubrication for the
upper eyelid during blinks. If the pre-lens tedmfis not stable and complete for
the duration of the interblink interval, then comifoand vision will be

compromised.

Thepost-lens tear filmis importance for corneal health. The post-lensfiéa is

the layer in contact with the cornea. It has imgatrtroles in preventing corneal
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infection (antibacterial components), foreign baahy debris removal, facilitating
epithelial exfoliation, maintaining corneal epitiaéhutrition, and hydration.

Both the pre-lens and post-lens tear film layars important for maintaining
hydration of a soft lens, and in providing the ighation that allows for lens

movement with blinks.

Pre-lens tear film

Contact lens

Post-lens tear film

~ ~

Cornea

Slika 4. Tear film pre-lens and post-lens

Examination of the tear film

Specular illumination with the slit lamp is the most useful method of etving
the tear film.  Specular illumination allows severaldifferent
observationReflective tear film surfaces, oninvasive breakup time and

interference patterns.

Slit-lamp direct illumination and optic section often show little of the tear film,
owing to the high transparency and extreme thinreésthe layer. Particulate
matter and debris in the tear film may be visibl@lirect illumination.

Tear meniscusassessment is another relatively noninvasive tkaralssessment

procedure.
Cotton thread testis a fast and comfortable test of tear film aquedeftciency.

Tearscopeis a very useful technique for assessing bothftiarstability and the
lipid layer.
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Meibomian gland evaluationis an important part of a tear film workup, since
meibomian gland dysfunction causes evaporative elyg, one of the most

common types of dry eye.

Fluorescein tear film breakup time (BUT) is the time for tear film breakup

assessed with fluorescein instilled into the tdar.f

Fluoresceinstaining is typically evaluated as one of the tasts in a tear film

assessment, to avoid the influence of the dye emdiminvasive tests.

Rose Bengalis considered the definitive test for a dry eye isutarely used in
contact lens practice. It is a toxic and somewtambfpl dye that demonstrates

ocular surface damage.

Tear film assessment

Pre-lens tear filmis easy to assess with the slit lamp.

Routine assessmentf the pre-lens tear film can be made at soft fétisgs and
aftercare visits, in the same way that soft lenstreaion and movement are

assessed routinely.

Benefits of assessment of pre-lens tear film wgtéire several:
1. In comparing lens performance at fittings, parteiyl if two brands of
lens are trialed with one to each eye.
2. In making management decisions at aftercare yisitsh as evaluating
the need for the patient to dispose of lenses aebted, particularly if

patient symptoms are present.

Slit-lamp signsof pre-lens tear film performance include:
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Pre-lens tear film stability is evident when an aqueous tear film can be
seen overlying the whole lens surface, with patitlovement following
blinks.

Instability of the pre-lens tear film is evident from incomplebverage of
the lens surface with tears, with the appearancgryfspots or irregular
reflections in the specular reflection of the &itap beam focused on the

lens surface.

Thinning of the pre-lens tear film is evident when coloreteiference

fringes appear in the specular reflection of tlittashp beam.

Depositson the soft lens surface appear as raised dotsipeobabove the
tear film surface that do not flow with the tedmfimovement following

blinks, but may move to a lesser degree if lensenwant occurs.

A mucin layer covers a contact lens when it is in the eye, vhth éffect
that the pre-lens wetting of the tear film in-ey@ qquite different to the

wetting of a contact lens in the laboratory sitoati

A lipid layer may or may not be present over the pre-lens tkar i will
tend to only be present when there is a full ageqme-lens tear film to
support it. A normal lipid layer will not be colatéut rather show gray

swirling oily patterns on the surface of an aquegangslens tear film.

Pre-lens tear film breakup timeis the easiest way to quantify the pre-
lens tear film stability. Breakup times less tharto510 seconds are a
potential concern, particularly if the patient alsgports symptoms of
dryness. A reduced pre-lens tear film breakup tinag be associated with

increased lens deposition and with increased symptuf dryness.

Contact lens materialsmay perform differently in some patients with

respect to the pre-lens tear film. Generally afitect lens materials tend to
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increase pre-lens tear film evaporation and redpielens tear film

stability.

Managementof poor pre-lens tear film stability may involvenkerefitting

into a lens of a different material. Other optianslude more frequent
disposal of lenses to reduce the effect of demositihe use of lubricant
drops during wear, meibomian gland evaluation aossiple treatment,
soaking of the lenses in solution during a break&ar in the middle of

the day, and restricting wearing time.

Post-lens tear filmis also readily observed with the slit lamp, andated just

posterior to the brighter pre-lens tear film refiec.

Significanceof the post-lens tear film is that it is the keyurederstanding
many aspects of soft lens fitting and a numberatémptial complications
of lens wear, particularly those related to extehdear. Unlike the pre-
lens tear film, the post-lens tear film does nqgiesy to strongly influence

comfort and vision in everyday soft lens wear.

Variability is a hallmark of the post-lens tear film. In norndally wear
the post-lens tear film should be aqueous with geadflow. An aqueous-
deficient post-lens tear film affects lens fittingd may predispose the eye

to a variety of complications particularly in extex wear.

Assessment of the post-lens tear film is via slit-lamp specula
illumination. It requires more magnification (e.gQx or higher), a wider
angle of illumination (>40 degrees) and a finet-lsimp beam (0.1 mm)

than for the assessment of the pre-lens tear film.

Grading of the post-lens tear film appearance is accortbrihe presence
or absence of monochromatic or colored patterns.
1. Amorphouspost-lens tear film has a uniform brightness and

is gray in color. There are no patterns evidetihoaigh particles
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in the post-lens tear film may be seen moving freel

with blinks as the lens moves. An amorphous past-tear film

is a full aqueous tear layer and is the most deleirstate for this
layer.

2. Striate post-lens tear film is monochromatic in appearamitie
gray lines or mottled patterns evident. No movenoémiarticles in
the post-lens tear film is seen. A striate postlgar film is a
thinned or depleted tear layer.

3. Colored post-lens tear film shows bright or faintly colored
interference

fringes. Colored patterns may include orange, yeligreen,

and purple. No movement of particles in the posslear film is

seen. A colored post-lens tear film is also a tadhar depleted

tear layer.
Appearance Postlens particle
movement
Amorphous Uniform: noncolored/grey Particles move freely
Striate Grey lines or motted patterns No movement seen
Colored Bright patterns: orange, yellow, | No movement seen
green, purple

Slika 5. Grading of post-lens tear film

Eye closure with soft lens wear affects the possléear film, causing
apparent aqueous depletion as evidenced by theaggmme of colored or
striate patterns. Post-lens tear film thicknesspegcific time point could
frequently be less than dm. The mechanism of lens adherence in eye
closure may simply be the pressure of the eyelicgerothe lens
mechanically squeezing the post-lens tear film foan under the lens.

Lens thickness may influence the post-lens team, fiis well as corneal
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staining.The ultrathin lenses tended to show gretkydration of the lens

material and to cause more corneal staining.

Tear exchangemay be considered in several ways:
1. The traditional model is that post-lens tear exchange occurs
only at the edges of a soft lens, as it does foater impermeable
lens such as a rigid lens such as an RGP lensdreept of post-
lens tear exchange at the lens edges is a usedulvith regard to
elimination of debris from the post-lens tear filparticularly in
relation to extended wear.
2. Anterior-posterior tear exchangeis a relatively new concept
that
accounts for the delicate and variable nature efgbst-lens tear
film in soft lens wearThe theory is that tear film can move in
differentways affecting soft lens fitting, although partatd matter
in the tear film such as debris can only be elingddaterally under
the edges of the soft lens.
3. The X-Y-Z theory of post-lens tear exchangsummarizes the
many factors that can affect the post-lens tean ind influence
lens fitting. It encompasses the notion that thst4ens tear film
can move in any direction, through the cornea @r sbft lens

material, as well as laterally out under the lethges.
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23. MODERNIi TRENDY NITROOENICH COCEK

Bc. Saia Skrabalova
Katedra optometrie a ortoptiky, Lékarska fakulta Masarykovy univerzity

Vedouci prace: Lucie Machikova
Pracovist: Katedra optiky, Hrodowdecka fakulta Univerzity Palackého
v Olomouci

1.0becny Uvod a materialy

V dnesni dob, kdy jsou laserové operace obrovskym hiten¥ kstzdéha:lovéka

s refrakni vadou prvni napadne tentouspb reSeni, ale ne kazdy je vhodnym
kandidatem. Bvodem nevhodnosti pacienta jgedevSim tenka rohovka piilis
vysokd refrakni vada. Tito klienti jsou pr&vnejlepSimi kandidaty refrgkich
nelaserovych operaci. Timto igobem lzefeSit vSechny typy ametropiicetns
presbyopie. Preferuje se alieegevsim korekce vyssSich refealich vad.

Nitroo¢ni refrakéni operaci je mySlen zakrok, kdy diky odstmr@incocky, jejim
nahrazeninti vioZzenim druh&ocky k ¢o¢ce stavajici, znime refrakci neboli
pocet dioptrii optického systému tak, aby bylo co Hegp idealnimu

fyziologickému stavwgili emetropii.

Nitroo¢ni ¢o¢ka by nEla sphovat rékolik technickych parameirk tomu, aby
byla vhodnéa pro vyuZiti v refraki chirurgii. Cocka by n&la mit ugitou optickou
mohutnosiv rozmezi od -10 do +35), &ité zakiiveni povrchudesign a rozmry
optické a haptick&asti. Od vyrobce musi byt uvedena u kaZa€ky tzv.
konstanta Aktera se dosazuje do vyjminich vzoré pro optickou mohutnost.
Diive byval tvar¢ocky jen pravidelny bikonvexni, ktery néglad u metody RLE
zaji¥uje dostatené ilnuti k zadnimu pouzdru. V soasnosti se objevu;ji i

implantaty plankonkavni a plankonvexni.
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Lens cristallina je nepropustna pro UVresdi, ¢imZ chréni sitnici. Proto i uté
¢ocka musi toto kritérium spbvat. Téngi polovina pacierit méla problém
s implantovanowockou bez UV filtru, kdy bylo fitomno trvalé #izove vidni,
piedevsim @ Upliku ¢i pii slung&ném p@asi v zing.

DuleZzitym faktorem je také biokompabilita, kde seddea obrovské naroky na

snasenlivost materialu.

8.1 Haptick&ast I0L
U prvnich Ridleyho nitroénich ¢oc¢ek nebylo z dvodu velikosti pateba ogrné

¢asti. Po opakovanych komplikacich musel Ridley Ziterelikost optické&asti,
¢imz dal vzniknout tzv. ,haptikdin Jejich zakladni vlastnosti jerqaevsim
dostaténa flexibilnost.

Haptickacast slouzi k uchyceni IOL v oku a k udrzovani gfibilni polohy wci
optické ose. Podle mista fixace IOL maji¢op vldkna tizny tvarCocky
fixované na duhovku maji baltickatast ve tvaru klepitekiocky fixované do
komorového Uhlu maji haptiky tvaru otewmé kltky. U zadrgkomorovych

implantati existuji izné variace tvdir

8.2 Optick&atast IOL

Optickacast nahrazuje funkcigpodniho optického média. Jeji velkou nevyhodou

je ale omezena velikost. U haptik byla velikogzrma podle parameiroka
pacienta. Optickowast Ize vytvéit nejmensi o pmeéru 4,5 mm, pedevSim

z divodu moznéeho vzniku dysfotopsie.

Jeji velmi dilezitou vlastnosti je v dnesni dobheji schopnost svinuti se a
nasledného rozlozeni diky tvaroveé mainjpouze uwocek z nékkych materiat).

U metody RLE se vyuZivaji dva typy okiiapptické ¢asti. Cocky s ostrym
okrajem vykazuji pokles ffpadi katarakty zadniho pouzdra, také zamezuji
migraci epitelialnich bu¥k do prostoru mezi zadni pouzdro a implantat. Téypo
okraje ale finasi i nevyhodu v podeébnezadoucich stelnych fenomed, coz u
oblého okraje nenastava. Jistym kompromisem jeoighi tzv. optiEdge, coz je
okraj sloZeny ze it casti. Obly pedni okraj sniZuje os#mi, Sikmé cast
minimalizuje odraz sdtla uvnitt ¢o¢ky a ostry zadni okraj sniZzuje moznost vzniku

Sedého zakalu.

381



Optickacést spolu s haptikamii@e byt tvdena z jednoho druhu materialu, jde o
tzv. ¢ocky jednokusové. Pokud se pouzije matdrigic, jedna se @ocky tzv.
vicekusové. V praxi ale kombinacéznych plasi miZze zgisobovat problemy

piedevsim z @vodu jejich rozdilnych vlastnosti.

8.3 Material
Material pro vyrobu nitroénich implantai Ize hodnotit z mnoha hledisek.
V zasad se pouzivaji dva typy materialakrylat a silikon. Oba dva polymery

jsou velmi trvanlivé, biokompatibilni a nekancerngée

8.3.1 Akrylatové polymery

Pati mezi nejstarSi materialy pouzivané pro vyrobuoniinich cocek. Déli se
podle fechodové teploty na ¢kké a tvrdé. Rechodovou teplotou (tzv. glass
transition temperature Tg) je mySlena teploté, kperé gejde material z tvrdé
formy na n¢kkou.

V historii byl nejvice oblibenym tvrdym polymeremolpmethylmetakrylat
(PMMA), v |ékastvi se pouziva jiz 70 let a j&é3t roce 1997 byl nejoblib&fsim
materialem pro vyrobu IOL. V s¢asnosti se pouziva asi v 10-20%padi.

PMMA ma vybornou snasSenlivost, je lehky a trvanliale neni zcela inertni.
Tento problém byvéeSen modifikaci povrchéocky heparinem, ktery Zfsobuje
mensi adhezi celularnich partikuli.

Diky trendu zmenSovani vstupnidtezi v dneSni dob ustupuje do pozadi
(implantace probiha incizi ne mensi nez 5mm). Implee tvrdé I0OL pedchazi
rozSieni vstupni incize ze 3-4mm na 6-7mm podiangru implantovan&€ocky.
Po zakroku nasleduje Siti opéna rany, coz mize postoperaé vyvolat ve tSi
mife zartlivé reakce. Nicméh haptické ¢asti jsou i v dnedni débhojne

pouzivané, vysoce futiki a spolehlivé.

M¢ekkeé akrylatoveé polymery jsoufipbézné teplat dolre slozitelné a diky tvarove
pantti se rozlozi v oku za zhruba 3-5 sekutity pomaleji, tim |épe, protoZe se
|épe kontroluje spravné usazeni implantatu. Tytéddeatelné ¢oc¢ky jsou
aplikovany do oka pomoci injektoru. Neni fmiia nijak roz$ovat incizi, coz
umoZiuje na za¥r ranu pouze hydratovat a nutnost Siti odpada. idedn

z vynalezé tohoto typu materialu byl i Otto Wichterle, ale daaxe peSel tento
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typ materidlu az v 70. letech sp&ah s rozvojem fakoemulzifikace. U dkkych
IOL je nutno ocenit vybornou biokompatibility, btailitu a Setrnost k endotelu
rohovky a k duhovce.

Z pohledu vztahu #kkych cocek kvod je lze rozdlit na hydrofobni a
hydrofilni.

Hydrofobni akrylatov&ocky obsahuji mé&hnez 1% vody, coZz umaéaje jejich
uchovavani v suchu, ale zarave zpisobuje jejich neohiejnou kehkost. Od
roku 1998 je to nejoblib&jsi material pro implantaci, diky biokompatibilita
minimalizaci vyskytu sekundérni katarakty. Krénkiehkosti je manipulace
ztizena také lepkavosti materialu. Pacienti si pkraku gedevSim u tohoto
materialu stZuji na tzv. tpyteni, které je zfppsobené tvorbou mikrovakuol

v materialu¢ocky uloZzené ve vodném prdsti.

Hydrofilni material je nutno uchovavat v roztokupize obsahuje az 38% vody.
V minulosti byly velmi oblibené tzv. Memory lensyrabéné pra¥ z tohoto
materialu. Uchovavaly se v nddobach §°C, po implantaci se diky zvySené
okolni teplo¢ pomalu, plynula a Seténrozvinuly. Velmi dole mohla byt
kontrolovana poloha now#icky. V roce 2000 byla vyrob&cthto ¢cocek zastavena
diky zvySenému mnoZstvi usazenin na opticksti, které zhorSovaly finlednost

materialu.

NejmodergjSim materialem je v dnesni dobollamer, snis silikonu a kolagenu.
Nazev vznikl spojenim slov kopolymer a kolagen. yDitomnosti kolagenu
dochazi k odpuzovani proteinovych molekulcodky, protoZze vznika vazba mezi
povrchemcocky a fibronektinem (plnavy glykoprotein). Proto ma tento typ
¢ocky nulovy vyskyt depozit a fibroz.

Podle vyzkumu pouziti tohoto materialu vykazuje Siegkontrastni citlivost
(nevznikaji mikrovakuoly) a malowetnost vyskytu sekundarni katarakty.

Vstupnitez byva jen okolo 3mm diky vyjinie¢ tzkému profiluicocky.

Specialnim typem akrylatového polymeru jsou tzyaedibilni nitro@ni ¢ocky
zvané Acqua. Implantace probibézem o velikosti 3,2mm. Po 2 minutach od

implantace |ze zakrok dokoih a pacient mize vstat a odejit. Po 8-12h dochazi
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k hydrataci optick&asti ¢o¢ky uvniti pouzdra, pot&ocka zwtSi swij objem a
fin&lni praimér optickéc¢asti vzroste na 5,2mm.

Ve fazi testovani jsou také expandabilni materi@gsgujici pouze na &itou
vinovou délku, coz by umoznilofipadnou poopetai dokorekci (nutnost pouziti

UV zéeni).

8.3.2 Silikon

Silikonové eleastomery byly vyvinuty jiz roku 197Bento material byl pouZit pro
implantaci 1. mikké nitro@ni ¢o¢ky roku 1984 doktorem Mazzoco. Tento
polymer narozdil od PMMA nevykazuje Zadnou adheiii \okoli, naopak je
typicky svou vybornou biostabilitou, pruznosti aobbsti i¢ci mechanickému
poskozeni.

V praxi existuji d¢ generace silikonovyctocek. Optickacastéocky 1. generace
byla pongrn¢ velka a k implantaci byl ptgba ilis velky fez. V dnesni dabse
pouzivaji silikonové implantaty 2. generacgedevsim kili ztencenému profilu,
zvySenému indexu lomu a nutnosti vyioi vstupnihdezu o velikosti pouhych
3,2mm.

Implantace I0L z tohoto materialu neni dogawano po vitrektomii s nadslednym
vyplnénim sklivcového prostoru silikonovym olejem iavddu mozné kondenzace
oleje na povrchutocky. Nevyhodou je také zhorSena manipulace tbghru

operace diky kluzkému povrchu.

Na zavr této kapitoly je nutno dodat, Zze materialy proobu IOL zaZivaji stejh
jako cela refraéni chirurgie obrovsky progres. Téimkazdy rok pinese nové
objevy. Ve fazi laboratornich pokiugsou napiklad ¢o¢ky z polymerovych gél,

které Zejmé znamenaji budoucnost pro implantologii. Tentogebo implantaci

sam zpevni nebo je polymerizovan.

2. Moderni trendy
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Jak uz bylo vySe zméno, grichazi refrakni chirurgie dnes a de#irs novymi
inovacemi. ProtoZze jsou mnohé techniky a matertafyrve v rozpuku, jejich
vyuziti je pongrné¢ financné nara@né a jen budoucnost ukaze padiemt
efektivnost této investice. (Akomodtd cocka Tetraflex vyjde 1200@kza jedno
oko, cena nitroéni ¢o¢ky WIOL se pohybuje okolo 15000la jedna multifokalni
térickacocka vyjde pacienta dokonce spété se vstupnim vySggnim 29500K).

9.1 Chirurgick&eSeni presbyopie

ReSeni vetchozrakosti pomoci implantace néeéky je pro pacienty velice
lakavou variantou, protozéadt z nich dlal problém Uzky opticky tunel u
brylovychéocek a obtizna manipulace&sckami kontaktnimi.

Metody jako monovision (fokusace jednoho oka n&wal jednoho do blizka)
PRELEX ( implantace specialni multifokalni IOL mdbu RLE) nejsou pro
zé&kazniky niim novym, i kdyZ v posledni deébmultifokélni ¢ocky zaznamenaly

progres.

Multifokalni nitrooeni ¢ocky (MIOL) zajist'ujici tzv. pseudoakomodaci (staticky
stav napodobujici naturalni akomodaci) jsou Waenosticasto skldovanym
vyrazem v oftalmologii, i kdyz princip jejich funkge znam jiZadu let.

Po dopadu paprék na multifokalni ¢cocku dochazi k jejich lomu, ohybui
kombinaci. Cast paprsk dopadne na retinu a vyttioostry obraz pro danou
vzdalenost. Ostatni paprsky maji ohnisko mimo @it v rdmci nezbytné
neuroadaptace s€iumozek tyto rozmazané obrazy nevnimat. [1]

Pokud dochazi n&occe klomu paprak podle Smellova zakona, jedna se o
refrakeni multifokalni implantat. Optick&ast ma gkolik soustednych oblasti o
vlastni dioptrické hodneét kterd umoiiuje vidkni na konkrétni vzdalenost.
Koncept refrakni ¢ocky byva zaloZzen na 2-5 optickych zénackedhody mezi
nimi jsou tvdeny sférickymi plochami, které umidi vidéni do stednich
vzdalenosti.

Difrakeni ¢ocky jsou zaloZeny na principu ohybwetla. S\wétlo se Sfi ze zdroje ve
formé vinoploch. Povrch fedni stranyc¢ocky je tvarovan do ,schodkK
umisgnych v koncentrickych prstencich, na jejichz vrehaochazi k difrakci
swtla. Vznikaji nové vinoplochy, jejich skladanim rediné se vytvdi jeden ostry

obraz pro pedméty v dalce a jeden pra@dmety blizké.
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Kontraindikaci &chto typi IOL je astigmatismus nad 2D a klidova zornice uZzsi
nez 3mm. Kazdy pacient byé&ntaké pd@itat s jistym diskomfortem v podséb

optickych fenoméin za mezopickych podminek.

Novodobou nejmodeisi alternativou multifokalnich ¢ocek jsou cocky
akomodani, které se snazi kompenzovat poklés deficit akomodace
prostednictvim tzv. pseudofakické akomodace&i Bbmto dynamickém i
dochazi k spolupracifasnatého ¢&iska, c¢ockového pouzdra, sklivce a
implantovan&ocky. Vysledkem je zréna refrakniho stavu pseudofakického oka
diky ventrodorsalnimu pohybtocky. Uvadi se, Ze posu¥oéky o 1mm vped
dodava optickému systému 1,6-1,9 D. Krozva@chto IOL @ispél nejvice
Cumming a jeho kolektiv, kié zaznamenali riekaré dobry vizus pacient
s implantovanymi tzv. plovoucimiockami (plate haptic 10L) § pohledu do
blizka, coz ale bylo podmino zachovanim furkosti @nich struktur
vyuZivanych p akomodaci.

V sowasnosti existuje dkolik typa akomodativnichcocek, které vyuZivaji
raznych princifi vedoucich ke zgmé optické mohutnosti systémii fxontrakcich
zawsného aparatu. Tyto implantatyademe rozdlit na ¢ocky s jednou optikou,
se d¥ma optikami aocky se schopnosti &nit své zakiveni.

Zakladni mysSlenkowocek s jednou optiko(SIOL) je posun a sekund#&rmaké
deformace optick&asti, coz je umozmo obrovskou flexibilitou spoje @émé
Casti a optiky. A pra¥ haptiky gichycené v rozich pouzdra zpriesikovavaji
zmenu pasobeni sily i praci konané ciliarnim svalstvem. Schéma principu
akomodani cocky je zachyceno na obrazkuma remz Ize porovnat stadocky pri
relaxaci, kdy dochazi pouze k dpozezadu sklivcem afip pseudofakické

akomodaci, kdy jéocka deformovanaisobenim takéasnatéhoélesa a dochazi

7
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ke zmené zakiveni obou plocttocky.
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Obr. Porovnani stavu pseudofakic&oéky pri relaxaci a akomodaci

Mezi nejpouziva§Si implantaty tohoto typu pétcocka Tetraflex, ktera byla
v CR implantovana poprvé teprve v roce 2011. Jeji tvdllexibilnost umouji
implantaci fezem o pouhych 1,8mm. Akomaumd rozsah této bikonvexni
akrylatové cocky ¢ini 2,4D. Optickacast pati k nejstabilgjSim a je nejmén
vhimava k poopetaim znénam.

Implantatyse d¥ma optikami(DIOL) byly prvotré testovany na kralich atich.
Tento objev z roku 1990 sestava ze dvou optick§@sti spojenych haptikou,
které maji mezi sebou stalecity prostor. Ri relaxaci oka jsowasti nejblize u
sebe (0,5mm), ip akomodaci dojde k posuvugmni¢asti asi o 1mm ventran
Béhem uvohovani ciliarniho svalu seif@dni ¢ast vrati zpt na svou pvodni
pozici. Redni optika je bikonvexniho tvaru o optické mohgthe 32D, zadni
negativni optika fedstavuje fiblizn¢ -12D. Donedavna probihaly diskuse o
mozném zkaleni interlentikuldrniho prostoru, obamje byly vyvraceny.
Vyznamnym zastupcem dudlnich IOLgecka Safrazi s akomodaim rozsahem
az 4D (i laboratornich pokusech na opicich bylo dosazengly.

NejslibngjSi budoucnost maji akomodativébcky s deformovatelnou optikou
(CIOL). Zména p@tu dioptrii v optickém systému zakenim povrchu je
nejefektivrEjSi a nej@innéjSi technologii. Dneska existuji 4 navrhy, ale nm#&oh
jsou stale ve stadiu laboratornich pakus

V rané fazi vyvoje jecocka Fluid Vision (Power Vision), ktera je cel&eins
haptik naplgna polymerem. # uvolnéni zonularnich viaken dojde k vyttemi
tlaku na oprnou cast, z které se tekutinargsouva do optiky, coziipasi jeji

deformaci. Akomodéni vykon €chtococek se pohybuje okolo 5,5 D.

.ophthalmologymanagement.
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Design ¢ocky NulLens vychazi z akomo#di@ho mechanismu kormorén kteri
maji @i pota@ni potebu extrémni akomodai Sie. Uprosted gedni plochy
implantatu lezi otvor, zdnoz je i tlaku sklivce vytl&ovan gel ze silikonového
polymeru, ¢imz dochazi k deformaci IOL a ke 2n¢ pactu dioptrii optického
systému. Vyhodou je obrovsky akomeédarozsah 6-10D, ktery Ize vyuzit fip
poSkozeném z&gném aparatu. Narozdil od jinych akomodativriiotek je ¢ast
implantatu umisina v sulkus ciliaris acast v pouzte. Paradoxem je, Ze

k pseudofakické akomodaci dochézi v tomittpad pii relaxaci cilidrniho svalu,

obrace# nez je tomu u fyziologické akomodace.
http://www.ophthalmologyweb.com http://www.about-eyes.com

Termodynamickacocka SmartlOL je z hydrofobniho materidlu voskovitého
charakteru. Uchovava se za snizené teploty v pot@ginky o piméru 2mm a
délce 30mm. V progtdi s teplotou okolo 37°Cé(esna teplota) dojde za zhruba
30 sekund k jejimu rozvinuti agmené na nekky gel o ptiméru 9,5mm. Dojde

k vyplnéni pouzdra bez ztraty optickychildzitych vlastnosti, coz je umo3m
diky obrovské tvarove patti.

Ctvrtym typem deformovatelnych implantéie ¢ocka Liquilens, ktera je vhodna
piedevsim pro pacienty s retinopatiiVPDM. Je nezbyté zavisla na gravitaci.
Obsahuje d¥ tekutiny s odliSnym indexem lomu. Technologie poZzena na
raizném postaveni hlavyiippohledu do dalky a do blizka.riPskloréni hlavy
béhem prace na blizko se dostane do optické osyekdina s vysSim indexem
lomu. V tuto chvili implantat pracuje podabjako lupa.
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Nespornou vyhodou akomattdch IOL je témdi Zadny vyskyt dysfotopsie a
nulovy vliv na kontrastni citlivost. Prévtyto dva faktory jsou ivodem
nespokojenosti pacieihpo implantaci multifokalnich nitramich cocek. Jedinym
rizikem pro kandidaty vykonu jsou stale jesminimalni zkuSenosti s touto
technologii a naméjsi pribéh operace.

Béhem i mésiai po operaci je nutnd spoluprace pacienta v pé&dob

rehabilit&nich a@nich cviki zantienych na akomodai aparat.

9.2 Bioptika
Biotika byla gestavena siu teprve roku 1996. Je kombinaci implantace fakick

nitroocni ¢ocky a nasledné dokorekce pomoci excimerového lagaperani
technikou Lasik). Pouziva se u paciestextrémni ametropii. Uggnost Gpiné
korekce pomoci implantace IOL u vysokych vad jeceslkéZzko odhadnutelna,
proto se postopetaé vyuziva moznost dokorekce tagtji po uplynuti 1 n&sice

Z divodu mozné delSi doby gebné pro usazetocky a stabilizace vighi.
Nitroocnimu zakroku musi nuérpiredchazet 1. faze opeérd techniky Lasik, coz
je vytvoreni lamely. B tomto Ukonu dochazi k velkému tlaku na rohovkaaa
piitomnosti jiz implantovan&ocky by mohlo dojit k poSkozeni rohovkového
endotelu. Tato technika byva @3 také kombinovana s astigmatickou

keratotomii.

9.3 LAL ( Light adjusted lens)

Fotosenzitivnico¢ky LAL jsou velikym objevem poslednich let. Svymhiedem

jsou velmi podobné klasickym zatkomorovym monofokalnintockam. Svym
chemickym sloZzenim jsou ale velmi inovativni. Ofé#c ¢ast tvdena
fotosenzitivnim silikonem obsahuje zvlaStni molgkuizv. makromery., které
jsou velmi citlivé na z&ni o vinové délce 365nm.tiRlopadu tohoto UV zé&ni
dochazi k fotopolymerizaci makronierReakci na vznik chemického gradientu
v misg osvitu je difuize molekul z neosvicenych oblasty aopst nastala
chemicka rovnovaha. Pohyb molekuligpbi lokalni zbyténi a zngénu optické
mohutnosti implantatu. Cely proces je schématiak§zor@n na obrazku, ktery
zachycuje psobeni UV zEeni na periferiicocky, aby klesla opticka mohutnost
implantatu. Mode jsou oznéeny neosvicené makromery a zelené jsou molekuly

osvicené.
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Schéma fotopolymerizace implantétu

Po 2-3 tydnech probiha kontrola, zda se v oku vyg&yezidualni refratni vada.
Po kladném nalezu dojde pomoci specialnitistiwje k lokalni fotopolymerizaci,
ktera koriguje zbytkovou vadu. Je to neinvazivrira&, ktery je énimi tkaremi
velmi dolie sndSen. Nejmodeij§i z&izeni pro osviceni DLDD (new digital light
delivery device) umaiuje korekci myopie, hypermetropie i astigmatismu.
Nejnowji dokaze vytvait také multifokalni cocku ¢i sférickou plochu pro
upraveni aberaci.

Po laboratornich pokusech na fatéch na univerzit v Utahu, doSlo ke
klinickym testim i na lidech. Vysledné hodnoty se blizily stavuetimpie.

O této technologii neni jeStprilis znamo, ale intenzivnse na ni pracuje a
piichazi stéle nova vylepSeni. Posledni novinkou gbudovani UV filtru do
zadniho ¢cockového obalu. Ohlasy iad odbornilk jsou vice nezZ pozitivni a

mnoho oftalmolo§ vnimacocku LAL jako material budoucnosti.
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1. General Introduction and Materials
Laser surgeries are a big hit these days and ladsbrst thing that comes to mind

of every person suffering from ametropic amblyodi@t not everyone is a

suitable candidate. The reason for some patiertbeing suitable for this type of

surgery is their thin cornea or the fact their ao@t is too high. These clients are
actually the most suitable candidates for refractivon-laser surgeries of
ametropia that can treat all types of ametropiduding presbyopia, however,

correction of high ammetropic amblyopias is preddrr

Intraocular surgery of ametropia is a procedurenwve change refraction, i.e.
the number of dioptres of the optic system, by ré@ng a lens, replacing it or

adding a new one, so that the refraction is asechss possible to the perfect

physiological condition — emmetropia.

In order to be suitable for use in refractive suwygan intraocular lens should
meet several technical parameters. A lens shouwld aaertairvergencgranging
from -10 to +35), certaicurvature design and dimensiorts its optic and haptic
parts. Each manufacturer has to state so-catedtant Aof each lens, which is
used when calculating vergence. Some years aggedemere only manufacture in
biconvex shape. This shape ensures, e.g. in tleeadd8LE method, that the lens
adheres sufficiently to the posterior capsule. éntty, we also have plano-
concave and plano-convex implants.

Lens cristallina is UV light-proof and thus protethe retina. That is why also an

artificial lens must meet this criterion. Almostifhaf patients had problems with
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an implanted lens without UV filter complaining pihk vision, especially in full
moon nights, in sunny weather or in winter.
An important aspect is their biocompatibility, whethe requirements for the

material tolerance are immense.

8.1 Haptic part of an IOL

First Ridley’s intraocular lenses did not need atryts as they were quite big.

After recurring complications Ridley had to deceedlse size of the optic part,

which gave rise to so-called “haptics”. Their fundantal quality is the fact they

are sufficiently flexible.

The haptic part serves for attaching an IOL tode and maintaining its position

towards the optical axis. Supporting fibres haveetent shapes depending where
IOLs are attached.

Lenses attached to the iris have their baltic pathe shape of small pincers,

lenses attached in the filtration angle have hapticthe shape of an open loop

ball. Posterior-chamber implants may have diffesdrapes.

8.2 Optic part of an IOL

The optic part substitutes the function of the ioady optical medium. However,

its big disadvantage is its restricted size. Haphiad different sizes according to
the patient’s eye parameters. The smallest dianoétdre optic part can be 4.5
mm, which is primarily given by the risk of dyspbpsia occurrence.

At present, an important aspect of the optic paritd ability to curl and then

uncurl, which is made possible by its plastic mgm@nly in the case of lenses
made of soft material).

The RLE method uses two types of edges of the qqart. Lenses with sharp

edges demonstrate fewer cases of the posteriouleapataract and restrict the
migration of epithelial cells into the space betwdlee posterior capsule and the
implant. However, this type of edge also has itsadvantage, which is the
occurrence of light phenomena that do not occuhéncase of rounded edges. A
certain compromise may be to create so-called dp®E which is an edge

composed of three parts. A rounded frontal edgeaesl glare, its sloping side
edge minimizes the light reflection inside the lem&l the sharp posterior edge

decreases the risk of grey cataract occurrence.
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The optic part, as well as haptics, can be manufedtof one type of material,
which means the lens can be made in one piece. \Wloee materials are used,
we speak of more-piece lenses. However, combiniffgrent plastic materials

may cause problems in real life, primarily duehteit different properties.

8.3 Material
The material for intraocular implants can be assgsBom many different
perspectives. Generally speaking, there are twestygf material: acrylate and

silicone. Both polymers are very durable, bioconigi@tand non-cancerous.

8.3.1 Acrylate polymers

They have been used in intraocular lens producdiwnthe longest time. We
distinguish between soft and hard polymers, acogrdo their glass transition
temperature (Tg). Glass transition temperaturdéspoint at which the material
changes from hard to soft.

Historically, the most favourite hard polymer waslymethylmethacrylate
(PMMA) and it has been used in medicine for overyé@rs, in 1997 still being
the most favourite material for IOL manufacture. pkésent it is used in 10-20%
of total production.

PMMA has perfect tolerance, it is light and duralblet not completely inert. This
problem is solved by modifying the lens surfacehvheparin that causes lower
adhesion of cellular particles.

Due to the trend of reducing the size of initiadigions (lenses are implanted by
incisions not smaller than 5 mm), this materialised less frequently these days.
Hard IOL implantation is preceded by extendingithigal incision from 3-4 mm
to 6-7 mm depending on the diameter of the lenacb@iserted. The surgery is
followed by insertion of stitches to the surgicadumd, which may often provoke
post-operative inflammatory responses. Neverthelegstic parts are even today

widely used as they are highly functional and tdéa

Soft acrylate polymeres are easily foldable at radtemperature and due to their
plastic memory they decompose in the eye in 3-bruis; the slower the better as
it facilitates the supervision checking the corngleicement of the implant. These

foldable lenses are inserted in the eye using gattor. The incision does not
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have to be extended, thanks to which the wound nebds to be hydrated and
there is no need to insert stitches at the endeogtirgery. Otto Wichterle was one
of the inventors of this type of material, but tmaterial started to be widely used
as late as in 1970s when phaco-emulsification becarmre widespread. Soft
IOLs are highly praised for their biocompatibilityiostability and the fact they
are not harmful to corneal endothelium and iris.

Seen from the perspective how soft lenses relateater they can be divided into

hydrophobic and hydrophilic.

Hydrophobic acrylate lenses contain less than 1%avér, which allows they can
be kept in a dry, but at the same time this is thason why they are
extraordinarily fragile. Since 1998, hydrophobicrydate has been the most
favourite material used in implants, which is mgidue to its biocompatibility
and reduction of choroidal cataract occurrence. id@ss being fragile,
manipulation with this material is further complied by its stickiness. Patients
complain after the surgery particularly of so-cdltgare caused by the creation of

micro-vacuoles in the lens stored in aqueous medium

Hydrophilic material has to be stored in a solut@snit contains up to 38% water.
In the past so-called Memory lens, made of thisenm{ was very popular. It was
kept in containers at 8°C and after being implargedmbient temperature they
unfolded: slowly, smoothly and causing no harm. Position of a new lens

could be checked very easily and precisely. Thedymtion of these lenses
stopped in 2000 due to the fact increased amourgediments accumulated on

their optic parts thus impairing the transparenicthe material.

The most modern material currently used is collaraemixture of silicone and
collagen. The name connects two words: co-polynmet eollagen. Thanks to
collagen, protein molecules are repelled off thes)ebecause there is a bond
between the lens surface and fibronectin (adheglyeoprotein). That is the

reason why this type of lens has zero occurrencepbsits and fibrosis.

According to a study, when this material is useshsés demonstrate better

sensitivity (no micro-vacuoles are created) and lvequency of secondary
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cataract occurrence. The initial incision is onlyoat 3 mm long as the lens
profile is extraordinarily thin.

A special type of acrylate polymer lenses are sledaexpandable intraocular
lenses called Acqua. They are implanted by incigb8.2 mm. 2 minutes after
the implantation the surgery can be terminated,ptieent may stand up and go
home. After 8-12 hours, the optic part of the lemsde the capsule is hydrated,
the lens increases in size and the final diamdtis optic part is 5.2 mm.
Expandable materials responding only to a certawelength are currently in the
phase of testing. They would allow for post-opematiorrection (use of UV light

is required).

8.3.2 Silicone

Silicone elastomers were developed in 1978. Thideri@h was used for

implantation of the first soft intraocular lens 1984 by Dr. Mazzocco. Unlike

PMMA, this material does not have any adhesionsatrroundings; quite on the
contrary: it is characterized by its perfect bibgtty, flexibility and resistance to

mechanical damage.

There are two generations of silicone lenses. Tie part of the first generation
lens was rather large and an excessive incision reqsired for implantation.

Today, second generation silicone implants are ,usieeir advantage being
particularly their thinned profile, increased retrae index and requirement for
initial incision only 3.2 mm.

IOL implants made of this material are not recomdsehafter vitrectomy with

subsequent filling of the vitreous space with sitie oil as there is a risk of oil
condensing on the lens surface. Another disadvaniagmore complicated

manipulation during the surgery as the surfacéefmaterial is slippery.

At the end of this chapter we shall add that matetsed for IOL manufacture, as
the case is with refractive surgery as such, araggthrough a phase of great
progress. Almost every year brings new discovetiaboratory tests are currently
being carried out e.g. on lenses made of polymkr that are very probably the
future of implantology. This gel automatically hand or is polymerized after

being implanted.
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2. Modern trends

As we have mentioned above, refractive surgery somth new innovations day
after day. With regard to the fact that many teghas and materials are only in
their initial phase, their use is rather complidaite terms of finance and only the
future will show what investments into which teclogies will be efficient for
patients. (The accommodative lens Tetraflex coK €2,000 per eye, the price
of WIOL is around CZK 15,000 and for one multi-fbdaric lens, including
initial examination, patients will pay as much a&29,500).

9.1 Surgical correction of presbyopia

Treating presbyopia using a new lens implant iseay iempting option for
patients, as many of them have issues with tocomaaptic tunnel of spectacle
lenses and complain of complicated manipulatiomwdntact lenses.

Methods such as monovision (having one eye focasatistance and the other
eye at near) or PRELEX (inserting a special mualtal 10L using the RLE
method) are nothing new to customers, althoughi+fadal lenses have recently
experienced a period of progress.

Multi-focal intraocular lenses (MIOLs) offering s@lled pseudoaccommodation
(static condition imitating natural accommodatiang a frequently discussed term
in ophtalmology, although the principle of theintuioning has been well-known
for many years.

When incident rays impinge on a multi-focal lenkeyt refract, diffract or
combine. A part of rays impinges on the retina arehtes a sharp image for a
given distance. Other rays have focal point beybedetina and as a result of the
necessary neuroadaptation the brain learns toeghese blurred images. [1]

If rays refract on the lens, according to the Ssiddlw, the implant igefractive
and multi-focal. The optic part has several concentieas each with its own
dioptric value that enables to see at a certaitamie. The conception of a
refractive lens is typically based on 2-5 opticahes. Transitions between them

are made of spheric surfaces enabling the patiesed at middle distance.
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Diffractive lenses work on the principle of bending of lighght is diffused from
its source in forms of wave surfaces. The surfddbeanterior part of the lens is
shaped into “steps” placed in concentric rings bglat diffracts on top of them.
New wave surfaces are formed and as they accumaotatbe retina they create
one sharp image of objects at distance and onedoiagbjects at near.
Contraindication for these types of IOLs is thegmsatism over 2D and quiescent
pupil narrower than 3 mm. Each patient should texigect certain discomfort

caused by optical phenomena in mesopic conditions.

The latest alternative to multi-focal lenses iscmomodative lenses that try to
compensate for a drop or deficiency in accommodatiwith so-called
pseudophakic accommodation. During this dynamidoacbccurs interaction
between the ciliary body, lens capsule, vitreousndwr and implanted lens
resulting in a change in the refractive state & pilseudophakic eye due to the
ventrodorsal movement of the lens. It is stated thaving the lens by 1 mm
forward gives to the optical system 1.6-1.9D. Cungnet al. were those who
contributed most to the development of these I0@&ey recorded an
unexpectedly good visus in patients with implaréade haptic 10Ls for looking
at near, which was, however, conditioned by maimgi the functionality of the
eye structures used for accommodation.

At present there are several types of accommodadinees that use different
principles resulting in a change in the vergencehef system when contracting
the suspensory apparatus. These implants can heediwnto the following
categories: single-optic lenses, dual optic lemseslenses with ability to change
their curvature.

The basic concept @lingle-optic lense§SIOLS) is the shift and secondarily also
the deformation of the optic part, which is madegole by great flexibility of the
connection between the strut and optics. Haptitacla¢d to the corners of the
capsule are responsible for the change in actioforoe exerted by the ciliary
muscle. The prinicple of the accommodative lenslmaiseen in the figure below
where we can compare the lens in a relaxed stag@ vhs only supported by the
veitreous humour from behind and in the state eugephakic accommodation
when the lens is deformed by the action of thewgilibbody causing a change in

the curvature of both surfaces of the lens.
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Fig. Comparing the state of the pseudophakic lemsai relaxed state and in

accommodation

One of the most often used implants of this typdésTetraflex lens that was first
implanted in the Czech Republic in 2011. Its shape flexibility allow it can be
implanted by incision of mere 1.8 mm. The accommigdarange of this
biconvex acrylate lens is 2.4D. The optic partne of the most stable ones and it
is least responsive to post-operative changes.

Dual-optic lensegDIOLS) were first tested on rabbit eyes. This disary dating
back to 1990 consists of two optic parts connebtetiaptics; these parts always
have a certain space between each other. Whery¢hes eelaxed they get very
close (0.5 mm), during accommodation the anteramt pnoves ventrally by 1
mm. When the ciliary muscle loosens, the front partirns back to its original
position. The anterior optics has a biconvex shapgh + 32D vergence, the
posterior negative has around -12D. Until recerttigre were worries about the
risk of the interlenticular space opacity, but thpegved unfounded. A significant
example of dual IOLs is the Safrazi lens with acowdative range up to 4D (in
laboratory trials with monkeys up to 8D was ach@éjve
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The most promising future awaits accommodativedensithdeformable optics
(CIOLs). Changing the number of dioptres in theiggbtsystem by curving the
surface is the most efficient technology. At prédbere are 4 designs, but many
are still in the phase of laboratory testing.

The Fluid Vision lens (Power Vision) is in its gaphase of development. This
lens is completely filled with polymer, includintsihaptics. When zonular fibres
are relaxed, pressure is exerted on the strut fvbioh fluid moves to the optics,
which causes its deformation. The accommodativegp@ivthese lenses is around
5.5D.

www.ophthalmologymanagement.com

Design of the NuLens is based on the accommodateehanism of cormorants
that need extreme accommodative range when diMimghe middle of the
anterior surface of the implant is a hole, from ethisilicone polymer gel is
expulsed when the vitreous humour exerts pres$ure ¢ausing deformation of
the IOL and a change in the number of dioptres haf optical system. An
advantage is its great accommodative range 6-18DcHn be also used when the
suspensory apparatus is damaged. Unlike other anodative lenses, a part of
this implant is placed in sulcus ciliaris and atpar the capsule. Ironically,
pseudophakic accommodation occurs when the ciliaugcle relaxes, which is

the other way round than in

400



the case of physiological accommodation.

http://www.ophthalmologyweb.com  http://www.about-eyes.com

The thermodynamic lens SmartlOL is made of hydréyphavax-like material. It

is kept at decreased temperature in the form dman3 long stick with diameter
of 2 mm. At 37°C (body temperature) it unfolds i36 seconds and changes into
soft gel with 9.5mm diameter. The capsule is fillathereas its important optical
properties are not lost, which is made possiblakbo its great plastic memory.
Fourth type of deformable implants is Liquilens,iebhis suitable particularly for
patients with retinopathy or VPDM. It is indispebBadependent on gravitation.
It contains two fluids with different refractivedex. This technology is based on
different position of the head when looking at aiste and at near. When working
at near, the head is bowed down and the fluid Wigher refractive index gets

into the optical axis of the eye: the implant thesrks like a magnifying lens.

An undeniable advantage of accommodative IOLs is ouxurrence of
dysphotopsy and zero influence on contrast seitgitivhese two factors are the
reason why many patients after implantation of rfaltal intraocular lenses are
not satisfied. The only risk the candidates fos @rgery have to consider is still
rather poor experience with this technology andexammplicated surgery.

In first three months after the surgery the patieas to cooperate by doing

rehabilitation exercises focusing on the accommuweapparatus.

9.2 Bioptics
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Bioptics was introduced in 1996. It combines impddion of a phakic intraocular

lens with subsequent correction using excimer |éberLasik surgery procedure).

It is used in patients with extreme ametropia. He tase of high errors it is

difficult to predict if the correction will be congiely successful, so post-

operative correction is applied, usually 1 montterathe surgery, as it may take
rather long time before the lens settles and vistabilizes.

Intraocular surgery must be preceded by the fisgery phase of the Lasik

procedure: creating a lamella. During the surgesagpressure is exerted on the
cornea and if a lens were inserted, it might resultdamaging the corneal

endothelium. This procedure is sometimes combinéudastigmatic keratotomy.

9.3 LAL ( Light adjusted lens)

Photosensitive lenses (LALS) are a great recertodesy. Their shape is very

similar to that of traditional posterior-chamber moefocal lenses. It is their
chemical composition what makes them different @&y innovative. The optic

part is made of photosensitive silicone and costaimecial molecules, so-called
macromers that are very sensitive to radiation wistvelength of 365 nm. When
this UV light impinges on the lens, macromers afretppolymerized. The

subsequent reaction to the creation of chemicaldigna at the place of

illumination is the diffusion of molecules from thgart unexposed to light that
occurs in order to re-establish chemical equilioriuMovement of molecules
causes local hypertrophy and changes the optiagglemee of the implant. The
whole procedure is schematically visualised infipere below showing UV light

impinging on the lens periphery decreasing the etmcg of the implant.

Macromers not exposed to light are blue, moleceigmsed to light are green.

Uy LY

L b4 + 4
EREy ~CIRD - @D - TP

Scheme of implant photopolymerization
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After 2-3 weeks, the eye is checked for residutthotive error. If the finding is
positive, a special device is used for local pholpmerization that corrects the
residual error. It is a non-invasive surgery, welerated by the eye tissue. The
most modern device used for illumination is DLDDen digital light delivery
device) and enables correction of myopia, hyperop&r and astigmatism. Its
latest feature enables to create a multi-focal anspheric surface for aberration
adjustment.

After laboratory tests on animals at Universitylah, clinical trials with people
were carried out. The resulting values were closentmetropia.

This technology is not widely known yet, but itdeing intensely developed and
is being continually improved. The latest improveindeatures a UV filter
implanted in the posterior lens capsule. Expemsiction is more than positive

and many ophthalmologists believe the LAL lendesiihaterial of the future.
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SUBJEKTIVNI METODA MERENI ZRAKOVE OSTROSTI A OBJEKTIVNI
METODA SWEEP VEP — JE MOZNE JEJICH SROVNANI?

M¢éteni zrakové ostrosti pak jednomu ze z&kladnich vygeni

v oftalmologickych ambulanciati optometristickych pracovistich.

Zrakova ostrost

Pojem zrakova ostrost byl definovan v roce 186hamdékym ¥dcem Francisem
Dondersem. Vysitlil jej jako schopnost zrakového systému rozezhda@rabné
detaily gredn®ta acist co nejdrob&si kontrastni pismena. [1, 6]

Existuje mnoho faktdr, které ovliviuji kvalitu zrakové ostrosti. Lze sem
zaradit prithlednost optickych médii, hustotuésecivych burek, stimulovanou
¢ast sitnice, osileni sitnice, stav adaptace oka, kontrast, vdikasbarvu
prednttu, refrakkni vadu oka, velikost zornice, dobu expozice, povaci
vzdalenost, binokularitu, a také tvar a pohyb otjeKL, 6]

RozliSujeme zrakovou ostrost angularni (Uhlovoukrakovou ostrost
koincidertni (Vernierovu).

Angularni zrakova ostrost je zalozena na Uhlu méthiiio rozliSeni, ktery
odpovida hodnét jedné dhlové minuty 1'. Dojde k tomuippodrazeéni dvou
sousednicltipka v centréini jamce Zluté skvrny sitnice, mezi dimistane jeden

¢ipek nepodrazeh. Tato hodnota (1') je odvozena ze skateh zobrazovacich
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poneri v lidském oku. Rimér ¢ipku je asi 0,005 mm.iPvzdalenosti sitnice od
obrazového uzlového bodu 17 mm je Uhlova vzdalembsiu pra¢ jese
rozliSitelnych bod 0,0003 rad, coz odpovida zornému uhlu 1'. Tentel jértedy
minimalni rozliSovaci mez oka (minimum separabile)}Hodnota angularni
zrakové ostrosti neni vigséhu Zivota konstantni. Maximalni stup@ngularni
zrakové ostrosti odpovida nejproduki#gimu wku ¢lovéka. [1, 2, 6, 8]

U koinciderni zrakové ostrosti je hlavnim kritériem koincidentebo-li
kvalita stup® navaznosti (resp. pokfavani) dvouwi vice geometrickych iimek
pii vyhodnocovani okem vipdmétovém prostoru. Na tomto druhu zrakové
ostrosti se podili prakticky celé slouptipki. Koincidergéni zrakova ostrost je 6x
az 10x pesr¥jSi nez zrakova ostrost angularni. Oko je schopabnamenat
posunuti na arovni 3 az 5 uhlovych fite

Zrakovou ostrost vySatjeme hlave central@, tzn. v mist nejostejsiho
vidéni. U kazdého subjektu zfigjeme thel minimélniho rozliSeni oka. [1, 2, 6, 8]

K urceni zrakové ostrosti mohou byt pouzivany metodyjektioni i

objektivni.

Subjektivni ueeni zrakové ostrosti

Subjektivni uteni zrakové ostrosti zavisi na subjektivnim vyhashmo
vySetujiciho a spolupraci vySetvaného. Provadi se pomoci optdty@ptotypy
jsou soubory znakseaazenych do tabulek od ne&fgich po nejmensi tak, aby bylo
mMoZno co nejobjektiv)i posoudit zrakovy vykon. Optotypy préldly v pribéhu
historie swij vyvoj. Vroce 1862 bylo mezinarodnpiijato kritérium pro
rozliSovaci schopnost oka jako jedna uhlova mintieen samy rok publikoval
svij optotyp i nizozemsky oftalmolog Hermann Snell@@nto optotyp pait i
dnes mezi n&stji pouzivané optotypy v praxi. | kdyZ je Snelienoptotyp stale
v oftalmologické a optometristické praxi oblibemja také své nevyhody. Jsou
pouzivany znaky s nestejnaiielnosti (patkové znaky), je nestejnycpb znaki

naradku a nekonstantni odstigvani mezi jednotlivymiadky. [4, 5, 6, 8]
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Obr. 1: Snellefv optotyp [6]
Nedostatky Snellenova optotypu vedly k tomu, Zecerl976 lan Bailey a

Jan Lovie publikovali tzv. logMAR optotypovou tabula miZe byt sestavena
z Landoltovych prstericnebo z pismen se stejnditelnosti. Na kazdémadku je
stejny pdet znaki, jejichZz vzdalenost je rovna velikosti znaku ngiismene a
dvaradky mezi sebou se liSi 0 0,1 log jednotek. Proi¢#ié studie se n&gstji
pouzivaji ETDRS optotypy, které maji 5 pismen \nma fadku. Tento optotyp
byl prvreé pouzit v roce 1982 dr. Rickem Ferrisem z NatioBgé Institute pro
klinickou studii, kterd hodnotila  #u diabetické retinopatie laserovou
koagul&ni metodou Early TreatmentDiabetic RetinopathyStudy). VSeobecnou
podminkou pro vysSébvani zrakové ostrosti je kontrast tmavych Znagdoti
swtlému pozadi alesp),85 a jas tabule kolem 85 cd/rf4, 5, 6, 8]
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Obr. 2: ETDSR optotyp (pismena) [11] Obr. 3: R®optotyp
(Landolt)[12]

Objektivni metody

K objektivnim metodadm, pomoci nichZz Ize stanovitakavou ostrost
vySetovaného, pat metoda prefer@miho vicni, vyvolani optokinetického
nystagmu a elektrofyziologicka metoda zrakovychkewanych potenciél Nyni

se budeme vice zabyvat metodou VEP a jeji modifikaeep VEP. [8]

Metoda zrakovych evokovanych poten@dVEP, sVEP)

Evokovany potenciél je bioelektricky projev zpraéov a odpo¥di mozku na

zevni podit. Tento zevni podit miZze byt senzoricky a tim vznikaji
somatosenzorické evokované potencialy (SEP), noddpria tim vznikaji

motorické evokované potencidly (MEP), zrakovy (Wini) podrt a tim vznikaji

vizualni (zrakové) evokované potencialni (VEP) uckbvé podiéty (kmenové) a
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tim vznikaji sluchové (kmenove) evokované potenci@AEP = brainstem
auditory evoked potentials). [3]

VEP jsou tvdeny nitrobugcnymi excit&nimi postsynaptickymi
potencialy kortikalnich neurdna vznikaji ve zrakovych korovych oblastech V1 -
V3 (area striata — area parastriata). Charaktdngbo ma vliv na to, kter&ast
zrakového kortexu bude podré&ha a jaka bude senzitivita pouzitého testu. [3, 5]

Ke stimulaci niize dochazet pomoci zabléskzv. flash VEP a nebo také
pomoci strukturovanych pod, tzv. pattern VEP.

Pri vySeteni pomoci flash VEP je stimulujicim faktorem giniznéna
jejiho osvitu. Jsou zaznamenavany negativni aipozviny a vzniklé Kivky tak
jsou velmi prondnné. VySeteni pomoci flash VEP je &no pro hrubou
diagnostiku. [5, 7]

Obr. 4: poduat: zablesk (flash) [7]

Pri vySeteni pomoci pattern VEP jsou pouZivany dva zaklattahy
strukturovanych poditt a to: pattern - reversal = komplementarni kontiast
obrazce (reverzni Sachovnicové testy — kde byka bibjevi seernd) a pattern-
onset = stimulace se na Sedé ploSe objevi a zidixika vznikla i pattern VEP
vykazuje potencidlové minimumiiplizné po 75 ms (N75), vrchol po 100 ms
(P100) a dalSi minimum po 145 ms (N145).¢érbhymi parametry jsou latence
viny P100 a jeji amplituda. Amplituda VEP slouZkgamgritko paitu funkenich

axoni, latence viny P100 pak odrazi rychlost vedeni ovymni viakny. [5, 7]

Obr. 5: podst: pattern — reversal [7]
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Obr. 6: pod#t: pattern — onset [7]

K rychlému objektivnimu weni zrakové ostrosti je mozno pouzit metodu
sweep VEP (sVER)Zrakova ostrost je tena pomoci strukturovaného petnu
pacienta s énim onemocénim i bez gj. [8, 9]

Odpowd’ zrakového systému je filtrovana od chybového digeéektrod,
které jsou ppevrény na hlavu. Umighi elektrod u metody sVEP nebylo
standardizovano instituci ISCEV (= International cigty for Clinical
Electrophysiology of Vision), ale pouziva se urmststejné jako u metody VEP
(je standardizovano ISCEV = International SocietyGlinical Electrophysiology
of Vision). PouZivaji sefit elektrody, z nichZz jedna referémi elektroda je
umis€na nacele, druha na temeni hlavyiati elektroda — aktivni, je umésia ve
strednic¢are tylniho laloku (nad vystupkem tylni kosti). [8,19]
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Obr. 7: umisini elektrod [10]
Jak jiz bylo zmigno, stimulem mZe byt zablesk nebo strukturovany

podret — Sachovnice nebo pruhy. Sweep VEP zpeaktovava rychlejSi zaznam a
vyhodnoceni réfeného signalu nez metoda VEP. [8, 9, 10]

Tato objektivni metoda #&teni byla pouZita vroce 1973 Reganem
k méteni refrakce. AZ pozgi, vroce 1979 Tylerem byla pouzita kémeni
zrakové ostrosti. Tuto metodu Ize také vyuZzit &eni kontrastni citlivosti.
V souwasnosti se da sVEP pouzit Kimni rozliSovaci zrakové ostrosti (pruhy) a
také Vernierovy zrakové ostrosti.&&ni probihd z 1 metru.

Pfi méteni zrakové rozliSovaci schopnosti je vyuzZivanaongnliva
hustota pruth (mohou byt pruhy vertikalni nebo horizontalni). thstovana
schopnost vyS&tvaného tyto pruhy od sebe odliSit. Prostorova ieeke
(tlou&’ka pruhi) je menéna asi po 10 sekundach a je&ama nej¥tSi prostorova
frekvence, na kterou je zrakovy systémdessthopny reagovat (odp&det). Sner
zmeny prostorové frekvence oviiuje vysledek raeni. Testovani je mozné od
nizkych prostorovych frekvenci k vysokym nebo n&opadnotlivé frekvence je
mozno pedkladat kontinudkh nebo v krocich. Tato druhd mozZnost je
v souwasnosti pouzivanaastji. Pii objektivnim n€teni zrakové ostrosti se

vyuziva linearni nebo logaritmické 2my prostorové frekvence stimiul Studie
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dokazuji, Ze logaritmickd z¥na prostorové frekvence je pro vy&etani
vhodrgjSi. Tato zmdna je preferovana wipac, kdy linearni zmina pgekryje
prahovou hodnotu zrakové ostrosti. Jeji vyhoda tiakié v tom, Ze zajisije
rovnonernou a konstantni zénu podrtu v rozsahu iznych hodnot zrakove
ostrosti. [8, 9]

Pri vyuZivdni metody sVEP je nutné kontrolovatkolik dalSich
parametii, které by mohly réeni ovlivnit. Jak uz bylo zmémo, jsou to druh
stimulu, znéna a rozsah prostoroveé frekvence stimalsytelny jas testovaciho
displeje a také kontrast stintulVétSinou je pro testovani pouzivan jas displeje od
40 do 220 cd/fh Hodnota kontrastu mezi pruhy je nastavena na 6@P6

Prahova hodnota ip méreni pomoci sVEP je ziskana jako linearni
extrapolace k amplitud OuV mezi hodnotou amplitudy VEP a prostorovou
frekvenci. Vyhodou extrapolace je, Ze variabilitapditud neovliviuje vyslednou
hodnotu prahu zrakové ostrosti. Pokud se évemi vyskytuje vice vrchal
amplitud, je do vyp&tu zahrnovana ta posledni s nejvySSim vrcholemypodtu
je dale uzito Fourierovy analyzy, kde se pouziggiSi pomocné parametry —
poner signal a ruch (signal to noise ratio = SNR) aéium fazové konzistence.
To namtika, ze pi méreni zrakové ostrosti by ¢ta hodnota fazového posunu
zustat konstantni nebo se jen mdiposouvat. Je dopatavano pouZzivat gieni,
jehoz porgr SNR je ¥tSi nez 3:1. Znamena to, Ze amplituda VEFijedt vétsi
nez hodnota ruchu. [9]

Je moZzno srovnavat subjektivni a objektivni metodu?
Studie Bacha a kol. z roku 2008 prokazala vyznankaoalaci mezi subjektivnim
a objektivnim mitenim zrakové ostrosti u paciéns normalni, ale i ughe
redukovanou zrakovou ostrosti a u padiestredukovanou zrakovou ostrosti
proménné prostoroveé frekvence stiniul

Ve Fakultni nemocnici u sv. Anny na Klinice nemo¢hich a optometrie
byla vroce 2013 provedena Kklinickd studie, jejimitem bylo zhodnotit
spolehlivost (opakovatelnost) subjektivni metodyStpvani zrakové ostrosti
pomoci Snellenova optotypu a objektivni metody sVBRolem bylo také zjistit
statisticky vyznamné rozdily a korelace mezi metodEP a Snellenovym

optotypem. VySéeni se ztastnilo celkem 32 subjektbez @&ni patologie s
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emetropii nebo pseudoemetropii (ametropové stepobu korekci). #®
opakovaném rteni zrakové ostrosti pomoci sVEP byla dokdzana aryura
pozitivni korelace mezi hodnotami zrakové ostrdsfMAR mezi prvnim a
druhym netenim (p < 0,05). OvSem nebyla prokdzana korelacestaasticky
vyznamné hladi&@n mezi pamérnymi métenimi pomoci metody sSVEP a

Snellenovym optotypem vyjéehé v logMAR (p > 0,05). [9]

V optometristické a oftalmologické praxi je stdle prvnim mist v meteni
zrakové ostrosti subjektivni metoda pomoci optotypred metodami
objektivnimi. Jednim z hlavnichtdoda je také vlastni nazor vy$evaného.
Samozejmé nepodstatnou roli hraje i fakt, Ze ne kazdé preétdwna dostupné
vybaveni k tomu, aby mohlo byt provedeno vi&et pomoci sVEP.

Objektivni metody je vhodné pouzivat kigmdech, kdy je znemoZmo
uziti optotypi, a to napiklad u dtskych pacient, mentald retardovanych,

simulujicich nebo disimilujicich pacidgnt
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SUBJECTIVE METHOD OF MEASUREMENT OF
VISUAL ACUITY AND OBJECTIVE METHOD
SWEEP VEP — IS THEIR COMPARISON POSSIBLE?

Bc. Lucie Buriankova
Leader of the workMgr. Petr Vesely, DiS., Ph.D.

Masaryk university, Faculty of medicine, departmeinbptometry an ortopthics

Measurement of visual acuity is one of the basicamn@rations in

ophthalmological or optometry ambulances.

The visual acuity

This term was introduced in 1861 by Dutch scienfisancis Donders. He
described the visual acuity as ability of the vissgstem to recognize small
details of objects and read the smallest lettensrasting. [1, 6]

There are many factors which affect the qualityvifual acuity. For
example a transparency of the optical media, thesideof light-sensitive cells,
stimulated part of the retina, retinal illuminatjanstate of adaptation of the eye,
contrast, size and color of the object, refractleéct of the eye and many others .
[1, 6]

We can differentiate two types of visual acuityargular visual
acuity and coincidence visual acuity. The anguisual acuity means that eye
recognizes two small points at one arc minute (LHas to be irritated two cones
but one cone has not to be irritated between these The value 1' is derived
from actual imaging conditions in the human eyearietr of cone is 0,005 mm,
distance of retina from image nodal point is 17 nfimom these values we can
calculate the distance between two distinct pgudsyet. This distance is 0,0003
rad and it is the same like one arc minute (1 e Value of angular visual acuity

is not constant throughout life. [1, 2, 6, 8]
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For the coincidence visual acuity is importat gyajrades connection two
or more geometric lines in evaluating eye in obgadAce. The coincidence visual
acuity is 6 times to 10 times more precise tharukmgvisual anuity. The eye is
capable of recording the displacement of 3 to & saconds. The visual acuity is
determined mainly centrally at the point of shatpesion. [1, 2, 6, 8]

For determination of visual acuity we can use &cibje or objective

methods.

The subjective methods

The subjective determination of visual acuity defgeon the subjective evaluation
of examining and cooperation examined. This is dasmg optotype charts.

Optotypes are sets of characters and they aregaudlaim tables from largest to
smallest, so as to be as objective to assess y&udrmance. Optotypes have
their own history. In 1862, Dutch ophthalmologistrbhann Snellen published his
optotype. This test type includes today the mosgudently used optotypes in
practice popular but it also has its disadvantagesy are used characters with
unequal legibility (foot characters), it is an unabgnumber of characters per line
and a non-constant spacing between the rows. gl,8,

416



E 1 |20/200
TP 2 om0
TOZ 3 |20
LPED 4 |20/50
PECFD § |20/40
EDFCZP § 20/30
FELOPZD 7 20/25
DEFFEOTEC 8 20/20
LETrosr 9

’’’’’’’’ m

......... 1

\_ ,

Picture 16: Snellen optotype [6]

In 1976 lan Bailey and Jan Lovie published thegM&R optotype. It can
be made up from Landolt rings or letters from thens readability. Each line
contains the same number of characters, whosendestia equal to the size of a
character or two lines between them differ by @d units. For clinical studies,
the most commonly used ETDRS eye chart, havindtértein one line. This test
type was first used for clinical study in 1982 hy Rick Ferris of the National
Eye Institute. It was Early Treatment Diabetic Refiathy Study. A general
condition for determination of visual anuity is ¢@st of dark characters against a
light background at least 0,85 and brightness aftaround 85 cd/m[4, 5, 6, 8]

..........

Picture 17: ETDRS optotype (letters) [11] (Landolt)
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Picture 18: ETDRS optotype [12]

The objective methods
The objective methods for determination of visuality are preferential method

of vision, using optokinetic nystagmus and eledtygological method of visual
evoked potentials. Now we have more deal VEP metnudl its modifications
sweep VEP. [8]

The method of visual evoked potentials (VEP, sw¥é&P)
Evoked potential is a biological electric respomsérain to external stimulus.
There are several types of evoked potentials. rit lmaa somatosensory evoked
potentials (SEP), motoric evoked potentials (MEHsual evoked potentials
(VEP) and brainstem auditory evoked potentials (BAHE3]

VEP are formed by intracellular excitatory postgytic potentials of
cortical neurons arise in visual cortical areas VN3 (area striata - area
parastriata). The stimulation may occur via flaflash VEP) or structurated
stimuli (pattern VEP). [3, 5]

During the examination of flash VEP is a stimulgtifactor for retinal
change its exposure. There are recorded negatiygasitive waves and curves
are highly variable. The flash VEP is intendedrfmxgh diagnosis . [5, 7]
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Picture 19: stimulus: flash [7]

For the examination via the pattern VEP are twoesy of structurated
stimuli — pattern-reversal and pattern-oneset dtimlhe curve has its minimum
after 75 ms (N75), maximum after 100 ms (P100) aitétr minimum after 145
ms (N145). Measured parameters are wave P100 jatentt its amplitude. VEP
amplitude is a measure of the number of functiaains, the latency of P100

wave then reflects the conduction velocity of nédilers. [5, 7]

Picture 20: stimulus: pattern — reversal [7]

Picture 21: stimulus: pattern — onset [7]

The rapid determination of objective visual acuitgthod can be applied
sweep VEP (sVEP). Visual acuity is determined usingfructured complaint in
patients with ocular disease or without it. [8, 9]

The response of visual system is filtered by theresignal electrodes
which are attached to the head. Electrode placefoerstVEP methods were not
standardized by institution ISCEV (= Internation&8ociety for Clinical
Electrophysiology of Vision), but it uses the saloeation as the VEP method
(the standardized by ISCEV). There are three @des8. One of them is the
reference electrode and is placed on the forels=mbnd electrode is placed on
top of the head, and a third electrode - activdpcaited in the midline of the
occipital lobe. [8, 9, 10]
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Picture 22: electrode placement [10]

This objective method was used to measure of madradn 1973 by
Regan. In 1979, it was used to measure of visuatyaby Tyler. This method can
also be used to measure contrast sensitivity. @UyrssVEP can be used to
measure a distinctive visual acuity (stripes), arefnier visual acuity. The
measurement distance is 1 meter.

During the measurement of visual acuity are usathhble density stripes
(can be vertical or horizontal stripes). The apilif distinguishing of the each
stripes is examined. Spatial frequency (thick s8)pis changed after about 10
seconds and is determined by the largest spagiquéncies to which the visual
system is still able to respond. Testing can bemfrmw to high spatial
frequencies, or vice versa. Each frequency canrbsepted continuously or in
steps. The second option is currently used fredyieflhe objective measurement
of visual acuity is using a linear or logarithmibanges in spatial frequency

stimuli. Studies show that the logarithmic changé¢hie spatial frequency is more
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appropriate. The logarithmic change ensures unif@nd constant change
complaint in a range of different values of theuailsacuity. [8, 9]

During the using of sVEP method is necessary teckhseveral other
parameters which could affect the measurement.llady mentioned, it's kind
of stimulus change and the extent of the spateduency stimuli and test light
brightness of the display and also contrast stintiuk usually used for testing the
display brightness from 40 to 220 cdirithe contrast between the stripes is set to
60%. [9]

The threshold value as measured by sVEP is oldas®e a linear
extrapolation to QV amplitude value between VEP amplitude and spatial
frequency. If the measurement occurs more amplipesks, the highest peak is
included in the calculation. The calculation istier used Fourier analysis, where
the other auxillary parameters as signal to noiggom (SNR) and phase
consistency criterion are needed. This tells us thaing the measurement of

visual acuity, phase shift value should remain tamtsor moves only slightly. [9]

Can the objective and subjective methods of measwet of visual acuity be
compared?

Study Bacha et al. 2008 describes a significanetation between subjective and
objective measurements of visual acuity in patievite normal visual acuity and
patiens with artificially reduced visual acuity sad by eye disease. There was
used a checkerboard field and variable logarithspatial frequency stimuli.

In 2013, in the University Hospital of St. Anndjr@: for Ophthalmology
and Optometry, there was aimed a clinical studgvaluate the reliability of
subjective methods for the detection of visual cusing the Snellen optotype
and objective method sVEP. Thetask was to findissizally significant
differences and correlations between the methodPs&iid Snellen optotype. The
examination was attended by 32 subjects with nolaocpathology with
emmetropia or pseudoemmetropia. With repeated maasmts of visual acuity
using the sVEP was proved significant positive eation between logMAR
visual acuity between the first and second measemé&sr(p < 0,05). However, the
correlation was not demonstrated at statisticalgnicant level between the
average measurements using the sVEP and Snellestyppt expressed in
logMAR (p > 0,05). [9]
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In ophthalmological or optometry ambulances, théjesttive methods of

measurement of visual acuity (optotypes) are stillirst place before objective

methods . One of the main reasons is own opinia@xafmined. Of course a minor

role has the fact that not every workplace haspygent available to make sVEP

measurement.

Objective methods should be used in cases whei® impossible to use the

optotypes, for example in pediatric patients, mignteetarded or simulating

patients.

Resources:

1.

KRIZ, Pavel.Zrakova ostrostBrno, 2007. Bakatéka prace. Masarykova

univerzita, Léksska fakulta.

. KUCHYNKA, Pavel. Ocni Iéka'stvi 1.vyd. Praha: Grada, 2007, 768 s.

ISBN 978-802-4711-638.

3. POKORNY, JanEvokované potencialfpraha. Prezentac€VUT, FBMI.

RUTRLE, MiloS. Pristrojova optika: debni texty pro éni optiky a @ni
techniky, optometristy a oftalmolagyt. vyd. Brno: Institut pro dalSi
vzaklavani pracovnik ve zdravotnictvi, 2000, 189 s. ISBN 80-701-3301-
5.

VESELY, PetrAnatomie a fyziologie oka.llBrno, 2011. Prezentace.
Masarykova univerzita, Lékska fakulta.

VESELY, Petr. Optika — optometrie .| Brno, 2014. Prezentace.
Masarykova univerzita, Lékska fakulta.

VESELY, Petr. Optika — optometrie 1l Brno, 2014. Prezentace.
Masarykova univerzita, Lékska fakulta.

VESELY, PetrPorovnani a spolehlivost vygehi zrakové ostrosti na
optotypu logMAR ETDRS a Snellen ¢élikouvou a interpokani
metodou.Brno, 2012. Disertani prace. Masarykova univerzita, Légka
fakulta.

VESELY, Petr a kolVyuziti elektrofyziologickych metod pro hodnoceni
zrakové ostrosti — Srovnani metody sSVEP sen sigjékt neenim
zrakové ostrostiBrno, 2013. Klinicka studie. FN USA.

422



10. International Society for Clinical Electrophysiolpgf Vision[online].
2009 [cit. 2014-08-04]. Dostupné z:
http://link.springer.com/article/10.1007/s10633-80195-4/fulltext.html

11.ETDRS optotyp (pismena)n: Zdravotnictvi a medicina [online]. 2014
[cit. 2014-07-09]. Dostupné z: http://zdravi.e1Bctanek/postgradualni-
medicina/vekem-podminena-makularni-degenerace-ipyra-lecba-
450134

12.ETDRS optotyp (Landolthn: OASIS [online]. 2011 [cit. 2014-07-09].
Dostupné z:
http://www.abstractsonline.com/plan/ViewAbstraghe@mID=2684&sKe
y=4{67187a-1a63-4ba5-8ded-2bb8afddae3b&cKey=3301318¥ c-4a9f-
8475-3dff1d57celd&mKey=6f224a2d-af6a-4533-8bbb-Ga26edb3

423



25. OVERENIi AKTUALNICH HODNOT DUANOVY
KRIVKY AKOMODA €Ni SIiRE

Bc. Gabriela Spurna
Vedouci prace: Mgr. Petr Vesely, DiS., Ph.D.
Katedra optometrie a ortoptiky Lélské fakulty Masarykovy univerzity v Bén

Je vSeobeenznamo, Ze velké procento informaci je nam zpeoiovano pray
prostednictvim zraku. Refraki stav je ovliviovan nejen vyvojem oka, ale i
mnoha dalSimi aspekty, jako jsou H#fad systémova onemog&m organismu
nebo i genetické a environmentalni vlivy. Vyslede&akce niZze byt vSak do
jisté miry ovlivrena i vlastnim akomodaim usilim. Neb6 praw diky schopnosti
akomodovat jsme schopni vidoste jak vzdalené, tak i blizké&gdnety.

Akomodace je tedy schopnost ¢caiho aparatu gnit svou optickou
mohutnost, coZ ndm umiadje vidt oste predmety v raiznych vzdalenostechgd
okem. Tento dynamicky proces neni vrozeny, alejvgei lthem prvnich rssiai
Zivota. Podili se naém rekteré anatomické struktury oka a tmrpus ciliare,
lens cristallinaafibrae zonularesAkomodace jgizena parasympatickou inervaci
ciliarniho svalu, resp. Miillerova svalu, z Edin§féestphalova jadra.

Samotny mechanismus celého procesu vSak dodnes nebyl tak &plin
objasrén. Existuje ®kolik teorii, které jej popisuji, avSak zadna zmic
nevys¥tluje celou jeho podstatu. Nejznd§i zteorii akomodace je
Helmholtzova teoriekterd popisuje tzv. \#gi akomod&ni mechanismus. Podle
této teorie dochazi ke stahu cirkularnich viakenldtava svalu a visledku toho
pak dochazi kuvoblmi zawsného aparatu ¢ai c¢ocky. Na tuto ,aktivni“
akomodaci pak navazuje proces akomodace ,pasitaidty zména zakiveni
piedni plochyc¢ocky. Helmholtzova teorie byl&asem dopléna jeS¢ o teorii
Gullstrandovy podle niz dochaziébem akomod&niho procesu kieskupeni

¢ockovych hmot o vysSim indexu lomu do oblasti opticsy, coz vysstluje
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redukci sférické aberace, ke kteréhébm akomodace dochézi. @Gcn mladsi
teorii je teorie podi&chachara a Tscherningktera vSak vychazi z jiného upnuti
zonularnich vlaken nacai ¢ocku. V disledku toho dochéazi¢hem procesu
akomodace k tzv. elongaci, kdy sextdi ekvatorialni pimér o¢ni ¢oc¢ky a neni

se i jeji polondr zakiveni, ¢cimz se zmni jeji optickd mohutnost. Existuje jést
nagiklad teorie podleColemana jez je zaloZzena na tlakovém gradientu mezi
piedni komorou aigdnic¢asti sklivce. [5] [8] [9]

Co ale vime je fakt, Ze schopnokivéka vidkit oste blizké pedmety neni
pouze ,zasluhou“ akomodace, ale podili se na rd tal. akomodaini tridda.
Takto ozn&ujeme spolupraci akomodace obati, &ontrakce pupil a konvergenci
obou @i. V pripact, Ze je tato triadagekym zpisobem naruSena,tbe dojit az
k poruSeni jednoduchého binokularnihoénd

Abychom byli schopni kvantitatien hodnotit a porovnavat schopnost
akomodace, je nutné znat, mimo jimkomodatni Sifi. Akomoda&ni Sie neboli
amplituda v piibéhu Zivota klesad. Tento fyziologicky pokles je gcady
znazorgn prav¥ Duanovou kifivkou akomodani Sie (obrazek 1), ktera vznikla

na zaklad Duanovy studie v roce 1912.
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Obrazek 2 - Duanova Kivka akomodani Sife: A kiivka pifedstavuje
minimalni hodnoty, kiivka C hodnoty maximalni. B kfivka udava stredni

Z Duanovy kivky je patrné, ze akomodai Sie klesa s&kem, avSak nikdy
nedosahne nulovych hodnot. Kolem 45. roklew klesa akomodai Sie pod 5
D, coz s sebouimasi zétSovani pracovni vzdalenosti na blizko #ppdné
astenopické potiZze. Tato progresivni ztrata akorrddamplitudy je ozn&ovana
jako presbyopieneboli stéecka vetchozrakost. Mezi typickéiznaky presbyopie
pati rozostené vidni do blizka, zejménatipnizkém os¥tleni, bolesti hlavy, &

a unava. [2] Kdlezitym faktoGm, jez gispivaji k rychlejSi manifestaci
presbyopie, p#t refrakni vady. Presbyopie se projevi ocn dive u

korigovanych hypermetrdp ktefi maji relative mensi akomodani Sii

v porovnani s myopyi emetropy. [1] Navzdory tomu, Ze znalosti a infewa o

akomod&nim mechanismu se neustale zlepSuji a fogsineni gicina vzniku
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presbyopie stale zcela vydlena. Jisté vSak je, Ze na vzniku presbyopie sklipo
uréité biochemické, biomechanické a fyziologické fagtoVelice casto je za
piicinu vzniku presbyopie povazovana dysfunkce cilidonisvalu, ktera je
pravdépodobré zpisobena ztratou elasticity zadnich svalovych viakamebo
s wkem spjatymi nervosvalovymii konfiguranimi zménami. Za moznou
piicinu presbyopie lze povazovat také &m zawSeni @ni ¢ocky v diasledku
jejiho ristu. Vzdalenost mezi ekvatoraracky a geednimi zonularnimi viakny se
s wkem zvysSuje, avSak vzdalenost meggnimi zonularnimi viakny gasnatym
teliskem #Zistdva piblizné stejnd. Sdmito zmena pak pravépodobré souvisi i
zmena aktivity zaésného aparatu. Nicm&nprozatim neexistuje Zadnyakhz,
ktery by tuto teorii potvrdil. [1] [5]

Presbyopii korigujeme pomoci tzviigavku do blizka. Tentoffulavek,
¢asto taky nazyvan jako adice, je roven rozdilu koeedo dalky a do blizka. Aby
bylo mozné snizenou akomawd schopnost dlouhodébtolerovat, musi byt
zachovana minimain1/3 akomodeéni Sie, jakozto akomodai rezerva. Adici
stanovujeme vzdy s ohledem na retrakstav pacienta, pozadovanou pracovni
vzdalenost, & aj.

NejsnadgjSimi a nefastjSimi metodami méreni akomodani Sie jsou
pravdépodobré metody subjektivni. Na zatku kazdéeho gfeni musi byt pacient
v emetropické, fipadrt pseudoemetropickém, reféakm stavu. Jednou
z nejroz&iergjSi subjektivnich metod #&teni akomodéni amplitudy je metody
Push-up ktera je velmicasto doplina i metodouPush-down Podstatouéchto
metod je nalézt blizky bod vy$evaného [4], cemuZz odpovida vergence
nantiené vzdalenosti v metrech. A protozZze vime, Ze tomdzi dalekym bodem,
ktery je u emetropickych, resp. pseudoemetropickyatient v nekonénu, a
blizkym bodem nam da hodnotu akom&dasie v dioptriich, je velmi snadné
pak pra¢ tuto hodnotu dopstat. Paibch Push-up testu je pamm¢ jednoduchy.
VySetovany je vyzvan, aby si vy3ewvaci test fiblizoval k oblieji az do
momentu, kdy se mu testové Zkw nerozosti. Nasleds jej pak nechame je5t
zkusit zaogit. Pokud jsou testové zély stale rozosené, dosahli jsme prav
hledaného blizkého bodu. Pokud je vigeany schopny je§tobraz doosit, tedy
stale akomoduje,ifblizuje test jest blize k oblteji, dokud nejsou testové atky
definitivné rozosteny. Pro kontrolu navazujeme jg®ush-down testem, ktery

spaiiva na podobném principu, avSak vydgany dany test oddaluje od atdje,
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pificemz vychozi vzdalenost je kratSi nez je vzdalebbigkého bodu naena
piedchozim Push-up testem. Vy&stanému by se #ly testové znéky zaostit

piiblizné ve vzdalenosti odpovidajici blizkému bodu. Pushasgt Ize provast

jako monokulart tak i binokularg a jako vySebvaci testy mizeme pouzit
napiklad Duanv test, ale pro vyS&ivani astigmatickychd je vSak lepSi pouzit
kruhovy Glasseiv test. (obrazek 2) Lze také pouzit akomodometrgtoT
cejchovanou stupnici v metrech nebo dioptriich, o@m pondrné usnadni a

zpresni néreni vzdalenosti blizkého bodu.

H

Obrazek 2 - Duaniv a Glassefiv test

Tato subjektivni metoda d&feni akomodéni Sie byla pouzita prav
v Duanow studii, v niz byla mitena akomodace monokularni i binokularni a to u
4200 @i. Zvysledki této studie plyne, Ze binokularni akoméudia Ste je
z pravidla ¥tSi nez monokularni a to viméru o 0,6 D. [6] Tento fakt
piedstavuje vyhodu hla¥n pro presbyopické pacienty, protoZze binokularni
akomodace neni jen s#iSi, ale i snazSi. Na tomto rozdilu ma bezpochsizy
podil i aktuéli zvySené ciliarni Usili vigsledku konvergemi aktivity.

DalSi subjektivni metodou &eni akomodéni amplitudy je tzv. metoda
Minus to blur. Na rozdil od pedchozi metody ji Ize provadpouze monokulag
VySetovany s optimalni korekci do dalky fixuje monoku&wrySetovaci test ve
vzdalenosti 40 cm. VySetjici mu pak pedklada rozptyln&ocky v krocich po
0,25 D az do momentu, kdy se vyBstnému test nerozdést Sowet
piedloZenych rozptylnychocek v absolutni hodndtspolu s vergenci vySetvaci
vzdalenosti, ktera je vtomtofipadt 2,50 D, pak odpovida akomage Sii
vySetovaného. Je vSakubbzité mit na pawt, Ze v disledku pedkladani
rozptylnychéocek dochazi ke zmenSovani obrazu, caZenovlivnit rozhodnuti
vySetovaného, kdy je testova zatka prae¢ rozostena. Na zaklad téchto
poznatki pak mizeme pedpokladat, Zze takto ziskané hodnoty akomiondaie

budou o #co menSi nezipméieni metodou Push-up. [4]
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Akomodani amplitudu Ize r&it také objektivnimi metodami. Vysledné
hodnoty ziskané pomoci subjektivnich vyS8eacich metod vychazeni prave
subjektivniho kritéria ,zamlzeni* kazdého pacierdaz je ovlivieno samogejmeé
aktualnimi pocity vySé&bvaného a, mimo jiné, i hloubkou ostrosti. Na hloeib
ostrosti @i pohledu do blizka mé ¢&ity vliv velikost zornice a aberace oka. A
praw z tchto divodi se miZzeme setkat s ndzorem, Ze spravné jsou ty hodnoty
akomodani Sie, které byly nagieny objektivnimi metodami. [3] Objekti¢nze
tedy hodnotu akomodai amplitudy zmstit napiklad pomoci Hartingerova
koinciderniho refraktometru, autorefraktometruanebo pomoci rucniho
fotorefraktoru Rwni fotorefraktor vyuziva k gfeni infraerveného paprsku a
z vySetovaci vzdalenosti 1 m jsme pak schopni ziskat méare nejen o velikosti
akomodani Sie, ale i velikost zorni¢i jejich rozestup [10]. Velicéasto se tento
ruéni fotorefraktor vyuziva ke screeningu a vy8ef dti. Objektivre Ize
akomodani Sii zméfit i pomocizrakovych evokovanych potendgidVEP). Pra¢
této metody bylo vyuZito ve studii Millodota a Newt [7], kde byly
porovnavany hodnoty akomattd Sie ziskané ,klasickou® subjektivni metodou,
tedy metodou Push-up, a objektivni metodou pattR. Na zaklad této studie
se méreni akomodéni Sie pomoci zrakovych evokovanych potentigtokazalo
jako validni, nebt vysledky korelovaly s hodnotami ziskanymi subjekim
meienim. Je vSakidezité poznamenat, Ze testovaci Sachovnice pattieRu byla
mnohem ¥tSi neZ testovaci ztla Push-up testu, tedy i hodnoty ziskané
objektivnim ngtenim by ndly byt vysSi. Toto je vSak do jisté miry vyvaZzovano
faktem, Ze subjektivni Push-up metoda ma tendemskypovat o ®co vysSSi
hodnoty akomodmi Sie v disledku hloubky ostrosti, fiplizujici se testové
znace, coz stimuluje proximalni slozku akomodace, at3irdoby pozorovani
testu.

Akomodani Ste, & uz mfena jakymkoliv zpsobem, ma gy
nepostradatelny vyznam mimo jiné predpisu korekce na blizkou vzdalenost u
presbyopickych pacieft Hodnota adice musi byt vzdy zvolena individg¢aln
sohledem na akomodta@ rezervu a poebnou pracovni vzdalenost
vySetovaného. Vezmeme-li v potaz zvySené naroky na pdacblizka, které
s sebou pnasi sodasné moderni technologie a zivotni styl populaeestple
dulezitejSi, aby prav tato cast refrakniho vySeteni nebyla opomijena a byla ji

piikladana pdicna vaha. Nehb praw v disledku kombinace takto zvySené
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ndmahy ¢i a nevhodné korekce na blizkou vzdalenosiZzendojit k rozvoiji

astenopickych potizi, anavy nesdasénostici poklesu pracovni vykonosti.
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It is well known that a large part of the informaat is mediated precisely
through vision to us. Refractive status is influsthmot only by the development
of the eye, but also by many other aspects, sudysismic disease organism or
genetic and environmental influences. However, rémilting refractive state of
the eye can be influenced by accommodating eféoe tertain extent. Due to its
ability to accommodate, we are able to see shagohpte and the near objects.

Accommodation is the ability of the eye to change its optical pow
which allows us to see objects sharply at differdistances in front of the eye.
This dynamic process is not innate, but it develidysng the first months of life.
On the proces are involved some anatomical strestaf the eye such asrpus
cillare, lens cristallinaand fibrae zonulares Accommodation is controlled by
parasympathetic innervation of the ciliary mussigecially by innervation of the
Miuller's muscle from the Edinger-Westphals nucleus

The actual mechanism of thgocess of accommodationis not still
entirely understood. However, there are severalrteg that descrie it but none of
them explain the essence of the process as a whttdemost famous theory is the
Helmholtz's theorpf accommodation that describes the external astmaative
mechanism. According to this theory occurs to isteaf fibrae zonulares due that
the circular muscle fibres of Muller’'s muscle aomtcacted. After this ,active”
accommodation remains warranted then followed thmecgss of ,pasive”

accommodation, ie change to the curvature of tbet fsurface of the lens. Over
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time the Helmholtz's theory was supplemented onGh#strand's theoryyet.
According to which occurs to regrouping lens maierof higher refractive index
in to the area of optical axis, which explains treeluction of the spherical
aberration to which occurs during accommodatione Tdther theory is a
Schachar’s and Tscherningtkeory but it presumes a different attachment of
fiborae zonulares on the lens of the eye. As a tesliring the process of
accommodation it occurs to the elongation in whiah equatorial diameter of the
ophthalmic lens is increased and due this itsusadif curvature is changed,
thereby altering its optical power. There is anottieory, too. For example
Coleman’stheory which is based on the pressure gradient dmiwthe front
chamber and the front part of vitreous body. [3][£8

But we know that a person's ability to see neasbjects sharply isn’t
exists only due to ability of accommodation, buttiggates in it the whole so-
calledaccommodative triad.It is a cooperation of accommodation of both eyes,
pupil contraction and convergence of both eyeghénevent that this triad was
somehow impaired, it can lead to failure of a @nghocular vision.

To be able to quantitatively evaluate and compdre ability of
accommodation, it is necessary to kn@am amplitude of accommodation
Amplitude of accommodation decreases undertakeougimout life. This
physiological decrease is graphically illustratey Duane’s curve of the
amplitude of accommodation(Figure 1) formed on the basis a study of Duane in
1912.
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1 - Duan’s curve of amplitude of accommodation

The Duane’s curve shows that the amplitude of antaation decreases with
age, but never reaches zero values. Around 45 y#aegie the amplitude of
accommodation decreases below 5 D, which entaidseasing the working
distance for reading and eventual asthenopic teoubhis progressive loss of
accommodative amplitude is known gsesbyopia Typical symptoms of
presbyopia include blurred near vision, especiatly low light, headache,
eyestrain and fatigue. [2] Important factors thattdbute to faster manifestation
of presbyopia include refractive error. Presbyaopiatake effect a little earlier in
the corrected hyperopic patient who have relativelynor the amplitude of
accommodation in compared with myopic or emetrggztent. [1] Despite the
fact that knowledge and informations about meclmani$ accommodation are
constantly improved and expanded, the cause obpoesa is not still completely
explained. What is certain is that some biochemidabmechanical and

physiological factors participate in the formatiohpresbyopia. Very often the
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dysfunction of the cilliary muscle is consideredths cause of presbyopia, it is
probably caused by loss of elasticity of the rearsate fiber or age-dependent
neuromuscular or configuration changes. A possiblése of presbyopia may be
considered also change the suspension of lenaltiniat which is associated with
its growth. The distance between the equator oflehe and the front part of
fibrae zonulares is increased with age, but thtadee between the front part of
fiborae zonulares and corpus cilliare remains apprately the same. These
changes probably related with changes of activiief#orae zonulares. However,
so far there is no evidence to confirm this thefiy/[5]

Presbyopia is corrected by the addition to neastadce. This addition is
equal to the difference of correction of visiondistance and near vision. In order
could be the loss of ability of accommodation tated in the long term must stay
a minimum 1/3 of amplitude of accommodation as semee. Addition always
must be determined with regard to the refractiatesof the patient, the required
working distance, age, etc.

The easiest andhe most common methodsof measuring of the
amplitude of accommodation are subjective methped)aps. At the beginning of
each measurement must be patient in emetropic ewdpgmetropic refractive
status. One of the the most common methods forestio¢ measuring of
amplitude of accommodation is thHeush-up method, which is very often
supplemented bfPush-down method. The essence of these methods is to find a
near point of patient. [4] We know that the farrmgaf emetropic eye is at infinity
then the distance between near point and far paresponds to amplitude of
accommodation. For this reasons we can calculédevétiue. The Push-up test is
very easy. The patient moves a test closer to faté the test mark will be
blurry. Subsequently the patient have to try toufbagain. If the test mark still
blurry, we found the distance of near point. If gegients still able to sharpen the
image, so he still able to accommodate, he haweoie the test even closer to his
face until the test mark will be definitely blurréd/e usually do a Push-down test
after that. It is based on similar principle b fpatient moves away a test from
his face. The starting distance is shorter thardtb&ance which was measured by
Push-up method. The test mark should be sharp idistance which is
approximately the same as the distance of neart.pofPush-up test can be

performed monoculary and binoculary and for measerd we can use for
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example Duane’s test or Glasser’s test (figurel2ghwis better for measurement
of astigmatic eye. We can also use accommodatiles. rihis special ruler has

some slider cursor with test at the end. It haslibrated scale in meters or

2 - Duan’s and Glasser’s tests

This subjective method was used in Duan’s studyane examined

dioptres, too.

monocular and binocular amplitude of accommodatiom200 eyes. [6] The

results of study suggests that binocular amplital@ccommodation is higher

than monocular on average about 0,6 D. This prevasteadvantage especially for
presbyopic patients because binocular accommod&iomot only stronger, but

also easier. the actual increase of ciliary efflué to the convergence activities,
has perhaps some share on these results.

Another subjective method of measuring of ampétud accommodation
is called Minus to blur. Unlike previous methods, it can be performed only
monocular. Patient with optimal correction for diste focuses on test mark at a
distance of 40 cm. We will submit a divergent lamstep for 0,25 D to him until
the moment when the test mark will be blurry. Tobensof absolute values of the
negative lens and reversal of values of the ingastie distance, which is 2,50 D
in this case, corresponds with amplitude of accoduation of patient. However, it
is important to remember that the submission oftieg lens leads to diminution
of image and it can have an influence to the decisif patient just when the test
mark is blurry. For this reasons we can assume Nhats to blur's values of
amplitude of accommodation will be minor than Pusghs values.[4]

Accommodative amplitude can be also measuredtpgctive methods
The resulting values obtained by subjective metlawddased on just a subjective
evaluation of "blur" of each patient. This evaloatiis influenced by the actual
feelings of patient, of course, but by depth ofelditoo. The pupil size and
aberrations of the eye have some influence on ép¢hdhe field during vision to
near distance. And for this reasons there are apithat the correct values of

amplitude of accommodation can be reached onlyldpgctive measurement. [3]
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We can measured objectively for example IHartinger’'s coincidence
refractometer, autorefractometer or hand refractéeneThe hand refractometer
uses the infrared ray. The investigative distasck iineter. And we able to obtain
information not only about amplitude of accommoadlatbut also about pupil size
and their spacing. [10]. This fotorefractor is lgpinsed for screening and
examination of children. For objective measurentamnt be used asual evoked
potentials YEP). This method was used in the study Millodatd &lewton [7].
there were compared the values of amplitude of mooadation which were
obtained "classical" subjective method, ie the pyshand objective method of
pattern VEP. Based on this study, measuring of inaa of accommodation by
VEP was proved as valid because the results ctecelaith the values obtained
by subjective measurement. However,is important niate that the test
checkerboard pattern VEPu was much larger thanestemark of Push-up test,
therefore, the values obtained by objective measemnés were higher. To some
extent it was offset by the fact that a subjecpush-up method has a tendency to
providing a slightly higher values due to depthfield, approaching the test,
which stimulates proximal component of accommodate shorter observation
time test.

The amplitude of accommodation is essential duthmeg prescription of
presbyopic correction, inter alia. Values of aduiti should be always
individualized with regard to accommodative reseassd patient’s required
working distance. Taking into account the increadethands for work in near
distance, which the modern technology and lifestylpopulation are bringing, is
still more important so that this part of the refree examination has not been
neglected. Because a combination of the increasestrain and inproper
correction may lead to development of astenopiblpros, fatigue restlessness or

decrease of work performance.
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