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Faktory ovliviujici zdravé a pohodiné pouzivani kontaktnich
cocek

Autor: Bc. Tomas Dobrensky

Anotace

Spravny vybér parametrd kontaktnich ¢ocek pro klienta ma samoziejmé klicovy vyznam
na jejich pohodIné pouzivani. Proto je prvni ¢ast vénovdna pravé technickym parametrim
kontaktnich ¢ocek. Za mnoha pfipady diskomfortu je ale skryto i nedodrzovani zasad a
spravnych navykl pfi pouzivani kontaktnich cocek. Tomuto tématu se pak budeme vénovat
v druhé ¢asti.

Uvod

Kontaktni ¢ocky se lisi v pouzitych materidlech, designu a technickém feSeni s ohledem
na korigovanou refrakéni vadu. Konstrukce kontaktni ¢ocky by méla spliovat nasledujici
zakladni kritéria: Kontaktni ¢ocka by neméla plsobit mechanicky stres oka a okoli. Vzajemna
interakce kontaktni ¢ocky, povrchu oka a ocnich vi¢ek by nikdy neméla vyvolavat pocit
nepohodli. Zakladnimi pfedpoklady je zde spravna poloha ¢ocky, centrace a pfiméreny pohyb
¢ocky na oku.

Kontaktni cocka by méla co nejméné omezovat oplachovani oka slznym filmem. S tim je
totiz spojeny dostatecny prisun kysliku k rohovce a naopak odvod metabolickych zplodin od
ni. Tento faktor je ovlivnén celkovou konstrukci cocky a hlavné oblasti jejiho okraje.

DuleZitou vlastnosti materialu je propustnost kysliku a dalSich malych plynnych molekul.
Material kontaktni ¢ocky se podili i na celkovém mechanickém drazdéni, kde jsou dulezitymi
faktory modul pruznosti, povrchova smacivost i celkovy obsah vody v materialu.

Design ¢ocky
Zakladni popisné parametry kontaktnich ¢ocek uvedené na vSech produktech jsou
zakladni zakfiveni (BC = Base Curve) a priimér (DIA = Diameter)

Aplikaci kontaktnich ¢ocek ovliviiuji oba tyto parametry, tedy presnéji receno, vysledna
aplikace je vzajemnym vztahem mezi zakfivenim a primérem kontaktni ¢ocky a tvarem
rohovky oka a oblasti sklerokornealniho prechodu. Otazkou je, nakolik oba popisné parametry
skutecné popisuji tvar kontaktni cocky.

Pokud jde o priimér ¢ocky, tady je odpovéd jednoznacnd. Prliimér kontaktni ¢ocky v pIné
hydratovaném stavu je skutecné takovy, jak je uvedeno na jejim baleni. Rohovka ma ve vétsSiné
ptipadl pramér do 12 mm, pro primér mékké sklerokornealni ¢ocky pak plati, Ze by méla
presahovat pres limbus alespon o 0,5 mm na kazdé strané. Standardné se vyrabi nejmensi
pramér mékkych kontaktnich ¢ocek 13,6 mm. BéZny priimér pak je 14,0 az 14,5 mm.

Komplikovanéjsi je to s otdzkou zakfiveni. Zakladni zakfiveni kontaktni ¢ocky je popisny
udaj, ktery vyjadfuje centralni zakriveni ¢ocCky v oblasti pfiblizné dvou az tfi milimetrd
v prliméru. Konstrukce zadni plochy ¢ocky je ale ve vétSiné pripadl asféricka a tedy skutecné
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zakFiveni v téchto mistech neodpovidd popisné hodnoté. Udaj o zakfiveni je z tohoto Ghlu
pohledu pro nas hodnotou orientacéni. V literature se nej¢astéji uvadi, Zze hodnota zakfiveni
kontaktni ¢oc¢ky by méla byt o jeden milimetr plossi, nez je primérna keratometrie centra
rohovky. Toto pravidlo skute¢né plati v ptipadé, Ze kfivka zadni plochy kontaktni ¢ocky je blizka
rotaCnimu hyperboloidu. Ale soucasné kfivky zadnich ploch ¢olek jsou vyrazné sloZitéjsi.
Vétsina kontaktnich ¢ocek se dodava na trh v jednom, maximalné dvou rliznych zakfivenich.
Tento stav nas Casto vede, v kombinaci s ostatnimi parametry ¢ocek, k urcitému aplikaénimu
kompromisu. Bez kontroly aplikace na Stérbinové lampé ale nejsem schopen spravny vybér
potvrdit.

Pfesnda aplikace kontaktnich ¢ocek predpokladd, ze tvar ¢ocky bude , kopirovat” tvar
rohovky a vysledkem bude paralelni postaveni kontaktni cocky viici rohovce ve viech bodech.
Tento idedlni stav nastava velmi zfidka. Mnohem castéjsi, vzhledem k nepravidelnému tvaru
rohovek a vétSinou také kontaktnich cocek, je situace, kdy v nékterych oblastech je kontaktni
¢ocka povrchu rohovky bliz a jinde dal.

Obvykle je centrdlni optickd oblast kontaktni ¢ocky jako celek strméjsi nez pfislusné
velkd oblast rohovky. To je celkem paradoxni vzhledem k tomu, Ze pokud jde o uvadéné
centralni zakfiveni (BC = Basic Curve), volime popisné plossi hodnotu, nez je priimérna
keratometrie centra oka.

V oblasti prechodu mezi optickou a haptickou ¢asti ¢ocky, byva jeji priblizeni k rohovce
nejtésnéjsi. Okraj kontaktnich c¢ocek by pak opét mél smérovat mirné od povrchu oka.
Charakteristika okraje kontaktni cocky ale muaze byt velmi rdznorodad. Na obrazku
z elektronového mikroskopu vidime nékolik rlznych typ( kontaktnich ¢ocek od rdznych
vyrobcl. Je tu zfejmé, Ze k problematice okraje cocek rozhodné nepfistupuji jednotné.
Dokonce se daji rozdélit do ¢tyr rlznych ,kategorii“: okraje smérujici vzhliru a to do bfitového
nebo zaobleného tvaru a podobné okraje smérujici doli: opét bud’ bfitové, nebo zaoblené.

Z drive fe¢eného se okraje smétujici doll zdaji byt celkem nelogickym fesenim. JenZze,
ono také zaleZi na tvaru prechodu mezi rohovkou a sklerou. Pokud je sklerokornedlni uhel
velmi otevieny, pak ¢ocka s okrajem vzhiru muze pfilis odstavat od povrchu oka a vysledkem
je neumérné drazdéni tarzalni plochy vicka, pripadné okraj vicka mlze pfimo hrnout takovou
¢ocku z oka ven. Naopak, u ostfejsiho sklerokornedlniho Uhlu by se ¢ocka s okrajem dol(
mohla okrajem opirat do perilimbdlni oblasti. Jednak tu bude pUsobit otlak, ale predevsim
uzavie pfirozeny prutok slz pod kontaktni ¢ocku. Vysledkem takové aplikace je hypoxie
rohovky. Rohovce totiz chybi kyslik pfivadény vymeénou slzného filmu a tento nedostatek neni

vaevys

Dalsi dulezitou vlastnosti kontaktni cocky je schopnost stejnomérné rozkladat tlak, ktery
na predni segment oka pusobi. Tento tlak vyvolavaji o¢ni vicka, predevsim okraj tarzu. To plati
pfi otevieném oku a samoziejmé pak v pribéhu mrknuti. Mrkani a tlak okraja vicek je urcujici
veli¢inou pfi fadé dynamickych déjd po aplikaci ¢oc¢ky na oku. U sférickych nestabilizovanych
kontaktnich ¢ocek je vysledkem tlaku okraja vic¢ek pfi mrkani rotace ¢ocky. Ta spolu s mirnym
pohybem nahoru a doll a také s mirnym , pumpovacim” efektem pfritlacenim cocky k oku a
opétovnym uvolnénim, rovnéZz napomadaha tolik potfebné vyméné slz pod cockou. U
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kontaktnich ¢ocek, které vyZzaduji stabilizaci na oku — napfiklad vSechny torické kontaktni
cocky - je vyména slz pod ¢ockou nizsi. Jednak chybi rotace, dale ¢ocka kvali stabilizacnim
prvklm je tlustsi a tedy pump efekt neni tak silny. A ¢asto je takova ¢ocka vétsiiv priiméru. O
to vice tady zalezi na spravné volbé parametrd cocky a jejich nasledné kontrole.

U mékkych kontaktnich ¢ocek se musi konstrukce podfidit obsahu vody, elasticité,
propustnosti pro kyslik, transportu tekutin v materidlu a evaporaci (osychani). Existuji presné
stanovené hodnoty konstrukcnich udaji, kde je mimo jiné uvedena minimalni stfedova
tloustka ¢ocky. Neni problém takto tenké, nebo i tenci ¢ocky vyrobit, ale vyuzit se prakticky
nedaji. Takto tenka ¢ocka by se po aplikaci propadla v centrdini oblasti a adhezi slz pfichytila k
rohovce. Tim by se omezil jeji pohyb, nedochazelo by k vyméné slz pod ¢ockou, tedy by se
nepfivadél kyslik a neodvadély zplodiny metabolismu. Proto je nutné tloustku ¢ocky vidy
vyvazit k pfislusnému materialu.

Vlivy materialu

Zakladnim a referenénim  materidlem  mékkych kontaktnich cocek je
hydroxyetylmetakrylat — HEMA. Kontaktni ¢ocky z Cistého materialu HEMA obsahuji mezi 36
az 38% vody. Voda pfitom ma v ¢oCce zcela zasadni vyznam, pokud jde o snasenlivost
materidlu na oku — vétSinou ji hodnotime prostiednictvim smacivosti povrchu, dale jeho
jemnost a pruznost — obvykle dnes vyjadifenou modulem pruznosti ¢ocky, a v neposledni radé
propustnost materidlu pro kyslik — nejéastéji uvadime hodnoty Dk a Dk/t. Pfidavkem
kopolymera, jako jsou napftiklad vinylpyrolidon, vinylakrylat nebo glycerylmetakrylat, je
mozné obsah vody zvysit — technicky se pouzivd maximalni obsah vody okolo 70%. U
hydrogelovych materiald se spolu s vy$sim obsahem vody zlepsi pruznost a jemnost materialu
i jeho propustnost pro kyslik. Samostatny polymer je totiz pro plyny nepropustny, proto je
rozhodujici obsah vody v hydrogelu, ktery urcuje jeho difuzivitu.

V dnes$ni dobé na trhu mékkych kontaktnich ¢ocek naprosto prevladaji materialy s
kategorie silikon hydrogeld. Obsah siloxani v materidlu cocky vyrazné zlepsuje jeji
propustnost pro kyslik. Molekuly kysliku stejné jako odpadniho CO,; mohou prochazet pfimo
strukturou silikon hydrogelového materialu. Teoreticky tak plati, Ze vy$si obsah vody v silikon
hydrogelovych materidlech propustnost pro kyslik sniZzuje. Na druhou stranu siloxanové
struktury jsou mechanicky tuzsi a méné ohebné, nez tomu je u hydrogell. Vysledkem je vyssi
hodnota modulu pruznosti. Cisté siloxany jsou také hydrofobni a to ma za nasledek horsi
povrchovou smacivost Cocky a vétsi afinitu k vazbé lipidovych depozit na povrch cocky.
S témito vlastnostmi se vétsina vyrobcl snazi bojovat a postupné se méni vnitini provdzanost
jednotlivych struktur materialu, stejné jako se hleda optimalni vyvaZzeny pomér obou slozek
pro zachovani vétsiny vyhod jak hydrogel(, tak silikon hydrogelt. Moderni silikon hydrogely
se sice mozna nepysni nejvyssimi hodnotami propustnosti pro kyslik, zato ale maji vyrazné
nizsi modul pruznosti, lepsi povrchovou smacivost a vyssi celkovy obsah vody.

Hydrogelové materidly jsou diky nizSimu modulu pruZnosti vice pfizpUsobivé tvaru
rohovky pod sebou. Také adhezni sily jsou u hydrogel( vyssi nez u silikon hydrogelovych ¢ocek.
Dasledkem toho mUze byt mensi pohyb ¢ocky na oku a obtiznéjsi hodnoceni presnosti jeji
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aplikace. Vys$si modul pruznosti u nékterych silikon hydrogelovych ¢ocek zase klade vétsi
naroky na vybér spravnych parametr(.

Vliv spravného pouzivani kontaktnich ¢ocek

Anglicky termin ,complience’ vyjadfuje pravé udroven dodrzovani, nebo spise
nedodrzovani doporuceni, ale i striktnich nafizeni, spojenych s pouzivanim kontaktnich ¢ocek
koneénymi uzivateli. Jedna véc je, jak jsou instrukce predany, zda jsou srozumitelné a davaji
smysl. Druhou véci pak je konec¢né chovani uzivatel( ¢ocek v praxi.

Obecné lze fict, Zze za velké mnozstvi komplikaci spojenych s pouzivanim kontaktnich
¢ocek jsou odpovédni sami jejich uzivatelé. Az 80% téchto potizi vychdzi z nedodrzovani
predepsanych rezimu. Soucasné plati, Ze ¢im jednodussi péce se doporuci, tim méné se
dodrzuje.

Podle studie provadéné v roce 2015 ve Velké Britanii tymem pod vedenim profesora
Durbana aZz 20% uzivatel( kontaktnich ¢ocek si neni védomo, jaky typ ¢ocek vlastné pouziva.
40% uZivatel( pouziva cocky déle, nez vyrobce doporucuje, konkrétné podle doporuceného
rezimu pouzivani: 15% uzivatel( jednodennich ¢ocek, 29% uzivatelll mésicnich cocek a 59%
uzivatell ¢trnactidennich cocek.

Typicti uzZivatelé nedodrzujici pravidla jsou mladsi (33,1 + 11,0 let) nezZ ti, co rezim
dodrzuji (35,0 + 12,8 let). Naopak nebyl zjisStén zadny zasadni rozdil mezi Zenami a muzi. A
nezalezi ani na dioptrické korekci. Typické je rovnéz to, Ze tito lidé nechodi na pravidelné
kontroly ani na méreni zraku pfi nakupu bryli nebo cocek. Statisticky néktera z pravidel
porusovalo 79% nositeld cocek ve studii.

Dlavody pro nedodrZovani postupl uvadéné ve studii lze rozdélit do nasledujicich
kategorii: péce o ¢ocky jim pripada zbytecné zdlouhava, nebo zbytecné casta. Prostredky o
péci jsou pfilis drahé. Nebo se odvolavaji na tvrzeni, Ze kdyz jim nékdo néco predepsal, musi
to byt bezpecné samo o sobé.

Pokud jde o péci o ¢ocky, 78% nositeld ¢ocek je mechanicky vibec necisti. 18% uZivatelu
neméni roztok v pouzdre, pouze jej doplfiuje. K nedodrZeni ¢asu predepsanému k dezinfekci
Cocek se pfiznalo 12% jejich uZivatell. Az 5% pak pouZziva k péci o kontaktni ¢ocky pouze
fyziologicky roztok. A az 50% uzivatel( udava, Ze si nékdy pred manipulaci s ¢ockou neumyji
ruce.

Obecné $patna je pak péce o pouzdro na kontaktni ¢ocky. Az 80% nositell cocek nedéld
pravidelnou hygienu pouzdra. Témér polovina uzivatel(l jej nenechava pres den vyschnout. A
62% jej nevyménuje v predepsaném intervalu.

Jak postupovat spravné

Vybér vhodného typu cocky by mél byt vidy v rukou ocniho specialisty. Nedilnou
soucasti vybéru je jeho ovéreni na Stérbinové lampé. Stejné tak jsme odpovédni za spravné
pouceni klienta o zpUsobech pouzivani a péce o ¢ocky. V dnesni dobé se z tohoto Uhlu pohledu
jevi jako optimalni doporuéeni pouzivani jednodennich silikon hydrogelovych kontaktnich
cocek, kde mira nedodrzovani pravidel hry je logicky nejmensi.
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Factors influencing healthy and comfortable wearing of
contact lenses

Author: Bc. Tomas Dobrensky

Abstract

Proper selection of parameters of contact lenses for the client is obviously crucial to
their ease of use. Therefore, the first part is devoted to the technical parameters of contact
lenses and their influence on the comfort of use. But for many cases of discomfort is hidden
non-compliance and good habits during using of contact lenses. This topic will then be
discussed in the second part.

Introduction

Contact lenses are differed in the used materials, design and technical solutions with
regard to the corrected refractive error. Construction of contact lenses should meet the
following basic criteria: Contact lenses should not cause mechanical stress of the eye and
surrounding area. Mutual interaction of contact lenses, eye surface and the eyelids should
never cause discomfort. The basic assumptions are correct position of the lens, centration and
reasonable movement of the lens on the eye.

The contact lens should at least limit the flushing of the tear film on the eye. With this is
connected a sufficient supply of oxygen to the cornea and also removal of metabolic waste
from it. These factors are influenced by the overall design of the lens and its edge.

Important characteristic of the material is permeability for oxygen and other small
gaseous molecules. Contact lens material also contributes to the overall mechanical irritation,
where are important factors modulus, surface wettability and the total water content in the
material.

The influence of Lens design

The basic descriptive parameters of contact lenses listed on all the products are: Base
curve (BC = Base Curve) and Diameter (DIA = Diameter).

Both of these parametres influence to the contact lens fit. More precisely speaking, the resulting
application is the relationship between the curvature and diameter of contact lenses, corneal shape of
the eye areas and sclera-corneal angle. The question is whether both descriptive parameters really
describing the shape of a contact lens.

Regarding the diameter of the lens, there is a clear answer. Diameter of the contact lens in a
fully hydrated state is indeed such as indicated on the package. The cornea has in most cases diameter
to 12 mm. The diameter of the soft lens should overlap the limbus at least 0.5 mm on each side.
Standard is produced the smallest diameter of the soft contact lenses as 13.6 mm. Most of production
is between 14.0 and 14.5 mm.

With curve it is a more complicated question. BC of a contact lens is descriptive data, which
expresses the central curvature of the lens in approximately two or three millimeters in diameter. But
the rear surface of the lens in most cases has aspheric curvature and in these options the descriptive
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value of BC is not so big. Indication of curvature is from this perspective orientation value only. The
literature often indicates that the value of the curvature of the contact lens should be about one
millimeter flatter than the average keratometry of central cornea. This rule really applies in the case
that the curve of the back surface of the contact lens is close to oblate spheroid. But the current curve
of the rear lens surfaces are considerably more complicated. Most of contact lenses are marketed in a
maximum of two different curvatures. This condition often leads us, in combination with other
parameters of the lenses, make some compromise in fits. Without control on the slit lamp | am unable
to confirm the correct choice.

The precise application of contact lenses assumes that the shape of the lens "copy" the shape
of the cornea and results in the parallel position of the contact lens to the cornea at all points. The
ideal situation occurs very rarely. Much more common, due to the irregular shape of corneas, and
contact lenses too, usually it is a situation where in some areas is the contact lens closer to corneal
surface than in others.

Usually the central region of the optical lenses is steeper than corresponding area of the cornea.
It is quite paradoxical in view of the fact that as regards the mentioned central curvature is chosen
flatter than the average keratometry of centre of eye.

The area between optical and haptic part of the lens is its closest approach to the cornea. Edge
of contact lens would again be directed slightly from the surface of the eye. Characteristics of edge of
contact lenses but may be very diverse. On the pictures from electron microscope we see several
different types of contact lenses from different manufacturers. It's obvious, that the issue of the edges
of the lenses is definitely not treated uniformly. Even can be divided into four different "categories":
the edges pointing upwards and into the shaped or rounded edges and the like pointing down: either
shaped or rounded.

From previously said edges facing down seem quite illogical solution. However, it also depends
on the shape of the angle between the cornea and sclera. If this angle is very open, then the lens edge
can’t protrude upword from the surface of the eye and result in excessive irritation of the tarsal area
lid or rim of the cap may directly pouring a lens out from the eye. Conversely, at a sharper angle should
lens edge to edge down to lean perilimbal area. First, there is cause of bruising, but also closes the
natural flow of tears under the lens. The result is hypoxia of cornea. The cornea is lacking of oxygen
supply in exchange of the tear film and this deficiency is not able to cover even the most permeable
material on the market.

Another important property of contact lenses is the ability to uniformly distribute the pressure
that the front segment of the eye operates. This pressure rise eyelids, especially edge of tarsus. This
applies with open eyes and then, of course, during the blink. Blinking and pressure of edges of the
eyelids is the defining parameter in a number of dynamic processes, after application of the lens on
the eye. For spherical contact lenses rotation of the lens is a result of the pressure of edges of eyelids
during the blinking. This, together with a slight up and down movement, and with a slight "pumping"
effect of pressing the lens to the eye and re-release, also helps much needed exchange of tears under
the lens. For contact lenses which require stabilization on the eye - for example all toric contact lenses
— is the exchange of tears under the lens lower. First, lack of rotation, as well as a lens due to the
stabilizing element is thicker and thus pump effect is not so strong. Often such a lens is a larger in
diameter. The more here depends on the correct choice of parameters lenses and their follow-up.

In soft contact lenses construction must conform water content, elasticity, oxygen permeability,
fluid transport in the material and evaporation (drying time). There are well-defined value of design
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data, which also indicate the minimum central thickness of the lens. There is no problem to produce
this thin or even thinner lenses, but can’t be used practically. Thus a thin lens should be dropped after
application in the central area and by tears adhesion will be sticking to cornea. This would limit its
movement, there would be no exchange of tears under the lens, therefore, would refrain from the not
flow of oxygen and waste products of metabolism. So this is why we must balance the thickness of
each lens to the appropriate material.

Influence of Material

The basic reference material for soft contact lenses is hydroxyethyl methacrylate -
HEMA. Contact lenses of pure HEMA material contain between 36-38% of water. Water
content is crucial as regards the compatibility of the material in the eye - usually it evaluate
by surface wettability, as well as its softness and flexibility - usually today expressed as
modulus of the lens, and finally permeability of material for oxygen - typically shows as Dk and
Dk/t. Addition of copolymers such as vinylpyrrolidone, vinyl acrylate or glyceryl methacrylate,
it is possible to increase the water content - technically is used the maximum water content
about 70%. For hydrogel materials, along with a higher water content improves the flexibility
and softness of the material and its permeability to oxygen. Isolated polymer is impermeable
to gases, so the water content is critical for the hydrogel to determine its diffusivity.

Today on the market of soft contact lenses absolutely predominant materials from
silicone hydrogels category. Siloxane content in the lens material greatly improves its oxygen
permeability. Oxygen molecules can come directly across the structure of silicone hydrogel
material. Theoretically, a higher water content in the silicone hydrogel materials decreases
oxygen permeability. On the other hand, siloxane structure is mechanically stiffer and less
pliable than in the case of hydrogels. The result is a higher modulus value. Pure siloxanes are
hydrophobic, and this results in worse surface wettability of the lens and a greater affinity for
binding of lipid deposits on the lens surface. With these features, most manufacturers try to
fight and gradually changing the coherence between the different structures of the material,
as well as looking for an optimal balanced ratio of the two components for maintaining most
of the benefits from hydrogels and silicone hydrogels. Modern silicone hydrogels may perhaps
not highest values of oxygen permeability, but have significantly lower modulus, improved
surface wettability and higher total water content.

Hydrogel materials are due the lower modulus more adaptable to the shape of the
cornea beneath. Also, adhesive strength in hydrogels are higher than in the silicone hydrogel
lenses. This can result in less movement of the lens on the eye and difficult to assess the
accuracy of its application. Higher modulus of some silicone hydrogel lenses in turn puts
greater demands on the selection of the correct parameters.

The influence of the correct use of contact lenses

Compliance or non-compliance of rather recommendations and strict regulations
associated with comfort use of contact lenses. One thing is how the instructions are passed,
next how they are understandable. Then the second thing is the final lens user behavior in
practice.
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Generally, we can say, that a large number of complications associated with the use of
contact lenses are accountable to their users. Up to 80% of these problems come from non-
prescribed regimens. And also, the simpler care to advise the less complies.

According to a study conducted in 2015 in the UK by a team led by Professor Durban
20% of users of contact lenses are not aware of what type of lenses actually used. 40% of users
wear lenses longer than the manufacturer recommends, specifically under the recommended
mode of use: 15% of daily disposable lenses, 29% of monthly lenses and 59% of two weeks
lenses.

Typical non-complying users are younger (33.1 + 11.0 years) than those who follow
instructions (35.0 + 12.8 years). Conversely, there was no significant difference between
women and men. And also there does not depend on the power of correction. Typical is also,
that these people do not go for regular exams to optometry when buying glasses or lenses.
Statistically, some of the rules violate the 79% lens wearers in the study.

Reasons for non-compliance procedures reported in the study can be divided into the
following categories: care for the lenses seems too lengthy or too often. Solutions for care are
too expensive. Or refer to the claim that when someone has prescribed something, it has to
be secure in itself.

Concerning lens care, 78% of lens wearers are not cleaning lenses mechanically (no rub).
18% of users do not change the solution in the case, it only adds. The failure to comply with
the prescribed time to disinfect the lenses admitted 12% of their users. Up to 5% were used
for the care of contact lenses only saline. And 50% of users indicate that ever before handling
lenses unwashed hands.

Generally bad then care case for contact lenses. Up to 80% of lens wearers don’t doing
regular hygiene of case. Nearly half of the users do not leave case during the day to dry. A 62%
don’t exchange case in prescribed interval.

How to proceed correctly?

Selecting the appropriate type of lenses should always be in the hands of an eye
specialist. An integral part of the selection is his validation on the slit lamp. We are responsible
for the proper instruction of the client on ways to use and care of the lenses. Today, from this
perspective seems optimal recommend to use daily disposable silicone hydrogel contact
lenses, where the rate of compliance with the rules of the game is logically the smallest.
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Rozdily v hodnoté dioptrického nalezu u déti v zavislosti na
pouziti cykloplegie
Autor: Bc. Karolina Fojtlova

Skolitel: Mgr. Andrea Jefabkova

Uvod

Vysetrovani zrakové ostrosti u déti se potyka hned s nékolika Uskalimi. V prvni fadé je
treba si uvédomit, Ze zrakova ostrost se v prabéhu prvnich let Zivota teprve vyviji a nelze ji
srovnavat se zrakovou schopnosti dospélych. Dalsi otdzka, kterd se nabizi, je samotnd
komunikace s détmi a od ni se odvijejici zpUsob, jakym vysetreni provedeme. U nejmensich
déti ndm nezbude nic jiného, neZz se spoléhat na hodnoty namérené objektivné, u déti
predskolnich a Skoldkl se Ize dopatrat i subjektivniho dokorigovani volbou vhodnych testl
umérnych schopnostem ditéte. Posledni z vyc¢tu problému je velkd akomodacni schopnost déti
a s tim spojena nespravna diagnostika refrakéni vady. Proto se jevi nezbytné pouzZivat pfri
patrani po vhodné korekci cykloplegii k vylouceni akomodacniho vlivu.

Vyvoj zrakové ostrosti

Po narozeni stale jesté neni dokoncen vyvoj v makuldrni oblasti, tudiz v tomto obdobi
prevldada skotopické vidéni a svétlocit. Novorozenec je vybaven dvéma reflexy:
pupilomotorickym a optokinetickym. Od prvniho mésice miZzeme zaznamenat monokularni
fixaci a dité jiz rozezndva pohyb. V dalSich mésicich se postupné vyviji binokularni fixace a
upeviuje se centralni fixace. Dité rozliSuje blizké a vzdalené predmeéty diky konjugovanym a
disjungovanym oc¢nim pohybim. V Sestém mésici je ukonéen vyvoj makuly a zrakova ostrost
odpovidda 1/50. Vyviji se také fuzni reflex. BEhem devatého mésice dosahuje zrakova ostrost
hodnoty 5/50, v jednom roce pak 5/25 a dochazi k zpevriovani binokuldrnich reflexd. Ve tfech
letech koresponduje zrakova ostrost s visem 5/10 a utuZuje se reflex fixacni. Mezi 4. — 6. rokem
véku se visus stabilizuje na hodnotu 5/5 a vyrovnava se tak zrakové schopnosti dospélého
Clovéka.

Metody vySetieni refrakce u déti

PFi urcéovani refrakce u déti mlzeme vyuzit objektivni skiaskopie, jejiz hlavni vyhody
spocivaji v nendro¢ném pristrojovém vybaveni a rychlosti a pfesnosti vysetieni, pokud lékar
tuto techniku ovlada. Hlavnim principem je vyhodnoceni chodu svételnych paprski
odrazenych od sitnice, ¢imz je vyvolan Cerveny reflex. Podle pohybu stinu v ¢erveném reflexu
pak usuzujeme na refrakéni vadu. Cilem metody je nalézt tzv. neutralni bod, kdy vymizi pohyb
stinu, ¢ehoz dosahneme predkladanim vhodnych korekénich ¢lend.

Dalsi a dnes vyuZivanéjsi metodou je vySetfeni na autorefraktometru. Jedna se o
automaticka zafizeni, ktera jsou z fyzikalné-optického hlediska inspirovana oftalmoskopii,
skiaskopii, Scheinerovym pokusem, paralaxnim usporfadanim meéficich a vyhodnocovacich
prvk(l i principem zaostfovdni obrazu. Spolecnym prvkem vsech téchto pfistrojl je
infracervené svétlo o vinové délce kolem 880 nm, které se vyuziva k vlastnimu méreni, aniz by
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jej oko vysetfovaného zaznamenalo. Prvni generace autorefraktometrd neméla k dispozici
fixacni znacku, jez ma za ukol odstranit nadmérnou akomodaci oka. V druhé generaci ptistroju
byl jiz tento problém oSetfen a treti generace obsahuje dokonce i modul pro subjektivni
vySetfeni. Ten vSak neni pfilis vyuzivan pro svou zna¢nou chybovost.

Alternativou automatickych refraktometri maze byt pristroj Plus Optix, ktery se vyuziva
predevsim pro screening zrakovych vad u déti. Apardt vyuziva principu excentrické
fotoskiaskopie a mezi jeho nesporné vyhody patfi rychlost a méreni obou oéi zaroven.
Vysetreni probiha z jednoho metru a vystupni informace obsahuje nejen Udaje o refrakénim
stavu oka, ale i o postaveni oci, rohovkovych reflexech, velikosti zornic ¢i strabismu.

Metody vysetreni zrakové ostrosti u déti

Vsechny metody vySetfeni zrakové ostrosti se odvijeji od tfi zakladnich stimull —
detekce, rozliseni a poznani. Podnétem pro detekci jsou nejcastéji bilé kruhy rlznych velikosti
na ¢erném pozadi. K rozliseni se vyuzivaji cernobilé mrizky rizného jasu. V obou ptipadech ma
dité za ukol stimuly od pozadi odliSit. Poznani vyuzivd identifikace a pojmenovani znamého
symbolu &i pismen dle véku ditéte.

U déti nonverbalniho véku se vyuzivaji testy preferencniho vidéni odvijejici se od
predpokladu, Ze dité bude sledovat strukturované podnéty, pokud jej dostatec¢né upoutaji.
Nejznaméjsiho zastupce téchto testl predstavuji Tellerovy karty tvorené cernymi a bilymi
pruhy rGzné Sirky na Sedé indiferentni plose. Dité by mélo tento vzor fixovat a dle Sire
nejjemnéjsich pruh(, které jesté rozezna, Ize urcit predpokladany stupen vidéni.

Dalsi objektivni technikou, kterou mizZeme zjistit zrakové funkce u déti, které pro svuj
vék nejsou prozatim schopny spoluprace, je snimani zrakovych evokovanych potencial( — VEP.
Jedna se o elektrofyziologickou metodu snimani vizualnich podnétli pomoci povrchovych
elektrod umisténych na tylni ¢asti lebky.

Pfesnéji a za spoluprace vySetfovaného lze vysetfit zrakové funkce az u déti od tfi let.
Vyuziva se metody Grating acuity, ktera vychazi z domnénky, Ze dité jiz umi pojmenovat a
popsat rizné symboly. Velikost testll se logaritmicky sniZuje obdobné jako u optotypl. Na
tomto principu jsou zaloZeny obrazkové Lea a Kay testy. Kromé obrazkd mizeme také pouZit
Pfliigerovy haky ¢i Landoltovy kruhy, u Skolak( pak Ciselné nebo pismenné optotypy.

Cykloplegie

Abychom zamezili nespravné diagnostice refrakéni vady, je tfeba u déti vyloucit vliv
akomodace pomoci cykloplegik. Tato farmaka v podobé ocnich kapek pusobi jako
parasympatolytikum na vegetativni nervovy systém. Parasympatikus inervuje pupilarni
sfinkter a cilidrni sval, aplikaci Ié¢iva dochazi k blokaci muskarinovych receptori a tim padem
k cykloplegii a mydridze. Do skupiny cykloplegik fadime napfiklad atropin ¢i cyklopentolat,
znamy také jako Cyclogyl. Pocet kapek, které vyfadi akomodaci z provozu, se odviji od barvy
duhovky.
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Metodika prace

Ve své diplomové praci se zabyvam rozdily dioptrického nalezu u déti pred a po pouziti
cykloplegie. Potfebné Udaje jsem ziskala vypisem z IékaFskych zaznamU pacientl soukromé
ortoptické ambulance Mgr. Andrey Jefabkové. Celkovy pocet subjektd se pohybuje kolem sta,
ve vékové skupiné od 2 do 15 let. Jednd se o pacienty s ortoptickym statusem, tudiz drtiva
vétsina z nich je hypermetropicka a nalezneme zde pouze malé procento myop(. K rozkapani
a uvedeni do cykloplegie byl pouzit 1% Cyclogyl, vySetieni refrakce probihalo objektivné na
autorefraktometru.

Hypotézy a dilci vysledky

Prvni hypotéza, kterou jsem si ve vyzkumu stanovila, zni: ,Hodnota myopie se
v cykloplegii snizuje, hodnota hypermetropie zvysuje.” Dle mych dil¢ich vysledk(l se hypotéza
prozatim spliuje, ackoliv fakt, Ze vétsina pacientl je hypermetropicka, mlze vést ke zkresleni
vysledkU. Pro srovnani bych uvedla vysledky urceni vlivu 1% cyklopentoldtu na refrakéni status
u déti z ¢inské provincie Shandong. Do statistické analyzy bylo zahrnuto 5999 déti ve véku od
4 do 18 let, samotné méreni probihalo na autorefraktometru. Priimérny rozdil refrakce pred
a po pouziti cykloplegie byl 0,78 +/- 0,79 D. 66,4 % oci s myopii bez cykloplegie zlstalo
myopickych i po jejim pouziti, 18% se stalo emetropickymi a 15,7% hypermetropickymi.
Z predchoziho tedy vyplyva, Ze refrakce bez pouziti cykloplegie nevede pouze k nespravnym
hodnotam méreni, ale dokonce i ke Spatné klasifikaci refrakéni vady.

V dalsi hypotéze se zabyvam korelaci véku a vysledného rozdilu refrakce pred a po
pouziti cykloplegie. Usuzuji, Ze s rostoucim vékem se snizuji rozdily dioptrického nélezu mezi
obéma metodami. Jelikoz v mém predbéZném vzorku nejsou vékové skupiny rovnomérné
rozlozeny, spravnost této domnénky nelze prozatim potvrdit. Zde jsem vychazela z australské
populacni studie, jeZ srovnava rozdily refrakce v zavislosti na cykloplegii u skupiny Sestiletych
a u skupiny dvandctiletych déti. Prvni soubor ¢ital 210 subjektl, druhy 2 233 subjektl. Méreni
probihalo opét na autorefraktometru pred a po nakapani 1% cyklopentolatu. Primérné
zvyseni sférického ekvivalentu po cykloplegii bylo 0 0,84 D u 12ti letych a 01,18 D u 6-ti letych
déti. Precykloplegickd refrakce podstatné precenila podil déti s kratkozrakosti — chybné
klasifikovala 17,8 % 12ti letych a 9,5% 6-ti letych. Zaroven nedetekovala stfedni az vysokou
hypermetropii u 2,28% 12ti a 17,14% 6-ti letych déti. Je tedy nutné vyzdvihnout dllezZitost
pouZzivani cykloplegie u déti alespor do 12 let.

Posledni hypotéza vénuje pozornost zméné osy astigmatismu v zavislosti na cykloplegii.
Pfedpoklad zni, Ze cylindrickd osa by se neméla zménit o vice nez 10° u 80% subjektd, jelikoz
dle mého minéni se vylouceni vlivu akomodace vyrazné nepodili na zméné osy astigmatismu.
Moje predbézné vysledky prozatim tuto domnénku potvrzuji.
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Differences in refraction of children with and without
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Introduction

Examination of visual acuity in children fights with a few pitfalls. In the first place we
must realize fact, that visual acuity is developing during the first years of life and so we can’t
compare it with the visual skills of adults. Another issue, that emerges, is communication with
children and method of examination, which depends on options of communication. We can
use only objective methods at the smallest children. Preschool children and schoolchildren
could be examined by subjective tests depending on their skills. The next problem is large
accommodative ability of children which is connected with incorrect diagnosis of refractive
errors. Therefore, it is necessary to use cycloplegia to eliminate the influence of
accommodation, when we are searching for suitable correction.

Development of visual acuity

After birth macular area isn’t completely development, therefore in this period scotopic
vision and light perception are dominant. The newborn child has two reflexes: pupilomotoric
and optokinetic. From the first month we record monocular fixation and child already
recognizes movement. In following months binocular fixation is evolved and the central
fixation is consolidated. Child distinguishes between near and far objects through a
conjugated and convergent eye movements. In the sixth month evolution of macula is finished
and visual acuity corresponds with 1/50. Also fusion reflex develops in this period. During the
nine months visual acuity reaches value 5/50, in one year it is 5/25 and binocular reflexes is
fixed. Three years old child has visual acuity about 5/10 and reinforced the fixation reflex.
Between 4 to 6 years visual acuity is stabilized at 5/5, which corresponds with VA of adults.

The methods of refractive examination of children

If we want to examine refraction in children, we can use retinoscopy. The main
advantages of this method are simple instrumentation and the speed and accuracy of testing
if the doctor is able to use this technique. The main principle is evaluation of the light rays
reflected from the retina, which we call red reflex. According to the movement of the shadow
of the red reflex we can determine the refractive error. The aim of the method is finding a
neutral point when the movement of the shadow disappears. It happens, when we use right
corrective lens.

Currently autorefractometer is used for objective examination more often. This is an
automatic device inspired by ophthalmoscopy, retinoscopy, Scheiner’s experiment and
parallax organization of measuring and evaluation elements as well as the principle of image
focusing. A common feature of all these devices is infrared light with wavelength around 880
nm. This light can’t be recorded by measured eye. The first generation of autorefractometer
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didn’t have a fixation mark, which eliminates excessive eye accommodation. In the second
generation of devices has been this problem solved and the third generation even includes a
mode for subjective testing. But it isn’t used often because it makes lots of mistakes.

Alternative of automatic refractometer is device called Plus Optix. It is used primarily for
screening of refractive errors in children. System uses the principle of eccentric
photoretinoscopy and it offers speed measurement of both eyes together. Examination takes
place from one meter and output information contains information about the refractive status
of the eye, about the position of the eyes, corneal reflexes, pupil size or squint.

Examination of visual acuity of children

All methods of visual acuity testing are derived from three essential ideas — detection,
resolution and cognition. The stimuli for detection are mostly white circles of different sizes
on a black background. Black and white grid of different brightness is used for resolution. In
both cases, the child has the task to distinguish pattern from the background. Cognition
utilizes known symbols or letters according to the child's age. Child must identify and name
these symbols.

For visual acuity testing of nonverbal children are used preferential looking test. Tests
are based on the assumption that the child attracts a textured pattern and follows it. Teller
cards are the most used of these tests. It consists of black and white stripes of varying widths
on the gray surface. The child should fix this pattern and the width of the narrowest stripes
that child still recognizes determines level of vision.

Another objective technique that we can detect visual function of nonverbal children is
visual evoked potentials - VEP. This is electrophysiological method in which we detect visual
stimuli from surface electrodes placed on the occipital part of the skull.

We can examine visual acuity subjectively and more precisely in children about three
years. Grating acuity method is used, which is based on the assumption that the child already
knows and names different symbols and pictures. The size of symbols decreases
logarithmically similarly to the optotypes. Lea and Kay picture tests belong to this group, but
we can use Pfliger hooks or Landolt rings too. Older children can read optotypes with
numbers or letters.

Cycloplegia

We need to eliminate the influence of accommodation for a correct diagnosis of
refractive errors in children and so we use cycloplegics. These eye drops act as
parasympatholytics on the autonomic nervous system. Parasympaticus innervates the
pupillary sphincter and ciliary muscle. Application of cykloplegics blocks muscarinic receptors
and this leads to mydriasis and cycloplegia. Atropine and cyclopentolate (Cyclogyl) belong to
the group of cycloplegic drugs. Required dose of drugs depends on the color of the iris.

Methodology of the work
In my thesis | deal with differences in refraction of children before and after using
cycloplegia. Data for the research were obtained from the medical records of orthoptic
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patients from archive of Mgr. Andrea Jefdbkova. The total number of subjects in research is
around a one hundred at the age of 2 to 15 years. These patients have ortoptic status, so the
most of them are hyperopic and only few of them are myopic. Cyclogyl (1%) was used to
cycloplegia and refraction was examined objectively by autorefractometer.

Hypotheses and partial results

The first hypothesis is: The value of myopia decreases, but the value of hyperopia
increases with cycloplegia. My partial results confirm this, although the fact, that most
patients are hyperopic, may lead to a distortion of the results. For comparison, | mention study
of influence of 1% cyclopentolate on the refractive status of children aged 4 to18 years from
Chinese province of Shandong. Auto-refractometry was performed before and after inducing
cycloplegia and data of 5999 children were included in the statistical analysis. The average
difference between cycloplegic and non-cycloplegic refractive error was 0,78 +/- 0,79 D. 66,4%
of all eyes with non-cycloplegic myopia remained myopic after cycloplegia while the remaining
eyes became emmetropic (18,0%) or hyperopic (15,7%) under cycloplegia. It means that non-
cycloplegic refractometric measures lead to a misclassification of refractive error in a
significant proportion of children.

Next hypothesis deals with the correlation of age and difference between non-
cycloplegic and cycloplegic refraction. | suppose that the difference between measurements
will decrease with increasing age. | can’t confirm this for now, because of uneven age
distribution of the sample. | relied on the Australian population study, which compared pre-
and postcycloplegic autorefraction in two separate age samples. Autorefraction was
performed before and after cycloplegia, using 1% cyclopentolate, in the right eyes of 2 233
12-year-old and 210 6-year-old children. The mean spherical equivalent difference between
these measures was 0,84 D in the 12-year-old children and 1,18 D in the 6-year-old children.
Precycloplegic autorefraction substantially overestimated the proportion of children with
myopia, misclassifying 17,8% aged 12 years and 9,5% aged 6 years. Conversely, precycloplegic
autorefraction didn‘t detect moderate to high hyperopia in 2,28% of 12-year-olds and 17,14%
of 6-year-olds. These results reinforce the importance of using cycloplegia in children up to
age 12 years.

The last hypothesis focuses on change of the axis of astigmatism depending on
cycloplegia. | assume that the cylindrical axis shouldn’t change by more than 10 ° in 80% of
cases, because in my opinion the removal of accommodation doesn’t affect the axis of
astigmatism. My partial results confirm this hypothesis for now.
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Vytéznost vyuziti Pentacamu pri diagnostice keratokonu

Autor: Bc. Ivo Hlinomaz
Skolitel: Mgr. Ondfej Vlasak
Uvod

Prace je rozdélena na tfi ¢asti. V prvni pojednavam o keratokonu. Dale se zminuji o
pfistroji Pentacam (firma Oculus). Ve tfeti ¢asti je pojedndno o diagnostice keratokonu.

Keratokonus

Keratokonus je nezanétlivé, casto bilateralni, degenerativni ektatické onemocnéni
rohovky, pfi kterém rohovka postupné zaujima nepravidelny koénicky tvar. Hlavnimi
charakteristickymi znaky keratokonu jsou: centralni ¢i paracentralni ztenCovani stromatu
rohovky, apikalni protruze, myopie, a pozdéji nepravidelny astigmatismus. Dusledkem téchto
pricin je postupné zhorseni jednak kvantity, ale zaroven kvality vidéni.

Onemocnéni se ¢asto zacina projevovat v pubertalnim véku. Neni to ale pravidlem, tudiz
muze k manifestaci onemocnéni dojit v jakémbkoli véku. Tato ektazie casto vznika nejprve na
jednom oku, pred tim, neZz se manifestuje na oku druhém. Dle Leea pouze 4% pacientll ma
unilateralni keratokonus, navic toto Cislo stale klesa diky modernim pfristrojiim, které dokazi
odhalit keratokonus v subklinickych stadiich. [1,2]

Prevalence onemocnéni se pohybuje mezi 1/1000 az 2,3/100, ale i vice. Zajimavé je, Ze
hodnoty prevalence se liSi podle mista, kde se méreni uskutecnuje. Naptiklad na Novém
Zélandu a v Saudské Arabii je vyskyt onemocnéni vyssi. MGze to byt dano zvySenou expozici
pacientl na UV zéreni. Incidence neboli pocet nové nemocnych za rok je asi 1/2000.

Pfesna etiologie keratokonu je doposud nezndma, avsak existuje mnoho faktord, které
se na vzniku a progresi mohou podilet. Jde tudiz o onemocnéni s multifaktoriadlni etiologii.
Mezi rizikové faktory vzniku keratokonu patfi:

e Veék - Zridka kdy je onemocnéni kongenitdlni. Pocatek onemocnéni je nejéastéji v
puberté a rozviji se do treti nebo Ctvrté dekady Zivota. V tomto véku obvykle stagnuje.

e Vliv hormonu - Z dlvodu, Ze keratokonus ¢asto vznikd v puberté a progreduje v
téhotenstvi, je moznou pfic¢inou také vliv nékterych hormond. Tato problematika se
stadle nachazi v teoretické roviné a zatim nebyla pfimo dokdzdna. Existuji vSak studie,
které se timto tématem zabyvaji. Spoerl et al. studovali vliv estrogenld na
biomechanické vlastnosti rohovky. Do prasecich rohovek byl po dobu sedmi dnu
inkubovan beta - estradiol. Ve srovnani s fyziologickymi praseéimi rohovkami bez
aplikovaného estradiolu doslo ke snizeni tvrdosti rohovky o 36%. To mlzZe mit ve
vysledku vliv na vznik rohovkové ektazie.

e Vliv mnuti oci

e Atopie
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e Systémova onemocnéni - Prevalence keratokonu v u osob postizenych Downovym
syndromem je 10x - 300x vyssi, nez u globalni populace. Dale jsou v souvislosti s
keratokonem uvadény prolaps mitralni chlopné, Ehler - Danlos(iv syndrom a dalsi. [1]

Symptomy

Z pohledu refrakéni vady nejcastéji v pocatecnim stadiu nachdzime myopii a pravidelny
astigmatismus. S postupnou progresi onemocnéni se astigmatismus stava nepravidelnym.
Symptomy lze rozdélit na ty subjektivni a intersubjektivni (vné&jsi).

Subjektivni symptomy se méni v zavislosti na zavaznosti onemocnéni. V subklinickém
stadiu nemusi mit pacient zadné subjektivni obtize. Prvnim symptomem byva nejCastéji
nestalné rozmlzené vidéni. Jak keratokonus progreduje, mliZe pacient pozorovat hald efekty
kolem svétel a jeden ¢i vice “duchd” kolem fokusovanych predmétd. Tento jev se nazyva
“ghosting” (monokuldrni di-, tri-, polyopie). Pacient ho nejcastéji pozoruje na vysoce
kontrastnich plochach (zatici mésic na tmavé obloze nebo svétla aut). Pacient mize dale trpét
fotoaverzi - zvySenou citlivosti na svétlo. Tyto subjektivni symptomy mohou byt doprovazeny
pocitem tlaku v postizeném oku, ptipadné jeho bolesti.

Stejné jako subjektivni symptomy, tak i ty intersubjektivni zavisi na zavaznosti
onemocnéni. U mirného ¢i pokrocilého keratokonu muzZe byt pritomen jeden ¢i vice
nasledujicich klinickych rysua.

e Tenceni rohovkového stromatu - centralni ¢i paracentralni, nejcastéji inferiorni ci
inferiorné - temporalni

e Vyklenuti rohovky (ektazie)

e Fleischerdv prstenec - ¢astecna ¢i cela kruznice hemosiderinu (zasobni forma Zeleza)
nachazejici se u baze konu.

e Vogtovy strie - jemné linie v zadnim stromatu a na Descemetové membrané, které
byvaji paralelni k nejstrméjSi ose konu. Vznikaji nejspis z didvodu mechanického
stlacovani Descemetovy membrdny a kolagennich lamel stromatu. Pfi vyvinuti
externiho tlaku na oko strie pfechodné zmizi.

e Munsonlv znak - vybouleni spodniho vi¢ka do tvaru V z dlvodu pfitomnosti konu,
které nastava pfi pacientové pohledu dolt

e Jizveni rohovky - miZe vznikat v pfednim stromatu z divodu protahovani stromdlnich
vladken, pripadné kvuli rupturdm Bowmannovy vrstvy.

e Rizzutiho znak - jasny odraz svétla na nazalni strané limbu pfi fokusaci osvétlovaciho
paprsku na stranu temporalni

e Zmény na nervech rohovky - mlze dochazet ke zvyraznéni rohovkovych nervl ¢i zméné
jejich prlbéhu do podoby meandrovitych vinovek. Zaroven se mlze rohovka z divodu
pritomnosti keratokonu stat méné senzitivni. [1,2,3]

Pentacam

Theodor Scheimpflug popisoval zobrazovaci podminky, které umoznovaly pozorovat
objekty s minimalnim zkreslenim obrazu a maximalni hloubkou ostrosti. V normalnim pripadé,
napriklad ve fotoaparatu, je rovina obrazu rovnobézina s rovinou objektivu. Scheimpflugtv
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princip je zaloZen na faktu, Ze rovina obrazu neni rovnobézna s rovinou objektivu. Zaroven ani
rovina obrazu neni rovnobézna s ostatnimi rovinami a vSechny se protinaji ve Scheimpflugové
bodé. Toto usporadani umoznuje ziskavat snimky s vétsi hloubkou ostrosti.

Pfistroj Pentacam vyrabény firmou Oculus vyuzivd Scheimpflugova principu. Pentacam
obsahuje dvé kamery a Stérbinové osvétleni (zdroj svétla rotuje spolu se Scheimpflugovou
kamerou kolem optické osy pfistroje). Kamera, kterd se nachazi ve stfedu pfistroje, snima
neustalé pohyby oka, kontroluje centraci a méfi velikost zornice. Druha kamera, ktera se
nachazi na okraji pristroje, vychazi ze Scheimpflugova principu. Rotuje kolem oka a zachycuje
sekéni snimky predniho segmentu, kterych je 25 — 50, podle druhu méreni. Takto ziskané
snimky jsou nepatrné zkreslené. Toto zkresleni je zpUsobeno lomem svétla na povrsich
rohovky a ¢ocky. Digitalni Gprava dat tato zkresleni spravi. Z kazdého snimku je generovano
500 elevacnich datovych bod(, a to znamena az 25000 mérenych bodu pfi jednom vysetreni.
Vysetreni trva pouze 2 sekundy. Informace z obou kamer jsou odeslany do pocitace, ktery
pomoci matematického vyhodnoceni vypocita presna data, ktera umozni nasledné zobrazeni
rohovkovych parametrd, topografickych map (predni i zadni plocha rohovky), elevaénich map
(ptedni i zadni plocha rohovky), pachymetrie, rohovkovych aberaci, denzitometrie ¢ocky,
zobrazeni predniho segmentu oka, Scheimpfluglv snimek, tomografii rohovky, 3D simulaci
fakické 10L, Belin/Ambrosio zobrazeni a Holladay zobrazeni. [4,5]

Diagnostika keratokonu
Pfi nalezeni vice nez jednoho z nasledujicich kritérii lze povaZovat rohovku za suspektni
¢i keratokonickou (v zavislosti na namérenych hodnotach).

Pomoci sagitalni mapy:

e strmdaK>48D

e Kmax>strma KovicenezlD

e S-lrozdil >2,5D (pokud je horni ¢ast strméjsi - rozdil keratometrickych hodnot mezi
horni a dolni ¢asti rohovky v 5mm priaméru)

e |-Srozdil >1,5 D (pokud je dolni ¢ast strméjsi - rozdil keratometrickych hodnot mezi
dolni a horni ¢asti rohovky v 5mm priméru)

e Astigmatismus > 6 D (na predni nebo zadni plose rohovky)

e Astigmatismus proti pravidlu je suspektni

Pomoci pachymetrické mapy:
e Konicky tvar
e S-lrozdil>30 um (rozdil pachymetrie horni ¢asti rohovky a dolni ¢asti v 5mm praméru)
e Nejtensi misto <470 um
e Rozdil tloustky v nejtensich mistech na obou ocich > 30 um

Pomoci elevaéni mapy:
Isolovany “ostravek” (BFS maéd)
Hodnoty > 12 um v 5mm zéné na predni plose rohovky (BFTE mdd)

Hodnoty > 12 um v 5mm zéné na zadni ploSe rohovky (BFTE méd)
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Belin/Ambrosio zobrazeni kombinuje elevaéni a pachymetricka data. Na grafu “corneal
thickness spatial profile” (CTSP) lze pozorovat primérné hodnoty tloustky rohovky od
nejtenciho mista k limbu mérené v koncentrickych kruznicich se zvysujicim se prdmérem o0 0.4
mm. Pacientova rohovka je zndzornéna Cervenou barvou a méla by kopirovat pribéh krivek
normativnich dat. Dalsim grafem je procentualni progrese pachymetrie (PTI). Nahld zména
krivek u obou grafli mlzZe poukazovat na keratokonus. Index pachymetrické progrese by mél
byt nizsi nez 1,2. Na levé strané se nachazi 3 elevac¢ni mapy predni plochy rohovky a 3 elevaéni
mapy zadni plochy. Prvni z nich jsou klasické elevacni mapy ziskané pomoci nejlepsiho
sférického referencniho télesa. Na dalSich elevacnich mapdch je ptipadny konus zvyraznén (do
vypoctu nejlepsiho sférického referencniho télesa neni zahrnuta 4mm zéna kolem nejtenciho
mista na rohovce - diky tomu se konus jevi vyraznéjsi). Na tretich elevacnich mapach je
zobrazen rozdil prfedchozich dvou map. Tato mapa zobrazuje pouze tfi barvy. Zelend - typicka
pro fyziologické rohovky, Zlutd - rohovka spadd do suspektni kategorie, ¢ervena - typickd pro
pacienty s keratokonem. [1,6]

Zaver

Vysetreni rohovky na pentacamu je v soucasné dobé povazovano za zlaty standard pro
diagnostiku ektatickych onemocnéni rohovky zvlasté pak keratokonu. Spravné snimani a
posouzeni jednotlivych paramter( rohovky, index( a Belin Ambrosiho zobrazeni umozni jak
diagnostiku, tak sledovani vyvoje parametrl v Case, coz umoini presné sledovani vyvoje
onemocnéni s moznosti véasnho zahajeni léCby.
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Introduction
The work is divided into three parts. At first | write about keratoconus. Then | mention
the device Pentacam (Oculus). The third part deals with the diagnosis of keratoconus.

Keratoconus

Keratoconus is a noninflammatory, often bilateral, ectatic degenerative corneal diseas
in which the cornea progressively occupies irregular conical shape. The main characteristics of
keratoconus are: central or paracentral thinning of the corneal stroma, apical protrusion and
myopia, irregular astigmatism later. The consequence of these causes is a gradual worsening
of quantity, but also quality of vision.

The disease often begins to manifest in the adolescent age. But it is not a rule, therefore,
may be a manifestation of the disease at any age. This ectasia often arises firstly on one eye,
before it manifests on the second eye. According to Lee, only 4% of patients have unilateral
keratoconus, moreover this number is steadily declining due to modern devices that can
detect subclinical stages of keratoconus. [1,2]

Prevalence of the disease varies between 1/1000 to 2.3 / 100, or even more.
Interestingly, the prevalence values vary depending on where the measurement takes place.
For example, New Zealand and Saudi Arabia has a higher incidence of disease. This may be
due to the increased exposure of patients to UV radiation. The incidence (the number of new
patients per year) is about 1/2000.

The exact etiology of keratoconus is still unknown, but there are many risk factors that
can partake in the uprise and progression. It is thus a disease with multifactorial etiology.
Among the risk factors for keratoconus include:

e Age — Rarely it is a congenital disease. The onset of the disease most commonly
develops during puberty, and evolves into the third or fourth decade of life. In this age
usually it usually stagnates.

e The influence of hormones - the reason that keratoconus often occurs in puberty and
progresses during pregnancy is a possible cause of the influence of hormones. This
issue is still theoretical and has not been directly proven. However, there are studies
that deal with this issue. Spoerl et al. studied the effect of estrogen on the
biomechanical properties of the cornea. To pig corneas was for seven days applied
beta - estradiol. In comparison with the physiological pigs corneas without applied
estradiol, corneal hardness decreased by 36%. This may affect the formation of corneal
ectasia.

e The effect of rubbing your eyes
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e Atopy

e System Diseases - Prevalence of Keratoconus in people affected by Down syndrome is
10x - 300x higher than in the global population. Furthermore, in connection with
keratoconus are usual mitral valve prolapse, Ehler - Danlos syndrome, and others. [1]

Symptoms

From the viewpoint of refractive error we often find at an early stage myopia and regular
astigmatism. With the gradual progression of the disease becomes irregular astigmatism. The
symptoms can be divided into those subjective and intersubjective (external).

Subjective symptoms varies depending on the severity of the disease. In the subclinical
stage, the patient may have no subjective complaints. The first symptom is usually unstable
blurry vision. As keratoconus progresses, the patient may see halos around lights, and one or
more "ghosts" around the focussed subjects. This phenomenon is called "ghosting"
(monocular di-, tri-, multiple vision). Patient frequently sees it on high contrast areas (shining
moon on a dark sky lights or cars). The patient may also suffer from photoaversion - increased
sensitivity to light. These subjective symptoms may be accompanied by a feeling of pressure
in the affected eye, or his pain.

Intersubjective symptoms also depend on the severity of the disease. For moderate or
advanced keratoconus may be present one or more of the following clinical features.

e Thinning of the corneal stroma - central or paracentral, mostly inferior or inferiorly -
temporal

e The bulge of the cornea (ectasia)

e Fleischer’s ring - partial or full circle of hemosiderin (storage form of iron) located at
the base of the cone.

e Vogt's striae - fine lines in the posterior stroma and Descemet’s membrane which are
parallel to the steepest axis of the cone. They probably arise due to mechanical
compression of Descemet’s membrane and the collagen lamellae of the stroma. When
external pressure is applied on the eye striae temporarily disappear.

e Munson’s sign - bulging lower eyelid to V-shape due to the presence of cone, which
occurs when the patient looking down

e Scarring of the cornea - can occur in the anterior stroma due to stretching of stromal
fibers, possibly due to ruptures of Bowmann’s layer.

e Rizzuti’s sign - a clear reflection of light on the nasal side limbus while focusing the
illuminating beam on the temporal side

e Changes of the corneal nerves — the nerves can be highlited or changed into a
meandering wavy lines. At the same time the cornea, due to the presence of
keratoconus, become less sensitive. [1,2,3]

Pentacam

Theodor Scheimpflug was describing imaging the conditions that allow to observe
objects with minimal image distortion and maximum depth of field. In the normal case, such
as in the camera image plane is parallel to the plane lens. Scheimpflug’s principle is based on
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the fact that the image plane is not parallel to the plane lens. Simultaneously the image plane
is not parallel to other planes and all intersect in Scheimpflug’s point. This arrangement
enables to obtain images with greater depth of field.

The device Pentacam, manufactured by Oculus, uses Scheimpflug’s principle. Pentacam
includes two cameras and slit illumination (light source rotating together with the
Scheimpflug’s camera around the optical axis of the device). The camera, which is located in
the center of the instrument captures the eye movements, controls the centering and
measures pupil size. The second camera, located on the edge of the device is based on
Scheimpflug principle. Rotates around the eye and captures sectional images of the anterior
segment, which is 25 to 50, according to the type of measurement. These obtained images are
slightly distorted. This distortion is caused by the refraction of light on the surfaces of the
cornea and lens. Digital editing fixes these distortions. Out of each image is generated 500
elevation data points, which means up to 25 000 measurement points in one examination.
Examination takes only 2 seconds. Information from both cameras are sent to a computer that
uses a mathematical evaluation calculates the exact data that allows subsequent display of
corneal parameters, topographic maps (front and back surface of the cornea), elevation maps
(front and back surface of the cornea), pachymetry, corneal aberrations, lens densitometry,
view of the anterior segment of the eye, Scheimpflug’s image, corneal tomography, 3D
simulation of phakic IOL, Belin / Ambrosio display and the Holladay display. [4,5]

Diagnosis of keratoconus
When more than one of the following criteria is found it may be considered as
keratoconic cornea or a case of suspicion (depending on the measured values).

Using sagittal maps:

o steep K-reading>48D

e Kmax>steep Kby morethan1D

e S - | difference > 2.5 D (if the upper part is steeper - keratometric difference values
between the upper and lower parts of the cornea in a 5 mm diameter)

e | —S difference > 1.5 D (if the lower part is steeper - keratometric difference values
between the upper and lower parts of the cornea 5 mm in diameter)

e Astigmatism > 6 D (on the front or rear surface of the cornea)

e Astigmatism against the rule is suspicious

Using pachymetric maps:
e The conical shape
e S - | difference of > 30 um (differential pachymetry top of the cornea and the lower
part 5 mm diameter)
e Thinnest location < 470 um
e The difference in the thickness of the thinnest points on both eyes of > 30 um
e Using elevation maps:
e Theisolated "island" (BFS mode)
e The values of > 12 um within the central 5mm on the anterior elevation map (BFTE
mode)
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e The values of> 12 um within the central 5mm on the posterior elevation map (BFTE
mode)

Belin / Ambrosio display combines elevation and pachymetry data. On the chart "corneal
thickness spatial profile" (CTSP) could be observed average values of corneal thickness from
the thinnest location to limbus measured in concentric circles with increasing diameters by
0.4 mm. The patient's cornea is shown red and should copy the curves of normative data. The
next chart is the percentage thickness increase (PTI). The sudden change of curves on both
graphs can indicate keratoconus. Pachymetric progression index should be less than 1.2. On
the left side there are three anterior elevation maps and three posterior elevation maps. The
first of these are classic elevation maps obtained by using the best fit sphere. On the middle
elevation maps are displayed potential highlighted cone (to calculation of the best spherical
reference body is not included 4 mm zone around thinnest point on the cornea - because of
this the cone appears highlighted). On third elevation maps is displayed the difference of the
previous two maps. This map shows only three colors. Green - typical physiological cornea,
yellow - cornea falls into the category of suspect, red - typical for patients with keratoconus.
[1,6]

Conclusion

Examination of cornea with Pentacam is currently considered as the gold standard for
the diagnosis of ectatic corneal diseases, especially keratoconus. Proper measuring and
assessing individual corneal parameters, indices and Belin/Ambrosio display enable both
diagnosing and monitoring the progression of the parameters over time, which enables
accurate monitoring of the development of disease with early treatment initiation.
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Staticka versus dynamicka zrakova ostrost
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Uvod

Staticka zrakova ostrost neni v podstaté nic jiného, neZ vizus pacienta méreného
v optometrickém ¢i oftalmologickém pracovisti za pomoci klasickych optotypovych tabuli —
dnes nejspis nejcastéji pouzivanych LCD optotypu. Jde o zjisténi zrakové ostrosti, kdy neni mezi
pacientem a optotypovym znakem zadny pohyb. Oznaceni ,statickd” se béiné nepouzivj,
protozZe jesSté doneddavna se o Zzadném jiném typu zrakové ostrosti nemluvilo. V posledni dobé
se ale mUzZeme setkat s pojmem dynamicka zrakova ostrost, coZ ve zkratce znamena méreni
zrakové ostrosti, kdy dochazi mezi pacientem a optotypovym znakem k pohybu. Oba typy vsak
maji spoustu spolec¢ného. Napfiklad jejich zjistovani je méfenim subjektivnim, tedy Cisté
zavislé na aktivité pacienta — na jeho zrakovych funkcich a u dynamického méreni také na
reak¢nich funkcich pacienta.

Dale pti méreni zrakové ostrosti, a to jak statické tak dynamické, vychazime z rozliSovaci
schopnosti oka, kterd je definovéna jako schopnost oka rozeznat dva body v predmétovém
prostoru oddélené = tzv. minimum separabile. Predpokladem pro tuto skutecnost je, aby
obrazy takovychto dvou bod( na sitnici byly oddéleny alespon jednim cipkem, na ktery se
promitne mezera mezi nimi. Z vypoc¢tl vyplyva, Ze nejmensi Uhlova vzdalenost dvou jesté
rozlisitelnych bodu je 0,0003 rad, co? je roztec¢ odpovidajici tangenté jedné hlové minuty (1°).
Tento uhel je zakladni veli¢inou pro hodnoceni zrakové ostrosti a také pro konstrukci
optotypu.

Dynamicka zrakova ostrost

Pfedpokladem pro méreni dynamické zrakové ostrosti je kvalitni staticka zrakova
ostrost, ke které je mimo jiné zapotrebi prlichodnosti optického systému oka a spravné funkce
a spojeni fotoreceptord se zrakovymi korovymi centry. Z vnéjSich vlivi miZeme jmenovat
kontrast samotnych optotypovych tabuli, intenzitu osvétleni ¢i barvu svétla. Dynamické vidéni
vyzaduje vedle vSech predpoklad( pro statické vidéni také spravnou funkci motorického
mechanismu — tedy konjugované pohyby oci, hlavy a téla, ktery zajisti udrZeni obrazu
pohybujiciho se predmétu na sitnici. Dale je dynamicka zrakova ostrost opét ovlivnéna i
okolnim prostfedim, a pfedevsim rychlosti pohybu daného znaku ¢i délkou jeho expozice. Pfi
nizSich rychlostech jsou hodnoty dynamické zrakové ostrosti v korelaci se statickou, ale pfi
vyssich rychlostech klesa rozliSovaci schopnost a tudiz i dynamicka zrakova ostrost.

Vysetifeni dynamické zrakové ostrosti mliZze probihat dvéma zakladnimi zpUsoby. Prvni
zpusob probiha pti pohybu hlavy vysetfovaného za pouZiti klasickych statickych optotypovych
tabuli. Druhym zplGsobem je usazeni pacienta, kterému jsou promitany pohybujici se znaky.
Oba druhy méreni maji viak jesté sva dalsi specifika, jako jsou napfiklad smér a zplsob pohybu

26



Vil. CSKO 20. 10. 2016

jak vySetfované osoby (pohyb navozeny vysetfujicim, pohyb hlavy za chiize), tak pouzitych
znakUl (od/k vySetfovanému, horizontalni, rotacni).

Test dynamické zrakoveé ostrosti

Jeliko? se v Ceské republice dynamickd zrakova ostrost béiné neméfi mimo
specializovand pracovisté zabyvajici se vizualni ¢i sportovni optometrii, nesetkdme se s
zadnym standardizovanym testem k jejimu méreni. Test dynamické zrakové ostrosti je pouze
experimentalné sestaveny test podle plvodniho ndvrhu doktorky Krasnanské a kolektivu.

Vychozim bodem k méfeni je zjisténi naturdiniho vizu a v pfipadé jeho poklesu také
vykorigovani ametropie klasickou metodou refrakce. Vysetreni probiha vétSinou tedy pouze
binokularné, a to s nejlepsi korekci, pfipadné s vlastni korekci (u emetropa bez korekce). Pfi
tomto testovani nedochazi k pohybu pacienta, ale pouze k simulovanému pohybu znaku na
obrazovce notebooku. Jako nejvhodnéjsi znak se pro tento typ méreni ukazal Landoltav kruh,
ktery je povazovan za nejobjektivnéjsi ze vSech znaku viibec. Na vysku ma tento znak velikost
pét jednotek (,D“), vyfez a tloustka znaku zaujimaji velikost jedné jednotky (,d“) a lze jej
nabidnout v osmi rdznych polohdach — dvou horizontalnich, dvou vertikalnich a ctyrech
Sikmych. Jeho velikost se odviji od pozorovaci vzdalenosti (,,a“), ktera je v tomto pfipadé
stanovena na 3 m, a predevsim od hodnoty poZadované zrakové ostrosti (,VA“). Znak se
zvétSuje z hodnoty VA = 2 az po VA = 0,1 linearné spojité, ¢imz dochdzi k simulaci pohybu
smérem k vySetfovanému. Rychlosti simulovaného pohybu jsou nabidnuty dvé —v = 20 m/s
(72 km/h) a polovi¢ni hodnota, tedy v =10 m/s (36 km/h).

Vypocet velikosti samotného znaku a jeho detailt v jednotlivych polohach vychazi ze
zavislosti VA na zorném uhlu pozorovani podle vzorce w = 1/VA , kde vysledny zorny uhel
dostavame v Uhlovych minutach. Dalsi nezbytné nutnou veli¢inou pro vypocet ,d“ — velikosti
kritického detailu, je hodnota ,,a“ — vySetrovaci vzdalenost (obé v metrech). Dle vzorced = a -
tg w vypocitame velikost detailu znaku, ze které po vynasobeni péti (ze vzorce D = 5 - d)
dostaneme vyslednou vysku celého znaku pro danou hodnotu VA. Vyslednd hodnota
dynamické zrakové ostrosti pak zavisi na tom, v jakém ¢asovém okamziku je test kliknutim
tlacitka bezdratové mysi pozastaven. JelikoZ je simulovana rychlost pohybu znaku ponékud
vysoka a reakéni Casy €lovéka ani techniky nejsou Uplné zanedbatelné, je zapotiebi spustit test
jesté pozpatku, kdy pacient urcuje kliknutim okamzik, kdy se mu znak jiz rozostfi. Obé hodnoty
poté zprimérujeme a teprve tento vysledek Ize povaZovat za hodnotu dynamické zrakové
ostrosti. Ovéreni lze provést stejnym zplsobem za pouZiti jiné polohy znaku.

Zaver

Je jasné, Ze simulované podminky v mistnosti nikdy pIné nenahradi situaci z redlného
Zivota, presto je méreni dynamické zrakové ostrosti vySetfeni, které by v praxi mohlo najit
uplatnéni. Dynamické vidéni je totiz zapojeno nejen pfi kazdodennich cinnostech, jako je
napfiklad fizeni, ale tfeba i pfi sportu. Ve sportovni optometrii se rliznych experimentalnich
metod k méreni dynamické zrakové ostrosti jiz vyuziva, protoze trenéfi jsou si védomi, Ze
dynamicka zrakova ostrost vypovida o kvalité vidéni presnéji nezli statické méreni. Vhodné by

tak bylo vyuZzit této metody napftiklad pfi méreni zrakové ostrosti Zadatell o fidi¢ské opravnéni
nebo drzitel( fidi¢ského opravnéni vyssiho véku, u kterych je pravé prezkoumavana
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zpuUsobilost k Fizeni. Prvni by vSak méla byt zajisténa urcitd norma k méreni dynamické zrakové
ostrosti, abychom byli schopni spravné vyhodnocovat a porovnavat vysledky.
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Introduction

Static visual acuity is basically nothing more than the patient's visual acuity measured in
optometry or ophthalmological department with the help of classic optotype boards -
nowadays probably the most often used LCD optotypes. It is the finding out the visual acuity,
while between the patient and optotype sign is no movement. The signification "static" is not
commonly used because until recently anybody didn’t speak about any other type of visual
acuity. Lately however we can encounter the concept of dynamic visual acuity, that in short
means a measurement of visual acuity, when between the patient and optotype character
occurs any movement. Both types have a lot in common. For example, their detection is
subjective measuring, therefore purely dependent on the activity of the patient - on his visual
functions and also on the reaction function of the patient during dynamic measurement.

Additionally measuring of visual acuity, both static and dynamic, that is based on
resolution of the eye, is defined as the ability of the eye to distinguish two points in objective
space separately = so called minimum separabile. The prerequisite for this fact is that images
of these two points on the retina must be separated at least one cone, on which is projected
the gap therebetween. The calculations show that the smallest angular distance two still
distinguishable points is 0.0003 rad, which is a spacing corresponding to the tangent of one
arc minute (1'). This angle is a basic value for the evaluation of visual acuity as well as for the
construction of optotypes.

Dynamic visual acuity

A prerequisite for the measurement of dynamic visual acuity is good-quality static visual
acuity, which requires among others transparency of an eye optical system and correct
function and connection of photoreceptors with visual cortex centres. From external
influences we can nominate a contrast of test types, intensity of illumination or colour of light.
Dynamic vision requires besides all the prerequisites for static vision also correct function of
the motor mechanism —thus conjugate movements of the eyes, the head and the body, which
ensures maintenance of an image of moving subject in the retina. Furthermore, the dynamic
visual acuity is also affected by its background, especially by speed of the symbol’s movement
or by length of exposure. At lower speeds the dynamic visual acuity values are in correlation
with the static, but at higher speeds decreases eye resolution and therefore dynamic visual
acuity too.

Examination of dynamic visual acuity can be done in two basic ways. The first way is
investigation in motion of the examinant by using classic static test types. The second way is
the seating of the patient who is exposed to the moving symbols. Both types of measurement,
however, still have their different characteristics, such as the direction and way of movement
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of both — the investigated person (movement induced by examiner, head movement while
walking) and the symbols (from/to the examinant, horizontal, rotating movement, etc.).

Dynamic visual acuity test

Because in the Czech Republic is the dynamic visual acuity normally not measured
excepting specialized departments dealing with visual or sport optometry, we meet with no
standardised test for its measurement. The test of dynamic visual acuity is only a theoretical
proposal by the doctor Krasfianska et al.

The zero point for measurement is to determine the natural vision and in case of a
decline also adjusting of ametropia with classical method of refraction. Examination is usually
carried out only binocular, with best correction, possibly with its own correction (by the
emmetrope without correction). While this testing does not move the patient, but there is
only the simulated moving sign on laptop screen. As the best symbol for this type of
measurement has shown Landolt ring, which is considered to be the most objective of all the
symbol at all. The height of this character has a size of five units ("D"), the cut and thickness
of the character occupy the size of one unit ("d") and can be offered in eight different positions
- two horizontal, two vertical and four oblique. Its size depends on the viewing distance ("a"),
which was set in 3 m in this case, and especially on the value of the required visual acuity
("VA"). Character is increasing from the value VA = 2 up to VA = 0.1 linearly continuously,
thereby simulating motion toward investigated. Simulated movement speeds are offered two
-v=20m/s (72 km / h), and half the value, thatisv=10m /s (36 km / h).

Calculating the size of the character and its details in the individual positions is based on
the dependence VA upon the viewing angle of observation by the formula w =1 / VA wherein
the resulting viewing angle brings in arc minutes. Another quantity necessary for the
calculation of "d" - size of the critical detail, is the value of "a" - investigative distance (both in
meters). According to the formula d = a tg - w we can calculate the size of symbol’s detail, and
after multiple by five (from the formula D = 5 - d) we will get the final height of the entire
symbol for the given value of the VA. The final value of dynamic visual acuity then depends on
the moment of the pause by the wireless mouse button click. Because the simulated speed of
symbol’s movement is quite high and the reaction times of examinant or techniques are not
negligible, it is necessary to activate a test even backwards, where the patient determines the
moment of blurring the character again by the click. Both values are then averaged and then
this result can be considered as the value of dynamic visual acuity. Verification can be done in
the same manner using a different character position.

Conclusion

It is distinct, that simulated conditions can not fully replace situations from a real life,
nevertheless the dynamic visual acuity examination is a method which could find a use in
practice. Dynamic vision is not connected only in daily activities like driving, but even in sport
also. In sport optometry is nowadays used some experimental methods for measuring
dynamic visual acuity, because the trainers well know that dynamic visual acuity says much
more about the quality of vision than only the static measurement.lt would be advisable to
include this method between the criteria for obtaining the driving eligibility, or at least
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between the criteria for retaining the driver's licence to the drivers in a greater age . First,
however, must be ensured a certain standard for this measurement, so we were able to
correctly evaluate and compare the results.
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Zmeény akomodacné vergencnich vlastnosti v zavislosti na

véku
Autor: Bc. Markéta Hrabovska
Skolitel: Mgr. David Severa

Akomodacné vergencni vlastnosti vizudlniho systému ndm umoziuji vidét ostre
predméty na rdzné vzdalenosti. Akomodace zajistuje vytvoreni ostrého obrazu pozorovaného
predmétu a spolu s ni probihaji vergencni pohyby, které vyrovnavaji postaveni obou oci. Diky
vzajemné spolupraci akomodacniho a vergencniho systému dochazi ke spojeni dvou obrazli v
jeden smyslovy viem — je tak zprostifedkovano jednoduché binokularni vidéni.

Akomodace

Akomodace je dynamicky proces, pti kterém se méni optickd mohutnost systému oka
tak, aby byl pozorovany predmét v proménné predozadni vzdalenosti redlného predmétového
prostoru zobrazen ostfe na sitnici. RozliSujeme ctyfi slozky akomodace - slozku ténickou,
proximalni, reflexni a vergencni. Tonickd slozka akomodace je pritomna i bez pritomnosti
podnétu, je zplsobena klidovym napétim cilidarniho svalu. Proximalni slozka je navozena
predstavou vzdaleného predmétu. Reflexni slozka je navozena rozmazanym obrazem a
zajistuje sitnicové zaostfeni obrazu. Posledni slozkou je slozka vergenéni, kterda mlze byt
spusténa konvergenci na zakladé vztahu CA/C a je kontrolovana fuzi.

CA/C pomér popisuje zménu konvergencni akomodace na jednotku zmény konvergence.
Udav3, kolik dioptrii akomodujeme na 1 pD konvergence. Tento pomér nabyva hodnot 1:10.
V béZné praxi se neméri.

Akomodace a vék

PFi narozeni neni fasnaté télisko plné vyzralé a ¢ocka je mékci, nez ¢ocka dospélého
jedince. Akomodacni pruznost se vyviji béhem prvnich mésic( Zivota a okolo ¢tvrtého mésice
je pfriblizné srovnatelnd s akomodaci dospélého clovéka. Vyvoj cilidrniho svalu a tim i
akomodace je ukoncen zhruba ve 3 letech Zivota. Béhem Zivota se sniZuje schopnost ¢ocky
vyklenout se a tim zvysit svoji optickou mohutnost, coZ se projevi vzdalovanim blizkého bodu
akomodace od oka a poklesem akomodacni amplitudy. K prvnimu poklesu dochazi kolem 5.
roku Zivota a naddle klesa pfiblizné o 0,3 D za rok. Pokles akomodacni amplitudy v zavislosti
na véku zndzornuje Duanova kfivka. Dochdzi tak k fyziologické poruse akomodace -
presbyopii, jejiz prvni pfiznaky se objevuji okolo 40. roka Zivota. Existuje mnoho teorii, které
vysvétluji vznik presbyopie — pro nazornost uvadim jen nékteré z nich.
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Obrazek 1: Duanova krivka

Hess-Gulstrandova teorie vysvétluje presbyopii jako dusledek vékem podminénych
zmén v ¢occe — velikost stahu cilidrniho svalu, ktery je nutny pro navozeni dané akomodace,
zGstava se zvysujicim se vékem stejna, pokud je toto mnoiZstvi v ramci limitu akomodacni
amplitudy. Na rozdil od ostatnich teorii prosazuje nazor, Ze pti zvySujicim se véku dochazi
k narlstu kontrakce ciliarniho svalu aZz za hranici schopnosti ¢ocky a jejiho obalu na tento
narlst reagovat.

Finchmanova teorie je podobnd teorii Hess-Gullstranda. Prosazuje, Ze presbyopie je
disledkem ztizené deformace ¢ocky se zvysSujicim se vékem, ale pro maximalni akomodaci je
pozadovana maximalni kontrakce ciliarniho svalu v kterémkoli véku.

Geometricka teorie predpoklada, Ze presbyopie je dlisledkem zmény velikosti a tvaru
Cocky. Tato zména je pricinou toho, Ze napéti zonul pasobi vice paralelné k povrchu cocky.
Zmény v napéti zonul proto budou mit pti akomodaci mensi efekt na zménu tvaru ¢ocky.

Extralentikularni teorie tvrdi, Ze presbyopie je zpUsobena oslabenim cilidarniho svalu
nebo ztratou elasticity zonul, cilidrniho télesa a choroidalnich komponentua.

Vergence

Oc¢ni motilitu zajistuji 4 primé — horni, dolni vnitfni a zevni pfimy sval a 2 Sikmé — horni a
dolni Sikmy sval. Vergenci délime na volni a reflexni, kterou dale délime na tonickou,
proximdlni, akomodacni a fuzni. Tonicka udrZuje paralelni postaveni oci bez fuznich podmétu.
Proximdlni vergence je navozena védomim blizkosti predmétu. Fuzni vergence je vyvolana
retindlni disparitou a umoznuje jemné vergencni nastaveni pohledovych os. Akomodacni
vergence je navozena akomodaci, kde je akomodace podnétem pro konvergenci. Vztah mezi
akomodaci a akomodacni vergenci vyjadifuje pomér AC/A.

AC/A pomér popisuje zménu akomodacni vergence pfi zméné akomodace. Udava, o
kolik prizmatickych dioptrii se zméni akomodaéni vergence pfi zméné hodnoty akomodace o
1 D. Za normalni hodnoty jsou u gradientni metody vypoctu povazovany poméry 2:1-4:1.
Jestli-ze AC/A pomér nabyva vyssich hodnot, znamena to, Ze oci na danou velikost akomodace

konverguji vice, nez by mély. Naopak nizsi AC/A pomér znamen3, Ze u prislusné akomodace
dochazi k mensi konvergenci.
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Akomodacné vergencni mechanismus a veék

| kdyz se vergencni vlastnosti s vékem témér neméni, dochazi vlivem snizeni akomodacéni
schopnosti ke zméné vztahu mezi akomodaci a vergenci. Je tedy mozné, Ze po nastupu
presbyopie je maximalni akomodace provazena vétSim mnozZstvim konvergence nez
v predpresbyopickém véku. Aby tedy bylo zachovano binokuldrni vidéni, bude kladen zvySeny
narok na fuzni konvergenci.

Problematikou zmény akomodaéné vergencnich vlastnosti v zavislosti na véku se
zabyvalo vice teorii a studii. Nedospéli vSak k jednotnému nazoru a jejich vysledky se lisi.
Nékteré teorie (Helmholz, Hess, Gullstrand) uvadi, Zze v kazdém véku je na vytvoreni stejné
zmény akomodace potiebna stejnd prace ciliarniho svalu a vztah mezi akomodaci a vergenci
se s vékem neméni. Jiné teorie (Donders, Duane, Finchman a dalsi) naopak usuzuji, Ze tento
vztah se v pribéhu Zivota méni.

V dlsledku predpokladu Hess-Gullstrandovy teorie, Ze Usili cilidrniho svalu, které je
potrebné k jednotkové zméné akomodace se s vékem neméni, mize mezi akomodaci a
vergenci dojit ke dvéma situacim. Bud’ dojde ke snizeni AC/A poméru s vékem kvUli snizeni
akomodacni konvergence, ktera je disledkem sniZzeni akomodace, anebo se AC/A s vékem
neméni, protoze se akomodacni konvergence a akomodace snizuji proporcionalné.

Na druhé strané Duanne-Finchamova teorie konstatuje, Ze Usili na vytvoreni jednotkové
zmény akomodace se s vékem zvysuje. To znamena, Ze predpoklada, Zze se bud pomér AC/A
s vékem zvysSuje kvuli zvysené akomodacni konvergenci, anebo Ze se AC/A vyrazné zvysuje,
protozZe pti zvySovani akomodacni konvergence se zaroven sniZzuje akomodace.

Vétsina studii se priklani ke skutec¢nosti, Ze s vékem se pomér AC/A zvysuje a pomér CA/C
se snizuje, ¢imzZ vyvraceji Hess-Gullstrandovu teorii. Nékteré vyzkumy dale potvrzuji reciproky
vztah mezi AC/A a CA/C pomérem, coZ znamen3, Ze se zvysujicim se vékem se AC zvySuje do
takové miry, do které se CA snizuje. Na druhé strané jiné studie tento vztah nepotvrdili, ale
priznavaji, Ze mirné linearni propojeni mezi AC/A a CA/C poméry existuje. V odborné literature
se vSak bézné setkdvame s tvrzenim, Ze poméry AC/A a CA/C jsou na sobé zcela nezavislé.
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Age-related changes of accommodative vergent attributes
Autor: Bc. Markéta Hrabovska

Supervisor:  Mgr. David Severa

Accommodative vergent attributes of the visual system allows us to see sharply objects
at different distances. Accommodation ensures creation a sharp image of the object and
vergent movements equalize the position of both eyes. By working together, accommodative
and vergence system unites two images in one sensory perception — so is mediated binocular
vision.

Accommodation

Accommodation is a dynamic process, wherein the optical power of the eye is changed
so, that the observed object in the variable anteroposterior distance is sharply focused on the
retina. There are four components of accommodation - tonic, proximal, reflective and
convergent component. Tonic accommodative component is present even in the absence of
the stimulus, it is caused by resting tension of ciliary muscle. The proximal component is
induced by vision of a distant object. Reflective component is induced by blurred image and
ensures that retinal image is in focus. The last component is convergent component, which
can be triggered by the convergence on the basis of CA/C relationship. Convergent component
is controlled by fusion.

CA/C ratio describes the change of accommodative convergence per unit of the
convergence change. It indicates how many diopter we accommodate to 1 pD of convergence.
This ratio takes the value of 1:10. In current practice is not measured.

Accommodation and age

The ciliary body is not fully developed at birth, and the lens is softer than an adult lens.
Accommodative flexibility develops during the first months of life and is roughly comparable
with accommodation of adult about the fourth month. Development of the ciliary muscle and
thus the accommodation is completed in 3 years of life. The ability of the lens to arch and to
increase its optical power reduce throughout life. The result is distancing near point of
accommodation of the eye and decrease in accommodative amplitude. The first decline in
accommodative amplitude appear around 5 years of life, and continues to drop by about 0.3
D per year. Decrease accommodative amplitude versus age shows Duane curve. This leads to
the physiological accommodative disorder — presbyopia. The first symptoms of presbyopia
appear about the 40th year of life. There are many theories that explain the cause of
presbyopia - to illustrate mention just some of them.
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The Hess-Gullstrand theory attributes presbyopia to age-related changes in the lens,
with the amount of ciliary muscle contraction required for a particular change in
accommodation remaining the same as age increases, provided that this level is within the
amplitude limit. The Hess-Gullstrand theory is distinct from other theories in one important
respect. According to this theory, with increasing age there is an increasing excess of ciliary
muscle contraction beyond the ability of the lens and the capsule to respond to it.

The Fincham theory is similar to the Hess- Gullstrand theory in claiming that presbyopia
is due to the lens being less easily deformed with increasing age, but the maximum ciliary
muscle contraction is required for maximum accommodation at all ages.

The geometric theory posits that presbyopia is attributed to changes in the size and
shape of the lens that make the zonules apply tension more parallel to the surface of the lens.
Changes in zonule tension will thus have smaller effects on lens shape.

Extralenticular theories claim that presbyopia is caused by weakening of the ciliary
muscle or by loss of elasticity of zonules or ciliary body and choroid components.

Vergence

Ocular motility provide 4 rectus muscles - superior, inferior, lateral and medial and 2
oblique muscles - superior and inferior. Vergence is divided into volitional and reflective,
which is further divided into tonic, proximal, accommodative and fusion component. Tonic
vergence keeps a parallel position of the eyes without fusion stimulus. Proximal vergence is
induced by vision of nearer object. Fusion vergence is induced by retinal disparity and allows
exact adjustment visual axis. Accommodative vergence is induced by accommodation, which
is accommodative stimulus for convergence. The relationship between accommodation and
accommodative vergence expresses the ratio of AC/A.

AC/A ratio describes a change in the accommodative convergence when changing
accommodation. It indicates how much prism diopters of accommodative convergence will
change when the value of accommodation change is 1 D. As a normal values for a gradient
calculation methods is considered ratios 2:1-4:1. If AC/A ratio becomes higher values, it means
that the eyes on the amount of the accommodation converge more than they should.
Conversely, lower AC/A ratio indicates that in the respective accommodation occurs less
convergence.
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Accommodative convergent mechanism and age

Although the convergent properties stay with age almost unchanged, there is due to
reduction of accommodative power a change in the relationship between accommodation
and vergence. Therefore it is possible, that after the onset of presbyopia is the maximal
accommodation accompanied with more accommodative convergence than in the pre-
presbyopic age. Thus, in order to maintain binocular vision, it will put increased demands on
the fusion convergence.

Issues of age-related changes of accommodative vergent attributes is object of several
theories and studies. However they did not come to a single opinion and their results differ.
Some theories (Helmholz, Hess, Gullstrand) indicates that at any age is required the same work
of ciliary muscle for creation the same change in accommodation and the relation between
accommodation and vergence is unchanged with age. Conversely, other theories (Donders,
Duane, Finchman and others) conclude that this relationship is changing throughout life.

Hess-Gullstrand theory states that for AC/A ratio may occur two situations. Either there
is a reduction in the AC/A ratio with age due to decrease accommodative convergence, which
is due to a reduction of accommodation; or AC/A ratio does not change with age because
accommodative convergence and accommodative reduced proportionally.

On the other side Duanne-Finchamova theory states that efforts to produce unit change
of accommodation increases with age. It means that either the ratio of AC/A increases with
age due to the increased accommodative convergence; or the AC/A is considerably increased,
because when increasing accommodative convergence the accommodation is reduced.

Most of the studies inclines to the fact that the AC/A ratio increases with age and the
CA/C ratio decreases, thus it invalidates Hess-Gullstrand theory. Some studies further confirm
the reciprocal relationship between the AC/A and CA/C ratio, which means that with
increasing age AC increases to such an extent that CA is reduced. On the other hand, other
studies have not confirmed this relationship, but they admit, that there is slight linear
connection between the AC/A and CA/C ratios. However, in the literature we meet with the
assertion that the ratios AC/A and CA/C ratios are completely independent.
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Indikace k operaci sedeho zakalu
Autor: Bc. Petra Janouskova
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Katarakta byva popisovana jako jakékoliv zakaleni normalné ¢iré oc¢ni ¢ocky, které vznika
v pokrocilejsSim véku jejim pfirozenym starnutim a zpUsobuje tak poruchu jeji prahlednosti
nebo rozptylu prochazejiciho svétla. Dle WHO hraje katarakta v celosvétovém méfitku velice
vyznamnou roli, protoZze je jednim z nejcastéjSich ocnich onemocnéni lidi nad 50 let véku.
Zaroven je toto onemocnéni také jednou z hlavnich pfi€in snizeni zrakového komfortu a
nasledné slepoty vibec. Podle statistik trpi kataraktou vzdy jeden ze tfi lidi postizenych
slepotou a jeden z Sesti s poruchou zraku (hlavné v rozvojovych zemich). Z hlediska I1é¢by nebyl
doposud objeven Zadny ucinny konzervativni zpUsob, jak zabranit vzniku a progresi tohoto
onemocnéni na jinak zdravém oku. Proto je v dnesni dobé jedinym moznym feSenim
chirurgické reseni. K operaci se pfistupuje vétsSinou aZz v pfipadé, zZe katarakta snizuje kvalitu
Zivota pacienta natolik, Ze je zhorSen jeho osobni ¢i pracovni Zivot nebo z jiného |é¢ebného
diivodu (napft. pfi specifickych typech zeleného zakalu). V Ceské republice je kaZdoroéné
indikovano k operaci Sedého zakalu zhruba 7% vsech pacientl s timto onemocnénim, coz
znamena pres 70 000 chirurgickych vykon( za rok.

Senilni katarakta se déli do 3 zakladnich kategorii na kortikalni, nuklearni a zadni
subkapsularni kataraktu, které si nyni blize popiSeme.

Kortikalni katarakta

Kortikalni katarakta byva lokalizovana v kortexu (pouzdru) ¢ocky, hlavné v jeji predni
nebo zadni ekvatoridlni oblasti, kde tvofi Sirokd a ostra zakaleni jehlanovitého tvaru s bazi
zevneé (ekvatoridlné) a vrcholy sméfujicimi do centra ¢ocky. Nejcastéji Ize tyto zdkalky nalézt
na predni nasalni strané ¢ockového pouzdra, coz byva spojeno s vyssi expozici této ¢asti oka
UVB zareni, které se zfejmé velkym dilem podili na vzniku tohoto onemocnéni.

Tento typ katarakty postupuje vétSinou relativné pomalu. Vyskytuje se oboustranné s
rdznymi stadii progrese na kazdém z oci. Vidéni byva naruseno aZ v pfipadé, Ze zakalky zasahuji
do centralni pupilarni oblasti a zplsobuji tak zamlzené vidéni. Prvni pfiznaky zhorSeni zrakové
ostrosti a glare (osInéni) pocituji pacienti nejcastéji pfi jizdé autem za Sera nebo za tmy, kdy
jsou osvécovani reflektory protijedoucich automobild.

KortikdIni kataraktu muizZeme dle stadia progrese délit do nékolika dil¢ich stadii na
intumescentni kataraktu (v cocce se zacind hromadit voda a ¢ocka zacina bobtnat), maturni
kataraktu (Cocka je od kortexu az po jadro celd bild nebo opalescentni), hypermaturni
kataraktu (kortex zacind kapalnét a unikat z kapsuly ven) a Morgagni kataraktu (jadro ¢ocky
je zmenseno a vlivem zkapalnéného kortexu se volné pohybuje v ¢o¢kovém pouzdru, coz je

vvvs
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Nukledrni katarakta

Nuklearni katarakta je charakterizovdna homogennim narlstem zakaleni ¢ockového
jadra, které mlze byt od Zlutavého po cervenohnédé az hnédavé zbarveni. Urcity stupen
nuklearni sklerézy a Zlutavého zabarveni ¢ocky je jesté u dospélych jedinct nad 50 let véku
povazovan za fyziologicky a vyraznéjsim zplsobem se nepodili na ovlivnéni zrakovych funkci.
Tento typ katarakty se vyviji vétSinou pomalu a byva obvykle taktéz lokalizovan oboustranné.
Problémy s vidénim nastdvaji az v pfipadé, Zze jsou vlakna v jadru ¢ocky vystavena stale vétsSimu
tlaku, coZ zpusobuje zvySovani jeho tvrdosti. Vznika tak tzv. nukledrni skleréza. Stim je
zaroven i spojeno zvyseni refrakéniho indexu lomu a nastava myopicky refrakéni posun. To
v ¢asném stadiu oceni hlavné néktefi pocinajici presbyopové, ktefi tak mohou pfi ¢teni do
blizka alespon na urcitou dobu zacit odkladat bryle. Nékdy se tomuto stavu tika také “druhy
zrak”.

Nuklearni katarakta subjektivné zpUsobuje pacientovi vétsi problémy pfi pohledu do
dalky, nez na blizko nebo pfi vyssich intenzitach svétla. Mezi dalsi ndsledky nukledrni katarakty
mulzeme zaradit i méné castou monokularni diplopii, ktera vznika jako dlsledek vyraznéjsi
zmény refrakéniho indexu sklerotického jadra cocky, kdy se v jejim centru nachazi vice
lomivych ploch, oproti indexu kortexu ¢ocky. Vysledkem je dvojity obraz, ktery pacient maze
v zorném poli spozorovat. Dale mohou vlivem progresivniho zazloutnuti ¢ocky nastat také
zmény v barevného vidéni, a to hlavné v oblasti zhorSeni rozliSovani modrého svétla.

Zadni subkapsularni katarakta

Zadni subkapsularni katarakta se vyskytuje na zadnim pdlu Cocky, pred jeho zadnim
pouzdrem a projevuje se ze vSech tfi typl katarakty nejdfive, zhruba kolem 55 let véku.
Vétsinou byva spojena s celkovym systémovym ¢i o¢nim onemocnénim, mezi které patii napft.
diabetes mellitus, retinitis pigmentosa, Urazy oka, uveitidy, nebo katarakta jako dlsledek
pravidelného pozivani |éCiv (dlouhodobé kortikosteroid(l). Tento typ katarakty muze
vyznamnym zplsobem sniZovat vidéni v centralni oblasti, které byva nejvice citelné pfi zazeni
zornice, protoZe zakaleni lezi pfimo v jejich stredu.

Pacienti, ktefi maji PSC, vykazuji docela dobrou zrakovou ostrost do dalky v nizsich
svételnych podminkdch, ale vyrazné snizené vidéni do blizka s glare (osInénim ostrym zdrojem
svétla pfi souasném pozorovani nizkokontrastniho objektu) pti jasném dennim svétle, pfi
¢teni nebo pti nocnim fizeni automobilu (glare byva jednim z prvnich a castych pfiznaki
katarakty).

Rizikové faktory pro vznik senilni katarakty
Senilni katarakta je multifaktoridlni onemocnéni, na jehoZ vzniku se podili mnoho
faktoru, které se navzajem prolinaji a doplfiuji, a kazdy z nich se podili na vzniku katarakty
razné velkym dilem. Mezi tyto faktory patfi napf: genetika (védecky je prokazana existence
genu, které jsou zodpovédné za vznik katarakty, jejich pfimy vliv na vzniku a progresi tohoto
onemocnéni se vSak zda byt docela maly - jednotky procent), vék a pohlavi (mnohem castéji
byvaji postizeny Zeny nez muzi, s vy$sim vékem vyrazné stoupa riziko vzniku katarakty), UV
zareni a nasledny oxidacni stres ¢ocky, (Cockovy epitel je citlivy na poSkozeni volnymi radikaly,
které se vlivem plsobeni UV zareni v coéce tvofi. Tyto radikaly zplsobuji nevratné
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morfologické zmény, jejichz vysledkem je degradace a modifikaci co¢kovych proteind. Misto
UVB zareni), zdravy Zivotni styl: télesna vaha (vyssi hmotnost nebo naopak podvyziva muze
ve spojitosti s cukrovkou nebo koutrenim zvySovat riziko vzniku katarakty), dostatecny pfisun
vitamind, napft. riboflavin, kyselina askorbova (vitamin C) ¢i vitamin E vyznamnym zplsobem
snizuji riziko vzniku katarakty. Cholesterol a sl toto riziko zase zvysuiji, stejné jako koureni a
alkohol, Iéky (napf. kortikosteroidy) a systémova onemocnéni (diabetes mellitus, hypertenze).

Indikace k operaci katarakty

Zda pacient operaci katarakty podstoupi ¢i nikoliv se rozhoduje lékatr s pacientem
spolecné na zakladé tfi hlavnich faktor(, mezi které patfi: kvalita zraku, jak ji vnima pacient,
léky, které pacient uziva a v neposledni fadé i kosmetické ucely.

Kvalita zraku hraje pred operaci katarakty velmi dilezitou roli, protoze to, do jaké miry
jsou snizeny zrakové funkce, vyznamnym zplsobem ovliviiuje ¢innosti, které pacient bézné
vykonava. Operace katarakty tak byva indikovana vétsSinou az v pripadech, kdy je jiz vyraznym
zpUsobem pacientovi zabranéno ve vykonavani kazdodennich aktivit. Pokud vSak pacient
potiebuje zrak k vykonu specifické profese nebo fizeni automobilu, provadi se operace
katarakty i drive.

Z kosmetickych ucelll je katarakta indikovana v pripadé maturni katarakty, aby byl
zachovan prirozeny vzhled oka (tmava zornice).

Metodika vyzkumu

Cilem vyzkumu je zjisténi mozné ochrany ocni ¢ocky pfi dlouhodobém noseni brylové
korekce (nejméné 20 let), nebo alespon prokazani pozitivniho vlivu pouzivani brylové korekce
jako protektivniho faktoru k oddaleni vzniku ¢i zpomaleni progrese onemocnéni u stalych
nositel(l brylové korekce.

Hypotézy
Hypotéza — zkoumd vztah mezi vykonavanim predem definovanych aktivit a jejich
ovlivnénim kataraktou na postizeném oku.
e HO: Pacienti s kataraktou budou v testu vykazovat mnohem nizsi skére, nez srovnavaci
skupina pacientl bez katarakty.
e H1: Rozdily ve skére mezi pacienty s kataraktou a bez katarakty nebudou diametralné
odlisné.

Metodika — sbér dat:

Vyzkum se uskutecriuje ve FNUSA formou dotaznikové studie, kde pacienti vypliuji
dotaznik, ktery se sklada ze dvou ¢asti: 1. ¢ast obsahuje zakladni Udaje o pacientech, mezi
které patfi pohlavi, vék (vztazeny ke dni operace katarakty), velikost refrakéni vady ve formé
sférického ekvivalentu rozdélena na: emetropii od 0 D do + 0,75 D, nizkou hyperopii od + 1,0
D do + 3,0 D, nizkou myopii od -0,25 D do -3,0 D, hyperopii od + 3,25 D, myopii od -3,25 D, a
brylovou korekci.
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2. Cast je slozena z dotazniku o 13 specifickych otazkach, ktery je kombinaci VF-14 testu
a NIKE testu, které pomadhaji k lepsi diagnostice stadia katarakty. Tyto dotazniky jsou zaméreny
na denni aktivity, jako je ¢teni novin nebo cenovek pfi nakupovani, sledovani Tv, rozpoznavani
tvari, chGze do schodu, vareni ¢i rlizné domaci prace. Kazda otadzka obsahuje Ciselnou skalu od
0 do 4, podle niz je poté test vyhodnocen (viz. Tab. ¢.1).

100 bodU (zadné potize pfi vykondvani aktivity).

Tabulka 1: SloZeni otazek v dotazniku

Tabulka 2: Hodnotici skdla pro vykondvdni dennich aktivit pacientt

Vysledky vyzkumu

Vystupem ze studie budou vysledky primérného véku operace katarakty na daném
pracovisti za urcité obdobi, jejich vysledné srovnani v ramci pohlavi mezi Zzenami a muzi,
rozdéleni dle vékovych kategorii, a velikosti refrakénich vad u pacientl, ktefi budou
podstupovat operaci katarakty.

Druha cast vysledkl bude vyhodnoceni dotazniku a nasledné zjisténi skore u pacientl s
kataraktou ve srovnani s referencni skupinou zhruba stejné starych pacientl bez katrakty.
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Indication for cararact surgery
Author: Bc. Petra Janouskova

Supervisor:  Mgr. Matéj Skrbek

Cataract is described as opacity in normally clear lens of the eye, which occurs by people
in oldery age its natural aging and causes problems of its transparency or scattering of light.
WHO said, that cataract is globally a very important problem, because it is one of the most
common eye disease of people over 50 years. This disease is one of the main cause which
reduced visual comfort and produced subsequent blindness. According to the statistics, one
in every three people affected by blindness and one of six visually impaired suffer for the
cataracts (especially in developing countries). The conservative ways to treatment and
prevent to development progression of this disease in an otherwise healthy eye has not yet
discovered. Therefore, the only possible solution is a surgical solution. The cataract is treated
usually only if is reduces the quality of life or if it is indicated for the other medical reasons
(e.g. in specific types of glaucoma). In the Czech Republic is annually indicated for cataract
surgery about 7% of all patients with this disesase, which means over 70,000 surgical
procedures per year.

Senile cataract is divided into the three basic categories: cortical, nuclear and posterior
subcapsular cataracts, which are being described now.

Cortical cataract

Cortical cataract is localized in the cortex of the lens, mainly on the front or rear
equatorial areas where they make a broad and sharp pyramidal shapes with a base out
(equatorial) and the tops directed to the center of the lens. We can found most of these
opacities on the front and nasal side in the lens cortex, it is often associated with higher
exposure to the UVB radiation of the eye, which has probably a great deal involved in the
formation of the eye disease. This type of cataract has usually relatively slowly progression. It
occurs both eyes with different stages of progression in every eye. Vision is impaired only if
the opacities extend into the central pupillary area and caused blurred vision. The first signs
of deterioration is visual acuity and glare, which most patients experienced while driving in
the dark or when they are enlightened by the headlights of oncoming cars.

Cortical cataract can be divided into several stages: to intumescent cataract ( the lens
accumulated the water and begins to swell), mature cataract (lens is from the cortex to the
nucleus white or opalescent), hypermature cataract (cortex begins more watery and escape
out from the capsule) Morgagni cataract (the nucleus of the lens is reduced and the influence
of liquefied cortex moves freely in the lens cortex, it is the most difficult type of cataract).

Nuclear cataract

Nuclear cataract is characterized by an uniform increase in the opacities of the lens
nucleus, which can be from yellowish and reddish-brown to brown color. A small degree of
nuclear sclerosis and the yellowish tint is by adults over 50 years of age physiological and does
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not participate in influencing the visual function. This type of cataract usually slowly develops
and usually is located on the both eyes too. Vision problems occur only if is in the lens nucleus
higher pressure of nuclear fibers, which caused increase on its hardness. The result is called
nuclear sclerosis. With this condition is also associated increase in refractive index, and the
refractive myopic shift. This is attractive in early stages by presbyopic patients, who can read
at near vision, for some time without the glasses to near. Sometimes this condition also called
"second sight".

The nuclear cataract subjectively causes major problems when patients looking into the
distance, or when they looking to the light with higher intensities. Other consequences of
nuclear cataract which are less frequent is monocular diplopia, which arises as a result of
significant changes in the refractive index of the sclerotic nucleus compared to the index of
the lens cortex. The result is a double image, which the patient may observe in the visual field.
Due to the progressive yellowing of the lenses also changes the color vision, especially in the
area of blue light.

Posterior subcapsular cataracts

Posterior subcapsular cataracts is located at the back of the lens, just in front of the
posterior capsule, and reflected from all three types of cataract as the first, at around 55 years
of age. It is usually associated with eye diseases such as diabetes mellitus, retinitis pigmentosa,
eye injuries, uveitis, cataracts or as a consequence of regular ingestion of drugs
(corticosteroids for a long term). This type of cataract can cause a dramatic reduction in vision
with pupil constriction, because they are generally centrally positioned within the pupil.
Patients who have PSC have a good visual acuity in low light conditions, but they have a
significantly reduced near vision with glare (glare is a sharp light source when you watching
on a slow-contrast object) in sunny daylight, when reading books or in night driving a car. Glare
is one of the earliest and most frequent symptoms of this disease.

Risk factors of senile cataracts

Senile cataract is an multifactorial disease, which involved many factors. This factors
blends together and each of them has differently contribution to the formation of the
cataracts. These factors included: genetics (scientifically is the existence of genes which are
responsible for cataract formation demonstrated, but their impact on the development or
progression of this disease in comparison with the other effects is probably small - units of per
cents), age and gender (more affected with cataract are women than men, with higher age
very increased risk rise of cataract), UV radiation and oxidative stress (lens epithelium is
sensitive to damage by free radicals. These radicals can caused the morphological changes,
which can modificated lens proteins and so caused irreversible changes in the lens. Place of
residence (more in risk are people who live eg. in higher located areas where is higher
exposure UVB radiation). Healthy lifestyle: body weight (higher weight or malnutrition with
diabetes and smoking can increased the risk of cataract formation), an adequate supply of
vitamins, such as riboflavin, ascorbic acid (vitamin C) and vitamin E significantly reduced the
risk of cataract formation. Cholesterol and salt this risk increased such as smoking and alcohol,
medicaments (mainly corticosteroids) and general disease (diabetes mellitus, hypertension).
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Indications to cataract surgery

If patient go to the cataract surgery depends on doctor and patient which are decided
together according to 3 main factors, such as visual impairment, medicaments which patient
take on its disease and cosmetics purpose.

Visual function play before cataract surgery very important role, because how are visual
function decreased, affected daily activities, which patient usually executed. Cataract surgery
is usually indicated in time when patient cannot this activity executed. If patient needs its
vision to special work or driving a car, it may be indicated earlier. From cosmetics purpose is
cataract surgery indicated if patient have mature type of cataract and need a normal
appearance of its eye (dark pupil).

Research methodology

The aim of the research is to determine the possible protection of the eye lens for a
long-term weared spectacles correction (at least 20 years), or demonstrate the positive impact
of the use spectacles correction as a protective factor to delay or slow down the progression
of the disease by the patients with the permanent spectacle correction.

Hypothesis

Hypothesis | - examined the relationship between execution of defined activities and
cataract influence on this activities.

e HO: Patients with cataract will have in test lower score than comparative group of
patients without cataract.

e HI1: There are no significant differences between patients with cataract and
comparative group of patients without cataract.

Methodology - data collection

Research conducted at the University Hospital FNUSA in the form of questionnaire
study, where patients complete questionnaire, which is divided on 2 parts. 1. part
collected general information about patients, such as sex, age (in the time of cataract
surgery), size of refractive errors in the form of spherical equivalent such as: emetropia
from 0 D to + 0,75 D, lower hyperopia from + 1,0 D to + 3,0 D, lower myopia from -
0,25 D to -3,0 D, hyperopia from + 3,25 D, myopia from -3,25 D, glasses correction.
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2. part is composed from questionnaire, where is 13 specific questions, which are
combinations of VF-14 test and NIKE test, which are used to better indication to cataract
surgery. This questionnaires are intent on daily activities, such as reading newspaper,
watching on Tv, reading price in shops, faces recognizing, seeing step stairs, cooking or
housework making.

Every question have scale from 0 to 4. With this scale is questionnaire evaluated.

Lower score is O (patient cannot performed this activity), higher score is 100 (patient
have no problems with this activity).

Research results

The outcome of the study results will bee average age of cataract surgery at the work
place for a certain period and the resulting comparison in the context of sex between men
and women and the size of their refractive errors, in group of patients who go to the cataract
surgery.

The second part will be questionnaire evaluation and find cataract score by patient with
cataract and patients without cataract.
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OcCni protéezy
Autor: Bc. Lucie Klusonova

Skolitel: Mgr. Sylvie Petrova

Sklenéné ocni protézy

Vyvoj

Sklo jako material pro vyrobu zacal jako prvni propagovat Paré ve Francii v 16. stoleti.
Pozdéji se centrum vyroby presunulo do Bendtek a pres Francii se dostalo do Némecka. To se
stalo ve vyrobé sklenénych ocnich protéz velice UspéSnym a odtud také pochazi technologie
vyroby. O nejvétsi Uspéchy se zaslouzil Ludwig Miiller-Uri, pochazejici z Némecka. U nds se
vyroba sklenénych ocnich protéz rozvinula po prvni svétové valce v Jablonci nad Nisou. Se
zacatkem druhé svétové valky prestalo byt vyhradnim materidlem pro vyrobu sklo. Nicméné
je v Evropé pro své kladné vlastnosti stale pouzivano.

= Tt
Obrdzek 1: Cdstecné dokoncend protéza, cerné tycinky na pupilu.

Material pro vyrobu
Do Ceské republiky je sklo pro vyrobu o¢nich protéz dovazieno z Némecka. Materidl Ize

rozdélit do tfi skupin podle toho, kterou ¢ast protézy tvofri. Bulbus je vyroben ze specidlniho
opalového skla, které neobsahuje tézké kovy a kadmium. Materidl na duhovku tvofi Siroka
Skala barevnych skel. Ty se mezi sebou misi a tim se dosdhne optimdlni barvy duhovky.
Rohovka je tvorena krystalickym sklem, které prekryva barevnou duhovku. Vrstvenim se docili
hlubokého a pfirozeného pohledu.

" 4! \ ’, ) P\Fl

Obrdzek 2: Ndstroje pro méreni vzddlenosti, barevné tycinky.

%
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Postup vyroby

Vyroba sklenéné ocni protézy je velmi ndrocnd. Klient je pritomen celému procesu
vyroby. Ten trva pfiblizné hodinu. Nejprve je nutné zmérit pacientovu orbitu a zvolit vhodny
tvar budouci protézy. Kontroluje se hloubka ocnice, tvar vic¢ek, funkce vickovych svall a stav
po provedené operaci. Optimalni tvar se posléze vybere vkladanim zkusebnich modeld protéz
do prdzdné ocnice.

Nad kahanem se nahreje asi 2 cm dlouhé sklenéné trubice, ze které se odtdhne odtazek.
Z odtazku se potom vyfoukne kulicka o velikosti oka, ktera je ve stfedu trubicky, jejiz jeden
konec je odstranén.

Obrdzek 3 a 4: Sklo se vyfoukne do kulicky velikosti oka. Predni nosnd &dst je
ndsedné odstranéna

Na vrchlik kulicky se natavi zakladni barva, ktera se profoukne do tvaru pulkulicky.

Obrdzek 5 a 6: Nastaveni a tvarovadni zdkladni barvy

Na vzniklou polokouli se maluje budouci duhovka vhodné zvolenymi barevnymi
tyCinkami.

Obradzek 7: PouZiti barevnych tycinek

Po dobarveni se pulkulicka rozehreje a profukovanim je docileno vyrovnani budouci
duhovky s kouli. Do stfedu se nanese ¢ernou sklenénou tyc¢inkou zornice o priiméru asi 3 mm.
Hladitkem se cerné sklo rozmacka do pozadované velikosti. VSe se znovu rozehfeje,
rovhomérné otaci a profukuje. Dojde tak ke staveni vSech skel.
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Dale se pokracduje vytvorenim krystalového povrchu. Rozehteje se krystalova tycinka
a vrchlik koule s duhovkou. Krystal se pfitavi na duhovku a tim se ziska dojem hloubky a lesk
stejny jako u pfirozeného oka.

Obrdzek 8 a 9: Tvorba rohovky a simulace krevnich cév

Vysledny dojem je dotvoren kresbou cévek na bélimu. Cévky se naznacuji nitkami
o tloustce vlasu vytazenymi z ¢ervené tycinky. Pro vyhlazeni budouci protézy nasleduje opét
zataveni v plameni. Ke konci se foukdnim dotvarovava koule dle predlohy. Plamenem se
objizdi budouci okraje atvar je i nadale neustdle kontrolovdn a méren mérkou, aby bylo
dosazeno pozadovanych rozmérl potiebnych pro pacienta. Zadni ¢ast koule se nahreje
a profukuje, ¢imz je pfipravena na odstranéni a protéza ziska pozadovany skorapkovity tvar.
.

Obrdzek 10 a 11: Findlini uprava protézy a odstranéni zadni nosné tycinky

Protéza se posléze chladi v pfredehratém grafitovém kelimku s piskem. Tato faze trva
priblizné 40 minut a mlzZe pfi ni dojit k popraskani, jelikoZ vyrobek nema na prlrezu stejnou
tloustku. Po vychladnuti se omyje ve vlazné vodé a lze provést zkousku na pacientovi.

V pfipadé, Ze je protéza chybné vytvorena, musi zacit vyroba nové protézy od zacatku.
Chybné vyrobenou ocni protézu nelze predélat.

Péce a zivotnost

O protézu je nutné spravné pecovat, predejde se tak ptipadnym zdravotnim
komplikacim i rychlejSimu opotfebeni protézy. JelikoZ slzy rozruSuji povrch protézy, je nutné
protézu rano a vecer vyndat a oplachnout pod tekouci vodou. Doporucuje se i vyplachovani
orbity, zvlasté v pripadé zanétlivého onemocnéni, nachlazeni nebo chfipky. Pfi pocitu suchého
oka se doporucuje pouZzit zvlhcujici kapky. Pfi sprdvném pouzivani je mozné kontinualni
noSeni. V pfipadé, Ze pacient nechce mit protézu nasazenou pres noc, je vhodné ji vycistit,
vysusit a ulozZit ji do uzaviené nadoby. Pokud dojde v disledku nepravidelnosti a drsnosti
povrchu protézy ke drazdéni ocnice a tim ke zvySené produkci slz, je vhodné ocni protézu
vymenit.

Pacient ma od pojistovny narok na 2 kusy sklenénych protéz ro¢né, ty jsou pIné hrazeny

zdravotni pojistovnou. Protéza se vyrabi na lékarsky predpis a neni nutné schvaleni reviznim
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lékafem. V pripadé rozbiti si pacient novou protézu hradi sdm. U oénich protéz ze specidlniho
skla predstavuje doporucovana Zivotnost asi jeden az jeden a pul roku.

Vyhody a nevyhody

Sklenéné ocni protézy jsou feSeni pro pacienty, ktefi nemohou kvili alergii nosit
akrylatové ocni protézy. K jejich kvalitam patfi i stalost barev a lesk vérohodné napodobujici
zdravé oko. Duhovka pUsobi plasticky a hloubkové. Technika zpracovani navic vytvari hladky
povrch bez vyénélkd, ktery zajistuje konfort pfi noSeni. Vyborna je i smacivost skla, diky ni slzy
vytvari na povrchu tenky kluzky film, ktery chrani citlivou spojivku pfed vyraznéjsim trenim.
Navic je pacientovi protéza vyrobena béhem jedné schiizky, a to prfimo na pockani.

V porovnani s akrylatovymi protézami se pfi vyrobé se sklem pracuje obtiznéji.
V dusledku kontaktu protézy s o¢nimi tekutinami, které maiji nizsi pH, je povrch rozrusovan,
coz zpUsobuje neprijemné pocity pri noseni. Sklo je nachylné k poskrabani, napfiklad prachem
nebo necistotami, kterd vniknou pod vicko a poSkodi povrch protézy ryhami.

Hlavni nevyhodou sklenéné ocni protézy je jeji kifehkost. K rozbiti dochazi zejména pfri
vyndavani protézy pfi jejim oSetfovani, mize se vsak roztfistit i pfi sportu ¢i nehodé. Je také
nutno dat pozor na vystavovani protézy velkym teplotnim zménam, nebot maze dojit k jejimu
popraskani. V zimé protéza studi a je zde i moZnost pfimrzani slz na povrch protézy. Co se
vzhledu tyce, jediny problém tvoti zornice, ktera se zvlast pti pohledu zblizka jevi jako kulicka,
pUsobi rusivé a nepfirozené.

Akrylatové ocni protézy

Vyvoj

Testovani akrylové pryskyfice zacalo v USA roku 1943. Bylo nutné najit jiny material nez
sklo, jehoZ dovoz byl pozastaven. Navic nékteré jeho vlastnosti nebyly plné vyhovuijici. Zacaly
se proto vyrabét skladové akrylatové ocni protézy v nékolika tvarech a barvach duhovky. Ty
vSak nemohly zajistit pacientovi dostatec¢ny konfort, proto se preslo na individudlni vyrobu.
V soucasné dobé se jako material pro vyrobu pouziva akrylat, superpont a metylmetakrylat.
Tento zakladni materidl tvofi z 95 % smési, zbyvajicich 5 % jsou vefejnosti nezndmé stale se
ménici prisady.

Vyroba

K sejmuti otisku pacientovi o€nice se pouZivaji otiskovaci lzice. Tyto lZice jsou vyrobeny
z akrylatové pryskyfrice, maji dutou rukojet, kterou se zavadi plastova jednorazova otiskovaci
stfikacka. Pokud je otisk pfesny, odstrani se prebyte¢ny materidl a periferie otisku pak slouzi
jako zdklad pro vyrobu ocni protézy.

Obrdzky 12, 13 a 14: otiskovaci IZice, otisk a voskovy model
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Otisk pak slouzi k vyrobé formy. Po ztvrdnuti formy se jeji povrch natira separacnim
materialem a nasledné se do takto pfipravené formy muze nalit roztaveny vosk.

Voskovy model se nasledné zkontroluje a pfipadné upravi, aby presné simuloval
ztracené oko. Kontroluje se, zda ma spravnou velikost, podporuje tkané, simuluje oéni pohyby
a ma spravné pokryti ocnimi vicky.

K simulaci duhovky pfi vyrobé akrylatové protézy existuje vice zplsobl vyroby
i centrovani. Nejjednodussi moznosti je vybér predvyrobeného disku, ktery odpovida barvé
zdravého kontralateralniho oka. K pracnéjsSim zplsoblm patfi malovani duhovky na disk
pomoci olejovych barev vmichanych do polymethylmethakrylatového barevného media.

Kornealni knoflik se vyrabi za pouziti teplem polymerizujici akrylatové pryskyfice.
Velikost knofliku je obdobnd jako velikost duhovkového disku. Pfipojuje se k malovanému
duhovkovému disku pomoci kyanoakrylatového lepidla.

T
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Obrdzek 15, 16 a 17: Rohovkovy knoflik a duhovkovy disk, vytvareni formy
z dentdlniho kamene a akrylovd protéza s pfetokem.

Mame-li voskovy vzor, pokracuje se vyrobou formy z dentalniho kamene nebo sadry. Do
této formy se umisti duhovkova desticka a zalije se bilym polymethylmethakryldtem. Ten se
pak vytvrzuje v peci po dobu 2,5 hodiny. UdrZuje se teplota 110 °C a tlak 4 bary. Po vytvrzeni
se odstrani prebytecny materidl, protéza se brousi a lesti. Je moZzné vloZenim do pacientovy
ocnice znovu zkontrolovat velikost a umisténi duhovky v bilém zakladu. Pokud je vysledek
uspokojivy, nastupuje proces téonovani.

Pro simulaci krevnich cév se pouziva bavinénych niti cervené barvy. K vytvareni pfesného
odstinu bélma odpovidajiciho druhému oku se pouZivaji suché stabilni pfirodni jemné
brousené barevné pigmenty. Jakmile je dosazeno presného pfizplsobeni barev, baze protézy
se umisti do pece, kde se udrzuje teplota 85 °C po dobu 30 minut. To dovoluje barvé saturovat
a zabranuje budoucimu blednuti. Jakmile je tento proces dokoncen, nanese se posledni vrstva
¢irého plastu, protéza se umisti zpét do formy a vrstva na pfednim povrchu polymerizuje, ¢imz
se dokoncuje vyrobni proces. Poté probihd ofez alesténi. Kone¢nd protéza jesté muze
vyzadovat drobné Upravy, jako je pfidani nebo odstranéni polymethylmethakrylatu v riznych
mistech.
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Obradzek 18 a 19: Lesténi a konecny vzhled protézy

Zivotnost

Neni presné definované, jak dlouho protéza vydrzi. Moderni plastové protézy jsou
trvanlivé a nepraskaji. Dochazi vsak k postupnému zhorSovani kvality plastu a pigmentd.
Protéza by méla byt ménéna kazdé tti roky. Pfi pripadném poskrabani o¢ni protézy je mozné
jeji prelesténi. Velikost se mlzZe zmensit nebo zvétsit v zavislosti na zménach ocnice. Kazdy
pacient ma narok na 1 protézu v pribéhu 3 let.

Vyhody a nevyhody

Protézy ze syntetické pryskyrice se kvili nizsi tvrdosti povrchu vyznacuji vétsi mirou
opotrebeni, povrch se stava hrubsim a nerovnomérnym po kratké dobé pouzivani. Neni zde
takova smacivost jako usklenéné protézy. Akrylatové protézy jsou vsak odolnéjsi vuci
naleptavajicimu ucinku slz. Nevyhodou je i mensi plasticita duhovky, naopak pupila vypada
prirozenéji. Doba vyroby je delSi nez u sklenénych protéz. U nékterych pacientl se také
objevuiji alergie na tento material. Velkou vyhodou je vSak mensi rozbitnost.
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Ocular prostheses
Author: Bc. Lucie Klusonova

Supervisor:  Mgr. Sylvie Petrova

Glass ocular prostheses

Development

Pare started propage glass as a material for the prostheses production in France in the
16th century. Later, the manufacturing center moved to Venice and across France finished in
Germany. Germany was very succesful in the production of glass ocular prostheses and the
production technology is from there. The greatest success is credited to Ludwig Mdller-Uri,
from Germany. Czech republic manufacture glass eye prosthesis evolved after World War in
Jablonec nad Nisou. With the beginning of World War Il ceased to be the exclusive material
for glass. However, it is in Europe for its positive qualities still used.

[— b
Picture 1: Parcially finished prostheses with black glass sticks for iris

Production material
Production glass material is imported to Czech republic from Germany. The material can

be devied to three groups by the purpose they are used for. Bulbus is manufactured from
special opal glass which contains no hard metals and cadmium. Iris material is made of colour
range glass. They mix with each other therefore make optimal iris color. Cornea is made from
cristalic glass, which overlaps colored iris. By layering it is made natural and deep look.
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Picture 2: Measuring tools, colorfull glass sticks
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Manufacture process

Manufacture glass ocular prosthesis is very difficul. Client sees the hole process by
himself/herself. The process lasts aproximately one hour. At first is mandatory to measure
patient’s orbit and chose proper prosthesis shape. Orbit deep, eyelids shape, eyelids muscles
and after surgery state is checked. Optimal shape is chosen from probationary models.

Two centimetres long glass tube is heated over a burner. Part of the glass tube is blown
to a size of an eye, which is in the center of the tube. It's end is removed.

Additional tube in the front is removed.

First layer of colour is smelt on the top of the ball, which is blown to the shape of a half
of a ball.

Picture 5 and 6: Applying of the base color

On the final half-ball is painted future iris with properly chosen coloured sticks.

Picture 7: The use of coloured sticks

After the paining is done, the half-ball is blown through until it shapes into the final iris
with ball. Black glass stick paints pupil to the center with diameter 3 mm. Black glass is mashed
by float until it gets the right size. Everything is heaten up again, rolled and blown through.
Therefore all glass layers are merged together.

Then we have to make crystalic surface. Crystalic stick and top of the ball with iris is
heaten up. Crystal is melt to the iris, so it makes an illusion of the real eye.
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Arterioles are painted on the sclera for more realistic look. Arterioles are made with
thread which are thick as hair.

Picture 8 and 9: Creation of cornea and arterioles

To rub the prosthesis it has to be heaten up once more. At last, the ball is shaped with
blowing by the pattern. Edges are shaped with flame and the size must be checked all the time
to fit right into patient's eye. Back side of the ball is heated and blown, therefore it is ready
for removing and the prosthesis get the right shell shape.

|

Picture 10 and 11: Final editing and removal of additional holding tube.

Prosthesis is cooled in warm grafit bowl with sand. This phase lasts about 40 minutes
and prosthesis may crack, because it doesn't have the same diameter thickness. After cooling
process, prosthesis is washed in a warm water, after that it can be tried on the patient.

In case of manufacture failure, whole process must be done all over again, because
defected prosthesis cannot be fixed.

Care and service life

It’s necessary to care about prosthesis to prevent health complications and material
wear. Because tears damage a prosthesis, it must be put out every morning and the evening
to clean it under the water. It is advised to clean orbits as well, especially during inflammation,
cold or influenza. For dry eye, wet drops should be used. In case of right usage it is possible to
wear continually. If patient doesn't want to wear prosthesis during the night, he/she can clean
it, dry it and put it into the closed box. If rough surface irritates orbit to product more tears, it
is wise to change the prosthesis.

Patient has right to have two glass prosthesis per year, which are payed by health
insurance. Prosthesis are described by doctor, and approval by revision doctor is not
necessary. In case of prosthesis damage, patient has to pay the new one himself/herself.
Special glass prostheses are recommended to wear from one to one and a half a year.
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Advantages and disadvantages

Glass ocular prostheses are solution of patients who have allergies on acryl ocular
prostheses. They also have quallities like colour stadiness and shine of a natural healthy eye.
Iris seems to be plastic and deep. Manufacture technique creates smooth surface without
protuberances, which makes wearing comfortable. Wettability of the glass is good as well, and
it makes thin slippery film, which protects sensitive conjuctive from harder friction. Moreover,
patient’s prosthesis is manufactured during the appointment, so he/she can wait to pick it up.

In comparison to acryl prostheses, glass ones are more difficult to make. When
prosthesis has contact with eye liquids, which have lower pH, then surface is damaged, and it
makes uncomfortable feeling when wearing. Glass is prone to scratch, mostly by dust or other
kind of dirts that enter under an eyelid and damages prosthesis with grooves.

Main disadvantage of a glass prosthesis is it’s fragility. Prosthesis is damages especially
during putting it out phase when cleaning, but it can be shattered when doing sports or in an
accident. It is important to care about hot temperatures, or elseprosthesis can
crack.Prosthesis is uncomfortably cold during winter, there is also chance for tears to freeze
to the surface of the ball. The only appearance problem is the pupil, which seems like an
artificial ball, and makes unnatural look.

Acryl ocular prostheses

Development

Testing acrylec resin began in USA in 1943. It was necessary to find new material because
the import of glass was suspended. In adition, some characteristics of glass were not fully
complying. From this reason started manufacture of storage acrylate ocular prosthesis in
several shapes and colors of the iris. This prosthesis could not provide adequate comfort for
patients, so it started individual manufacture. Currently acrylate, superpont and
methylmethacrylat are used as amterial for manufacturing prostheses. This base material
comprises 95 % mixture, the remaining 5 % are unknown for public, constantly changing
additives.

Manufacture

Impression patient’s orbit is taken by impression tray. This impression trays are made
from acrylic resin, they have hollow handle, the moulding material is injected . If the
impression is right, the excess material is removed and the periphery of the impression serves
as basis for manufacturing of ocular prostheses.

Pictures 12, 13 and 14: Impression tray, moulding materidl and the
impression
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The impression is used to manufacture the mold. After hardening the mold, its surface
is rebbed by separating material and then molten wax can be poured into the prepared mold.

Wax model is after then check and adjusted to right simulate the lost eye. It’s checking
the correct, size, tissues support, eye’s movement and rigt place eyelids. There are more
methods of manufacture and centration of the iris. The most easy method is choosing the
premade disc, which color is same like the natural contralateral eye. The most dificult method
is painting the iris on the disk with oil colors mixed into the polymethecrylate color medium.

Corneal button is made using a heat-polymerizing acrylic resin. The button size is similar
to the size of the iris disc. It’s connected to the painted iris disc using cryanacrylate glue.

If we have done wax pattern, we continue with manufacture mold from dental stone or
plaster.

: U e SRS SR
Picture 15, 16 and 17: Corneal button, iris disk and and making of mold

Theiris disk is placed into this mold and it’s poured by white polymethylmethacrylat. It’s
cured in an oven for 2,5 hours. It s kept at 110 °C temperature and at 4 bar pressure. After
curing it’s excess material remove and the prosthesis is ground and polished. It’s possible to
insert prosthesis into a patient’s orbit and check the size and iris location in white base. If the
result is satisfactory, we can start with toning process. Cotton rayon threads are used to give
the appearance of blood vessel appearance. Dry stable natural fine grinded colour pigments
are used to give the exact shade to the sclera corresponding to the patient's fellow eye. Once
it is ensured that the exact colour matching has been achieved, the base of the prosthesis is
kept in the oven at 85 °C for 30 min. This cures the colours to saturation levels and prevents
any future fading. Once the artwork is completed, the shell is put back into mould and a layer
of clear plastic is polymerized on the front surface, completing the fabrication process. After
trimming and polishing, the final prosthesis may need minor adjustments such as adding or
removal of PMMA in different places.

¥

Picture 18 and 19: Polishing of the prostheses and final look
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Service life

It is not precisely defined, how long the prosthesis will last. Modern plastic prostheses
are durable and do not crack. Plastic and pigment quality are gradual degradation. Prosthesis
should be changed every three years. In the case scratching the ocular prosthesis, can be
polished. The prosthesis size can be decrase or increase in dependence of an orbital changes.
The patient has the right to have one prosthesis per three years.

Advantages and disadvantages

Prostheses of a synthetic resin due to the lower hardness of the surface characterized
by greater degree of wear, the surface becomes rough and uneven after a short period of use.
This prostheses have not wettability like the glass prostheses. Acrylic prosthese are however
more resistant to acid tears effect. The disadvantage is also smaller plasticity of iris, on the
other side the pupil look more natural. The manufacture time is longer than manufacture time
glass prostheses. Some patients have alergies to this material. The great advantage is however
less breakage.
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Adaptace na tmu v zavislosti na véku
Autor: Bc. Veronika Krchnakova

Skolitel: Mgr. Pavel KFiz

Uvod

Béhen dne a noci dopadd do oka svétlo o rlizné intenzité. Schopnost oka se témto
odlisSnym hladindm osvétleni prizplUsobit se nazyva adaptace. Oko dokaze rozeznat hladiny
osvétleni v rozmezi zhruba od 0,003 luxd do 80 000 luxG. Abychom si mohli tento rozsah lépe
predstavit, tak intenzita osvétleni za slunecného letniho dne je vétsi jak 70 000 lux( a za jasné
mésicni noci pfi uplriku je zhruba 0,5 luxd.

Rozlisujeme dva typy adaptace a to adaptaci na svétlo a adaptaci na tmu. K adaptaci
na svétlo dochdzi napftiklad pti prechodu z tmavsi mistnosti do svétlejsi. U adaptace na tmu je
tomu naopak. Pokud jsou zmény intenzit malé, tak se oko docela rychle pfizpUsobi. Ale pokud
jsou tyto zmény velké, tak adaptace trva delSi dobu, hlavné pfi prechodu ze svétlejsiho
prostfedi dotmavsiho. Prizplsobeni se hladindm osvétleni je zavislé hlavné na
fotopigmentech tycinek a Cipkl. Za svétla dochazi k rozpadu fotopigmentu tycinek -
rhodopsinu. Za tmy dochazi k jeho resyntéze. Tento déj je podstatou adaptace na tmu.
Adaptace oka na svétlo je velice rychla a je doprovazena zUzenim zornic a pfivienim vicek.
Adaptace na tmu je naopak pomala. Kone¢ného prahu citlivosti na intenzitu osvétleni je
dosaZeno aZ po 40. nebo 45. minuté. Pti adaptaci na tmu dochazi nejdfive k prizplsobeni ¢ipkl
a nasledné tycinek. Adaptace Cipkl je rychla (asi do 10 minut), ale malo vydatna. Citlivost
sitnice se zvysi asi 100 krat. Nasleduje faze prizplsobeni se tycinek, kterd je pomala, ale
citlivost sitnice se zvysi tak 100 000 krat.

Pti adaptaci dochazi ke zméné funkce sitnice. KdyZ je oko adaptované na svétlo, jednd
se o tzv. fotopické vidéni. Tohoto procesu se Ucastni pfevazneé Cipky a vidéni je ostré a barevné.
PFi dennim vidéni je sitnice nejvice citlivda na svétlo o vinové délce 555 nm, coZ odpovida
Zlutozelené barvé. Za tmy pak nastava vidéni skotopické. Oko je tedy adaptované na tmu.
Vidéni se ucastni tyCinky a je nebarevné a neostré. JelikoZz se v centru Zluté skvrny nachazi
pouze Cipky, tak vznika i tzv. centrdlni skotom. Za tmy je sitnice nejcitlivéjsi na vinovou délku
svétla o hodnoté okolo 500 nm, modrozelena barva. Posun spektrdlni citlivosti sitnice
ke kratSim vinovym délkdm se nazyva Purkynilv jev. Za Sera, kdy jesté funguiji jak Cipky, tak
tycinky, se vidéni oznacuje jako mezopické.
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Adaptaci na tmu mlZeme méfit pomoci adaptometrll. Jednim z nejznaméjsich je
Goldmann — Weekerstv a Hartingerliv adaptometr. Pfi méreni adaptace se nejdrive zacina
preadaptaci na svétlo a nasleduje adaptace na tmu, kdy se zjistuje hrani¢ni osvétleni, kdy
pacient jeSté rozezna svétlo od tmy. Z méreni ziskdvame adaptacni kfivku, kterd ma bifazicky
tvar. Prvni ¢ast odpovida adaptaci ¢ipkl, poté nasleduje zlom, tzv. Kohlrauschlv zarez. Tento
zarez se vyskytuje mezi 3. a 8. minutou a znaci prechod z adaptace Cipkd na adaptaci tycCinek.
Posledni ¢ast krivky znaci adaptaci tycinek. Dalsi zplUsob jak zmérit adaptaci je pomoci
nyktometru. Ten vSak méfi pouze rychlou fazi adaptace. PouZivd se jako screeningové
vySetreni napft. u fidica z povolani.

8 | ‘ i g -
,I Cipky ! 1
S N7 -
§L\ ) | Kohlrauschiv zafez
— 6 = r;»":: ST . o | — N]—— 1 _—T__" -
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Obr. 2: Krivka adaptace na tmu

Poruchy adaptace sitnice mohou byt bud vrozené, nebo ziskané. Porucha vidéni za Sera
neboli hemeralopie se vyskytuje u chorioretinitid, pigmentové retinopatie, u Sedého zakalu,

62



Vil. CSKO 20. 10. 2016

pfi onemocnéni nervu optiku, pfi siderore ¢i avitaminose vitaminu A. ZhorSena adaptace
na svétlo se mlze vyskytovat u lidi, ktefi maji poruchu v optickych médiich (fakosklerom).

Cil prace a pracovni hypotézy

Ve své praci se zaméruji na méreni adaptace na tmu. Mym cilem je zjistit, zda se
adaptace na tmu méni v riznych vékovych kategoriich. Pro svou diplomovou praci jsem si
stanovila dvé hypotézy. Prvni hypotéza je, zZe s pfibyvajicim vékem se bude prah citlivosti
zvySovat. Myslim si, Ze s pribyvajicim vékem bude ¢lovék potrebovat ¢im dal vétsi hodnotu
jasu, aby tento jas odlisil od tmy. Budu tedy porovnavat jas, kterého vysSetfované osoby
dosdhnou po 45 minutach ve tmé. Druhd hypotéza zni: s pfibyvajicim vékem se bude
Kohlrauschlv zarez vyskytovat pozdéji. Myslim si, Ze adaptace na tmu se bude s pribyvajicim
vékem zpomalovat a proto bych chtéla zjistit, zda se bude Kohlrauschiv zarez posunovat.

Metodika vyzkumu

Pro svij vyzkum jsem si zvolila, Ze budu vysSetrovat lidi ve véku od 20 do 59 let. Budou
rozdéleni do skupin podle véku: 20 — 29 let, 30 — 39 let, 40 — 49 let a 50 — 59 let. Probandi by
neméli trpét olni patologii, jako jsou glaukom, katarakta, VPMD, zmény ocniho pozadi
u diabetik(, aby vysledky nebyly zkreslené. VySetfované osoby mohou byt jak amatropové,
tak emetropové.

Vysetfeni bude probihat za binokuldrnich podminek a naturalniho vizu. Méreni se
uskutecnuje ve Fakultni nemocnici u sv. Anny na oddéleni nemoci o¢nich a optometrie. Méreni
probihd na Hartingerové adaptometru v mistnosti bez oken, takze je v mistnosti zajisténa
dostatecna tma.

Obr. 3: Hartingertv adaptometr
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Vyzkum zacina zjistovanim osobni anamnézy, abych mohla z vyzkumu vyradit osoby
s oCni patologii. Nasleduje méreni zrakové ostrosti, které provadim na optotypu, ktery jsem si
vytvofila, na vzdalenost 4 m. Nejprve zjistuji visus monokuldrné pro pravé a pak pro levé oko
a nasledné binokularné. Zaznamenana je hodnota visu, kdy probandi prectou spravneé alespon
60% znak( na radku. Nasleduje vlastni méreni adaptace na tmu, které probiha celou dobu
ve tmé. Méreni zacind 5 minutovou preadaptaci na svétlo. VySetfovana osoba si opie bradu
oopérku a divd se pred sebe do pfistroje do osvétlené koule. Po uplynuti této doby je
vySetfovana osoba pozdddana, aby se odklonila od pfistroje a posunula se do vzdalenosti 60 cm
od pfistroje. Béhem posunu i pak béhem celého vysSetieni se stdle diva pred sebe
do adaptometru. Nasleduje adaptace na tmu. Probandovi je pousténo svétlo se zvysujicim se
jasem. Vysetfovana osoba ma potom ohlasit moment, kdy svétlo uvidi. VysSetfujici tento
moment zaznamend do adaptometru, kde se to zaznaci do zaznamového grafu.

Jas v apostilbech

Citlivost

Obr. 4: Zdznamovy graf

Stanovi se tim nejmensi jas, ktery vySetifovany jesté odlisi od tmy, tzn. prah citlivosti.
Svétlo se prvnich 10 minut pousti po minuté, dalSich 10 minut po dvou minutach a potom po
5 minutach. Cast ve tmé trva 45 minut. Na konci mé¥eni ziskdme adaptacni kfivku, u niz
posuzujeme dobu, kdy vznikl Kolrauschuv zatez a prah citlivosti dosazeny ve 45. minuté.

Dilci vysledky prace

Doposud se méreni zucastnilo celkem 22 lidi. Z toho bylo 12 muz( a 10 Zen. Ve vékové
kategorii 20 — 29 let je 10 lidi (5 muzl a 5 Zen, priimérny vék 23,3), ve skupiné 30 — 39 let jsou
3 lidi (2 muZi a 1 Zena, primérny vék 32,67), ve tteti kategorii 40 — 49 let jsou 3 lidi (2 muzi a
1 Zena, primérny vék 46) a v posledni skupiné 50 — 59 let je 6 lidi (3 muzi a 3 Zeny, primérny
vék 51,3). Probandi jsou bez o¢nich patologii.

Z grafu mUZeme pozorovat, Ze jednotlivé kiivky se od sebe moc nelisi. Prah citlivosti po
vékovou kategorii dvacatnik(l dosahl hodnoty 4,15 log jednotky, u tficatniku bylo dosazeno
hodnoty 4,05 log jednotky, u ¢tyricatnik( 3,95 log jednotky a nakonec u padesatnikd 3,91 log
jednotky. Je tedy vidét, Ze s pfibyvajicim vékem je potreba vétsi hodnoty jasu, pro to, aby
vySetfovany zaznamenal svétlo. Nicméné se tyto hodnoty liSi velice malo. Proto bych svou
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prvni hypotézu, ktera znéla, Ze s pribyvajicim vékem se bude prah citlivosti zvySovat, prohlasila
za neplatnou.

Adaptace na tmu
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Graf 1: Kfivka adaptace na tmu

Dale jsem zjistovala, kdy dochazi ke vzniku Kohlrauschova zafezu. Z prvniho grafu to neni
tolik patrné, proto se podivame na grafy jednotlivych kategorii.

V kategorii dvacatnikd vznika Kohlrauschlv zarez v 5. minuté, u tficatnikd je tomu ve 3.
minuté, u Ctyricatnikl ve 2. minuté a u padesatnikd ve 4. minuté. Myslela jsem si, Ze se tento
zarez bude s vékem vyskytovat pozdéji. Zatim se prokazuje, Ze je tomu spiS naopak. Proto bych
i svou druhou hypotézu prohlasila za nepotvrzenou.

Citlivost E = log (1/jas)
o = N w >
(6] = [92] N (9] w (9] H [0,]

o
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Graf 2: Adaptacni krivka kategorie 20 — 29 let
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Graf 3: Adaptacni krivka kategorie 30 — 39 let
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Graf 4: Adaptacni krivka kategorie 40 — 49 let
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Graf 5: Adaptacni krivka kategorie 50 — 59 let
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Dark adaptation depending on age
Author: Bc. Veronika Krchnakova

Supervisor:  Mgr. Pavel Kfiz

Introduction

The light falls to the eye with a different intensity during the night and day. An ability of
the eye to adapt these different levels of the illumination is called adaptation. The eye can
recognize the illumination in a range from 0,003 luxs to 80 000 luxs. For a better imagination,
the intensity of the illumination of the sunny day is bigger than 70 000 luxs and the intensity
of the illumination of the bright moonlight night under a full moon is about 0,5 luxs.

We can distinguish two types of the adaptation, it is adaptation to the light and
adaptation to the night. Adaptation to the light can occur for example in transition from darker
room to lighter. In dark adaptation is the opposite. When the changes of the adaptation are
small the eye can quickly adapt. But when the changes are bigger the adaptation take a longer
time mainly in transition from lighter room to darker. The adaptation to the level of the
illumination depends mainly on photopigmnents of the rods and cones. The photopigments
of the rods - rhodopsin crumble in the light. In the dark leads to its resynthesis. This action is
the essence of the dark adaptation. Light adaptation of the eye is really quick and it is
accompanied of tne miosis and of closing of eyelid. Adaptation to the dark is on the other
hand slow. Final threshold of sensitivity to light intensity is achieved after 40. or 45. minutes.
In dark adaptation cones can adapt first and than rods. Adaptation of the cones is fast (about
to 10 minutes) but it is small. The sensitivity of the retina is increase of hundreds of times.
Next phase is adaptation of the rods which is slow but the sensitivity is increase 100 000 times.

The function of the retina is changed during the adaptation. When the eye is adapted to
the light it is called photopic vision. Mainly cones participate of this action and the vision is
sharp and color. The retina is the most sensitive on the light with wavelength 555 nm witch
correspond to the yellow — green color in photopic vision. The scotopic vision occurs in the
dark. The eye is adapted to the dark. Rods attend to the vision which is not sharp and which
is uncolor. There are only cones in the macula lutea so the the central scotoma is appeared.
Spectral sensitivity of the retina is moved to the shorter wavelength which is 500 nm, blue —
green color. The action is called Purtkyné's phenomenon. The vision is called mesopic when is
dusk. The cones and also rods work.
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Picture 1: Purkyrie's phenomenon

We can measure dark adaptation with help adatometer. One of the famous
adaptometer is Doldmann — Weekers's and Hartinger's adaptometer. At first the
measurement starts with preadaptation to the light and then the adaptation to the dark
follows when we have to find out a border illumination when the patient distinguish the light
from the dark. We get adaptation curve from the measurement which has biphasic shape. The
first part corresponds to the adaptation of the cones than a break follows which is called

Kohlrausch's cut.
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Picture 2: Dark adaptation curve

The cut appeards between 3. and 8. Minutes. The next possibility how to measure the
adaptation is with help nyctometer. It measure only fast phase of the adaptation. It is used as

the screening measurement for example for professional drivers.
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A disorders of adaptation can be congenital or obtained. The disorder of the scotopic
vision is called hemeralopia. It can occurred in chorioretinitis, retinopathia pimentosa,
glucoma, disease of the nervus opticus, siderosis, vitamin deficiency of the vitamin A. The
impaired adaptation to the light can have people who have the disorder of the optical media
(facosclerom).

Object of the thesis and working hypothesis

| concentrate to the measurement of the dark adaptation in my thesis. My target is to
find out if the dark adaptation is changed in different age categories. | determine two
hypothesis for my thesis. The first hypothesis is that the sensitivity treshold will increase with
aging. | think that the person will need bigger value of the luminance with aging that he
distinguish the Iminance from the dark. | will compare the luminance which the probands
reach after 45. Minutes in dark. The second hypothesis is that tka Kohlrausch's cut appear
later with aging. | think that dark adaptation will be slower with ahing and so | would like to
find out if the Kohlrausch's cut will move.

Methods of the research

| chose that | will measure the people from 20 to 59 age for my research. Thy will be
separate to the group depend on the age: 20 — 29 age, 30 — 39 age, 40 — 49 age and 50 — 59
age. The probands should not have an eye pathology like glaucoma, cataract, ARMD, changes
of the fundus in diabetic that the results will not distorted. The which | will measure can be
ametrops and also emetrops.

The measurement will under binocular condition and natural visus. The measurement
takes place at University hospital at st. Anna at the department of ophthalmology and
optometry. The measurement will be made on Hartinger's adaptometer. (Picture 3) in the
room without the windows so the dark will in the room.

Picture 3: Hartinger's adaptometer
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The research starts find out of the personal anamnesis that | can discard people with
ocular pathology from my thesis. The measurement of the visual acuity follows which | will do
on optotype which | made for a distance 4 m. At first | find out visual acuity under monocular
condition for right and left eye than under binocular condition. The value of visus is wrote
down when the probands read correctly at least 60 % of the symbol in the line. The
measurement of the dark adaptation follows which is done in the dark during the
measurement. The measurement starts with preadaptation to the light which take 5 minutes.
The person which is measured give his chin on the prop and he looks straight to the
adaptometer which id lighting. After 5 minutes the person is asked to move to the distance 60
cm from adaptometer. He still looks straight to the light during the moving and whole
measurement. The dark adaptation follows. The light is turn on and | change the luminance
from the lowest to the biggest. The proband have to say the moment when he see the light.
The moment | register to the adaptometer to the recor graph.

Luminance in apostilb

Intensity

Picture 4: Record graph

The lowest luminance which the proband distinguish from the dark is wrote down, it
means the sensitivity treshold. The light turn on first 10 minutes every one minutes, next 10
minutes every two minutes and then every five minutes. The part in the dark takes 45 minutes.
At the end of the measurement we will get the adaptation curve where we judge the time
when the Kohlrausch's cut appear and we judge the sensitivity treshold which were reached
at 45. minutes.

The partial results of the thesis

| have measured 22 peoples yet of which 12 were men and 10 were women. | have 10
people in the category 20 — 29 age (5 men and 5 women, average age is 23,3), 3 people in
category 30 — 39 age (2 men and 1 women, average age is 32,67), 3 people in category 40 —
49 age (2 men and 1 women, average age is 46) and 6 people in the last category 50 — 59 ages
(3 men and 3 women, average age is 51,3). Probands are without ocular pathology.
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In the graph 1 we can see that the curves is not so different. The sensitivity treshold
reached 4,15 log unit for 20s, 4,05 log unit for 30s, 3,95 log unit for 40s and 3,91 log unit for
50s. We can see that it is need bigger value of the luminance for distinguish the light from dark
with aging. But the value is not so different so | should say that the first hypothesis which says
that the sensitivity treshold will increase with aging is declared invalid.

Dark adaptation curve
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Grap 1: Dark adaptation curve

| also analyzed when the Kohlrausch's cut appears. It is not so clear to see from the first
graph so we have to take a look at the graphs of each category. The Kohlrausch's cut appears
at minute 5 in category of 20s, at minute 3 in category of 30s, ate minute 2 in category of 40s
and at minute 4 in category of 50s. | thought that the cut would appear later with aging. But
result show, that it is the opposite. Which means that | have to declare my second hypothesis
as not confirmed.
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Graph 2: Adaptation curve of category 20 — 29 ages
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Graph 3: Adaptation curve of category 30 — 39 ages
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Graph 4: Adaptation curve of category 40 — 49 ages
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Graph 5: Adaptation curve of category 50 — 59 ages
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The cornea, sclera and conjunctiva tarsal —
Gradation degrees

Authors: Sara Loncar, Dorotea Prguda

Abstract

Changes on the eye, or to be more exact, on the sclera, cornea and tarsal conjunctiva,
are interpreted from the gradations. By gradation degree or intensity of gradation, changes
on the eye are determined, and those changes can be caused by foreign body in the eye,
contact lenses or other factors.

Rhythm of the life of people in the 21st century, leads to the situation that they do not
pay enough attention to their own health. Looking from a point of view of an professional
optometrist, one of the mistakes that clients do, is that they buy, at their own risk, contact
lenses and cleaning solutions over the internet, without proper care that optometrists give
and that is required for contact lens wearers. This can cause different eye health problems.

Furthermore, staying in environmentally polluted areas very much affects the eye.

All of those can cause allergies, conjunctivitis or keratitis, which are manifested as
redness, enlarged blood vessels, small bulges and other conditions that can appear on tarsal
conjunctiva, sclera and the cornea.

Examination

For the inspection of cornea, sclera and conjunctiva tarsal, biomicroscope is used.
Conjunctiva tarsal and cornea are inspected with fluorescein, under the blue light and yellow
filter settings on the biomicroscope.

Cornea, conjunctiva tarsal and sclera are inspected during general inspection of the eye
which is the first examination that is done under the biomicroscope.

If blood vessels are to be inspected, as they are most common change on the sclera, red
free filter is used. Under the red free filter is visible if there are any new blood vessels,
hyperemia (increased blood supply) and other diseases of the sclera. It would be manifested
with widen blood vessels, redness, accumulation of inflammatory cells and increased
secretion from the eye.

Conjunctiva tarsal and cornea are divided into five areas and sclera into six, all marked
with numbers, by which is determined what area is affected with an infection, inflammation
or similar.

The tarsal conjunctiva is checked by ectropion of the eyelid. It is performed in the way
that upper eyelid is inverted upwords to see is there is a presence of a foreign body in the eye
or suspicion of an inflammation, such as conjunctivitis.

75



Vil. CSKO 20. 10. 2016

An unsuitable material of contact lens can cause GPC (Giant Papillary Conjunctivitis), but
this disease can also be caused by allergy to the proteins in the contact lenses cleaning solution
and first signs would be visible on tarsal conjunctiva.

Folicular conjunctivitis is an inflammation of conjunctiva caused by a bacteria. Small
knots appear on the conjunctiva and those changes are visible on the sclera as well.

Intensity of the colour and the size of blood vessels on tarsal or sclera show if there are
any deviations from the normal healthy condition of the eye.

With fluorescein to the eye, under the biomicroscope is visible if there are any
abnormalities, such as bumps or clusters.

On the cornea, corneal stippen and erosions can be found and seen, which is also
examined with biomicroscope under blue light an yellow filter, with use of fluorescein. Stippen
on cornea are positioned on “3,9 or 6, 12 hours”.

Results

Grade 1 Grade 2 Grade 3 ‘ Grade 4

BORDERLINEE ABNORMAL

NORMAL

I
(=3}

Chart 1: Principles of grading scales

Conjunctiva tarsal

Picture 1: Classification of conjunctiva tarsal on 5 areas
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Picture 2: GPC Giganto Papilare Conjunctivitis zone 1, intensity 4.

Picture 4: Follyculare conjunctivitis, zone 1 and 4, intensity 4.

Cornea

| -

Picture 5: Classification of cornea on 5 areas
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Picture 6: Cornea stippen zone 5, intensity 1.
Picture 7: Cornea stippen zone 5 and 2, intensity 2
Sclera

I
Irritated
sclera

Picture 8: Irritated sclera

.
(o)) o)

Picture 9: Classification of sclera in 6 areas
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Picture 11: Bulbar injection of blood vessels, intensity 3 zone 6

Picture 12: Bulbar injection of blood vessels, intesity 4,zone 6

Conclusion

The human eye is sensitive to all the changes taking place around it, and it is important
at the beginning of the general inspection of the eye to ask the client for the changes that they
may noticed. Gradation show how serious condition of the client is.

If the client wears contact lenses, optometrist has a duty to advise him what kind of
materials they should use and the type of cleaning solution. Special attention should be paid
to reviewing the eyelids and client advised to have regular follow ups. These tips prevents
diseases and eye infections such as conjunctivitis and keratitis.
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Snasenlivost vertikalniho prizmatu

Autor: Bc. Jolana Nedvédova
Skolitel: Mgr. Matéj Skrbek
Abstrakt

Prace pojednava o vzniku a ucincich sprazeného vertikdlniho prizmatu. Shrnuje
geometrii progresivni ¢ocky, popis prizmatického ztencovani brylovych cocek a rozbor
kratkodobé objektivni snasenlivosti vertikdlniho prizmatu pfi kazdodennich ¢innostech. Vliv
prizmatu byl méfen na vzorku cCeské populace, byly stanoveny zakladni hypotézy vlivu
prizmatu na vnimani clovéka a prubéziné vysledky byly shrnuty v zavéru textu. Méreni
probihalo na rliznych typech cinnosti. Jednalo se o ¢innost statickou, dynamickou a ¢innost
testujici opto-motorickou koordinaci. Z ¢astecnych vysledkl vyplyva, Ze sprazené vertikalni
prizma ma vliv na rychlost ¢teni a presnost hodu na cil. Vliv na rychlost chlize se nepodafrilo
prokazat.

Uvod

Vertikalni prizma pred okem muze vzniknout nékolika zpUsoby. Vyuziva se jako korekce
heteroforii ¢i heterotropii, vznika pfi prizmatickém ztencovanich progresivnich ¢ocek, nebo se
objevuje jako vedlejsi produkt chybné vertikdlni centrace cocky. Tento text se bude zabyvat
metodou prizmatického ztenceni progresivnich ¢ocek, které se vyuziva pro snizovani vahy a
zlepseni jejich estetiky. Za predpokladu, Ze je progresivni ¢ocka vybrana klientovi dobre,
mohou predstavovat vzacné pripady, kdy se klient korekci neptizplsobi, zahadu pro optiky,
optometrista i pro ocni lékare. Zvlasté v pripadech, kdy klient v minulosti progresivni cocky
bez problému nosil. Cilem tohoto textu je popsat prizmatické ztenceni ¢ocek jako jednu
z pfi¢in neschopnosti adaptace klienta na korekci a zabyvat se i kratkodobou adaptaci na
vertikalni sprazené prizma (VYP z angl. Vertical Yoked Prism).

Geometrie progresivni Cocky

Progresivni ¢ocka se vyznacuje plynulou zménou dioptrické hodnoty bez viditelného
prechodu. Je uréend pro pohodIné vidéni na vSechny vzdalenosti. To je zajisténo ménicim se
zaktivenim ¢ocky, ¢imz dochazi ke zméné jeji vrcholové lamavosti.

Dalka
plossi

Blizko
strmé&jSi -»

hY
A}

Obrdzek 1: Ménici se zakfiveni progresivni ¢ocky
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Na pficném fezu spojnou progresivni ¢o¢kou muzZeme vidét, Ze v dUsledku vétsiho
zakfiveni zény do blizka vznika ¢ocka se silnéjsSim hornim okrajem a uz$im spodnim okrajem.
Rozptylné progresivni ¢ocky pro myopy maji minimalni tloustku pobliz centra blanku.

Rozdilna
tloustka

Obrdzek 2: PFicny Fez spojnou progresivni cockou. Cocka md silnéjsi horni
okraj a slabsi spodni okraj

Prizmatické ztenceni
Pro vyrovnani tloustky u horniho a spodniho okraje ¢ocky se pouziva technika zvana
prizmatické ztenceni. Dochazi k pfidavani prizmatu k vrcholové lamavosti cocky.

Prizma k
odebrani

=

Rozdilna
tloust’ka

Obrdzek 3: Prizmatickym tencenim cocky vznikd prizma orientované bdzi
doli

Jeho hodnota se udava v prizmatickych dioptriich (cm/m) a obecné byva priblizné 2/3

hodnoty adice. Hodnota prizmatu se méfi v prizmatickém referenénim bodé ¢ocky, ktery je
obvykle shodny s geometrickym stfedem cocky.
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Referenéni
bod do dalky

Centrovaci
bod

Referenéni bod
do blizka

Referencni
bod prizmatu

Obrdzek 4: Centrovaci a referencni body progresivni ¢ocky

Hodnota prizmatického ztenceni by neméla prekrocit hodnotu 2,00 pD bazi dold.
Metodou prizmatického ztenceni ¢ocky s vrcholovou ldmavosti segmentu do dalky +2,0 D a
adici 2,0 D je mozné redukovat jeji tloustku az 0 21 %. [1]

Pfesné urceni geometrie c¢ocky s prizmatickym ztenéenim se provadi s pomoci
vypocetniho programu v laboratofi. Vypocet hodnoty prizmatického ztenceni je funkci
vrcholové l[dmavosti cocky v segmentu do dalky, pouzité adice, vertikalni centrace ¢ocky pred
okem, decentrace ¢ocky v brylové obrubé a velikosti a tvaru vybrané obruby.

Ztencené progresivni Cocky obsahuji sprazena prizmata bazi doll (BD) o stejné hodnoté,
ktera je aplikovana pred obé oci. Sprazené v tomto smyslu znamenad, Ze prizma posouva
obrazy pred obéma oCima o stejnou hodnotu a ve stejném sméru. Tim vylouc¢ime vyskyt
rozdilu vertikalnich prizmat mezi obéma ocima. [2]

Snasenlivost vertikalniho prizmatu nositeli brylové korekce

Posunuti obrazu je zpravidla malé a mezi obéma ocima stejné. Proto si vétsina jejich
nositelll tento posun ani neuvédomi. Nicméné malé mnoiZstvi klientd pravdépodobné
registruje i tyto nejmensi zmény. Citlivi klienti si pfi nasazeni korekce s prizmatickym efektem
zvySenym proti predchozimu stavu stéZuji na naklonéni podlahy smérem k nim, coZ je
zpUsobeno posunem obrazu nahoru. Tento klient ma pocit, jako by Sel neustale z kopce, nebo
bude naklanét hlavu doll, aby se dival neustale pres oblast do dalky. Podobné tak, citlivy
klient, kterému byl pti ztenceni prizmaticky efekt snizen, m(iZze mit potize s nalezenim zény do
blizka nebo mu bude ptipadat v obrubé pfili$ nizko. Obecné plati, Ze tyto reakce nejsou bézné,
ale u urcitého procenta klient(i k nim dochazi. [3]

Zajimavym aspektem prizmaticky ztencenych cocek je zvySené vidéni tzv. duchu
(ghosting). Prizmatické ztenceni zesiluje pfitomnost fenoménu duch natolik, aby ho uZivatel
vnimal a byl mu nepfijemny. Tento jev m(iZe byt ale snadno eliminovdn pomoci antireflexni
vrstvy. [2]

Dllezitou otazkou je, jak velkd hodnota VYP je pro klienta obvykle pfijatelnd. Tuto otdzku
si kladli i Sheedy a Parsons ve své studii [4], kde zkoumali efekt dlouhodobého noseni VYP na
drZeni téla a jeho toleranci nositeli. U&astnici studie vybirali mezi 0 pD a 2 pD. 46% z nich
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subjektivné zvolilo 2 pD pred plan ¢ockou, prestoze i tento opticky klin mél vyznamny vliv na
jejich drzeni téla. Pti vybéru mezi 0 pD a 4 pD si uz prizmatickou ¢ocku nevybral nikdo. Davody
odmitnuti 4pD BD hranolu vySetfovanymi zahrnovaly bolesti hlavy, Unavu oci, zkresleni
vnimaného obrazu, nepfijemné odrazy a prostorovou dezorientaci. Dlvody pro preferenci 2
pD jsou nejasné, ale mlze jit o placebo efekt. [4]

Cil prace a pracovni hypotézy

Provedené zahrani¢ni studie zjistily nezanedbatelny vliv VYP na vidéni. Cilem této prace
je ovéreni kratkodobého vlivu VYP na kazdodenni ¢innosti na vzorku ¢eské populace. K tomuto
Ucelu byly vybrany tfi typy cinnosti: staticka — ¢teni, dynamicka — chiize a opto-motoricka
koordinace — hod nacil.

Prvni hypotézu H; definujeme tak, Ze s vy$sim prizmatem umisténym vySetfovanému
pred oko, bude Cist vySetfovany pomaleji a bude délat v textech vice chyb. Druhd hypotéza H;
zni, Ze, s vysSim prizmatem bude vySetfovany hazet na cil méné presné a pomaleji. Podle
hypotézy Hs bude chlize vysetfovaného méné pravidelna a pomalejsi.

Kritéria vybéru vzorku

Do vybéru vzorku byli zafazeni pouze jedinci bez o¢ni patologie, s ametropii do 1,0 D
vcetné, a maximalnim astigmatismem 1,5 D. VSichni vySetiovani s vertikalni heterotropii nebo
hetertoforii byli dopredu vykorigovani.

Metodika

Ve vyzkumné casti jsou aplikovana VYP o velikosti 0, 1, 3 a 5 pD BD. VSechny tfi ukoly
odpovidajici hypotézam Hi, H, Hs byly mezi sebou pravidelné stfidany vidy s nahodné
vybranou hodnotou VYP, aby se statisticky vyloucil efekt uceni. VySetfovanym byly vidy
poskytnuty 2 minuty na adaptaci s danym prizmatem. Pfi Ukolu ¢teni se Cte pét textu
v ndhodném poradi, ¢imzZ se snizi pravdépodobnost vlivu rozdilné naroc¢nosti jednotlivych
text(. Pfi tomto méreni je zaznamendvan pocet chyb ve ¢teni a celkovy ¢as. Ve druhém ukolu
hazeji vySetfovani vidy 10 mick( na cil ve stale stejné vzdalenosti. Vzdalenost se urci tak, aby
bez prizmatu zasahl vySetfovany cil v 50 - 80 % hodu. U tohoto méfeni je zaznamendvan c¢as
kazdého hodu a jejich Uspésnost. Pfi téchto dvou ukolech je 0 pD vidy prvni a posledni
mérenou hodnotou. Poslednim méfenym uUkolem je chlize. VySetfovany jde po schodech
s akcelerometrem ptipevnénym k noze, ktery snima rychlost jednotlivych krokd.

Prabézné vysledky prace
Zavislost rychlosti ¢teni na hodnoté predfazeného prizmatu je zobrazena na
nasledujicim grafu.
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Normovany ¢as cteni vztazeny k prvnimu pokusu s 0 pD (%)

111,8

112,0
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108,0
106,0
104,0 100,0 100,
102,0
100,0

98,0

96,0

94,0

104,95

rychlost éteni (%)

0 1 3 5 0
hodnota prizmatu

Graf 1: Zavislost normovaného casu Cteni vztaZeného k 1. pokusu s 0 pD

Zavislost primérného poctu chyb, které vySetifovani udélali v jednom textu v zavislosti
na hodnoté predrazeného prizmatu je zobrazena na grafu €. 2.

Prumérny pocet chyb na 1 text
0,88
1,00
0,73 0,73 0.69
0,80 ‘ 0,62
Ne]
2 0,60
(8]
k7
o 0,40
o
0,20
0,00
0 1 hodnotasprizmatu > 0

Graf 2: Zavislost prumérného poctu chyb v textu na hodnoté predrazeného
prizmatu.

Zavislost pramérného poctu presnych zasahl na hodné prizmatu predfazeného pred
oko vySetfovanému je zobrazend na grafu 3.
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Priimérny pocet zasah
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Graf 3: Zavislost poctu presnych zdsaht na hodnoté VYP

Graf 4 znazornuje ¢asy hodl kazdého z deseti mickl v sekundach. Barevnymi sloupci
jsou vyznaceny hody pro porovnani mezi jednotlivymi prizmatickymi hodnotami

25,00
20,00 —
m0OpD
5 15,00
2 m1pD
2
2 10,00 m3pD
5,00 5 pD
mO0pD2
0,00 -
1 2 3 4 5 6 7 8 9 10
Cislo pokusu

Graf 4: Zavislost rychlosti hodu kaZdého mic¢ku v sekunddch na hodnoté VYP

Na grafu €. 5 je vyjadrena zavislost priimérné doby jednoho kroku vztazené k hodnoté
vertikalniho sprazeného prizmatu. Rychlost kroku je vyjadfena v procentech, kdy za zdkladni

hodnotu 100 % je povazovano O pD. Modra linka znazorfuje chlzi ze schodd a ¢ervena do
schod(.
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Graf 5: Zdvislost Prumérné doby jednoho kroku vztaZené k hodnoté VYP
vyjdadrend v procentech.
Shrnuti

Pribéziné vysledky ukazuji, Ze hypotéza H; a H; se potvrzuji. Naproti tomu hypotéza Hs
se zda byt neprlkazna. Tyto vysledky jsou predbéziné a nasledné budou podloZeny analyzou
vétsiho vzorku vysetfovanych, aby se zvysila statisticka prikaznost méreni. Méreni bylo
provadéno s cilem zjisténi kratkodobé adaptace na VYP a je pravdépodobné, zZe
v dlouhodobém méfritku by se vysledky liSily. Téma snasenlivosti sprazenych vertikalnich
prizmat jejich nositeli je Siroké. Nabizi potencial k dalSimu zkoumani VYP na drzeni hlavy a
celého téla, nebo na zménu schopnosti rovnovahy jeho nositele.
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Abstract

This thesis discusses the origin and effects of the Vertical Yoked Prism (VYP). It
summarizes the geometry of the progressive lenses, describes the prism thinning of the
progressive lenses and analyses the objective short-term tolerance of people performing daily
activities to the vertical prism. The Vertical Yoked Prism Effect was measured on a sample of
the Czech population, the basic hypotheses of the prismatic effect on the human perception
were defined, and the partial results were summarized at the end of the article. The
measurement was carried out on various types of activities - a static and dynamic activities
and the activity testing an opto-motoric locomotion coordination. The partial results show
that the VYP has an effect on the reading speed and the accuracy of the shooting the target.
An effect on the walking speed was not proved.

Introduction

Vertical prism in front of the eye can occur in several ways. It is used as a correction for
heterotropia or heterophoria, arises when prism thinning method is applied to the progressive
lenses, or appears as a by-product of an improper vertical center (axis) alignment of the lens.
This text reports on the prism-thinning method of progressive lenses which is used to reduce
the weight and improve their aesthetic. Assuming that the progressive lens was selected to a
client properly, there can be rare cases where the client does not adapt to the correction. It
can be a mystery for opticians, optometrists and the eye doctors. Especially in cases, when the
client worn progressive lenses in the past without any problems. The aim of this paper is to
describe the prism-thinning progressive lenses impact on a client adaption on a lens
correction. Additionally it deals with short-term adaptation to the VYP.

Vertical prism

Created intentionally, as a correction to the client with heterotropia or heterophoria,
and is used as a method of thinning progressive lenses, or arise unintentionally in incorrect
vertical lens centration. | would like to describe the second case, in which is the prism thinning
use for the weight reduction of progressive lenses and improve their aesthetics design.

Geometry of Progressive Lenses

A progressive lens is characterized by continuous change of dioptric values without a
visible transition step. It is designated for comfortable vision at all distances. This is ensured
by the variable curvature of the lens which leads to its variable refractive power (depicted in
Fig. 1).
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Flatter
into the
distance

Steeper
for near °

Figure 1: Variable curvature of the progressive lens

A cross-section of a progressive lens shown in Fig. 2 explains how the increased
curvature of the near vision zone results into a stronger top edge and a narrower lower edge
of the lens. The progressive diverging lenses for Myopia have a minimum thickness near the
center of the blank.

Thickness
difference

Figure 5: A cross section of a progressive lens. The lens has wider top edge
and a narrower lower edge.

Prism thinning

To equalize the thickness of the upper and lower edges of the lens a conventional
technique, called the prism thinning, is used. A prism is added to the refractive power of the
lens.

Prism to
remove

=

Thickness
difference

Figure 6: Prism-thinning generates a base down
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Its value is measured in prism diopters (cm/m) and it is generally about 2/3 of the
addition value. The prism value is measured at the reference point of the lens which is usually
placed in the geometric center of the lens.

Distance reference
Fitting point
point

Prism Near reference
reference point
point

Figure 7: Fitting and reference points of progressive lens

The value of a prism thinning should not exceed 2.00 pD base down (BD). Application of
the prism thinning method on a lens with the refractive power in far zone of +2.0 D and the
addition of 2.0 D can result in reduction of its thickness by up to 21%. [1]

The accurate geometry of the lens with the prism thinning is calculated by a specialized
computer program in a laboratory. This calculation is a function of the refractive power in the
far zone of the lens, addition, vertical centeration of the lens regarding the eye, the center
offset in respect to the frames, and their size and shape.

The thinned progressive lenses contain the equivalent vertical yoked prims (VYP) BD
which is applied for both eyes. Yoked prims in this context mean that they shift the entire field
of the view of the same amount and in the same direction. This ensures no difference of the
VYP between the eyes. [2]

Tolerance of Spectacle Correction Wearer to VYP

The shift of the view field is small and the same for the eyes. Therefore the most wearers
of the thinned prism lenses do not notice the shift. However few clients probably perceive
even the slightest changes of their eyeglass correction. These sensitive clients who have been
provided with the increased VYP correction in comparison to their former corrections
complain about a floor tilted upwards which is caused by the shift of the perceived image
upwards. These clients have permanent feeling of going downhill or they incline their heads
down to look through the far zone of the lenses. Similarly, the sensitive clients who have been
provided with the decreased VYP may have troubles finding the near zone of the lenses or
they find the near zone to be excessively low in the frames. Generally, these effects are not
usual, but few clients are still affected by them. [3]
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An interesting effect of the prism thinned lenses is increase in seeing ghosts (ghosting).
The prism thinning increases the presence of the ghosting phenomenon enough to be
perceptive and uncomfortable for the lenses wearers. This phenomenon can be easily
eliminated by an anti-reflection layer. [2]

An important question is what the maximum VYP is usually accepted by the clients.
Sheedy and Parsons developed that question in [4] when they examined how the long-term
wearing of the VYP affects the body and head posture and tolerance of the wearers. The
examined wearers voted between 0 pD and 2 pD. The 46% of them subjectively chose 2 pD in
preference of plan lenses. Additionally they voted between 0 pD and 4 pD and nobody
preferred the 4pD lenses to 0 pD. They refused 4 pD lenses as they caused a headache, eye
strain, distortion of the perceived view, annoying reflections, and a spatial disorientation.
Reasons for the preference 2pD are unclear, but it could be a placebo effect. [4]

Aim and Hypotheses of the Work

The international research articles report not negligible effect of the VYP on the human
vision. The aim of this work is to verify the reported VYP effects on every-day activities also on
the Czech population sample. For this purpose three types of activities were selected: static —
reading; dynamic — walking; and opto-motoric coordination — shooting the target.

The first hypothesis H; is defined as the greater VYP is applied, the examined reads
slower and makes more mistakes in reading. The second hypothesis H; is that the examined
shoots the target in lower frequency and less successfully. Finally, the hypothesis Hs, the
examined walking is slower and less regular.

Criterions of Sample Selection

Only persons without eye pathology, with ametroipa up to 1.0 D, and maximum
astigmatism of 1.5 D were permitted for the examination. Everybody suffering from vertical
heterotropia or heterophoria was compensated before the examination.

Methodology

For practical research part of this work, the VYP of 0, 1, 3, and 5 pD BD are applied. All
the used tasks corresponding to the hypotheses Hi, H,, Hs were regularly alternated and
randomly selected. VYP used to statistically eliminate the learning effect. The examined
adapted for two minutes to the new VYP every time VYP changed. Regarding the first task, the
five texts are read in a random order which decreases the influence of varying difficulties of
particular texts in statistical analysis. The number of made mistakes and total reading time is
measured and noted during this test. During the second task, the examined shoots 10 balls in
a target from a defined distance. The distance is defined individually to success rate be from
50 to 80% without the VYP. The time of each shot and its success is recorded. When examining
these two tasks, the VYP of 0 pD is the first and the last once again. The final test is walking.
The examined walks on the stairs with an accelerometer which records the frequency of his
steps.

Continous results

Dependence of the speed reading on value of the prism is shown in Graph 1.
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Graph 1: Dependence of the reading speed on value of the VYP

Dependence of the average number of errors that the examined made in one text on
the value of the prism is shown in Graph 2.
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Graph 2: Dependence of the average number of errors in reading of a one
text on the value of the VYP

Dependence of the average number of precise hits on the prism positioned in front of
the examined’s eye is shown in graph 3.
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Average number of precise hits
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Graph 3: Dependence of the average number of precise hits on the VYP
positioned in front of eyes

Graph 4 shows the times of each thrown ball in seconds. Bar colors represents different
prism values.
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Graph 4: Times of each thrown ball in seconds.
Raph 5 expresses the dependence of the average step time on the VYP. The time of the

step is expressed in percentage, when as a base value of 100% is considered 0 pD. The blue
and red lines show walking down and up the stairs respectively.
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Graph 5: Dependence of the average time duration of steps on the VYP

expressed in percentage

Summary

Intermediate results show that the hypothesis H; and H; are could be confirmed. In
contrast hypothesis H3 seems to be inconclusive. These results are preliminary and will
subsequently be supported by the analysis of a larger sample examined in order to increase
the statistical value of the measurement. Measurement was conducted with the aim of finding
short term adaptation to the VYP and it is probable that in the long-term adaptation the results
would differ. The topic of tolerance to the VYP of their wearer is wide. It offers the potential
for further exploration of the body and head posture, or the ability to keep the balance of its

wearer.
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Barevné folie a dyslexie

Autor: Bc. Zuzana Odvarkova
Skolitel: Megr. Petr Vesely, DiS., Ph.D.
Anotace

Studie se zabyvala pouzitim barevnych prihlednych folii jako kompenzaéni pomUcky pro
zaky s dyslexii. Do studie bylo zahrnuto 31 dyslektickych zaka s primérnym vékem 11 let a 31
nedyslektickych zakl s primérnym vékem 10 let (jako kontrolni skupina). Pfiznaky dyslexie
nejvyraznéji snizoval zeleny odstin folie, naopak jako nejméné vhodny se ukazoval Zluty odstin
folie. Zrychleni cteni s pouzitim barevné folie nastalo témér u 70 % dyslektickych zakd.
Pramérné zlepseni u dyslektické skupiny bylo o 7,3 %, kdezto u nedyslektické skupiny dosahlo
zlepSeni v priméru 4,2 %, coz predstavuje rozdil 3,1 %.

Uvod a cile

Naroky na ¢teni se v dneSnim svété stale zvysuji. AvSak néktefi lidé se potykaji s ctecimi
potizemi jiz od détstvi, protoze trpi specifickou poruchou uceni, dyslexii. Dyslexie je komplexni
porucha ¢teni, ktera se projevuje nékolika zpUsoby. Jedinci popisuji skoky pismen a celych slov
na rfadcich, neprijemné odlesky a zamlZovani textu, obcasné zdvojeni pismen apod. (Pipekova
2010) Problémy se ¢tenim je potieba zachytit co nejdfive a zacit je kompenzovat specifickymi
pomuckami, aby jedince omezovaly co nejméné. Specifickymi poruchami uceni se zabyvaji
psychologové, specialni pedagogové a v dnesni dobé i oftalmologové a optometristé.
(Scheiman 2004) Dyslexii fadime mezi komplexni poruchy ovliviiované nervovymi,
senzorickymi a psychickymi pricinami, avsak konkrétni divody jejiho vzniku nebyly zatim
systému v thalamu, ¢asti mezimozku (diencephalon). Vyznamna uloha je také pfrikladana
o¢nim pohyb(m, pfedevsim sakaddm, které hraji pti ¢teni dileZitou ulohu. (Pokorna 2010)

Mezi moZnosti optické kompenzace dyslexie patfi pfedkladani barevné folie pred ¢teny
text, barevné filtry v brylovych obrouckdch nebo také barevné kontaktni ¢ocky. Uvedené
barevné pomdicky upravuji vzdjemny kontrast textu a pozadi, méni chod paprsku
prichazejiciho do oka. (Russnakova 2014)

Soubor a metodika

Vyzkum probihal celkem na tfech zakladnich Skolach. Vysetfila jsem 31 dyslektickych
déti ve véku od 9 do 15 let ze ZS SvaZna Brno, Stary Liskovec a ze ZS Ko$inova 22 Brno, Kralovo
pole. Mé&feni tzv. kontrolni skupiny, tj. nedyslektickych 74k, bylo realizovano na ZS Riegrova
4 Svitavy. Kontrolni skupina citala také 31 Zak(, a to ve véku od 9 do 12 let. Prlimérny vék
v dyslektické skupiné byl pfiblizné 11 let a pramérny vék nedyslektické skupiny se pohyboval
kolem 10 let.

Jako zakladni méfici vybaveni jsem pouzivala sadu barevnych folii Standard Overlay
Testing Set z Velké Britanie, ktery obsahuje dvé sady 12 odstin(i barevnych folii velikosti A5,
navod na pouziti, testovaci arch a ukdzku subjektivniho testu. Pro samotné méreni jsem
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vyuzivala pouze 4 zékladni odstiny sady (Zlutou, rizovou, modrou a zelenou). Se viemi odstiny
sady jsem nepracovala predevsim pro zkraceni doby méreni, aby déti byly schopné se
soustredit po cely jeho priibéh, a také z dlivodu jednodussiho vybéru a urceni konkrétniho
odstinu.

Obrdzek 8: Standard Overlay Test)'ng Set

V pocatecni fazi vyzkumu jsem rozdala détem informované souhlasy, kde jsem rodic¢iim
nejen popisovala smysl a pribéh studie, ale také jsem sdélovala moznosti dalSiho vyuziti pro
jejich déti. Dalsi fazi predstavovalo samotné méreni zakU, jejichz rodi¢e se zafazenim do
vyzkumu soubhlasili. Vyzkum probihal v budovach jednotlivych Skol ve volnych tfidach, a to
vétsSinou v dobé po vyucovani.

Méreni s jednim zakem trvalo 10 aZ 15 minut. Zahrnovalo zjisténi identifikacnich Gdaja
(jméno a pfijmeni, datum narozeni a Skolu), datum méreni, orientacni urceni zrakové ostrosti
pro pfipadné vylouceni nekorigované refrakéni vady jako pficiny dyslexie. Do studie byli
zahrnuti Zaci se zrakovou ostrosti 0,9 a lepsi s pouzivanou korekci. PFi zjiSténi zhorSené zrakové
ostrosti Zak nebyl do vyzkumné skupiny zafazen a doporucila jsem mu navstévu o¢niho lékare.
Po zaznamenani vstupnich informaci jsem zjistovala subjektivni pfiznaky dyslexie, tj. zda je Zaci
pocituje a uvédomuje si je. Mezi hlavni dotazované priznaky dyslexie patfily skoky/vinéni
pismen a radka, mlZeni textu, odlesky, zdvojeni a slévani textu do jednoho. Po té jsem navazala
vybérem vhodného barevného odstinu pouZzivané folie, se kterym budou Zaci Cist nejrychleji a
budou nejméné pocitovat typické dyslektické priznaky. V rozfazovacim testu byli Zaci vyzvani
ke cteni deseti rliznych slabik, a to co nejrychleji a spravné, postupné se viemi Ctyfmi
barevnymi odstiny a s jednou Cirou, kontrolni folii. Tato metoda vybéru barevného odstinu
folie byla porovndna a dopliiovana subjektivnim testem, kdy si Zak sdm vybiral nejpfijemnéjsi,
nejpohodInéjsi c¢teni s pomoci folii. Nakonec jsme pracovali s odstinem vybranym
v rozfazovacim testu. Po vybéru vhodného odstinu folie zacalo hlavni méreni rychlosti a
spravnosti ¢teni's barevnou folii ve srovnani's kontrolni folii. Zaci ¢etli po dobu 30 vtefin uréeny
text s Cirou folii, poté s vybranou barevnou folii, opét 30 vtefin, pficemz tento proces se
opakoval jesté jednou, aby se mohla vyhodnotit prlimérna hodnota rychlosti ¢teni. Text byl
sloZzen ze Ctyf nebo péti pismennych slov v zakladnim tvaru, obsahoval podstatnd jména,
pfidavnd jména a slovesa a byl tistény hdlkovym pismem Arial. Na zavér méfeni jsem
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zaznamenala subjektivni pohled Zaka, s jakou folii mu ¢teni bylo prijemnéjsi, zda s barevnou

nebo Cirou.

Vysledky

Vysledky méreni jsem zapisovala do vlastnich zaznamovych archd, které jsem nasledné
prenesla do grafické podoby. Nedyslektické déti precetli v priméru 41,52 slov za 30 sekund,
zatimco dyslektické déti precetli za uvedenou dobu pouze 30,57 slov. To potvrzuje ocekavani,
Ze nedyslektické déti ¢tou rychleji nez dyslektické. ZlepSeni v rychlosti ¢teni u dyslektickych
zak( vSak dosahovalo v priméru 7,3 %, coz predstavuje statisticky vyznamny rozdil (Wilcoxon
test, p=0,005). Také zlepSeni nedyslektické skupiny, které Cinilo 4,2 %, lze hodnotit jako
statisticky vyznamné zlepseni (Wilcoxon test, p=0006). Avsak pfi porovnavani prirastku ¢teni
s barevnou folii mezi dyslektickou a nedyslektickou skupinou nebyl zaznamenan statisticky
vyznamny rozdil (p=0,33) s vysledkem 53 slov pro dyslektickou skupinu a 51 slov pro
nedyslektickou skupinu. Témér 70 % dyslektickych déti vykazovalo zlepSeni v rychlosti ¢teni

(celkem 22 zaku).

Pocet prectenych slov za 30 sekund

an _z_._ .?,3 ‘}‘E.:\.

u Zlepenis
barevnou folii

u 5 kontralni folii

o
DYSLEKTICKA SKUPINA

Graf 1: Zlepseni Cteni s barevnymi foliemi u dyslektickych déti

Pocet prectenych slov za 30 sekund

40
EL]

30 u Zlepdeni s
Bog barevnou folii
&
'E?':' 41,52 s kontrolni falii
15

NEDYSLEKTICKA SKUPINA

Graf 2: Zlepseni ¢teni s barevnymi foliemi u nedyslektickych déti.
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Pocet vybranych barevnych odstin pouzivanych folii v obou skupinach nevykazoval
velké rozdily. Nejcastéji vybiranou barvu prostfednictvim rozfazovaciho testu predstavovala
zelend, kterd byla v obou skupindch pouzita u dvanacti Zak. Nejméné byl naopak pouzit Zzluty
odstin barevné folie, kterou vyuzili ¢tyfi dyslekticti Zaci a jeden nedyslekticky zak. Vybér
barevnych folii je zaznamenan v Tabulce 1. V chi-kvadrat testu byla prokazana rozdilnost v
prifazovani barevnych filtrd mezi dyslektickou a nedyslektickou skupinou (p=0,02).

Odstin barvy Dyslekticka skupina Nedyslekticka skupina
Zelend | 12 12
Modra | 9 11
RGzZova ‘ 6 7
Zluta | 4 1

Tabulka 1: RozloZeni vybéru barevnych odstint pouZivanych folii.

Diskuze

Jeannette J. Jansky vroce 1958 jako prvni popsala ptipad, kdy jedinec nedokazal
rozeznat tiSténd slova na bilém papire, ale byl schopen je precist na Zlutém papire. Na ni
pozdéji navazovali dalsi autofi, napfiklad Bruce J. W. Evans se svou studii z roku 1999, kdy
zaznamenal zlepseni u 80 % zakUl pri pouzivani barevnych folii ve Skolach. (Uccula et al. 2014).
Jak uvadim vysSe, sama jsem v prlbéhu svého vyzkumu zaznamenala zlepSeni u 70 %
dyslektickych zaku.

Uréitou podobnost vyslednych hodnot lze také sledovat v pfipadé studie Joelle
Bouldoukian a spol. zroku 2002, ve které autofi zaznamenali zlepsSeni v rychlosti cteni
s barevnou folii minimalné o 5 %. Naopak jedinci, ktefi si vybrali kontrolni folii (placebo),
zaznamenali zlepSeni pouze o0 1,7 %. (Bouldoukian et al. 2002).

Ve studii z roku 2011 od Lindsay Bater se uvadi, Ze pro praktickou aplikaci barevnych folii
je nutné dosahnout pfi ¢teni alespon zlepSeni o 5 %. V opozici s nasim vyzkumem v této studii
vysla rliZova barva jako nejvice zlepSujici plynulost ¢teni. (Bater 2011)

Arnold J. Wilkins ve své studii z roku 2011 piSe, Ze ke zlepSeni pti ¢teni 0 5 % dochazi u
1/3 jedinc, zlepSeni o 10 % uZ pouze u 1/10 jedincu a zlepsSeni o 25 % pouze u 1/20 jedinc.
Na druhou stranu udava, Ze alespon néjaké zlepSeni bylo zaznamenano u vice neZ poloviny
jedinca. (Uccula et al. 2014)

Zaver

Tato studie dokazuje pozitivni vliv pouzivani barevnych folii pfi ¢teni. ZvySuji rychlost
Cteni jak u dyslektickych zaku, tak u nedyslektickych zaka. Konkrétné ma pouzivani barevnych
folii za nasledek zlepSeni rychlosti ¢teni o 7,3 % u dyslektickych Zak( a 4,2 % v pfipadé
nedyslektickych zak(. Vysledky mého vyzkumu jsou také srovnatelné se zavéry probéhlych
studii v zahranici.
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Colour overlays and dyslexia
Author: Bc. Zuzana Odvarkova

Supervizor:  Mgr. Petr Vesely, DiS., Ph.D.

Annotation

Study deals of using colour transparent overlays as compensatory aid for dyslectic
children. To the study 31 dyslectic children of eleven years old were put and 31 non-dyslectic
children of eleven years old as control group. A green tint of overlay decreased symptoms of
dyslexia the most. On the contrary a yellow tint was used at least. Acceleration of reading with
colour overlays occurred in almost 70 % of dyslectic children. Overage improvement with
colour overlays was in the case of dyslectic children 7.3 % whereas improvement of non-
dyslectic group was 4.2 %. Differences of improvement between both groups are 3.1 %.

Introduction

Demands on reading increase permanently in today's world. However some people are
struggling with reading difficulties since childhood because they suffer from specific learning
disorders called dyslexia. Dyslexia is complex disorders of reading which prove in several ways.
Individuals describe jumping of letters and whole words in the line, uncomfortable glare, and
fogging of the text, occasional double vision of letters etc. (Pipekova 2010) Reading problems
are needed to detect as soon as possible and begin to compensate it by specific tools for least
individual limiting. Psychologists, special education teachers, and nowadays even
ophthalmologists and optometrists deal with specific learning disorders. (Scheiman 2004)
Dyslexia belongs among complex disorders affected by neural, sensorial and psychological
causes. However the specific reasons for its emergence have not been revealed yet. (Bater
2011) The optical causes is included disorders in the magnocellular system in thalamus, part
of diencephalon. A significant role is given to eye movements, mainly saccades that play an
important role in reading. (Pokorna 2010)

Among the possibilities for optical compensation of dyslexia are included the coloured
overlays in front of the text, colour filters in the frames or colour contact lenses. Mentioned
colour tools adjust contrast of the text and the background, they change trajectory of the ray
coming to the eye. (Russnakova 2014)

Subject and Methods

Research was conducted at three elementary schools. | measured 31 dyslectic children
from 9 till 15 years old from ZS SvaZna Brno, Stary Liskovec and from Z8 KoSinova 22 Brno,
Kralovo pole. Measurement of control group, nondyslectic children was realized at ZS Riegrova
4 Svitavy. Control group contained 31 children from 9 till 12 years old. Average age is 11 year
old at dyslectic group and 10 year old at non-dyslectic group.

| used set of colour overlays called Standard Overlay Testing Set from Great Britain. The
set contains 2 times 12 tints of colour overlays A5, manual, test sheet and demonstration
subjective test. For measuring | used only four baric tints (yellow, rose, aqua blue, apple
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green). | used only these tints to shorten the measuring time and children could be able to
focus throughout whole process, and also for more easily chosen of the tint.

Picture 9: Standard Overlay Testing Set.

At the beginning of research | distributed informed consent among children’s parents.
There were described sense and process of study in the letter. | offer them some opportunity
to use colour overlays in future of themselves. Other parts included measuring of children who
parents agree to add to research. Research took place in the building of schools in the free
classes, usually at the end of lessons.

Measurement lasted 10 to 15 minutes with one child. Fist part included finding the
identification data (name and surname, date of birth and school) measuring date,
approximate determination of visual acuity for elimination of uncorrected refractive error
which could be a cause of dyslexia. The study included child with visual acuity 0.9 and better
with their using correction. When | found decrease visual acuity the child was not added to
the study and | referred him to the ophthalmologist. After recording the entrance information
| investigated the subjective symptoms of dyslexia i.e. whether children feels and realizes it.
The main symptoms of dyslexia were interviewed jumps / waves of letters and lines, blurry
image, reflections, double vision and flowing together. Then we continued by selecting of
appropriate tint of overlays which the students will read quickly with. They will not feel the
typical dyslexic symptoms so much. Children were asked to read ten different syllables in the
dividing test the quickest and right. Children read it step by step with four colour overlays and
one control transparent overlay. This method was compared and supplemented by a
subjective test. Child chose colour tint himself which was the most comfortable. Finally, we
worked with the tint selected in the dividing test. After selection of tint the principal
measurement began which included the speed and accuracy of reading with colour overlays
to compare with control overlay. Children read for 30 seconds specified text with transparent
overlay, then with selected colour overlay again 30 second. This process was repeated once
more to be able to assess the value of the average reading speed. The text was composed of
four or five-letter words in their basic form, contained nouns, adjectives and verbs. It was
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printed in capital letters Arial. At the end of measurement | noticed a subjective view of child,
his reading was more comfortable with colour or control overlay.

Results

The results of measuring | have noticed in my own registration sheets afterwards
transferred in the graphic form. Non-dyslectic children read 41.52 words on the average in 30
seconds, while dyslectic children only 30.57 words in the same time. It confirms the
expectation that non-dyslectic children read faster than dyslectic children. Improvement in
reading speed dyslexic pupils averaged 7.3% which represents a statistically significant
difference (Wilcoxon test, p = 0.005). Also, improvements non-dyslectic groups can be
evaluated as statistically significant improvement (Wilcoxon test, p = 0,006) which amounted
to 4.2%. However difference between dyslexic and non-dyslectic group was not statistically
significant difference (p = 0.33), with the result of 53 words for dyslexic group and 51 words
for non-dyslectic group. Almost 70 % of dyslectic children achieve the improvement in the
speed of reading with using of colour overlays (22 children).
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Graph 1: Improvement reading with coloured overlays of dyslexic children.
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Graph 2: Improvement reading with coloured overlays of non-dyslectic
children

The number of chosen colour tints of used overlays in the both groups show only quite
small differences. The most frequent one was the green tint that was chosen through the
dividing test and then used by 12 pupils in the both groups. The less frequent one was the
yellow tint that was used by 4 dyslectic children and by 1 non-dyslectic children. The choice of
colour overlays is shown in the Table 1. The chi-square test demonstrated difference in the
assignment of colour filters between dyslexic and non-dyslectic group (p = 0.02).

Tint Dyslectic group Non-dyslectic group
Apple green ‘ 12 12
Aqua blue ‘ 9 11
Rose ‘ 6
Yellow ‘ 4 1

Table 1: Layout selection of colours used overlays.

Discussion

Jeannette J. Jansky in 1958 as the first one describes the example, when the individual
wasn'’t able to distinguish printed words on the white paper, but was able to read them on the
yellow paper. J. J. Jansky was followed by others authors, for example Bruce J. Ewans with his
study from 1999, when he detected an improvement of 80 % of pupils thanks to using colour
overlays in schools. (Uccula et al. 2014) Also in my research | have registered the improvement
of 70 % of dyslectic pupils.

Similar resulting values we can also find in the study of Joelle Bouldoukian et al. from
200. In this study was monitored the improvement in the speed of the reading with colour
overlays of 5 %. On the other hand in the case of individuals, that chose the control overlay
(placebo), was detecting only 1.7 % improvement. (Bouldoukian et al. 2002)

In the study from 2011 by Lindsay Bater is mentioned that for practical application of
colour overlays is necessary to achieve the 5 % improvement at least. In this study was
indicated, in the opposition to my research, that the best for fluency of reading is the pink
colour (Bater 2011).

Arnold J. Wilkins in his study from 2011 writes that the 5 % improvement occurs in 1/3
of individuals, the 10 % improvement occurs in 1/10 of individuals and the 25 % improvement
only in the case of 1/20 of individuals. On the other hand he mentions that some minimum
improvement was detected at least in more than half of individuals. (Uccula et al. 2014)

Conclusion

This study proves the positive influence on using of colour overlays by reading. They
increase the speed of reading of both dyslectic and non-dyslectic children. Specifically, using
of colour overlays results in the 7.3 % improvement of reading speed in the case of dyslectic
children and 4.2 % improvement in the case of non-dyslectic children. The results of my
research are also comparable with conclusions of studies from abroad.
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Srovnani metod méreni a validita hodnot potrebnych pro
presny zabrus brylovych ¢ocek
Autor: Mgr. Lucie PatocCkova

Skolitel: Mgr. Pavel Beneg, Ph.D.

Cilem prace je uvedeni do problematiky presného zdbrusu brylovych ¢ocek, vysvétleni
zakladnich principt oko - brylovy stfed, uvedeni zakladnich metod méreni vstupnich udaju
zabrusu a popsani disledk( nepresné zhotovené brylové korekce. Vyzkum je zaméreny na
Cetnost presahnuti hodnot decentrace optickych stfedl brylovych ¢ocek ku stfediim zornic
nad hrani¢ni hodnotu, u které by brylova korekce nebyla u jedincli snasena. U zabrousenych
torickych ¢ocek je zkoumano, zdali nedoslo ke stoceni osy cylindrické slozky nad tolerovanou
hranici. Prace je zakoncena porovnanim vstupnich hodnot méfeni, a to srovnanim hodnot
pupilarni distance, namérené tfemi metodami - pfimou metodou, digitalnim PDmetrem a
softwarem Omega smart mirror.

Pouzitymi metodami byly:

Metoda znaceni na folie — mérfeni na nekonecno

Pri této metodé fixuje vysetfovany predmét v minimalni vzdalenosti 6 metrd. Poloha
stfedl zornic je zakreslena na félie v brylové obroucce, nebo je pupilarni distance zmérena PD
méritkem.

Méritko ma milimetrovou stupnici a je pfizplsobené svym vyrezem pro nosni koren a
pro oci potfebam méreni.

Metoda méreni s digitalnim PDmetrem NIDEK PM-600

Pupilarni vzdalenost byla zmérena pfilozenim PDmetru na kofen nosu a pomoci
posuvnych jezdcU pfistroje byly nalezeny stfedy zornic. Pfistroj automaticky vypocitava
pupilarni vzdalenost.

PDmetr s rozsahem 47 az 83 mm s odkrokovanim po 0,5 mm. Soucasti pfistroje je oto¢ny
Sroub, pomoci kterého Ize nastavit pohledovou vzdalenost na 30 cm, 35 cm, 40 cm, 50 cm, 65
cm, 1 m, 2 m a do nekonecna.

Metoda méreni se softwarem Oculus smart mirror

Software spolu s nasadou s referenénimi znackami, kterda se umistuje na brylovou
obrubu, zméfi pupilarni distanci s pfesnosti na milimetry. Také méti vzdalenost mezi dolnim
okrajem brylové ¢ocky a stfedem zornice. Software méfi PD jak do dalky, tak i do blizka.

Metoda méreni s fokometrem NIDEK LM-600PD

Na fokometru jsou zjistovany polohy optickych stfed( brylovych c¢ocek a také provadi
kontrolu vysledného zabrusu. Pomoci fokometr( Ize také zjistovat vrcholova lamavost brylové
cocky.
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Fokometr je vybaveny Hartmannovym senzorem se 108 méticimi body a s rezimem pro
automatické rozpoznavani typla ¢ocek (monofokalni, multifokalni). Soucasti je 4.7" barevny
LCD displej. LM-600PD ma vestavénou tiskarnu, je vybaveny zafizenim na méreni PD a
automatické rozpoznani mérené ocnice (P/L). Fokometr obsahuje rezim pro méfeni
propustnosti UV.

Vyzkumu se Ucastnilo 192 osob, z toho 98 mlzu a 94 Zen ve véku od 3 do 87 let.

Hypotézy a vysledky:

Decentrace neprekroci povolenou toleranci (mm) v 95 % pripadd.

Doposud nebyla provedena studie, kterd by byla totozna s mym vyzkumem, a proto je
stanoven limit k posouzeni na 5 % jako mozné odchylky. Porovndny jsou hodnoty decentrace
u pfimé metody (vstupni hodnota) — méreni pravitkem po oznaceni na fokometru (vystupni
hodnota), pfimé metody — software fokometru, digitdlni PDmetr — pravitko, digitalni PDmetr
— fokometr, software Omega smart mirror — pravitko, software Omega smart mirror —
fokometr, které jsou vztazené na Zasady posuzovani bryli jako korekéni pomicky vydané
Spolecenstvem Ceskych optikd a optometrist(.

Vrcholova lamavost véetné [D] horizontalné vertikalné
1,0 5 2,5
2,0 2,5 1,25
3,0 1,5 1
4,0 1,25 1
5,0 1 1
10,0 1 1
20,0 1 1
50,0 1 1

Tab. 1: Povolend tolerance mm (binokuldrné)

Zamérem hypotézy je ovéreni, v jaké mire prekroci po provedeném zdbrusu decentrace
optického stfedu ve vztahu ke stfedu rohovky povolenou hranici. Data decentraci jsou
vztazena k vrcholové ldamavosti ¢ocky a porovnana s kritériem v tabulce 1. Z vysledk( vyplyva,
Ze decentrace nad zvolenou hranici je 9 %, a tudiz je hypotéza nepotvrzena.
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Graf 1: Grafické zndzornéni hodnot, které prekrocCily zvolenou hranici.
Osa x — jednotlivé metody, osa y — Cetnost.
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Stoleni osy u torickych o&ek nepfekro¢i osovou toleranci dle SCOO v 95 %

pfipadu.

U stoceni osy torickych ¢ocek je opét stanovena tolerance pozadované polohy na 95 %.
Vstupni hodnotou vyzkumu je lékarsky predpis ¢i Udaje namérené optometristou a vystupni
hodnotou namérena osa po zabrusu. Kritéria jsou stanovena Zasadami posuzovani bryli jako
korekéni pomucky vydané Spolecenstvem Ceskych optikd a optometristt

Vstupni —

mér-prav

méi-foko
dig-prav

dig-foko
tab-prav

tab-foko

VP mér-prav
VP tab-prav

VL méi-prav
VL tab-prav

vystupni hodnoty

PD zmérené PD méfitkem — PD zmérené méritkem z oznacenych brylovych
stredl

PD zmérené PD méritkem — PD zmérené fokometrem

PD zmérené digitdlnim PDmetrem — PD zmérené méritkem z oznacenych
brylovych stredu

PD zmérené digitdlnim PDmetrem — PD zmérené fokometrem

PD zmérené tabletem s Omega smart mirror — PD zméifené meéritkem
z oznacenych brylovych stred(

PD zmérené tabletem s Omega smart mirror — PD zmérené fokometrem

Vyska OP —zmérena PD méfitkem — zkontrolovana méritkem

Vyska OP —zmérend tabletem s Omega smart mirror — zkontrolovana méritkem
Vyska OL —zmérena PD méfitkem — zkontrolovana méritkem

Vyska OL — zmérena tabletem s Omega smart mirror — zkontrolovana méfitkem

Korekéni cylindr v [D] Osova tolerance [°]
<0,75 5
<1,00>1,5 +3
<1,75-6 +2

Tab. 2: Zavislost korekcniho cylindru a tolerance ve stupnich.

Cilem hypotézy je zjisténi, jak centrace a zabrus tdrickych ¢ocek ovliviiuji stoceni osy
cylindru. Data jsou vztazena na vrcholovou lamavost brylové ¢ocky a jsou uvedend v tabulce
Cislo 3. Tolerovana hranice je prekrocena 2x. Jednou o jeden stupen, podruhé o dva stupné.
Pozadovaného zabrusu je docileno v 99 % pfipadu, a tedy je hypotéza potvrzena.

Korekéni cylindr [D] Celkem V toleran¢nim rozmezi | Nad tolerancni hranici
<0,75 134 134 0
<10021,5 40 40 0
<1,75-6 24 22 2

Tab. 3: Data spadajici do tolerovaného rozmezi a nad tolerovanou hranici ve
vztahu k vrcholovym ladmavostem brylovych ¢ocek.

Namérené PD (binokuldarné) pomoci 3 metod (PD méfitko, digitdlni PDmetr a

software) se od sebe nebudou v prdméru lisit o vice jak 1,5 mm.
U srovnavani metod meéreni jsou porovnany hodnoty namérené pfimou metodou,

PDmetrem a softwarem Omega smart mirror. Porovnany jsou priméry namérenych hodnot s

kritériem 1,5 mm.
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Hypotéza porovndva priméry hodnot binokuldrniho PD namérenych 3 metodami
s cilem zjistit, jak se od sebe jednotlivé metody lisi. Kritérium je stanoveno na rozdil 1,5 mm.
Porovnanim metod méreni PD méfitkem a digitalnim PDmetrem je rozdil priimérd 0,1937 mm,
u metod PD méfitka a softwaru Omega smart mirror je naméren rozdil 0,4853 mm a rozdil
0,2916 mm je naméren u rozdilu priméru digitdlniho PDmetru a softwaru. Hypotéza je tedy
potvrzena.

Zplsob méreni Rozdil [mm] Potvrzeni/nepotvrzeni hypotézy
PD méfitko — PDmetr 0,1937 v hypotéza potvrzena
PD méfitko — Software 0,4853 v hypotéza potvrzena
PDmetr-software 0,2916 v hypotéza potvrzena

Tab. 4: Porovndni metod méreni.

Diskuze

K prvni hypotéze nejsou doposud provedené adekvatni vyzkumy, jez jsou porovnatelné
s vyzkumem této prace. Z toho ddvody jsou data vztazena na doporucené zadsady posuzovani
brylové korekce, které vydalo SCOO v roce 2006. Data byla vztaZzena na jednotlivé rozsahy
vrcholovych lamavosti a z chybovosti v jednotlivych ¢astech byla vypocitana decentrace v
procentech nad povolenou hranici. Vysledky nepotvrdily hypotézu ¢. 1. Jelikoz byl zabrus
¢ocek provadén na 2 zabrusovych automatech, je vhodnym ndmeétem na dalsi vyzkum uziti
pouze jednoho automatu.

Druhd hypotéza rovnéz neméla srovnani s doposud provedenymi vyzkumy, a proto opét
vychézela z doporuéenych zasad od SCOO. Hodnoceni dat bylo vztazené k jednotlivému
rozsahu korekéniho cylindru. Data potvrdila hypotézu €. 2.

Ani treti hypotéza nema doposud srovnatelny vyzkum. Kritéria pro porovnani byla
stanovena na 1,5 mm rozdilu mezi jednotlivymi metodami méreni. Dohromady byly
porovnavany jak hodnoty PD do dalky, tak i do blizka. Priméry PD u jednotlivych metod byly
srovnany a z vysledkd vyplynulo potvrzeni hypotézy €. 3.

Zaver

V soucasné dobé ma optometrista, potaZzmo ocni optik, moZnost vyuZiti modernich
technologii, které je vhodné kombinovat s tradi¢nimi metodami. Jednd se predevsim o pouziti
minimalné dvou technik pfi zjisStovani pupildrni distance, a to napf. méreni s digitdlnim
PDmetrem v kombinaci s pfimou metodu nebo s vyuzitim softwaru v tabletu ¢i centrovaci vézi.

Vyhodou uziti minimalné dvou metod je nejen zarucena zvySend presnost, ale také se v
zakaznikovi vzbuzuje dlvéra, Ze je o jeho zrak kvalitné postarano.

Podékovani
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Comparison of measurement methods and necessary
validity values for accurate lens grinding

Author: Mgr. Lucie PatoCkova

Supervisor:  Mgr. Pavel Benes, Ph.D.

The aim is to introduce the problems of accurate lens grinding, explanation of the basic
principles of the eye - glasses, explanation methods of measuring of input data and
consequences described inaccurately of glasses correction. Research is focused on the
frequency exceeding the values of decentralization optical centers of the lenses to the centers
of the pupil over the threshold at which the spectacle correction was not tolerated in
individuals. For toric lens is examined if there was no twist axis cylindrical component of the
tolerated threshold. The work is finished by comparing the input values of measurement,
comparing the values pupillary distance, measured by three methods - direct method, PD
meter and software Omega smart mirror.

The methods:

Measurements at infinity
In this method, the examinee fixates object at a minimum distance of 6 meters. Position
of the center of the pupil is drawn to the foil in the glasses. It has a millimeter scale.

Method for measuring by digital PDmeter NIDEK PM-600
Pupillary distance was measured by placing PDmeter on the nose and sliders devices
were placed in the centre of pupil. The device automatically calculates the pupillary distance.

PDmetr with a range of 47-83 mm with steps 0,5 mm. Part of the device is a rotary screw,
which allows you to set a visual distance of about 30 cm, 35 cm, 40 cm, 50 cm, 65 cm, 1 m, 2
m and to infinity.

Method for measuring software Oculus smart mirror

Software along with the stick with reference marks, which will be placed on the glasses,
pupillary distances measured with an accuracy of millimeters. Also measure the distance
between the bottom edge of the lens and the center of the pupil. The software measures the
PD for distant and near vision.

Method for measuring by the focometer NIDEK LM-600PD
The Focometer is determined position of the optical centers of lenses and also checks
the resulting accurate lens grinding. Using focometer can also detect peak brittleness lenses.

Focometer is equipped with a sensor 108 measuring points with the regime for
automatic recognition type lenses (monofocal, multifocal). It includes a 4.7 "color LCD display.

LM-600PD has a built-in printer is equipped with a device for measuring PD and
automatic recognition of the measured orbit (R / L). Focometer includes a mode for measuring
UV transmittance.
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The research included 192 people, 98 men and 94 women aged between 3-87 years.

Hypotheses and results:

Decentration exceed the allowed tolerance (mm) in 95% of cases.

There is no study, which would be the same with my research, and is therefore a limit
to assess the 5% deviation as possible. Compared to the value of decentralization by direct
methods - measuring after marking on focometer (output value), direct methods - software
focometer digital PDmetr - ruler, digital PDmetr - focometer, software Omega smart mirror -
ruler, like Omega smart mirror - focometer, which are related to the assessment principles
spectacles as corrective aids issued by the Association of Czech Opticians and Optometrists.

Dioptre [D] Horizontal Vertical
1,0 5 2,5
2,0 2,5 1,25
3,0 1,5 1
4,0 1,25 1
5,0 1 1
10,0 1 1
20,0 1 1
50,0 1 1

Chart 1: Permissible tolerance mm (binocular).

The intent is to verify hypotheses, to what extent exceeds after conducting lens grinding
decentration of the optical center relative to the center of the cornea permitted limit. Data
decentration (Graph 1) are referenced to the peak refractive power lenses and compared with
the criteria in Chart 1. The results show that decentration above a selected threshold is 9%,
and therefore hypothesis unconfirmed.
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Graph 1: Graphical representation of values that exceeded the permitted
limit. The x-axis - each method, the y axis - frequency.

Twisted axis for toric lenses exceed axial tolerance according the Association of

Czech Opticians and Optometrists in 95% of cases.
For toric lenses twist axis is again determined tolerances required position at 95%. Input

value of research is prescription or measured data optometrists and output value measured
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along the axis after lens grinding. The criteria are set out principles for the assessment of
spectacles as corrective aids issued by (ACOO).

Input - output values

mér-prav
méi-foko
dig-prav
dig-foko
tab-prav
tab-foko

VP méf-prav
VP tab-prav

VL mér-prav

PD measured by PD ruler — PD checked by ruler

PD measured by PD ruler — PD checked by focometer

PD measured by digital PDmeter — PD checked by ruler

PD measured by digital PDmeter — PD checked by focometer

PD measured by software with Omega smart mirror — PD checked by ruler

PD measured by software with Omega smart mirror — PD checked by focometer
Height OR — measured by PD ruler — PD checked by ruler

Height OR — measured by software with Omega smart mirror — PD checked by
ruler

Height OL — measured by PD ruler — PD checked by ruler

VL tab-prav Height OL — measured by software with Omega smart mirror — PD checked by
ruler
Dioptre [D] Axis tolerance [°]
<0,75 +5
<1,00>1,5 +3
<1,75-6 +2

Chart 2: The dependence of the correction cylinder and tolerances in degrees.

The aim is to determine hypotheses as centration and grinding of toric lenses affect twist
axis of the cylinder. Data are based on peak refractive power lenses and are listed in Chart 3.
Tolerable limit is exceeded 2x. One by one degree, the second of two degrees. Desired lens
grinfing is achieved in 99% of cases, and hence the hypothesis is confirmed.

cylinder [D] number within the tolerance above the tolerance
<0,75 134 134 0
<1,00>21,5 40 40 0
<1,75-6 24 22 2

Chart 3: Data within the tolerable range and above the tolerated threshold
in relation to dioptres.

The measured PD (binocular) using 3 methods (PD ruler, digital PDmeter and
software) from one another will not vary in diameter by more than 1,5 mm.

In comparison measurement methods are compared to the values measured by the
direct method, PDmeter and spftware Omega smart mirror. Comparing the averages of the
measured values with a criterion of 1,5 mm.

Hypothesis compares the averages of the binocular PD measured by 3 methods to
determine how the one from the other methods vary (Chart 4). The criterion is set at a
difference of 1,5 mm. Comparing methods of measuring PD ruler and measure digital PDmeter
difference is 0,1937 mm, with PD ruler and software Omega smart mirror is measured
difference 0,4853 mm and 0,2916 mm difference is measured by the difference between
average digital PDmeter and software. The hypothesis is confirmed.
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methods of measurement | difference [mm] | Confirmation of the hypothesis
PD ruler — PDmeter 0,1937 v
PD ruler — Software 0,4853 v
PDmeter-software 0,2916 v

Chart 4: Comparison of measuring methods.

Discussion

The first hypothesis is not yet carried out adequate investigations, which are comparable
to the research of this work. For this reason, the data relative to the recommended principles
for assessment of glasses correction, which published ACOO in 2006. The data was based on
the individual ranges and senior fragility of error in various parts of decentralization was
calculated as a percentage of the allowable limit. The results confirmed the hypothesis 1. Since
grinding of lenses was carried out on two ground-glass machines, it is a good topic for further
research use only one controller.

The second hypothesis is also not compared with studies carried out and therefore,
again based on the principles recommended by ACOO. Evaluation of data was related to a
particular extent of the correction cylinder. The data confirmed the hypothesis no. 2.

Neither the third hypothesis is not yet comparable research. Criteria for comparison was
set at 1,5 mm a difference between measurement methods. Altogether they were compared
to PD into the distance and near vision. PD averages in individual methods were compared
and the results showed the hypothesis no. 3.

Conclusion

Currently optometrist, optician hence, the possibility of using modern technologies that
can be combined with traditional methods. This is primarily the use of at least two techniques
for detecting pupillary distance, eg. Digital measurement PDmeter in combination with the
direct method or using software in the tablet or centering tower. An advantage of using at
least two methods are not guarantees increased accuracy, but also in customer raises
confidence that his eyesight well cared for.

Thanks
Thank head of the thesis, Mr. Mgr. Pavel Benes, Ph.D., for advice on handling the
research section for comments on the theoretical and helpfulness during consultations.
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Irisregistrace
Autor: Bc. Hana Stolzova

Skolitel: Mgr. Ondfej Vlasak

Irisregistrace je jednou z nejnovéjsich metod vyuzivanych ke sledovani ocnich pohybl
v refrakéni chirurgii. V praxi mize byt aplikovana k rozpoznavani limbu a pupily a v pIné verzi
i k detekci horizontalnich, vertikalnich i torznich pohyb(. Sledovani volnich i mimovolnich
ocnich pohyb( béhem operace je dulezité kvili spravnému umisténi laserové korekce, a tak i
presnému oplosténi rohovky.

VyuZiti metody a komplikace

Optické stabilizacni metody jsou nyni nejcastéji vyuzivanym detekénim systémem
v refrakéni chirurgii. Pfi jejich aplikaci vSak musi byt feSeny komplikace spojené s porizovanim
snimka a jejich naslednou analyzou.

Mezi zakladni aspekty komplikujici optickou stabilizaci patfi zména velikosti zornice,
ktera indukuje zménu polohy kontrastnich oblasti na duhovce. Nejcastéji lze transpozici
zkoumanych zé6n zakomponovat do vypoctli a chybovost omezit. DalsSim faktorem je mozné
rozmazani obrazku pofizovaného pti ocnim pohybu. S pfichodem modernich technologii se
vSak zvysila frekvence a presnost snimani obrazu, k danému efektu tak témér nedochazi.
K dosazeni potiebného vysledku méreni je také nutné kompenzovat miru osvétleni a jeho
smér, odlesky na rohovce, nezadouci stiny a zménu sméru, ze kterého je objekt sniman.

Aby byl vliv téchto chyb omezen na minimum, je vyhodné strukturu duhovky prevést na
polarni souradnice.

Aplikace metody a prlibéh operace

Vsechny tfi sekce operace, diagnostika, vytvareni ablacniho planu i samotnd operace, by
mély sdilet stejny koordinani systém. Tento systém musi plnit dvé zakladni funkce. Prvni je
presné urceni polohy oka, horizontalni a vertikdIni umisténi i axidlni orientace. Druhd dulezita
uloha je opakovatelnost méreni a nasledné analyzy. Irisregistrace je metoda, kterd spliuje
vSechny vyse zminéné podminky.

Porizeni snimku

Béhem predoperacnich vysetfeni je nejdfive potizen obraz duhovky. Specidlni program
urci vnéjsi a vnitfni okraj duhovky, stifedy pupily a iris a hlavni body na duhovce, tady oblasti
s vysokym kontrastem. Problém m{Ze nastat u velmi svétlych duhovek, kde neni program
schopen nalézt zachytné body nebo okraj, a u duhovek s vrozenou vadou, jako je napfriklad
kolobém duhovky, nebo naevus na limbu, ktery znemoziuje precteni kulatého okraje
duhovky.

Snimek iris je pofizen v pozici vsedé, stejné jako predoperacni diagnosticka data,
a vSechny informace jsou ihned sparovany. Operatér naplanuje potfebny zakrok a struktura
tohoto zdkroku je opét pfifazena k prvnimu snimku duhovky. Tfetim krokem pfi provadéni
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laserové refrakcni léCby je sejmuti obrazku duhovky v pozici vieze na operac¢nim IGzku. Protoze
pfi zméné pozice dochazi k rotaci oka, je potizeny obrdzek sparovan s predchozim, takto je
prifazen plan zakroku k oku ve spravném uhlu.

V prlibéhu operace jsou uloZend obrazova data pravidelné, nebo dokonce nepfretrzité
porovnavana s redlnym obrazem iris. Probiha tedy v podstaté eye tracking, sledovani o¢nich
pohyb.

Analyza snimku

Pfi pofizovani a rozboru duhovkové struktury rozliSujeme takzvany referenéni snimek,
zhotoveny v pribéhu predoperacnich vysetreni, a snimky pofizované v prlibéhu operace. Data
ziskana z téchto obrazll jsou porovndavana s daty z referenéniho snimku.

Referencéni snimek je ¢ernobily a je sniman CCD kamerou pomoci infracerveného svétla.
Dochazi k rozliseni témér 260 odstin( Sedi. Obrazek obsahuje pupilu a iris. U nékterych snimkd
muze byt ¢ast duhovky prekryta vickem nebo rfasami. Prekryvy by vSak nemély byt vétsi nez
Sitka duhovky.

Zachyceni pacientovy duhovky a pupily mize byt provedeno jiZz pti wavefront analyze
oka. Snimek je poté podroben rozboru pomoci nékolika specialnich algoritma.

Nejprve je detekovan kruhovy charakter limbu i okraje pupily a nasledné jsou vypocteny
oba jejich stfedy. Bézné jsou, pro zjednoduseni, povazovana obé centra za identicka, coz by
v tomto pripadé mohlo Cinit potiZze s urcovanim zachytnych bodl na duhovce. Problém by
mohl vzniknout i v pfipadé, Ze by néktera z fazi operace byla vztazena k jinému stfedu nez
zbylé faze.

Rozdil mezi centrem duhovky a pupily a vyznam dilatace zornice

Vyvstavd otazka, jaky je rozdil mezi stredem zornicky a centrem iris. Odpovéd' je
jednoduchd, okraj pupily je tvofen vnitini hranici duhovky a centrum je vypocteno vzhledem
k tomuto rozhrani, stfed iris je vSak odvozen vzhledem k limbu. Obé centra jsou od sebe
vzdalena v jednotkach mikrometr(, ale relativni vzdalenost se mize upravit se zménou miry
dilatace zornicky.

Zména velikosti zornice ovliviiuje relativni polohu jejiho stfedu vici stfedu duhovky. PFi
rozdilné centraci diagnostickych dat nebo planu ablace a jejiho provedeni by mohlo dochazet
k indukci nezadoucich aberaci. Nékteré z metod optické stabilizace jsou jiz schopny tento jev
eliminovat na minimum, a to diky specidlnim pfepoctim nebo mozZnosti individudlniho
predoperacniho nastaveni.

Segmentace duhovky

Pro jednoznacnou identifikaci stejného mista iris v obou snimcich, diagnostickém
referenénim snimku a predoperaénim obrazku, je mozné analyzovat iris jako celek, ale
nejvyhodnéjsi je duhovku rozdélit do nékolika oddild. Duhovka je vétSinou rozdélena
na 24 sektorl po 15°, coZ je nejvhodnéjsi rozvrieni vzhledem k maximalnim fyziologicky
dosazitelnym hodnotdm Uhlu pootoceni oka. Krozdélovani dochdazi hlavné kvili lepsi
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identifikaci kontrastnich uUsekd. Po rozdéleni vzniknou malé sekce, ve kterych je lépe
zaregistrovatelna shoda pootocenych kontrastnich oblasti.

ZpUsoby aplikace optické stabilizace

Prvnim zplsobem, jak muzZe stabilizacni metoda fungovat, je jednoduché zacileni
laserového paprsku na urcity bod a kontrola stalosti podkladu. V tomto pfipadé je spravnost
umisténi zakroku zajisténa vypinanim laseru. Pokud je oko v nezadouci pozici vici operacnimu
pristroji a sledovacimu zafizeni, plsobenilaseru je ihned ukonéeno. Pfi operacich intraokularni
¢ocky je toto sledovani mozné diky registraci limbu a cév v jeho blizkosti.

Druhym zpUsobem je pribézné posouvani pristroje s laserem dle pohybu iris tak, aby
doslo ke sjednoceni uloZzenych obrazovych dat v laserovém systému a dat sledovanych
v redlném case.

V praxi je mozné obé metody kombinovat a kompenzovat tak pohyby oka efektivnéji.

Vysledky odbornych studii

Prakticky vyznam metody spociva v presné centraci diagnostickych dat, planu zdkroku,
spravné adjustacilaseru a sledovaciho zafizeni v(ici oku pacienta. Ze studii zkoumanych v dané
bakalarské praci vyplyva, Ze operace provadéné za Ucasti této metody jsou velmi Uspésné a
spolehlivost centrace je velmi vysokd. Vyznamnéjsi kladny dopad pouziti metody vznika pfi
korekci astigmatismu vyssich hodnot.
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Iris registration is one of the latest methods used to track eye movements in refractive
surgery. In practice, it can be applied to the recognition limbus and pupil and in its full version
as well as the detection of horizontal, vertical and torsional motion. Tracking eye movement
is important for proper placement of laser correction because of voluntary and involuntary
eye movements.

Use of method and its complications

Optical stabilization is now the most frequently used detection system in refractive
surgery. There could be some complications associated with shooting and subsequent
analysis.

The process of optical image stabilization should solve a problem with changing size of
the pupil, which induces a change of contrast areas of the iris in its position. Another issue
may be capturing blurred images during eye movement. However, with the modernization of
capturing technology this effect hardly ever occurs. To achieve the desired result of
measurement is also necessary to compensate the degree of illumination and direction,
reflections on the cornea, shadows and changing the direction from which the object is
recorded.

For reduction of the impact of these errors, it is advantageous to convert the structure
of the iris to polar coordinates.

Application in refractive surgery

All three sections of operation, preoperative examination, creating the ablation plan and
the operations itself, should share the same coordination system. This system must perform
two basic functions. The first is the accurate determination of the eye position, horizontal and
vertical locaion and axial orientation. The second important task is the repeatability of
measurements and subsequent analysis. Iris registration is a method that satisfies all the
above conditions.

Taking a picture

During the preoperative examination image of the iris is captured first. A special
program determines the inner and outer edge of the iris, corneal limbus and pupil, the center
and the main points of the iris (areas with high contrast). An issue can occur while examining
very bright iris, where the program is not able to find clues or edge. The problem can also
appear for irises with congenital defects such as coloboma of the iris, or nevus on limbus,
which prevents recognition of the round edge of the iris.

Iris image is taken in a sitting position, as well as preoperative diagnostic data, and all
information is immediately put together. The plan of the surgery and the structure of this
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procedure is assigned to the first image of the iris again. The third step in the implementation
of laser refractive treatment is converting all the data for a supine patient because changing
head and body position induce rotation of the eye. In supine position is captured one another
picture and it is paired with the previous one, so the plan of the surgery is assigned to the eye
at the correct angle.

During the operation, the stored image data are periodically or even continuously
compared with the real time image of the iris. This process is called eye tracking.

Analysis of the picture

We distinguish two types of pictures. The first is created during the preoperative
examination, it is called reference frame. The second type is taken during the operation. The
data obtained from these images are compared with data from the reference image.

The reference image is black and white and is scanned by a CCD camera with infrared
light. There is a distinction of nearly 260 shades of gray. The image contains the pupil and iris.
Some images of the iris may be partly overshadowed by a lid or algae. Overlaps should not be
greater than the width of the iris.

Capturing the patient's iris and pupil can be carried out during a wave front analysis. The
image is then subjected to analysis using several special algorithms.

First, the circular outline of the limbus and pupil margins is detected and subsequently
calculated both their centers. Normally, they are, for convenience, regarded as one identical
center of iris, which in this case could cause problems with identifying clues and significant
points of iris and centration of different phases of surgery.

The difference between the center of the iris and pupil and importance of
pupil dilation

The question arises, what is the difference between the center of the pupil and iris
center. The answer is simple. The edge of the pupil is formed by the inner boundary of the iris
and the center is calculated with respect to this interface. The center of the iris is derived due
to the limbus. Both centers are spaced from one another in terms of micrometers, but the
relative distance can be adjusted by changing the degree of dilation of the pupil.

Change in pupil size affects the relative position of its center due to the center of the
iris. If there is a different centration of diagnostic data or ablation plan and its implementation,
it could lead to the induction of unwanted aberrations. Some of the methods of optical
stabilization are already able to eliminate this phenomenon to the minimum, thanks to special
conversions or individual preoperative setting.

Iris segmentation

For unambiguous identification of the same place in both iris images, diagnostic
reference frame and the preoperative image, it is possible to analyze the iris as a whole, but
it is best to divide the iris into several sections. The iris is usually divided into 24 sectors of
15°, which is the most suitable layout relation to the maximum attainable values of
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physiological rotation angle of the eye. The dividing to sectors is mainly done due to better
identification of contrasting sections.

Methods of application of optical stabilization

The first way how does the stabilization method work is to focus the laser beam at a
certain point and checking the stability of the substrate. In this case, if the eye is in the
undesirable position relative to the operating device and a viewing device, laser treatment is
terminated immediately.

A second method is to continuously move the laser according to the movement of the
iris, so as to unify the image data stored in the laser system and data monitored in real time.

In practice it is possible to combine both methods and to compensate for movements
of the eye more efficiently.

The results of expert studies

Practical importance of this method is the precise centering of diagnostic data, plans of
surgery, proper adjustment of the laser and the tracking device to the patient's eye. The
studies examined in this thesis show that the operations carried out with the use of these
methods are very successful and reliability centration is very high. Significant positive impact
appears when correcting astigmatism of higher values.
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The relationship between myopia and corneal astigmatism
in students of optometry in Croatia

Authors: Josipa Bagari¢, Matija Dubovski

Introduction

Myopia or nearsightedness is a refractive error in which objects at a distance appear
blurry, while objects up close are seen clearly.

Nearsightedness occurs when the light entering the eye focuses in front of the retina
instead of on it. The eye relies on two critical parts to focus on an image: the cornea, which is
the clear front surface of the eye, and the crystalline lens, a clear structure inside the eye that
changes shape in order to focus on objects.

If the cornea is not smoothly curved, like in the case of people with farsightedness, the
light does not properly bend, and this results in a refractive error.

Children whose parents have nearsightedness have an increased chance to have it as
well. Development of nearsightedness can also be attributed to how a person uses their eyes.
So a person may be more likely to develop nearsightedness if they spend considerable time
reading, working at a computer or doing other close up work.

Light is Focused In
Front of the Retina

Picture 1: Myopia

Astigmatism is an irregularity in the curvature of your cornea. The clear, round dome
covering the eye's iris and pupil or in the shape of the eye's lens. Normally, the cornea and
lens are smooth and curved equally in all directions, helping to focus light rays sharply onto
the retina at the back of your eye. However, if your cornea or lens isn't smooth and evenly
curved, light rays aren't refracted properly. This is called a refractive error. When the cornea
has an irregular shape, it is called corneal astigmatism. In astigmatism, images focus in front
of and beyond the retina, causing both close and distant objects to appear blurry.
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Astigmatic cornea Normal cornea

Picture 2: Astigmatic cornea

Purpose

The purpose of this research is to find differences, or the relation between astigmatism
measured by traditional refraction, and corneal astigmatism measured with Oculus
topography.

Materials and Methods

The reasurch was conducted on 30 participants, students of optometry at University of
Applied Sciences Velika Gorica. On each participant cross-cylinder method was used, and on
each eye topography was done with Oculus K4. All participants have low myopia.

Picture 3: Oculus

Picture 4: Participant cross-cylinder
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Results

Sixty eyes of 30 patients (age 22.6 +/- 3.1 years) were included in this study. The average
VA before refraction was 0.86 +/- 0.25. After the refraction using a cross-cylinder astigmatism
was 0.75 +/- 0.67 and corneal astigmatism with Oculus topography was 1.16 +/- 0.86. There
was also difference between axes measured with cross-cylinder and topography. Average axa
measured with refraction was 89.76 and with Oculus 80.11.
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Picture 5: Comparison of results

Conclusions

Disagreement between refractive and topographic astigmatic axis is common.
Approximately one third of eyes with astigmatism have > 20 degrees difference. The
astigmatism values measured for the cylinder axis correlated well between subjective
refraction and measured with topography. Thus, subjective measurements may be helpful in
determining the cylinder component of best spectacle correction and topography for corneal
astigmatism. However, topographic analysis overestimates astigmatism values in comparation
to subjective measurement of spectacle astigmatism.
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Urceni polohy torickych intraokularnich cocek za pouziti
navigacniho systému
Autor: Bc. Martin Fas

Skolitel: Doc. MUDr. Sarka Pitrova, CSc., FEBO

Abstrakt a cile studie

Cilem nasi studie je pouziti navigacniho systém VERION k pooperacni diagnostice
a urceni pooperacni polohy nitroo¢ni ¢ocky. Prvnim krokem studie je pofizeni dostate¢ného
mnozstvi predoperacnich snimkl a zvoleni optimalni metodiky potizovani snimki
pooperacnich pravé systémem VERION. Nasledujicim krokem bude aplikace analyzy obrazu a
urcéeni Uhlové polohy torickych nitroocnich ¢ocek (IOL) pomoci vytvoreného jednoduchého
softwaru.

Principem prispévku je priblizeni zakladnich principl a pfinosu systému VERION pfi
chirurgii katarakty, se zamérenim na nadchazejici cile studie. Prezentovano bude nékolik
pilotnich pooperacnich snimkl a hlavni myslenka detekce pooperacni polohy nitrooc¢ni ¢ocky.
Studie je zpracovavana v ramci diplomové prace na Ceském vysokém uceni technickém —
Fakulté biomedicinského inZenyrstvi® a ve spolupréci s O¢ni klinikou Jana Le3tdka?.

Uvod

Prdmérny pocet provedenych operaci katarakty neustéle stoup4, stejné jako naroky na
preciznost jejiho provedeni. Extrakce zkalené cocky a nasledna implantace cocky umélé je
vykon neustdle zdokonalovat. Cilem zakroku neni pouze samotné odstranéni katarakty, ale
pomoci vypoctd zvolit optimalni optickou mohutnost implantované nitroocni ¢ocky pro
dosaZeni pooperacni emetropie. Pooperacni zrakovou ostrost lze povazovat za jedno z
nejvyznamnéjsich méfitek uspésnosti celého chirurgického zakroku.

Problematika torickych nitroocnich ¢ocek

U pacientd s vysSim rohovkovym astigmatismem je pro dosazeni zminéného cile nutnd
implantace torické IOL. TotoZnost osy implantacni a planované korekcni osy TIOL je pfi
spravném vypoctu tim nejvyznamnéjSim kritériem Uspésnosti. Procedura centrace torické
¢ocky je znesnadnéna nékolika faktory. Zménou polohy téla pacienta (pfi uloZzeni na operacni
lGZko) dochdzi k cyklorotaci oka, jejiz mira je zcela individudlni. Nelze tak s jistotou urcit
implantaéni osu. Re$enim se stalo manudlni barevné predoperaéni znaéeni implantaéni osy
pfimo na oko pacienta pomoci Uhlového méfitka. Na Stérbinové lampé je naznacena
horizontalni nebo vertikalni rovina a nasledné znazornéna implantacni osa. Manualni znaceni
je ¢asové narocné a vyzaduje velmi dobrou spolupraci pacienta. Pfesnost a spolehlivost
znadeni samoziejmé vyznamné kolisd se zruénosti a zkusSenosti operatéra. Béiné je
dosahovdno presnosti v fadu desitek Uhlovych stupnl. CoZz je s ohledem na vysi optické
mohutnosti nitroo¢ni ¢ocky a zrakovou ostrost pomérné vysoka hodnota.
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Pro standardizaci operacniho zakroku a zejména pro spolehlivé ur¢ovani polohy torické
IOL byl vyvinut obrazové fizeny navigacni systém VERION. NevyzZaduje pfimou spolupraci
pacienta a zajisti pfesnost i Usporu casu.

Systém VERION — predoperacni vySetreni a chirurgicky plan

Obrazem tizeny navigacénisystém VERION je technologie pro real time navigaciv procesu
operace katarakty pomoci referencniho snimku (obrazu). Systém je tvoren Referencnim
modulem, Vision Plannerem, MID (Microscope integrated display) a Digitdlnim markerem.
Systém tedy kompletné fidi veskeré kroky procesu chirurgie katarakty.

Referenéni modul (na obrazku 1) zaznamenava data keratometrie véetné vyznamnych
struktur duhovky, skleralnich cév, velikost pupily a limbu. Tento komplex dat vytvari takzvany
»eye-print“ neboli referen¢ni snimek oka (obrazek 2).

Iris Limbus Scleral Vessels

Obradzek 1: Referencni modul systému VERION.
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IMAGE GUIDED SYSTEM
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Refractive Index: 1.3375

Astigmatism

O

Corneal Power

Taken on 01-06-2015 14 ; 904 at clinic ALCON

PreOP Exam)(1/3)

Obrdzek 2: Referencni snimek oka (,,eye-print”) a mérend data.

Data keratometrie jsou automaticky online pfenesena do pocitace se softwarem Vision
Planner. Online sdileni informaci jednotlivych soucasti systému vyrazné minimalizuje vznik
transkripénich chyb. V prehledném prosttedi Vision Planneru je vytvoren operacni plan
(ndhled na obrdzku 3) Ize volit odliSné vypoctové vzorce pro mohutnost nitroo¢ni cocky,
konkrétni typ ¢ocky s prehledem variant mohutnosti a pfedpokladanou residualni ametropii,
planovani optimalni implantacnisily i osy torické IOL nebo relaxa¢niincize. Vytvoreny operacni
plan s kompletnimi Gdaji o pacientovi a vizualizaci zakroku je online exportovan do Digitalniho
markeru (propojeného s MID) na operacnim sdle.
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Obrdzek 3: Printscreen operacniho pldnu v softwaru Vision Planner.

Virtualni navigace

Na zdkladé referencniho snimku a opera¢niho planu je MID a Digital markerem
vytvorena virtudlni projekce operac¢niho planu. V markeru je moiné kontrolovat zakladni
informace o pacientovi a Ize zménit nebo upravit operacni plan, coz Ize i v pribéhu operace
(obrazek 4).
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Obrdzek 4: Printscreen operacniho pldnu v softwaru Vision Planner.

Na obrazovce markeru je zobrazen totozny obraz, ktery operatér vidi v operac¢nim
mikroskopu. Po kontrole koincidence referen¢niho snimku a aktualniho snimku z mikroskopu
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s MID je zahajen proces virtudlni real time navigace. Systém s vysokou frekvenci porovnava
referen¢ni a aktudlni snimek oka a pfizplsobuje mu navigacni obrazce. Timto zpUsobem je
kopirovan pripadny pohyb oci a zejména cyklorotace. Vizualizace operacnich krokl a jejich
zpUsob navigace jsou na obrazku 5.
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Obrdzek 5: Virtudlni projekce navigace operatéra: A — rohovkové incize; B —
kapsulorhexe; C — centrace ¢ocky do osy vidéni; D — zobrazeni implantacni
osy.

Prvni fazi operace je vytvoreni rohovkovych incizi, kdy systém operatéra naviguje pro
umisténi primarni incize i paracentéz. Operatér tak jednoznacné zohledni cyklorotaci a
kontrolovanou pozici fez( minimalizuje odchylku pooperac¢niho indukovaného astigmatismu
rohovky. Nasleduje kapsulorhexe, jejiz parametry (velikost i centrace) jsou volitelné. Po
procesu fakoemulzifikace obsahu ¢ockového pouzdra nasleduje implantace nitroocni ¢ocky.
PFi tomto kroku Ize operatéra navigovat pro centraci cocky do osy vidéni a zejména zndazornit
implantacni osu torické IOL. Operatér je schopen s naprostou jistotou i presnosti umistit
korekéni osu torické 10L do implantaéni osy. Uspé$nd centrace je zavére¢nou fazi na
operacnim sdle.

Pooperacni vysetieni jako motivace studie

Uspésnou implantaci proces operace katarakty nekonéi. Jako jeji vyznamnou soucast
povazujeme pooperacni diagnostiku. Bézné se kontrola operovaného pacienta provadi
nasledujici den po zakroku a po nasledujicich dvou tydnech. V pooperacni diagnostice je nutné
stanovit, kontrolovat a predikovat pfipadné nezddouci indukované stavy. Pro zrakovou ostrost
u oci korigovanych torickou IOL je nejpodstatné;si jeji pozice. V idealnim pFipadé uhlova pozice
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Cocky odpovida potifebné korekéni ose. Pokud v nékterych pripadech neni dosazieno
optimalniho visu, je nutné stanovit pri¢inu. Mezi nejcasté;jsi patfi pravé decentrace torické IOL.
Nutné je vSak spolehlivé tuto pricinu stanovit, kvantifikovat a zhodnotit, pfipadné vyloucit jeji
potencidlni vliv.

Predpokladem vyuziti virtudlniho navigacniho systému je minimalizace decentrace
torické 10L. ZpUsob jak tento predpoklad ovérit, vyhodnotit pfinos pomoci faktickych dat a
pritom vyuzit jeho vlastnich komponent je motivaci této studie.

Stanoveni pozice IOL

Referencni jednotka umozriuje pooperacni keratometrické vySetieni operovaného oka
pro kalkulaci indukovaného rohovkového astigmatismu. Pred findlnim pofizenim
pooperacniho referenéniho snimku je kamera v takzvaném IR (infra-red) mddu, kdy je pomoci
reflexe infraervenych diod méfici hlavy zjistovana optimalni vzdalenost méfici hlavy od
rohovky. Pokud jsou pacientovi pred vysetfenim aplikovana mydriatika a jimi zpUsobena
mydridza je dostatecné velka, jsme v tomto mddu schopni zachytit snimek nitrooéni ¢ocky ve
stupnich Sedi a zaroven s uhlovou razZici odpovidajici predoperacnimu snimku, tedy i
predoperaénimu planu. Forma takto porizovanych snimk( je prezentovana obrazkem 6.
Snadnost a Uspésnost porizeni takového pooperacniho snimku je pochopitelné zavisla na
individualni mydridze jednotlivych pacientd a na vysetfovacich podminkach okoli.

Alternativni technikou pofizeni pooperac¢niho snimku je vyuziti digitdlniho markeru ve
spojeni s operacnim mikroskopem. Pacient je umistén na operacni l0zko, pricemzZ je do
chirurgova mikroskopu virtualné promitnut ptivodni predoperacni plan. Pofizenim fotografie
véetné i bez projekce operacniho planu budeme schopni zohlednit cyklorotaci oka
zplUsobenou polohou pacienta. Lehkd komplikovanost pofrizeni takového snimku je
kompenzovana jeho kvalitou a moznosti vizualizace centracnich bod({. Snimky pofizené
digitdlnim markerem jsou prezentovany obrazkem 7.
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Obrdzek 6: Pooperacni snimky pofizené Referencnim modulem ve stupnich
sedi.

Obrdzek 7: Pooperacni snimek nitroocni cocky pofizeny prostrednictvim
Digitdlniho Markeru.
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Zakladni principy urceni polohy nitrooéni ¢ocky

Hlavni myslenkou je vyuziti znalosti modelu implantované ¢ocky a jeho detekce v obrazu
(obrazek 8). V ptipadé potizeni pooperacniho snimku referencéni jednotkou nejsme schopni
identifikovat centraéni body torické cocky, jelikoz je snimek ve stupnich Sedi. Tyto body jsou
vsak umistény standardnim zpUsobem v identické poloze vici haptikdm nitroocnich ¢ocek.
V pfipadech, kdy dostatecnd mydridza odhali alesponi jednu z haptik, budeme schopni
predpokladat polohu centracnich bodu nitrooéni ¢ocky a urcit tak jeji pozici. Tento predpoklad
mlzeme vyuZit i v pfipadé snimk( porizenych digitdlnim markerem jako kontrolni
mechanismus, ackoliv jsou centraéni body pomérné snadno rozliSitelné. Po detekci
konkrétniho modelu ¢ocky v daném pooperaénim snimku je nutné urcit jeji aktualni dhlovou
polohu a porovnat ji s operacnim planem za vyuziti pred i pooperaéniho referenéniho snimku.
Soucasti studie je vytvoreni jednoduché aplikace pro usnadnéni urceni polohy a decentrace
torické cocky.

Obrdzek 8: Model torické I0L: AcrySof® 1Q Toric 10Ls SN6Tx by Alcon.
Korekcni osa je urcena spojnici Sesti protilehlych bodu. Dvojice haptik slouZi
pro stabilizaci IOL v kapsule. VSechny rozméry jsou uvedeny v milimetrech.

Obrdzek 9: Urceni polohy ¢ocky — korekini osa je totoZnd s osou implantacni
(10°).
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Vysledky studie

Zamérenim studie je korekce rohovkového astigmatismu pomoci torickych IOL za vyuZziti
moderni techniky real time navigace v prlibéhu chirurgie katarakty. V pfispévku jsme
predstavili zakladni princip navigace systému VERION, zminili dGvody a techniky pooperacniho
vySetfeni a stanoveni polohy torické IOL. Vysledkem prvni ¢asti projektu jsou pofizené pilotni
pooperacni snimky nitroocnich ¢o¢ek pomoci Referenéniho modulu a Digitdlniho markeru.

Chirurgem provadeéjicim veskeré chirurgické zakroky zahrnuté do studie je Skolitel Doc.
MUDr. Sarka Pitrova. Pfedoperaéni i pooperaéni vysetieni a fizeni virtudlni navigace provadi
autor studie M. Fls. V obdobi od bfezna 2016 do ¢ervence 2016 podstoupilo operaci katarakty
pomoci systému VERION dle zaznamu cca 150 oci 110 pacient(. Tento soubor povazujeme za
dostatecny pro zisk nezbytnych zkusenosti.

Nadchazejici fazi studie je pokracovani v nastoleném trendu asistence navigacniho
systému v operacnim procesu katarakty se zamérenim na pacienty s operacnim planem pro
torickou IOL. Zavér( chceme docilit prostrednictvim vytvoreni jednoduché aplikace pro
detekci polohy ¢ocky a urceni hodnoty pripadné decentrace. Tato data budou vyuZita pro
optimalizaci pooperacni zrakové ostrosti, uréeni ¢asové zavislé stability polohy torické I0OL a
jako zpétnd vazba pro operatéra.
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Determining the Position of Toric IOLs Using a Navigation
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Abstract

Objective of the study is using the VERION image guided system to postoperative
diagnostic and to determining the position of toric intraocular lens (IOL). The first step is
capturing preoperative images and find the way for capturing the postoperative image of
intraocular lens position using the VERION. Next step of this study will be applying image
processing and analysis to determine IOL’s angular position by using simple application.

The principle of article is explaining the basics of image guided system in cataract
surgery, with focusing on the upcoming goals of study. We will present several pilot
postoperative images and the main idea of detection position toric IOL. The study is processed
at Czech Technical University in Prague, Faculty of Biomedical Engineering! and in cooperation
with Eye clinic of Jan Le§tak?.

Introduction

The average number of cataract surgery is still rising, as well as the demands on the
precision of its execution. Extraction clouded lens and the artificial lens implantation is one of
the most successful operations in medicine. Nevertheless the improving of this procedure is
necessary. The goal of surgery is not only removing the cataracts, but to choose the optimal
optical power of the lens implanted to achieve postoperative emmetropia. Postoperative
visual acuity can be considered like one of the most important measures of success in the
surgical procedure.

Problematic of toric intraocular lenses

For the patients with higher value of corneal astigmatism is implantation of toric 10L
necessary. The coincidence of implantation axis and correction axis of intraocular lens is the
most important for patient’s optimal visual acuity. The centration is very difficult because of
the cyclorotation. When the patient lie on the surgery bed, eyes are rotated inside and
upstairs. We are not able to determine the right axis of implantation. The most popular
solution is manual color marking directly on the patient’s eye using angle measuring
instrument. The horizontal or vertical plane is marked at first (at slit lamp) and then the axis
of implantation. This manual technique of marking is very time-consuming. Well cooperation
with patient is needed and precision is varying with experiences and skills of surgeon. The
common precision is about tens of degrees. This is very high value for visual acuity controlling.
To standardization and higher accuracy in toric I0L centration was developed the image
guided system.
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System VERION — preoperative assessment and operating plan

Image guided system is a new technology for real-time navigation during cataract
surgery. Thanks this system we are able to make preoperation assessment and control all
steps of surgery. The system consists of Reference unit, Vision Planner, Digital marker and
Microscope integrated display (MID).

The Reference unit (in figure 1) captures a high resolution image of the patient’s eye.
The software detects the limbus area, location of scleral vessels and important points of iris
structure. That complex creates the “eye-print” (fig. 2) or reference image of patient’s eye.

Iris  Limbus' Scleral Vessels

VERIGN

IMAGE GUIDED SYSTEM

Limbus: 812.3mm e = ®
Pupil: @3.1mm - \_)
Steep: 8.06mm, 41.87dpt'x 867
Flat: 8.28mm, 40.76dpt x 176° ’ . - 2]
Cylinder: -1.11dpt x 176° 7 ) izl

Refractive Index: 1.3375

Astigmatism

O

Corneal Power

Taken on 01-06-2015 14:02:27 by SN01904 at clinic ALEON

PreOP Exam (1/3)

Figure 2: Reference image (”eye-print”) and measured data.
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Data of keratometry are automatically transferred to the Vision planner (using online
sharing for minimize the transcription errors). That’s software for creating the operation plan.
We are able to choose formulas for IOL power calculation, model of IOL, value of residual
refraction and planning of toric IOL implantation procedure. All together in one place for
choosing the best variant for patient. The result is complete surgery plan with all information
about patient and visualization of surgery steps.
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Figure 3: Printscreen of surgical plan in Vision Planner.

Virtual navigation

The reference image transported online to the Digital marker and MID is used for virtual
projection of navigation. In marker is able to control or manage all data of operation plan
again. That is possible during the operation too.
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Figure 4: Printscreen of surgical plan in Vision Planner.
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In digital marker is displayed the same image of surgeon’s microscope. After controlling
all data and coincidence of reference and actual image is possible to start virtual navigation.
MID creates real time virtual projection in one of the surgeons ocular. System compares
reference and actual image and adjust the navigation pictures. So this projection is noncontact
marking. The projection adjusts to eye movements and especially takes into account the
cyclorotation of the eye. Real visualization of navigation principle is in figure 5.
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Figure 5: Virtual projection of navigation: A — corneal incisions; B —
capsulorhexis; C — intraocular lens centration to visual axis; D — projection
axis of implantation.

The first phase of surgery is creating corneal incisions. The system is navigating the
surgeon for precise placing the corneal incisions and paracenthesis. So this way is possible to
take in to account cyclorotation and minimizing the deviation of corneal surgical induced
astigmatism. Next phase is capsulorhexis, there we can chose different parameters of
navigation, like centration to visual axis or the diameter. After facoemulsification and cleaning
the lens capsule comes the IOL implantation. The surgeon is navigated to centration the IOL
in visual axis and especially to axis of implantation. Is very important to implant the toric IOL
to the right axis of implantation. When the angle position of toric IOL is optimal, in coincidence
with axis of implantation, is it the last step of surgery.

Postoperative examination like motivation of study

The successful implantation isn’t the real over of cataract procedure. Very important
part is postoperative examination. First control is commonly next day after surgery and then
for the following two weeks. In postoperative diagnostic is important to check and predict
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potential adverse induced states. For the visual acuity in eyes with toric IOL is the most
important its position. In ideal case is the angle position right in axis of correction. But in some
cases isn’t the visual acuity optimal and is necessary to say why. The most common cause is
toric IOL decentration. However it is necessary to reliably determine right cause, quantify and
to evaluate its potential impact, or possibly completely excluded.

Prerequisite for the using of virtual navigation system is to minimize decentration toric
IOL. A way to verify this assumption, to evaluate the benefits of using factual data and taking
advantage of its own components is the motivation of this study.

Determining the position of toric IOL

Reference unit allows postoperative keratometric assessment of operated eye for
surgically induced astigmatism calculation. We found, that using this “infra-red mode in
grayscale” for focusing of the measuring head allowed us to change frontal plane of focusing,
just easy like in microscopes. The system reports bad focus without capturing (because the
option is on the front surface of cornea), but thanks print-screen mode we are able to create
the image of the lens position. If the patient is applied mydriatics before the examination and
it when the mydriasis is big enough, we're able to capture image of intraocular lens in
grayscale. Simultaneously with angular rosette adequate preoperative image, or the
preoperative plan respectively. The captured images are in figure 6. Easiness and success of
the postoperative image understandably depends on the individual patient and mydriasis and
various investigation on ambient conditions.

Alternative way to capture the postoperative image of lens is with using Digital marker
connected with microscope. Patient (after mydriatics application) is placed to operating bed
and MID project the virtual operating plan. In Digital marker we are able to capture image of
actual lens position, determined with pounts of correction axis and determine the axis of
implantation. Difficult capturing and manipulation with patient is compensate by image
quality and visibility of correction points.
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Figure 7: Postoperative image of intraocular lens captured by Digital Marker.
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Basic principles of determining the toric I0Ls position

Main idea is using the postoperative images and knowing the model of toric IOL (in the
figure 8). Then use the object detection in images. In image from Reference module we are
not able to determine centration points of toric IOL, because the image is original in the
grayscale. But these points are placed to identical position, nearby haptics of IOL. So when the
mydriasis will be enough and we will see at least one haptic, we are able to predict the position
of these points. Thanks the original model, we will determine the actual position of toric IOL.
This technique we can use in images by Digital marker like control mechanism too. After
determining the actual position we compare these data with reference image and surgeon
plan.

Figure 8: Model of toric IOL: AcrySof® IQ Toric IOLs SN6Tx by Alcon. The axis
of correction is given by six opposing points. Two haptics are for stabilization

of I0L in lens capsule. All dimensions in millimeters.
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Figure 9: Determining the IOL position — axis of correction is identical to the
implant axis (10°)
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Conclusions

We are focused on the correction corneal astigmatism through artificial toric I0Ls with
advanced techniques of real-time navigation during the cataract surgery, connected with
preoperative assessment. In this paper we suggested methods of cooperation, using the
VERION Image guided system and its benefits. We indicated the reasons and way how to take
the image of IOLs in postoperative assessment. We presented firsts successful postoperative
images and introduced the main idea of toric IOL detection.

The surgeon performing all surgery procedures is doc. MUDr. Sarka Pitrova. All
preoperative assessments, controlling of Digital marker during surgery, all images and
postoperative assessments were done by M. FUs. From March 2016 to July 2016 were
operated for cataract by using system VERION about 150 eyes of 110 patients. This number of
cases is sufficient for getting experiences.

Next phase of study is continuing of trend of navigation system in operating process
cataract surgery using assistance of navigation system with focusing on patients with
operation plan for toric IOL. We want to reach the objectives by creating simple application
for determining the position of IOL and the value of eventual decentration. These data will be
used for optimalization of postoperative visual acuity, evaluating of time depended position
of toric IOL and creating feedback ratings of system for surgeon.

Next step of this study will involve create simple application for I0Ls detection and
position determine.
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Anotace

Toto sdéleni se zabyva vyhodami a nevyhodami, se kterymi se mize klient setkat pfi
nakupu optickych pomdicek pres internet. Jeji prvni ¢ast je vénovana vseobecné
charakteristice internetového a kamenného obchodu. Dale jsou zminény i hlavni vyhody a
nevyhody téchto dvou typl obchod(. Dalsi ¢ast se jiz tyka obchodu, které se vénuji prodeji
optickych pomtcek. Jsou v ni popsany postupy korekce brylemi a kontaktnimi ¢ockami jak v
kamenné ocni optice, tak v internetovém obchodu. Na konci kazdé ¢asti jsou shrnuty rizika, na
které si klient musi dat pfi nakupu pres internet pozor. V zavérecné Casti prace jsou popsana
pravidla reklamace a zakladni legislativni predpisy tykajici se provozu.

Uvod

V dnesni dobé jsou nakupy pres internet na kazdodennim poradku. Mnoho zakaznik(
tento druh nakupovani uprednostniuje a to jak z dlivodu nizsi ceny, tak z dlvodu pohodli.
Internetové obchodovani jiz zasahlo také do oboru optika a optometrie. Na ¢eském internetu
je nespocet e-shopU nabizejicich bryle nebo kontaktni cocky online. Své zakazniky lakaji hlavné
na ceny, které jsou nizsi nez v o¢nich optikach. Jsou ale bryle ¢i kontaktni cocky zakoupeny na
internetu pro klienta bezpecné? Cilem této bakalarské prace je tedy zejména vytycit rizika, ale
i nékteré vyhody, se kterymi se klient setka pfi nakupu bryli ¢i kontaktnich ¢ocek pres internet.

Brylova korekce v internetové ocni optice

Pocet lidi, ktefi by si koupili dioptrické bryle na internetu, v nasi zemi bohuzel stéle
stoupd. Je ovSem také rozdil vtom, jestli si koupi obrubu i se skly nebo pouze obrubu
samotnou. V pfipadé, Ze si koupi pouze obrubu, je muUZe také cekat spousta nepfijemnosti a
komplikaci. Pocinaje tim, Ze si bryle nemGzou pfedem vyzkouset. Tim padem nebudou védét,
jak v nich budou vypadat ani jak se v nich budou citit. Obruba muze tlacit, mize byt pfilis tézka.
Zakaznik tedy riskuje, Ze Uplné zbytecné vyhodi penize. Ma samozifejmé moznost je do urcité
doby bez udani divodu vratit, musi je ovSem spravné zabalit a odeslat. To znamena zaplatit
postovné a poté Cekat (vétSinou mésic) na jejich odeslani zpét. Mnohem horsi je oviem koupé
kompletnich dioptrickych bryli. Laik si jen velmi téZzko dokdze vybrat vhodna skla nebo si sdm
sobé zméfit PD. V prvé fadé nema zdkaznik absolutné tuseni o tom, jak mu vybrané bryle
budou sedét. Na mnoha internetovych strankach s optickym zboZim ma moznost si ,bryle
vyzkouset”, a to za pomoci webové kamery na jeho pocitadi. Ovsem z toho se zdkaznik
nedozvi, zda mu bryle opravdu sedi nebo zda jej netlaci. Pfesné ani nevi, jak daleko ma hlavu
k monitoru pfisunout, aby velikost bryli na obliceji byla realnd. Spravnou anatomickou Upravu
ziskavaji bryle v rukdch odbornika a ne pomoci webové kamery na internetu. A nyni uz
k samotnému nakupu bryli. Krok po kroku si projdeme priibéh tohoto procesu. Jako prvni je
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po zakaznikovi pozadovano doplnéni dioptrickych hodnot, které opiSe ze svého predpisu.
Nékteré obchody také zdkazniklm nabizi moznost tyto hodnoty prekontrolovat a to tim
zpUsobem, Ze svUj predpis oskenuji a poté jej vloZi na stranku. OvSem tato funkce ne vidy
funguje. Dalsi pozadovanou hodnotou je PD. Obchody nabizi mnoho mozZnosti, jak si jej
zakaznik mze zmérit. Neni ale pravidlem, Ze nabizeny navod spravné pochopi a proto si jej
velmi snadno mlzZe zmérit Spatné. Ne vidy chce také obchod hodnotu zvlast pro pravé a levé
oko, coz je taky Spatné. DalSim krokem je vybér materialu ¢ocek. Zakaznikovi jsou nabidnuty
cca 4 typy cocek a to u mineralnich i plastovych materidld. Ke kazdému typu je vétsSinou
pfipsan index lomu. To ovSem laikovi nefekne skoro nic, vidi jen rozdil v cené. Obchod vétsinou
nabidne optimalni volbu pro zadané hodnoty korekce. Zakaznik ale bohuzel nevi, zda
potiebuje skla ztenéend nebo skla sindexem lomu 1,56. Nevi, zda mu nebudou bryle
s mineralnimi ¢ockami padat kvdli jejich vétsi vaze. Po vyplnéni vSech ndlezitosti nasleduje
vybér zplUsobu platby a doruceni. K cené je tedy zapocitana cena postovného.

Nakup dioptrickych bryli na internetu se tedy muize zdat finanéné vyhodnéjsi, rychlejsi a
pohodIngjsi. Zadny odbornik jej ale zmnoha ddvodd nedoporudi. Bryle bez spravné
anatomické upravy nemuzou klientovi nikdy spravné padnout a nebudou nikdy splfiovat
podminky spravné korekce. Pupilarni vzdalenost si zdkaznik nemusi vidy zméfit spravné. |
kdyby jej zméFil spravné, chybi zde moznost doplnéni hodnoty vysky stfedu zornice. Zadny
internetovy obchod s optickym zboZim tuto moZnost nenabizi. Centrace a tedy i samotna
korekce nemUze byt spravna. Nakup bryli na internetu je tedy velmi riskantni a zakoupenymi
brylemi si zakaznik mdze snadno uskodit. Spatné nacentrované bryle mohou zp@sobovat fadu
problémU pocinaje bolestmi hlavy a oci, pocitem Unavy atd. Bryle, které nebudou spravné
anatomicky upravené, budou zakaznikovi padat a budou jej tlacit. NejvétsSim problémem je
tedy zcela urcité chybéni lidského a osobniho pristupu o¢niho optika ¢i jiného odbornika.

Korekce kontaktnimi cockami v internetové ocni optice

Optickou pomlckou, ktera je na internetu nejcastéji pofizovana, jsou pravé kontaktni
Cocky a pfislusenstvi k nim. Vroce 2012 byl zaznamendn narlst zajmu o kontaktni ¢ocky o
45%. Lidé si kontaktni ¢ocky kupuji na internetu ze dvou hlavnich dGvodd. Prvnim z nich je
nizka cena — kontaktni ¢ocky jsou na internetu opravdu levnéjsi a to z dlvodu toho, Ze
kontaktolog si k jejich cené musi pripocitat naklady na vySetfeni a kontroly. A druhym
dlvodem je pohodli ndkupu z domova a rychlost dodani. Kontaktni ¢ocky a roztoky jsou
povazovany za jiz hotovy vyrobek a tim padem pfi jejich ndkupu pres internet nehrozi velké
riziko. Nakup by mél byt tedy bezpecny a cocky by zraku nemély nijak uskodit. Toto oviem
plati pouze v pripadé, Ze zdkaznik pred timto nakupem absolvuje profesionalni aplikaci a
vSechna potrebna vysetteni a pokud mu odbornik sdéli pfesné informace o tom, jaky typ ¢ocek
je pro néj vhodny. Musi tedy znat vSechny duleZité hodnoty, jako jsou napf. polomér kfivosti,
pradmér a materidl kontaktni ¢ocky. Zaroven je dllezité védét, jaky roztok se k vybranym
¢ockam pouziva. Zakaznik si tedy na vybrané internetové strance zvoli pro néj vhodny typ
kontaktnich ¢ocek. Stejné jako u nakupu bryli se po ném pozaduje doplnéni jeho dioptrickych
hodnot. Poté si vyrobek jen ,vloZi do kosiku“ a doplni informace, jako jsou jméno a adresa.
K cené se samozrejmé opét pfipocitava postovné, které vétSinou po prekroéeni urcité ¢astky
byva zdarma. Nakup je velmi rychly a pohodIny tim, Ze se provadi pfimo z domova.
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Nakup kontaktnich ¢ocek na internetu neni tak riskantni jako nakup dioptrickych bryli.
Podle odbornikll ma ovsem také nevyhody. Tou nejvétsi je to, Ze pfi nakupu zdkaznik vibec
neprijde do styku s kontaktologem. Uz jen jedinym pohledem dokdzZze odbornik poznat, zda
klient netrpi néjakou patologii rohovky, ktera mlize byt napfiklad nadmérné zarudla. Klient si
tento problém vibec nemusi uvédomovat. Dokonce je i prokazano, Ze lidé, ktefi si kontaktni
¢ocky na internetu kupuiji, pravidelné zapominaji chodit na pravidelné prohlidky. Tim stoup3d
riziko jakychkoli komplikaci. NejcastéjSim problémem byva pfenaseni ¢ocek. Ve snaze usetfit
totiz lidé nosi ¢ocky delSi dobu, nezZ je doporuc¢eno vyrobcem. Pro jejich zrak je to velmi
nebezpecné a to z dlivodu zvySeného rizika prenosu infekce. Mnoho zakaznikl si také mysli,
Ze pokud ¢ocky rozbali a nenosi je napftiklad tyden, prodluzuje se jejich doba noseni o sedm
dni. To je ovSsem omyl, protoze se nepocitd doba, po kterou maji ¢ocku v oku, ale doba od
jejich rozbaleni a vyjmuti z plvodniho baleni. Dale musi myslet také na kazdodenni vyménu
roztoku a pravidelnou vyménu pouzdra na ¢ocky, kterou je vhodné provadét alespor jednou
za tfi mésice. Pfitomto ndkupu tedy nehrozi az tak velké riziko. OvSsem pouze za predpokladu,
Ze zakaznik opravdu vi, co potfebuje, bude pravidelné navstévovat svého kontaktologa a bude
se o Cocky poctivé starat.

Zaver

Klienty laka pti ndkupu pres internet hlavné pfislib nizké ceny. Zapominaji ovSem na to,
Ze pri nakupu bryli v optice jsou k jejich cené pripocitany sluzby optika. Tyto sluzby a samotny
osobni pristup odbornika jsou ovsem nedilnou soucasti spravné korekce. Nehledé na to, Ze
bryle zakoupené na internetu nejsou anatomicky upravené a nejsou ani korektné
nacentrované. Zakaznik si jimi tedy mdze snadno ubliZit. Pfi nakupu kontaktnich ¢ocek na
internetu nehrozi zakaznikovi tak velké riziko jako pfi nakupu bryli. | pfesto neni jejich ndkup
pres internet doporucovan. Nositel kontaktnich cocek totiz miZe snadno zapominat na
pravidelné kontroly u svého kontaktologa, ¢imZ mUzZe dochazet ke zdravotnim problémim. Na
zavér je tedy dUleZité fici, Ze osobni a odborny pfistup optometristy ¢i optika je pti korekci
stéZejni. Také samotny klient by si mél toto uvédomovat. Vhodnym fesenim by bylo
upozoriovani verejnosti na moznd rizika tohoto ndkupu napf. formou komunikace
s odbornikem.
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Summarized

This thesis deals with the advantages and disadvantages with which the client may
encounter when buying optical devices over the internet. The first part is devoted to general
characteristics of the Internet and stone shop. Furthermore, it also mentions the main
advantages and disadvantages of these two types of stores. The second part is concerned with
shops dedicated to selling optical aids. It describes procedures of correction with glasses and
contact lenses at optician’s and in the Internet shop. Risks for which the client must watch out
while buying over the Internet are summerized at the end of each section. The final part is
describing the basic rules of the complaint and legislative provisions relating to the operation.

Introduction

Nowadays the Internet purchases are on the order of the day. Many customers prefer
this kind of shopping because of lower prices and because of the convenience. Internet
commerce has already intervened in the field of optics and optometry. There are countless e-
shops on the Czech Internet offering glasses or contact lenses online. Their customers are
attracted mainly to prices that are lower than in ophthalmic optics. But are glasses or contact
lenses purchased on the Internet safe enough for the client? The aim of this thesis is thus to
set out the risks, but also some advantages to which the client encounters when buying glasses
or contact lenses on the Internet.

Spectacle correction on the Internet

The number of people who would buy eyeglasses online, in our country, unfortunately,
is still growing. But it is also a difference in whether you buy a skirt and glasses or only trim
itself. In the event that buys only the flange can also expect a lot of trouble and complications.
Starting with the fact that glasses can not pass a test. Thus, they will not know how they will
look in them or how they will feel in them. Trim can push or it might be too heavy. The
customer therefore risks being needlessly thrown away money. It has a possibility to a certain
time period without giving a reason to return, must, however, correct packaging and shipping.
That means pay postage and then wait (usually a month) to send them back. Much worse,
however, is the purchase of complete spectacles. It can be very difficult for a layman to choose
a suitable glass for himself or to measure his own PD. First, the customer has absolutely no
idea of how the collected glasses will suit. On many websites with optical products he has the
opportunity to "try out glasses"using a webcam on his computer. However, from the customer
to know whether he really fits glasses or if it will not push. Exactly not even know how far has
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the head to monitor move close to the size of the glasses on his face was real. Anatomically
correct adjustment gain glasses in the hands of an expert and not using a webcam on the
Internet. And now to the actual purchase of glasses. Step by step we go through this process.
The first it is required to supplement prescription values cribs from your prescription. Some
stores also offer customers the opportunity to check these values through scanning your
prescription from the machine and then insert it into the page. However, this feature does not
always work. Another desired value is PD. Stores offer many options for the customer to
measure them. But there is no rule that the customer will understand these instructions so
they can easily be measured wrong. Not always the shop wants to store values separately for
left and right eye, which is also wrong. The next step is the selection of lens material. The
customer is offered about 4 types of lenses and for mineral and plastic materials. For each
type is mostly attributed to the refractive index. However, it will say almost nothing to a
layman, the only thing he sees is the difference in price. Business usually offers the optimum
choice for the desired correction value. The customer but unfortunately does not know
whether it needs thinned glass or glass with a refractive index of 1.56. He does not know that
the glasses with mineral lenses can fall due to their greater weight. After completing all
formalities the next step is to choose payment and shipping method. The shipping price is
therefore included.

Buying prescription glasses online may therefore seem more cost-effective, faster and
more convenient. No expert however would recommend it for many reasons. Glasses without
proper anatomical modifications can never properly fit and will never satisfy the conditions
for proper correction. Pupillary distance customer may not always measure correctly. Even if
he measures them correctly, there is not a possibility to add the vertical pupillary distance. No
online shop with optical products offer this option. Centering and thus the correction itself is
not correct. Buying glasses online is very risky and purchased glasses can easily hurt customer.
Poorly centered glasses can cause a variety of problems ranging from headaches and eye
problems, feeling tired etc. Glasses that are not anatomically correctly adjusted can fall and
push. The biggest problem is therefore certainly lack of the human and personal approach of
an optician or any other expert.

Correction with contact lenses on the Internet

Optical aids, that are mostly selled on the Internet are contact lenses and accessories.
In 2012 there was an increase of interest in contact lenses by 45%. People are buying contact
lenses on the internet for two main reasons. The first is a low price - contact lenses on the
internet are really cheaper because of the fact that a doctor recommended to their price must
be added the costs of examination and inspection. A second reason is the convenience of
shopping from home and speed of delivery. Contact lenses and solutions are already
considered finished product and thus when they are purchased over the Internet at low risk.
Purchases should therefore be safe and lenses should not in any way harm the eyesight.
However, this only applies if the customer before the purchase completes professional
application and all required examinations and if he knows on what type of contact lenses is
suitable for him. They must therefore know all relevant values, such as e.g. radius of curvature,
diameter and material of the contact lens. It is also important to know what type of solution
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to select. The customer then chooses a suitable type of contact lenses for him on the website.
While the purchase of glasses is required of him supplement his prescription values. After a
product is referred to as "inserted into the cart" he needs to add informations such as name
and address. The price of the course will be added postage, mostly after exceeding a certain
amount is usually free. Buying is very fast and comfortable because it can be done right from
home.

Purchasing contact lenses on the Internet is not as risky as buying prescription glasses.
According to experts, however, it has its disadvantages. The greatest is that when buying at
the optician’s a customer comes into contact with an expert. Just with one glance expert can
tell if the client does not suffer from any corneal pathology, which can be, for example,
excessive redness. The client can have this problem and may not even realize it. It's even been
shown that people who buys their contact lenses on the internet, are regularly forgetting to
go for their regular checkups. This increases the risk of many complications. The most common
problem is transferring lenses. In order to save money because people wear lenses longer than
recommended by the manufacturer. For their eyesight is very dangerous because of the
increased risk of infection. Many customers also think that if you do not wear lenses expands
and as the week, extending their wearing time of seven days. However, this is misleading
because it does not count the time during which the lens is in the eye. They must also think
about the daily exchange solution and periodic replacement lens case, which should be done
at least once in every three months. With this purchase, therefore there is no so much risk.
But only on condition that the customer really knows what he needs and visits an optician
regulary and will honestly care about his lenses.

Conclusion

What attracts clients the most when buying on the internet especially is the promise of
low prices. They forget, however, that when buying glasses at opticians there is the cost their
services credited. These services includes very personal and professional approach which is a
very important part of proper correction. Despite the fact that glasses purchased on the
Internet are not anatomically adapted and are not centered well. The customer therefore can
be easily hurt. When buying contact lenses on the internet the risk for the customer is not as
big as when buying glasses. Despite of that it is not recommended to buy them online. Contact
lens wearers usually forget about their regular checkups, which can lead to health problems.
In conclusion, it is important to say that personal and professional approach of optometrist or
optical expert is at the core of the correction. Also a client should be aware of this. A suitable
solution would be to alert the public of the risks of buying these optical aids online mainly
through communication with an expert.
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Diagnostika a sledovanie progresie glaukému zahfiia niekolko diagnostickych metdd,
vratane merania vnutroocného tlaku, subjektivneho hodnotenia teréa ZN a testovania
zorného pola. Tieto tradicné metddy hodnotenia glaukému maju ale niekolko klucovych
obmedzeni, ktoré davaju priestor pre doplnkové vysetrenia.

Vnuatroocny tlak je hlavnym rizikovym faktorom pre vznik glaukémového poskodenia,
jeho zniZzovanim sa snazime zastavit progresiu degenerativnych zmien sietnice. Avsak, vysoka
individualna variabilita a denné kolisanie VOT obmedzuju pouZitie tohto hodnotiaceho kritéria
pre diagnostiku ochorenia. Okrem toho, hodnoty vnutroo¢ného tlaku nas neinformuju o tom,
¢i uz doslo k poskodeniu, a ak ano, tak do akej miery.

Pozorovanie terca ZN pri glaukéme pri oftalmoskopickom vysetreni vo velkej miere
zavisi na zrucnostiach vySetrujiceho, ¢o do istej miery ovplyviiuje funkcénost tejto
diagnostickej metddy.

PocitaCova statickd perimetria je beZne pouzivanym vySetrenim, ktoré je
pravdepodobne zlaty Standard pre hodnotenie glaukémovej neuropatie a pre sledovanie
progresie ochorenia. Aj ked' je vySetrenie citlivé na detekciu straty zorného pola, ma niekolko
vyznamnych obmedzeni, ktoré sa tykaju subjektivneho hodnotenia vysSetrovaného.

Vzhladom k tomu, Ze glaukdmové posSkodenia su nevratné, je nutné presne
diagnostikovat pacientov so skorymi Strukturalnymi zmenami. Z tohto dévodu je dolezité
presné a reprodukovatelné kvantitativne hodnotenie zrakového nervu. Kvantitativne
zobrazovacie technoldgie su v tomto smere citlivejSie vo vySetreni glaukémovej progresie v
porovnani s klinickymi kvalitativnymi vySetreniami.

V priebehu poslednych dvoch desatroci doslo k vyvoju a uvedeniu do praxe niekolkych
zobrazovacich technoldgii, ktoré sa vo velkej miere vyuZivaji na odhalenie skorych
glaukémovych poskodeni. Tento plagat sa zaoberd sicasnymi zobrazovacimi pristrojmi, ako
su Heidelbersky retinalny tomograf (HRT), Opticky koherentny tomograf (OCT), Analyzator
hriabky sietnice (RTA) a Laserovy skenovaci polarimeter (GDx).

Glaukém

Glaukdm je chronicka neuropatia zrakového nervu, ktorého rizikovym faktorom je vyska
VOT. Je to skupina oénych ochoreni, pri ktorych je poskodzovany v dlh§om ¢asovom horizonte
zrakovy nerv, vacéSinou z priciny zvySeného VOT. Ztohto poskodenia nervovych vlakien
vyustuju typické zmeny zorného pola.
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Existuje vSak i mnoho dalsich faktorov, ktoré mozu spésobovat typické zmeny terca ZN,
a toi priStatisticky normdlnom vnutroo¢nom tlaku. Glaukém je spojeny s viacerymi rizikovymi
faktormi, ale vysoky VOT je z nich najvyznamnejsi.

Pristroje potfebné pro vysetfeni zrakového nervu pfi diagnostice glaukomu,

metodika vysetreni

Medzi pristroje potrebné pre vySetrenie zrakového nervu pri diagnostike glaukému patri
Heidelbersky retinalny tomograf (HRT), Opticky koherentny tomograf (OCT), GDx Nerve Fiber
Analyzer (GDx Laserovy skenovaci polarimeter) a Retinal Thickness Analyzer (RTA - Analyzator
hrubky sietnice). Tieto moderné a objektivne zobrazovacie techniky pomahaju v diagnostike
glaukdmu a monitorovaniu jeho vyvoja. Na tomto plagate v skratke popiSem kazdy z nich,
hlavne ich princip vySetrenia zamerany na diagnostiku glaukdému.

Heidelberg Retina Tomograph — HRT

Heidelbersky retindlny tomograf (HRT) je konfokalny laserovy skenovaci systém.
Vyvinuty nemeckou firmou Heidelberg Engineering patri k zobrazovacim technikdm a je jeden
z hlavnych komercne dostupnych pristrojov, ktoré vyuzivaju zobrazovaci systém na vysetrenie
oka. Ponuka tri moduly. Zakladny glaukémovy modul kvantitativne popisuje teré¢ ZN
a posudzuje jeho zmeny v ¢ase. Zameriava sa na detekciu glaukdmovych zmien v ¢ase aich
progresiu. Na tento modul sa zameriam. K dalSim modulom patri rohovkovy a makularny.

GDx Nerve Fiber Analyzer

Skenovacia laserova polarimetria patri medzi zobrazovacie technolégie, ktoré vyuzivaju
polariza¢nych vlastnosti sietnice na meranie hrabky vrstvy RNFL. Je zaloZzena na principe
dvojlomu (birefringencii). K hlavnym dvojlomnych vnutroo¢nym tkanivam patri rohovka, ocna
Sosovka a sietnica. V sietnici spdsobuje dvojlomnost paralelné usporiadanie mikrotubulov vo
vrstve RNFL.

Polarizované svetlo laserového luca, ktory prechadza sietnicou je z hlbokych vrstiev
odrazené spat a vplyvom dvojlomnosti RNFL ma urdity fazovy posun. Velkost tohto fazového
posunu sa nazyva retarddcia a je priamo Umerna hruabke vrstvy RNFL. Pomocou detektoru sa
kvantifikuje hodnota retardacie, ktora sa vypocitava pre kazdy bod sietnice.

Retinal Thickness Analyzer - RTA

Analyzator hrubky sietnice — RTA je viacucelovy pristroj, ktory kombinuje digitdlnu
fundus kameru, pocitacové skenovanie pomocou Strbinovej lampy a samotny analyzator
hrabky sietnice. Poskytuje zobrazenie topografie sietnice a teréa ZN s priamym zmeranim
hrabky vrstvy nervovych vldkien v peripapilarnej oblasti. Meria hribku sietnice aj v okoli
makuly, pretoze pri glaukdme dochddza vtomto mieste tiez kstenceniu kvoli Ubytku
gangliovych bb. Patri k zobrazovacim technikdm a sluzi primarne k diagnostike a sledovaniu
pacientov s glaukémom, ale aj s diabetickou makulopatiou a makularnymi degeneraciami
réznej etioldgie.

Optical Coherence Tomography — OCT

Optickd koherentna tomografia - OCT (Carl Zeiss Meditec AG, Dublin, USA) je
vySetrovacou zobrazovacou technolégiou, ktora umoZniuje zobrazenie Struktur sietnice, terca
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zrakového nervu a makuly s vysokym rozliSenim pri vyuzZiti koherentnych vlastnosti svetla.
Meria hrubku vrstvy nervovych vldkien sietnice na optickom principe ultrasonografického A-
skenu. Pouziva sa prevazne na vySetrovanie a diagnostikovanie pacientov s glaukdmom.

Rozdiel medzi FD-OCT a TD-OCT spociva v zdkladoch vyuzivanej technoldgie. Tieto obe
OCT technolégie vychadzaju z merania hrabky Struktdr tkaniva, ktoré vychadza z principu
¢asovych oneskoreni ltéa, ktory sa vracia z roznych hibok oka.

Klasicky OCT s Time-Domain systémom vyuZiva vldknovu optiku Michaelsonovho
interferometru  k zmeraniu c¢asového rozdielu v odraze. Laserovy |U¢ vychadza
zo superluminiscencnej diédy, vstupuje do optického vladkna, ktory ho pomocou deli¢a zvazku
rozdeli na 2 samostatné drahy lucov. Jeden [4¢ mieri k referencnému zrkadlu (kontrolny luc)
a druhy miericez pupilu do oka, kde sa odraza od jednotlivych vrstiev sietnice. Reflexie z oboch
[€ov su potom zrekombinované avyslednd interferencia oboch I|Ucovsa detekuje
a digitalizuje pre pocitatové spracovanie. Posudzuje sa ¢asové oneskorenie lUca, ktory sa
odrdza od Struktur tkaniv v oku voci lu¢u vychddzajucemu zo zdroja. Zaroven dochdadza
k posunu referenéného zrkadla, ku ktorému mieri kontrolny 1G¢ v zavislosti na hibke
skenovanej $truktury &m vznika jeden A-sken, ktory poddva informéciu o hibke v urcitej
oblasti. Kazdy posun referenéného zrkadla vedie k vytvoreniu A-skenu.

Klasicky TD-OCT ma vsak svoje limity, ktoré prekonala FD-OCT. Pri TD-OCT sme boli
obmedzeni rychlostou mechanického pohybu referenténého zrkadla, ktory bol potrebny
k zachyteniu A-skenu. OCT s Fourier-Domain technolégiou ma referencné zrkadlo pevne
upevnené. Rozdiel je v tom, Ze interferencia lu¢ov sa pomocou difrakénej mriezky rozklada na
spektrum. Potom su pomocou Fourierovej analyzy jednotlivé vinové dizky spracované
k vytvoreniu A-skenu. Vdaka stacionarnej polohe referenc¢ného zrkadla je cely proces ovela
rychlejsi ako pri TD-OCT, taktiez tym ziskame viac skenov za sekundu a skrati sa aj doba
vySetrovania.

Zistend latencia odrazu lu€ov sa nasledne farebne kdéduje a z A-skenov sa vytvori 2D
obraz prierezom tkaniv. Reflektivita tkaniv sa na nom farebne odlisuje, vysokoreflektivne
tkaniva s v ¢ervenej a? bielej farbe, s nizkou reflektivitou v modrej ai ¢iernej farbe. Zltozelene
su zobrazené tkaniva s priemernou reflektivitou. K vysokoreflektivnym tkanivdm patri RNFL,
pigmentovy epitel sietnice a choriocapillaris cievnatky. Vrstva fotoreceptorov, chorioidea
a ohranicené loziska tekutiny maju nizku reflektivitu. Oznacenie terca sa deje automaticky, nie
je nutné vyznacenie konturnej krivky ako v predchadzajucich pristrojoch. Taktiez OCT
umoznuje skenovat 3 osobité ocné Struktlry a to peripapilarnu vrstvu nervovych vlakien,
makulu a terc¢ zrakového nervu.
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Devices needed for examination of the optic nerve head in
glaucoma diagnostics, methodology of examination
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Supervisor:  MUDr. Magdaléna Macurova

Diagnosis and monitoring of glaucoma progression includes a number of diagnostic
methods, including the measurement of intraocular pressure, subjective assessment of the
ONH and visual field testing. These traditional methods for assessing glaucoma have some
limitations that give space for additional examination.

Intraocular pressure is a major risk factor for glaucoma damage, trying to reduce is way
to stop the progression of degenerative changes in the retina. However, the high individual
variability and I0P daily fluctuation limit the use of the evaluation criteria for the diagnosis of
disease. Moreover, IOP values inform us whether damage has occurred, and if so, to what
extent.

Observing the ONH in glaucoma at ophthalmoscopic examinations will largely depend
on the skills of examiner, which to some extent affect the functionality of this diagnostic
method.

Computer static perimetry is a widespread examination, which is probably the gold
standard for evaluation of glaucomatous neuropathy and to monitor disease progression.
Although the testing is sensitive to the detection of the loss of visual field, it has significant
limitations related to subjective evaluation of investigated.

In view of the fact that glaucoma is irreversible damage, it is necessary to accurately
diagnose patients with early structural changes. Therefore, it is important to accurate and
reproducible quantitative evaluation of the optic nerve. Quantitative imaging technology are
more sensitive in screening glaucoma progression compared with clinical qualitative
examination.

Over the past two decades have been developed and put into practice a number of
imaging technologies that are widely used to detect early damage of glaucoma. This poster
presents the current imaging devices such as Heidelberg retinal tomography (HRT), Optical
coherence tomography (OCT), Retinal thickness analyzer (RTA) and Scanning laser polarimeter
(GDx).

Glaucoma

Glaucoma is a chronic optic neuropathy, the risk factor is the hight of IOP. It is a group
of eye diseases in which in the longer term is the optic nerve harmed, most of the causes of
increased IOP. Damage nerve fibers are resulting in characteristic visual field changes.
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However, there are also many other factors that can cause characteristic changes in the
ONH, including the statistically normal intraocular pressure. Glaucoma is associated with
several risk factors, but the high IOP is one of the most important.

Devices needed for examination of the optic nerve head in glaucoma
diagnostics, methodology of examination

The devices necessary for the examination of the optic nerve in glaucoma diagnosis
include Heidelberg retinal tomography (HRT), Optical coherence tomography (OCT), GDx
Nerve Fiber Analyzer (GDx scanning laser polarimeter) and Retinal Thickness Analyzer (RTA).
These modern and objective imaging techniques help in the diagnosis of glaucoma and
monitor its development. On this poster is short description of each of them, especially the
principle of examination for glaucoma diagnosis.

Heidelberg retina tomography — HRT

Heidelberg retinal tomography (HRT) is a laser scanning confocal system. Developed by
the German company Heidelberg Engineering is one of the imaging techniques and it is one of
the major commercially available devices which use an imaging system for the examination of
the eye. It offers three modules. The basic module of glaucomatous ONH quantitatively
describes and assesses its changes over time. It focuses on the detection of glaucoma changes
over time and their progress. Additional modules include corneal and macular.

GDx Nerve Fiber Analyzer

Scanning Laser Polarimetry is among imaging technologies that use polarization
character of the retinal layer for thickness measuring of RNFL. It is based on the principle of
birefringence. The main birefringent intraocular tissues include cornea, eye lens and retina.
Cause of birefrigence of the retina is microtubule configuration in a layer RNFL.

Polarized light of the laser beam that passes through the retina is reflected back from
deep layers and because of the birefringence of the RNFL has a phase shift. The size of this
phase difference is called a retardation and it is proportional to the layer thickness of the RNFL.
The detector is used to quantify the value of retardation, which is calculated for each point of
the retina.

Retinal Thickness Analyzer — RTA

Retinal thickness analyzer - RTA is a multipurpose device that combines digital fundus
camera, computer scanning with slit lamp and retinal thickness analyzer itself. It provides the
topography of the retina and the ONH with direct measurement of the thickness of the layer
of nerve fibers in the peripapillary area. Measures the thickness of the retina around the
macula, glaucoma occurs in this place also because of the thinning of the loss of ganglion cells.
It is one of the imaging techniques primarily used for diagnosis and monitoring of glaucoma
patients, but also with diabetic maculopathy and macular degeneration different etiology.

Optical Coherence Tomography — OCT

Optical coherence tomography - OCT (Carl Zeiss Meditec AG, Dublin, USA) is an
investigative imaging technology that allows you to view the structure of the retina, optic
nerve and macula with high resolution using coherent properties of light. Measures the
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thickness of the retinal nerve fiber layer on the optical principle of an ultrasound A-scan. It is
used primarily for the detection and diagnosis of patients with glaucoma.

The difference between the FD-OCT and TD-OCT is based on the use of technology.
These two OCT technology is based on measurements of tissue structure which is based on
the principle of time delay beam, coming back from different depths of the eye.

Classic OCT with Time-Domain system uses fiber optics of Michaelson’s interferometer
to measure time difference in reflection. The laser beam is based on a superluminescent
diode, enters the fiber optic link, usage the beamsplitters split into two separate beam paths.
One ray heads to a reference mirror (beam control) and a second ray heads through the pupil
of the eye, which is reflected by the different layers of the retina. Reflections of the two beams
are then combinated and the resulting interference of the two beams is detected and
digitalized for computer processing. Computer is assessing the time delay betwen beam that
is reflected from the tissue structure in the eye to the beam coming from the source. At the
same time the displacement of the reference mirror is occuring, the beam is on the way
towards the mirror where depending on the scanning depth structure is an A-scan formed,
which gives an indication of the depth in a particular area. Any shift in the reference mirror
leads to the creation of A-scan.

Classic TD-OCT has its limits, however it was overcomed by the FD-OCT. When TD-OCT
we have speed limits of the mechanical movement of the reference mirror, which was needed
to capture A-scan. OCT with Fourier-Domain technology has a reference mirror firmly
attached. The difference is that the interference of the beams is divided on the spectrum using
the diffraction grating. Then the Fourier analysis of individual wavelengths processed to create
A-scan. Due to the stationary position of the reference mirror, the whole process is much
faster than in the TD-OCT, also allow more scans per second and reduces the time of the
investigation.

Detected latency reflection beam is then color-coded and from the A-scans is created a
2D image section tissues. Reflectivity of the tissues differs in color, highly reflective tissues are
in red and white, with a low reflectivity in blue and black. Yellow-green tissues are shown with
average reflectivity. The highly reflective tissues include RNFL, retinal pigment epithelium and
choriocapillaris of the choroid. Layer of the photoreceptors, chorioidea have low reflectivity.
Target marking is done automatically, it is not necessary marking contour curves than in
previous devices. OCT also allows you to scan 3 eye structure and the peripapillary nerve fiber
layer, macula and optic disc.
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Akomodaci lze zjednoduSené popsat jako schopnost adaptace optické mohutnosti
systému oka tak, aby bylo mozné predmeéty nachazejici se v rliznych vzdalenostech pred okem
vidét ostre, a tak je tedy nutné pozorovat jeji zmény, aby byl zajistén co nejvétsi komfort
vidéni. Akomodace je ovlivnéna dvéma zakladnimi faktory, a to schopnosti ¢ocky prizpUsobit
svlj tvar (fyzikalni akomodace) a také silou ciliarniho svalu, ktera je potfebnd ke zméné
refrakéniho stavu oka (fyziologickd akomodace). Akomodaci také provazeji dva dalsi jevy, jako
jsou konvergence a zUZeni zornice. Detailni popis obou téchto jevl lze nalézt v literature, napr.
v [1].

Akomodacni interval

Akomodacni interval, resp. rozsah akomodacni schopnosti ¢ocky, je nezbytné urcit pro
vypocet kyzené hodnoty akomodacni Sife v [D], ktera je definovana jako prevracena hodnota
jeho krajnich bodl. Tyto hrani¢ni body jsou oznacovany jako daleky a blizky bod, a jejich
definice tedy nutna pro spravné pochopeni akomodace a stanoveni jeji Site.

Blizky a daleky bod

Nejblizsi bod, na ktery je oko schopné zaostfit pfi akomodaci, se nazyva blizky bod P.
Jedna se tedy o bod, ktery je pfi maximalnim akomodacnim Usili ostfe zobrazen na sitnici oka.
Pro ucely vypoctu akomodacni Sife je nezbytné urcit jeho vzdalenost ap [m] od hlavniho
pfedmétového bodu oka H. V dlsledku postupné ztraty elasticity Cocky se zvySujicim se vékem
se vzdalenost blizkého bodu od hlavniho pfedmétového bodu oka pohybuje pfiblizné od
hodnoty 0,0075 m (pro osoby mladsi nez 10 let) az po hodnotu vzdalenosti dalekého bodu.

Naopak daleky bod R je definovan jako nejvzdalenéjsi bod, ktery je ostfe zobrazen na
sitnici oka v relaxovaném stavu, tedy pfi minimalni akomodaci. Jako v pfedchozim pfipadé je
jeho vzddlenost ar [m] definovana jako rozdil jeho polohy vici hlavnimu predmétovému bodu
oka H. Poloha promitnuti vzdaleného bodu R vUcdi sitnici je zavisla na aktudlni refrakéni vadé.
Pro emetropické oko je R promitnut pfimo na sitnici, u oka myopického pred sitnici, a u
hypermetropického oka se nachazi za sitnici. Samozrejmé plati, Ze s vyssi drovni refrakéni vady
se vzdalenost mezi R a sitnici zvysuje.

Teorie akomodace
Existuji Ctyfi zakladni teorie, které se vénuji akomodaci z teoretického hlediska. Prvni,
Helmholtzova, teorie zaklddd akomodaci na tzv. vnéjSim akomodacnim mechanismu, ktery

157



Vil. CSKO 20. 10. 2016

zpUsobuje aktivni akomodaci oka za pouziti stahd cirkularnich vlidken Miillerova (ciliarniho)
svalu a uvolfiovani vldken zavésného aparatu ¢ocky, kdezto pasivni akomodace je zplsobena
zakfivenim predni plochy ¢ocky. Gullstrandova teorie akomodace naopak definuje tzv. vnitini
akomodaéni mechanismus, ktery vyuziva presunu casti ¢o¢kovych hmot o vy$Sim indexu do
optické osy k akomodaci oka.

Schacharova a Tscherningova teorie akomodace je zaloZzena na ekvatorialni ¢asti zonuly,
kterd se upind do nejprednéjSich casti ciliarniho svalu, a na deformaci ¢ocky zplsobenou
sklivcem. Posledni, Colemanova teorie akomodace uvadi, Ze diafragma je tvofena cockou,
zavésnym aparatem a predni ¢asti sklivce. U Colemanovy teorie zpUsobuje ciliarni sval tlakovy
gradient mezi pfednim sklivcem a predni komorou pfi konstrikci, coz zplsobuje, Ze tlak sklivce
smérem na ¢ockové pouzdro zplsobuje vyklenuti pfedni plochy ¢ocky do predni komory.

Velmi zajimavé vysledky v oblasti teorie akomodace jsou uvedeny v [2], kde je vyvracen
vliv tlaku sklivce béhem akomodace nebot zména polohy predniho a zadniho pdlu ¢ocky je
témér stejna, coz vede k potvrzeni Helmholtzovy kapsularni teorie. Dalsi moderni studie
popisuje teorii akomodace na zakladé zmény biometrie oka [3], kde je opét potvrzena
Helmholtzova teorie, nebot nebyly zjistény Zadné vyznamné zmény parametrd oka (axialni
délky, atd.) béhem akomodace. Tuhost ¢ocky je zde uvedena jako pravdépodobny hlavni vliv
na pocinajici presbyopii.

Poruchy akomodace

Poruchy, které ovliviiuji spravnou cinnost akomodace, muzeme klasifikovat jako
fyziologické nebo patologické. Patologické poruchy jsou zplsobeny jinou nez ocni pric¢inou a
nejcastéji mezi né fadime exces akomodace, insuficienci akomodace, spasmus a obrnu
akomodace. Dalsimi faktory, které ovliviuji kvalitu a schopnost akomodace jsou napf.
glaukom, zanét duhovky atd. Dalsi poruchy akomodace a jejich detailni popis Ize nalézt napft.
v [4].

Presbyopie

Mezi nevyznamnéjsi fyziologické poruchy akomodace se fadi presbyopie (stafecka
vetchozrakost), ktera je definovana jako pokles akomodacni Site s pribyvajicim vékem. Tento
jev je zpUsobeny dvéma faktory. Prvnim vyznamnym faktorem zpUsobujici presbyopii je
snizovani elasticity a plasticity ¢ockové hmoty, coZ je nejcastéji uvadéna pfricina vzniku
presbyopie. Druhym faktorem je snizena schopnost kontrakce a dilatace svalovych vldken
Millerového svalu, kdy ¢ocka neni schopna zaujmout vyklenuty tvar [5].

Vlastnosti presbyopie, jeji symptomy, vliv na jednotlivé typy refrakénich vad atd. jsou
popsany detailnéji napf. v [6].

Metodologie

V rdmci vlastniho vyzkumu byla provedend méreni akomodacéni Sife orientovana pouze
na skupinu presbyopu, aby byly ziskany diference mezi jednotlivymi hodnotami akomodacni
Sife v zavislosti na véku uvnitf této skupiny. Akomodacni Sife byla zmérena dvéma metodami
a to konkrétné metodou push-down (PD) a metodou push-up (PU) k tomu, aby bylo ovéreno,
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zda-li staci stanovit akomodacni rezervu o velikosti 1/2 nebo 1/3 akomodacni Sife za pomoci
adice.

Jak jiz bylo zminéno, dosavadni méreni byla provedena na skupiné presbyopu ve véku
41 a7 60 let. Celkem bylo zméFeno 15 osob, z éeho? bylo 9 Zen a 6 muz(l. Zddna zméiend osoba
netrpéla jakoukoliv o¢ni patologii, a jeji minimalni dosazeny visus mél hodnotu 1.

Jednotlivd méreni probihala nasledovné: nejprve byla stanovena objektivni refrakce
pomoci autorefraktometru a poté byla zméfena subjektivni refrakce. Nasledné byla
individualné metrem zmérena pracovni (Cteci) vzdalenost, na kterou byli jednotlivi Ucastnici
zvykli.

Dale byla zméfena pro kazdy subjekt akomodacni Sife za pomoci metod push-up a
push-down nejprve pro kazdé oko individudlné a poté binokularné, aby byla ovéfena
minimalni diference mezi jednotlivymi oky. Kazdé méreni probéhlo tfikrat, hodnoty pouzité v
dalsim zpracovani vysledk(l jsou primérem hodnot ziskanych pro binokularni méreni
akomodacni Site. Proces PU a PD metod je detailnéji popsan v literature, napfr. v [7].

Za pomoci naméfenych hodnot akomodacni Sife byla vypoctena adice, kterd je
definovana nasledujicim vztahem:

1 "
ADD = ———— - AS
hpb A
kde ADD je adice, hpb je hlavni pracovni bod v [m], 8 je koeficient vyuziti akomodacni

$ite (2/3 nebo 1/2), a AS je velikost akomodaéni $ite v [D].

Poté bylo experimentalné zjisténo, zda-li se jednotlivym subjektdm Iépe Cte (subjektivné
vice vyhovuje) s adici 1/3 nebo 1/2 akomodacni Sife v rezervé, aby byla prakticky potvrzena Ci
vyvracena teoreticky vypoctena hodnota ADD. Na zakladé pouzitych metod byly stanoveny
nasledujici hypotézy:

Hi: Namérené hodnoty akomodacni Sife budou vétsi pro metodu PU.
Ha: Alespon 60% cast vzorku bude subjektivné preferovat 1/2 akomodacni Sife v rezervé.
Experimentalni vysledky

Tato sekce popisuje experimentdlni vysledky, které byly ziskdny méfenim osob z vyse
uvedené databdze.
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Graf 1: Dosazené vysledky metodou PU
159



Vil. CSKO 20. 10. 2016

Prvni graf ilustruje ziskané velikosti akomodacni Sife metodou PU pro pravé (OD_PU),
levé (OS_PU) a binokularné (BINO_PU) v zavislosti na véku. Z dosazenych vysledkd touto
metodou vyplyvd, Ze binokuldrni akomodacni sife je skutecné vyssi nez pro kazdé oko zvlast,
a ma klesajici tendenci s rostoucim vékem. Ne zcela idedlIni klesajici prlibéh namérenych
hodnot je zplsoben malym poctem vzorkl v jednotlivych vékovych kategoriich, coz pfinasi
riziko, Ze budou zobrazeny vysledky pro krajni intervaly predpokladaného normalniho
rozloZeni.
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Graf 2: DosaZené vysledky metodou PD

Druhy graf predstavuje experimentalné ziskané velikosti akomodacni Sife pro metodu
PD a je ekvivalentem prvniho grafu. Namérena zavislost ma stejnou tendenci jako pro metodu
PU, avsak s tim rozdilem, Ze jednotlivé hodnoty jsou pfiblizné nizsi o 0,75 D. Tento fakt je
znazornén pro binokuldrni akomodacni Sifi na grafu ¢. 3, kde jsou patrné vyssi namérené
hodnoty metodou PU.
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Graf 3: Srovnani vysledkii dosazenych metodou PU a PD

Nasledujici tabulka uadi namérené hodnoty hpb, vypoctené hodnoty ADD, subjektivné
preferovanou akomodacni rezervu a dalSi Udaje jednotlivych naméfenych subjekt
z databaze. Z dosazenych vysledkl je patrné, Ze Zddna hodnota mozné akomodacni rezervy
neni zcela znacné preferovana. Tudiz je nezbytné rozsifit databazi o vétsi pocet vzorkd.
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Subjekt | Pohlavi | Vék | hpb [cm] | ADD [D] | Ak. rezerva [-]
1 MuZ | 56 33,5 2,25 1/3
2 Muz | 60 39 2,5 1/2
3 Zena | 53 43 1 1/3
4 Zena | 54 44 2 1/3
5 Muz | 58 40 1,75 1/3
6 Mui | 41 38 0,75 1/2
7 Zena | 52 33 2 1/3
8 Zena | 58 27 2,25 1/2
9 Muz | 46 44 1 1/2
10 Muz | 58 54 1,75 1/2
11 Zena | 53 36 2 1/3
12 Zena | 50 42 2 1/2
13 Zena | 51 40 1,75 1/2
14 Zena | 46 42 1 1/2
15 Zena | 48 37 1,75 1/3

Tabulka 1: Namérené hodnoty

Zaver

Timto prispévkem byla popsana mozna metodologie stanoveni akomodacni Sife. Také
byly za pomoci provedenych méreni ziskany Udaje pro 15 presbyopt, u kterych byla dale
vypoctena adice a z ni vyplyvajici subjektivné lépe snasena akomodacni rezerva. Provedenym
mérenim byla prozatimné potvrzena hypotéza, Ze vétsi akomodacni Sife je namérena
metodou PU, kdeZto hypotézu tykajici se akomodacnich rezerv nelze nyni vyvratit ¢i potvrdit.
Pro dalsi kroky a stanoveni prislusnych vysledk( je nutné databazi znacné rozsirit.
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Methodology of Setting the Optimal Accommodation
Amplitude, the Verification of Measured Values Depending
on Working Distance

Author: Bc. Andrea Hanusova
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Introduction

Accommodation can be simply described as the capability of eye optical power to see
the objects located in different distances in front of eye sharply, so it is necessary to observed
its changes to provide as the highest visual comfort as possible. The accommodation is
influenced by two factors- the shape adaptation of lens (physical accommodation) and the
strength of ciliary muscle needed for the change of refraction state (physiological
accommodation). Also two accompanying effects exit with accommodation- convergence and
narrowing the pupil. Detail description of both effects can be found e.g. in [1].

Accommodation range

The accommodation range (the range of lens’ accommodation capability) is necessary
to be set for further accommodation amplitude calculation defined as the reciprocal value of
its boundary points. These boundaries are called near and far point and their definition is
necessary for the correct understanding of accommodation and setting its amplitude.

Near and Far point

The nearest point which can be focused by eye at accommodation state is called as the
near point P. Obviously, this point is sharply projected at retina while accommodation level
occurs its maximum. Its distance ap [m] from the main object point of eye H has to be
measured for further accommodation amplitude calculation. In the case of losing the lens
elasticity depending on age, its distance ap converges from approx. 0,0075 m (age lower than
10 years) to the distance of far point.

The far point R is defined as the most far point which is sharply projected at retina for
relaxed eye (minimal accommodation). As in previous case, its distance ar [m] is defined from
the main object point of eye H and its position with respect to retina is dependent on
refraction defect. For myopic eye, the far point is projected in front of the retina, and for
hypermetropic eye it is projected behind the retina. The distance between R and retina grows
with increasing refractive defect.

Theory of accommodation

Four fundamental theories of accommodation theory exist. First, the Helmholtz theory
is based on the so-called external accommodating mechanism which causes the active eye
accommodation using contractions of circular Muller (ciliary) muscle fibers and releases the
lens suspension apparatus, while passive accommodation is caused by the curvature of the
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anterior surface of the lens. Gullstrand's theory of accommodation conversely defines so-
called inner accommodative mechanism which utilizes the moving parts of lenticular masses
with a higher index of the optical axis of the eye accommodation.

Schachar’s and Tscherning’s theories of accommodation are based on the equatorial
part of the zonule clamped in the foremost part of the ciliary muscle and the lens deformation
caused by vitreous. The last, Coleman's theory of accommodation states that the diaphragm
is formed by the lens apparatus, and coupling the front of the vitreous humor. Coleman’s
theory of accommodation states that the ciliary muscle causes a pressure gradient between
the anterior vitreous and anterior chamber at a constriction, which causes the pressure of the
vitreous body in the direction of the lens capsule caused by the curvature of the front surface
of the lens into the anterior chamber.

Interesting results in the theory of accommodation are described in [2], where the
influence of vitreous pressure during the accommodative change of position since the anterior
and posterior pole of the lens is almost the same, which leads to confirm the capsular
Helmholtz theory, is mentioned. Another study describing the theory of modern
accommodation based on the changes in eye biometrics [3], which leads again to the
confirmation of Helmholtz theory, because there were no significant changes in the
parameters of the eye (axial length, etc.) during accommodation. The rigidity of the lens is
indicated as a likely major influence on incipient presbyopia.

Accommodation defects

Defects affecting the correct functionality of the accommodation can be classified as
physiological or pathological. Pathological disorders are caused by other impact not caused by
eye and the most often among their midst excess of accommodation, accommodative spasm
and paralysis of accommodation. Other factors that affect the quality and ability of
accommodation are e.g. glaucoma, iritis etc. Further accommodation defects and their detail
description can be found e.g. in [4].

Presbyopia

Among the most significant physiological disorders of accommodation include
presbyopia (senile presbyopia), which is defined as a decrease in amplitude of accommodation
with age. This phenomenon is caused by two factors. The first important factor causing
presbyopia is the reduction of elasticity and plasticity of lens material, which is the most
frequent mentioned cause of presbyopia. The second factor is the reduced ability of
contraction and expansion of the fibers of Miiller's muscle when the lens is not able to reshape
itself into a curved shape [5].

Properties of presbyopia, the symptoms, the effect on individual types of refractive
errors etc. are described in detail e.g. in [6].

Methodology

In the case of our own research has been carried out, the measuring of accommodative
amplitude oriented only to a group presbyopics to obtain differences between the values
of amplitude of accommodation according to the age within that group.
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Accommodative amplitude was measured by two methods, namely by the push-down (PD)
and by the push-up (PU) to verify if it is sufficient to determine if the accommodative reserve
size 1/2 or 1/3 of the amplitude of accommodation is enough with respect to addition.

As it has been already mentioned, the current measurement was conducted on the
group of presbyopics aged 41-60 years. Totally were measured 15 persons (9 women and 6
men). No one measured person does not suffer by any ocular pathology, and its minimum
achieved visus reached the value of 1.

Individual measurements were as follows: firstly, it was determined the objective
refraction by autorefractometer and then the subjective refraction was measured. The
working (reading) distance at which they were accustomed to individual participants was
measured by a ruler.

It was also measured, for each subject, the amplitude of accommodation by using the
push-up and push down for each individual eye firstly and then binocularly for verifying the
minimal difference between eyes. Each measurement was performed out three times, the
values used in the further processing are averaged values obtained for binocular measuring
amplitude of accommodation. The process of PU and PD methods is more described in detail
in the literature, e.g., in [7].

By measured values, the amplitude of accommodation of addition was calculated as
follows:

1 .
ADD = ——— [ - AS
hpb p

where ADD is addition, hpb stands for the main working point [m], 8 is the coefficient of
the usage of accommodation amplitude (2/3 or 1/2), and AS is the size of accommodation
width [D].

Then, it was experimentally determined whether the individual subjects read
(subjectively more comfortable) easier with the addition of 1/3 or 1/2 of amplitude of
accommodation in reserve to confirm or disprove theoretically calculated ADD value. On used
methods, the following hypotheses were stayed:

Hi: Measured values of accommodation amplitude are higher for PU method.

Ha: At least the 60% of used database will prefer 1/2 of accommodation amplitude in
reserve.

Experimental results

This section describes experimental results obtained by measurement of persons from
the above database.
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Graph 1:

Graph 1 illustrates received values of accommodation amplitude by PU for right eye
(OD_PU), left eye (OS_PU) and binocular (BINO_PU) depending on age. Results achieved by
this method show that binocular amplitude of accommodation is actually higher than for each
eye individually, and it decrease with increasing age. The decreasing trend of measured values
is not ideal, because of the small number of samples in each category, which carries the risk
of displaying the values for the extreme ranges of expected normal distribution.
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Graph 2:

Graph 2 resents experimentally obtained values of accommodation amplitude for the
PD and it is equivalent to the first graph. The measured dependence has the same trend as for
the method PU, but with the difference that the individual values are lower by approx. 0,75
D. This fact is illustrated for binocular accommodative range on graph 3, where higher values
measured by the PU are obvious.
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Graph 3:

Chart 1 lists the measured values of hpb, calculated ADD values, subjectively preferred
reserve in accommodation and other individual measured data for each subject from the
database. Obtained results show, that no value of accommodative reserve is not completely
preferred in general. Therefore, it is necessary to expand the database further subjects.

Subjekt | Pohlavi | Vék | hpb [cm] | ADD [D] | Ak. rezerva [-]
1 MuZ | 56 33,5 2,25 1/3
2 Muz | 60 39 2,5 1/2
3 Zena | 53 43 1 1/3
4 Zena | 54 44 2 1/3
5 Muz | 58 40 1,75 1/3
6 Mui | 41 38 0,75 1/2
7 Zena | 52 33 2 1/3
8 Zena | 58 27 2,25 1/2
9 Mui | 46 44 1 1/2
10 Muz | 58 54 1,75 1/2
11 Zena | 53 36 2 1/3
12 Zena | 50 42 2 1/2
13 Zena | 51 40 1,75 1/2
14 Zena | 46 42 1 1/2
15 Zena | 48 37 1,75 1/3

Chart 1:

Conclusion

In this paper, the methodology of determining the accommodation amplitude was
described. The data were obtained for 15 presbyopics, addition values and subjectively better
tolerated accommodative reserve were also achieved for each individual subject. By
performed measurements, the hypothesis that the more accommodative amplitude is
measured by PU can be provisionally confirmed, while the hypothesis concerning the
accommodative reserve cannot be currently rejected or confirmed. In future, it is necessary
to expand the database for achieving more appropriate results.
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Uvod

V soucasné dobé lidé fesi svou refrakéni vadu mnohem castéji nez tomu tak bylo dfive.
Rada z nas v praci vyuzivd digitalnich technologii, které vyZaduji zcela rozdilné pozadavky na
vidéni nez tomu tak bylo pfi préci s tiSténym textem. DalsSim dlvodem také je nezadrzitelné
starnuti populace. Evolu¢né bylo nase oko naprogramovano na stafi priblizné ctyficeti let.
Dnes se vSak neni problém dozit dvojndsobné delsiho véku. Proto se dnes setkdvame s vétSim
poctem lidi, které trapi stafecka vetchozrakost.

Lidé si mohou vybrat z nékolika zpUsobd, jak svoji refrakéni vadu resit. Moznosti volby
je brylova korekce, aplikace kontaktnich ¢ocek ¢i podstoupeni zakroku refrakéni chirurgie. U
pacientl s kataraktou se také nabizi moznost aplikace nitroocni multifokalni cocky, ktera maze
nadobro odbourat potifebu nosit jakoukoliv korekéni pomucku.

V nasi studii jsme se zamérili na skupinu nositeld mékkych kontaktnich ¢ocek. Chtélijsme
oVéfit, jak nositelé s cockami zachazeji, zda znaji dllezita pravidla pro spravné noseni a zda
chodi na pravidelné kontroly. Mékké kontaktni ¢ocky ziskaly svou oblibu diky radé vyhod. Lidé
je Casto vyuzivaji pfi sportu, kde nejsou ohroZeni Urazem zplsobenym nosenim dioptrickych
bryli. V oblibé jsou i u jedinct, ktefi musi nosit ochranné pomucky na oci. Mnozi lidé ocennuiji
estetickou stranku kontaktnich cocek.

Material a metody

Vyzkum byl provadén formou online dotazniku. Tuto formu vyzkumu jsme zvolili diky
jeho snadné distribuci a naslednému zpracovani vysledk(d. Osloveni byli respondenti bez
rozdilu pohlavi a véku prostrednictvim socidlni sité ¢i sesbiranych osobnich dat v kartotékach
jednotlivych optik. Statisticky byly zpracovany pouze data respondentd, ktefi nemaji profesni
vzdélani v této problematice.

Respondenti odpovidali na dvacet sedm otazek, které byly rozdéleny do Sesti zakladnich
okruht: zakladni udaje, mékké kontaktni ¢ocky (dlvod noSeni, vybér a nakup kontaktnich
¢ocek), noSeni kontaktnich ¢ocek (rezim, délka a frekvence noseni), péce o ¢ocky (zpUsob
dezinfekce cocek, frekvence vymeény pouzdra na cocky), hygiena rukou a spoluprace s
kontaktologem.

MozZnosti odpovédi jsme se snazili definovat co nejpresnéji, tak aby si kazdy respondent
mohl vybrat odpovéd, kterd by nejlépe vystihla jeho nazory a postoje k dané problematice. U
vétSiny otdzek byla moZnost oteviené odpovédi. Tu mohl dotyény respondent vyuzit
v pfipadé, kdy chtél svou odpovéd zdivodnit nebo upresnit. K dispozici nebyly pouze
zaskrtavaci otazky, ale Ciselné fady, které mohly ozZivit prlibéh vyplfiovani dotazniku.
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Data byla seshirdna zcela anonymné. Zajemci o vysledky studie byli vyzvani ke sdileni
svého emailu. V ramci zpétné vazby jsme pro respondenty pripravili struc¢ny prehled téch
nejdaleZitéjsSich informaci, které by nemély byt opomijeny pfi noSeni mékkych kontaktnich
cocek.

Respondenti odpovidali na dotaznik zcela anonymné. Zajemce o vysledky studie jsme
pozadali o emailové spojeni, skrz které jim budou interpretovany vysledky. Jako zpétnou vazbu
jsme pro respondenty vypracovali stru¢ny navod, ktery shrnuje veskeré dulezité informace pro
nositele ¢ocek.

Vysledky

Studie probihala od ledna do dubna tohoto roku. Celkem jsme dostali odpovéd od 231
respondentd, pfiéemz nasim kritériim odpovidalo pfesné 200 dotazovanych osob. Slo o 154
Zen a 46 muzl ve vékovém rozmezi 26 5 let. Studie se Ucastnili jak prvonositelé, tak i lidé, ktefi
¢ocky nosi vice jak deset let.

Prvni sekce otazek provéfrila, jaky typ kontaktnich ¢ocek u nositelll prevlada. Vétsina
respondentl Ureferuje vicedenni kontaktni cocky (¢trnactidenni nebo mésicni). Dany typ
kontaktnich ¢ocek nosi 76 % dotazovanych. Divodem muzZe byt fakt, Ze 64 % respondent( nosi
cocky alespon ¢tyrikrat do tydne nebo kazdodenné. U 48 % respondentll jsou ¢ocky na ocich
nasazeny 12-18 hodin denné a u 38 % dotazovanych 6-12 hodin denné. Déale nas zajimalo, na
zakladé jakych kritérii si lidé vybiraji své mékké kontaktni ¢ocky. Spravné by tomu mélo byt
tak, Ze ¢ocky dotycné osobné vybere kontaktolog. Samoziejmé s vami prokonzultuje vase
subjektivni pocity a ovéri dosazenou zrakovou ostrost s touto korekéni pomuckou. Vysledky
studie shrnuje Graf 1.

B Na zakladé vysetreni a doporuceni optometristy/oftalmologa

M Podle parametri oka namérenych optometristou/oftalmologem (zakfriveni,
pramér, dioptrie)
Vybral jsem podle hodnoty dioptrii v brylich

Podle toho, ktera mi subjektivné vyhovovala

B Ostatni
Graf 1: Rozhodujici element pri vybéru konkrétnich ¢ocek

Nasledujici sekce otdzek byla vénovana hygiené. Pouze 7 % respondent(l neciti potfebu
umyt si ruce pred aplikaci kontaktni ¢ocky. Spravny postup je takovy, Ze si ruce umyjeme pred
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samotnou manipulaci s ¢ockou, tzn. az po otevreni blistru s cockou. Takto postupuje 29 %
respondentd. Daraz musi byt kladen také na hygienu pouzdra, ve kterém se vicedenni ¢ocky
uchovdvaji. V kazdém novém baleni roztoku je obsazeno i nové pouzdro. Ne kazidy vsak
s novym roztokem pouziva i nové pouzdro na ¢ocky.

® Pouzdro nepouzivdm

m 1x za mésic

® 1x za 3 mésice

® Pouzdro vymeénuji s nové otevienym balenim roztoku
® Pouzdro vymeénuji s novym balenim ¢ocek

® Pouzdro nevymeénuji

m Ostatni

Graf 2: ReZim vymény pouzdra

Otazky zamérené na péci o kontaktni Cocky prinesly velmi zajimavé vysledky (viz. Graf
3). Vétsina respondenti uvedla, Ze pro dezinfekci svych ¢ocek pouzivaji viceucelovy roztok. Pri
pouZiti tohoto roztoku je nutné cocku mechanicky ocistit a ne ji pouze vlozZit do roztoku, tak
jak tomu je napfiklad u peroxidovych systémd. Viceucelovy roztok pouziva 63 % respondentd,
ale pravidelné mechanické ¢isténi dodrzuje pouze 29 % z nich. To Ze nositel uvede, Ze ¢ocky
mechanicky Cisti jeSté nic nemusi znamenat. Otazkou zUstava jak dikladné a dlouho toto
mechanické Cisténi provadi. Fyziologicky roztok je pro Cisténi zcela nevhodny. Jde v podstaté
o slanou vodu, kterou vyuZiva 16 % dotazovanych. Nejucinnéjsiho ¢isténi ¢ocek dosahneme
pfi pouzZiti peroxidového systému.
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m Fyziologicky roztok

m Viceucelovy (All-In-One)
m Roztok nepouZivam

m Peroxidovy

® Voda

= Ostatni

Graf 3: Typ pouZivaného cisticiho roztoku

Zavérecny okruh otazek byl vénovan prevenci. Dotazovali jsme se nositell, jak casto
dochazeji na pravidelné kontroly ke kontaktologovi. Vysledky odpovédi shrnuje Graf 4. Na
pravidelné kontroly by méli nositelé dochazet pravidelné minimalné jednou do roka. PotizZ je
v tom, Ze kontaktni ¢oc¢ka muUzZe na oku zpUsobit zmény, které nositel nebude vibec vnimat.
Nic ho nemusi bolet, nic na svém oku nemusi pozorovat, ale presto neni vSe v poradku.

9 e
% 5 m Castéji nez 1x za rok

® 1x za rok
® 1x za 2 roky

m KdyZ mé oftalmolog/optometrista
vyzve

Graf 4: Kontroly u kontaktologa

Diskuse

Studie prokazala, Ze pfi vybéru mékkych kontaktnich ¢ocek hraje velkou roli jejich cena.
Proto v Ceské republice lidé nakupuji radé&ji ¢o¢ky pro dlouhodobé noseni ne? ty jednodenni.
Cenové jsou vyhodnéjsi, ovsem vse jde na ukor nositelova pohodli. Vhodnym kompromisem
jsou ¢trndactidenni ¢ocky.

Lidé ¢asto v rdmci Uspory penéz kontaktni ¢ocky nosi delsi dobu, nez je urceno. Vlbec si
ovsem neuvédomuiji, Ze se timto pocinem vystavuji vysokému zdravotnimu riziku. Problém je
obvykle v rohovkovém metabolismu. V epitelu rohovky se mohou vyskytovat mikrocysty, ve
stromatu edém a neovaskularizace. OhroZena je také struktura endotelidlnich bunék. Lidé,
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kteti prespavaji s Cockami, aniz by méli ¢ocky pro tento rezim noSeni uzplsobeny, se vystavuji
riziku vzniku mikrobidlni keratitidy. Toto onemocnéni obvykle vede k trvalému postizeni oka.

Zaver

Dnesdni moderni technologie vyroby umoznuji noSeni kontaktnich Cocek témér kazdému.
At uZ tento prostfedek vyuzivame jako korekéni pomucku ¢i kosmeticky doplnék (v pfipadé
barevnych kontaktnich cocek), stale musime mit na paméti, Ze jde o zdravotni pom{cku. Proto
je nutné dodrzovat urcitd opatfeni a minimalizovat tak moznost vzniku zavazného zdravotniho
stavu, ktery mGze byt v pripadé oci dokonce ireverzibilni.

Vramci osvéty by méli byt nositelé kontaktnich cocek co nejlépe pouceni svym
optometristou ¢i oftalmologem. O¢ni specialité by méli co moind nejvice dbat na
informovanost svych klientli a poskytnout jim potfebné informace formou konzultaci a
informacnich letakd.

Podékovani
Na tomto misté bychom chtéli moc podékovat vSem participantdm a koleglim, ktefi nam
pomadhali dotazniky Sifit mezi své klienty a pacienty.
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Compliance and hygiene behaviour among soft contact lens
wearers

Author: Bc. Barbora Hrackova, Bc. Marie Kodetova

Supervisor:  Mgr. Pavel Benes, Ph.D.

Introduction

Since the contemporal digital lifestyle is highly challenging for our eyes, people need to
adress their refractive errors more often than they used to. Prolonged lifespan of nowdays
population causes higher demand on healthy eye sight for longer time period. Evolutionary
our eye was programmed for the average life of about forty years. Today, however, there is
no problem to live twice as long. Thus nowdays we see a greater number of people who suffer
from senile presbyopia.

It is possible to choose from several ways how to solve a refractive error. The most
common approach is the use of spectacles, contact lenses or the option of undergoing a
refractive surgery. Especially but not only for patients with cataract there is also available the
change of intraocular lens. The use of intraocular multifocal lens may altogether eliminate the
need to wear any other corrective aid.

This study was focused on a group of wearers of soft contact lenses. It deals with their
sanitary and lens maintenance habits, the knowledge of essencial principles of safe contact
lens wear and the question whether they are attending their regular check-ups with an eye
care specialist.

Soft contact lenses gained its popularity due to a number of advantages. In sport
industry, contact lenses have a valuable benefit of lowering the risk of injury caused by
wearing prescription glasses. They are also popular among individuals who must use
protective eye equipment and many people appreciate their aesthetic and practical aspect.

Methods

The research was conducted by means of online questionnaire. We have chosen this
approach due to its easy distribution and efficient data processing. Our respondents were
addressed, regardless of gender and age through social media and the data were statistically
processed. The study incudes only respondents who have no professional training in the field
of optometry or oftalmology.

The study consists of twenty-seven questons which were devided into six basic areas:

e personal informations

e contact lenses — the reason of use, the method of selection and purchase
e mode, duration and frequency of contact lens wearing

e contact lens maintenance — sanitation and frequency of case replacement
e hygiene

e eye care specialist
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The majority of the questions were designed as a close-ended type in which all possible
answers were identified and the respondent was asked to choose one or more suitable
answers. Most of the questions were also allowing to write additional comment or their own
answer to choose the best one that convey his views and attitudes to the issue.

All of the data were collected anonymously. However those interested in the results
were offered the chance to share their e-mail address. All of our respondents were also given
a brief online overview of the most important information that should not be neglected while
wearing soft contact lenses.

Results

The study was conducted from January till April 2016. In total we have received response
from 268 respondent where 200 — 154 women and 46 men — were suitable for the study. Our
respondents were aged 26 + 5 years and variously experienced with contact lens use.

The first section of questions examined what type of contact lens is favoured. Most
respondents - 76% - prefer multi-day contact lenses (Bi-weekly or Monthly). The reason may
be the fact that 64% of respondents wear lenses at least four times a week or daily. 48% of
respondents wear lenses from 12 to 18 hours a day and 38% from 6 to 12 hours a day.

One of our goals was to prioritize the set of criteria upon which people have chosen their
soft contact lenses. The proper way to procede in selection of contact lens is to attend the
proper examination of an eye care specialist, as an optometrist or an oftalmologist to choose
the suitable lens.

5% 3%

7%

M Eye specialist’s recommendation
W Keratometry
According to glasses prescription
Personal choice
B Other reasons

Graph 1: Method of contact lens selection

The following section was concerned with hygiene habits of our wearers. The correct
procedure recommends to wash hands before handling the lens itself, ie. after opening the
blister with lens. While 29% of respondents are following this routine, most of people are
washing their hands before opening the lens case. 7% of respondents do not feel the need to
wash their hands at all. The sanitation of lens case in which a multi-day lenses are kept should
also be emphasised. Every new package of contact lens solution contains a new case. Not
everyone, however, changes it.
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6% 3% 12% . ® Doesn't use the case
B Once per month
B Once per 3 months
Upon new solution opening
W Upon new pack of lens opening
B Doesn't replace the case
Other reasons

7%

Graph 2: Lens case replacement period

The next set of questions was focused on the process of contact lens sanitation. As
expected, the majority of respondents said that in order to disinfect the lens they use an All-
in-one solution. By using this solution it is also necessary to clean the lens mechanically and
not to merely place it in the solution. The mechanical cleaning is unnecessary only in case of
the peroxid systems. All-in-one solution is used by 63% of our respondents, but only 29% of
them cleanse their lens mechanicaly by rubbing. Our study, moreover, didn’t investigate the
individual process of mechanical sanitation. Due to that we cannot be certain, whether the
cleaning is done properly. Saline solution, which is basicaly a salty water is completely
unsuitable for cleaning. However 16% of respondents is using it regularly. The most effective
lens cleaning is achieved when using the peroxide system.

3% 2% 6% . 16%

10%

M Saline solution

m All-in-one solution

B Doesn't use the solution
Hydrogen-peroxide solution

B Water

B Others

Graph 3: Type of the contact lens solution

The final set of question was dedicated to prevention. We have interviewed wearers
with a few questions about their eye care specialist and how often do they attend regular
check-ups regarding contact lens care. The results are summarised in Graph 4.

To be cautious and to lower the risk of complications, wearers of soft contact lenses
should visit their optometrist or oftalmologist at least once a year. Contact lens wear can be a
cause of irreversible changes of the eye that can be easily spotted by a specialist but go
unnoticed by a wearer.
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3% 5%

B More than once a year
B Annually
B Once in two years
On the eye specialist's invitation
B Only when complications occure
M Doesn't go to examinations
Other response

Graph 4: Frequency of reqgular examinations

Discussion

The results of the study show that the price has the major influence on the type of the
lens that is chosen. Therefore most of the Czech wearers prefer to use Monthly contact lenses
instead of more expensive but easily maintainable Daily-disposable type. The suitable
compromise are Bi-weekly lenses.

People who doesn’t respect the period of wear are more exposed to the risk of eye
problems nonethless most of the respondents don’t respect the proper discard time and wear
their lenses longer than they are supposed to. Long-term contact lens use can lead to
alterations in corneal and stromal thickness, curvature, corneal sensitivity, cell density, and
epithelial oxygen uptake. Other changes may include the formation of epithelial vacuoles and
microcysts as well as the emergence of polymegethism in the corneal endothelium. People
who tend to sleep with lenses and don’t use appropriate type for prolonged wear (lenses
suitable for overnight wear) are exposed to the risk of microbial keratitis. This disease can
usually cause permanent eye demage. While contact lenses are safely used by millions of
people every day, they do carry a risk of eye infection. And this risk is increased by improper
use.

Conclusion

Up to date contact lens production technologies suit almost every user. It is important
to consider the lens as a medical instrument no matter if we are using this tool as for refractive
correction or as an accessory. Following certain basic rules of usage is essential for avoiding
the severe health damage with possible lifelong consequences.

The contact lens wearers should be properly educated in this area before the first
application. Optometrists, ophthalmologists and lens vendors should offer all necessary
information to their clients in form of consultations and flyers and demand the regular
examination for proper health and protection of client’s eyesight.
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Zména refrakce a aberaci po operaci Sedého zakalu

Autor: Bc. Lenka Novotna, DiS.
Skolitel: MUDr. Tomaé Mriuk
Uvod

Jako kataraktu oznacujeme jakykoli zakal ¢ocky, ktery negativné ovliviiuje vidéni. PatFi
mezi jeden z fyziologickych projevi starnuti, ktery vSak mlze vést aZ ke slepoté. Podle Svétové
zdravotnické organizace (WHO) je v soucasnosti na svété pres 20 miliéna lidi, ktefi oslepli
v disledku katarakty a v roce 2020 to ma byt az 40 miliéna lidi. Zatim Zadna konzervativni
lécba nemUze oddalit vznik katarakty nebo zastavit jeji rozvoj. Pro tento stav kaleni ¢ocky
neexistuje v soucasné dobé lepsi |écba, nez je |éCba chirurgickd — operace. Operace Sedého
zakalu je jednim z nejéastéjsich chirurgickych vykond. Hlavnim cilem zakroku je zkvalitnéni
Zivota nemocného. Indikaci k operaci jsou subjektivni potize nemocného a to predevsim
snizeni zrakové ostrosti a kontrastni citlivosti. Standardni operace katarakty je dnes provadéna
ambulantné malym fezem v lokalni anestezii technikou fakoemulzifikace s implantaci mékké
nitroocni ¢ocky. Budouci vyvoj chirurgie katarakty se v posledni dobé opira hlavné o rozvoj
metody laserem asistované operace katarakty. Rychly vyvoj za sebou maji i materidly
pouzivané pro vyrobu umélych ¢ocek, kde jejich progrese sméruje k vyvoji bioanalogickych
materiald a k zavedeni pIné akomodujicich umélych nitrooc¢nich ¢ocek.

Katarakta — pric¢iny, typy, pfiznaky

Katarakta muze byt vrozena nebo ziskana. Pric¢iny kongenitalnich katarakt jsou heredita,
teratogenni latky (léky) a virovd onemocnéni béhem gravidity. U nékterych forem ziskanych
katarakt je pri¢ina zakalu znama. Jinde ji nezndme a hovotrime pouze o tzv. kataraktogennich
faktorech. Mezi né radime UV zdareni, koureni cigaret, diabetes mellitus nebo podavani
kortikosteroidd. Senilni katarakty, které jsou nejbéinéjsi, mizeme podle lokalizace zakalu
rozdélit na: nuklearni, kortikalni, zadni subkapsularni a pfedni subkapsuldrni. Pro nuklearni
kataraktu je typicky zdkal od jejiho jadra, ten miva pomaly vyvoj tdhnouci se nékolik rokd.

Obr. 1: Nuklearni katarakta

Hnédavé jadro cocky ziskava jiny index lomu a oko myopizuje. Kortikalni katarakta zacina
kalenim korovych vrstev ¢ocky.
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Obr. 2: Kortikdlni katarakta

Stupén zhorseni zraku se lisi podle umisténi a hustoty zakalu v ¢occe. Zakaly v optické
ose oka zpUsobuji vétsi pokles vidéni nez zakaly pfi okraji o¢ni ¢ocky. U zadni subkapsularni
katarakty je zékal pritomen v zadni vrstvé kortexu ¢ocky.

Obr. 3: Zadni subkapsuldrni katarakta

Castéji se objevuje u mladsich pacient(l jako disledek uZivani kortikosteroid(i, po
ionizujicim zafeni nebo po traumatu. Prfedni subkapsuldrni katarakta je svym vyskytem
vzacnéjsi.

Obr. 4: Predni subkapsuldrni katarakta
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Zkaleni ¢ocky se vyskytuje tésné pod prednim pouzdrem. U pacient( s kataraktou se
vlivem rozptylu svétla zhorSuje kontrastni citlivost a dochdzi k osliovani. Pacienti pozoruji
zhordené vidéni za slunce a pii fizeni auta. Casté jsou poruchy i barevného vidéni a
monokularni diplopie. V dlsledku zmény indexu lomu ¢ockové hmoty, dochazi k myopizaci,
coz u nékterych pacientl vede k odkladani bryli do blizka a maji pocit zlepSeni zraku.

Predoperacni vysetfeni

Velmi citlivd metoda v diagnostice pocinajici katarakty je vySetfeni zrakové ostrosti za
snizeného svételného kontrastu. K vySetfeni transparence ocni ¢ocky nejcastéji vyuzivame
biomikroskopii na Stérbinové lampé pifi mydridze. Minimalni zmény v prazracnosti ¢ocky,
které na Stérbinové lampé nemusime vidét, umozZnuje zmérit denzitometrie za pomoci
Scheimpflugovy kamery. S rostoucimi poZzadavky pacient( na refrakéni vysledek je kladen
velky dliraz na presnost predoperacnich méreni. Pomoci téchto vysetreni ziskdme mimojiné
parametry k vypoctu optické mohutnosti nitroo¢ni ¢ocky, coz jsou z refrakéniho hlediska
nezbytné udaje pro operaci. Keratometrem zjistime zakfiveni predni plochy rohovky a hodnoty
optické mohutnosti rohovky v daném meridianu. Pomoci barevnych topografickych map
ziskame dioptrické hodnoty odpovidajici namérenym polomérim krivosti jednotlivych c¢asti
rohovky a zjistujeme rohovkovy astigmatismus, ktery miZeme pfi operaci katarakty vyresit
pomoci narezll na rohovce, tzv. keratotomii nebo implantaci torické IOL. Biometrie slouzi k
vypoctu optické mohutnosti umélé ¢ocky. U optické biometrie je méfena opticka délka mezi
povrchem rohovky a pigmentovym epitelem sitnice, ktera je nasledné prepocitana na
geometrickou délku. Subjektivni zrakové funkce a jejich vliv na kaZdodenni cinnost
nemocného lze zjistit testem VF-14 (Index of Visual Functioning).

Aberometrie

Aberace vyssich rada predstavuji slozku refrakéni vady, kterou sférocylindricky nelze
vykorigovat. Aberometrie byla plvodné zkonstruovdna pro dignostiku a lé¢bu aberaci vyssich
radu po refrakénim laserovém zakroku. | pfi zacinajici katarakté se zvysuji aberace vyssich radu
a proto je pomoc tohoto pftistroje pfi diagnostice i pfi ndsledném porovnani predoperacnich a
pooperacnich hodnost, neocenitelna.

Kataraktova chirurgie

Podstata operace Sedého zakalu spociva ve vyjmuti — extrakci o¢ni ¢ocky. RozliSujeme
extrakci intrakapsuldrni a extrakapsularni. Intrakapsuldrni extrakce se dnes pouziva jen ztidka.
Spociva ve vyjmuti celé ¢ocky s intaktnim pouzdrem a nese sebou fadu komplikaci. Dnes se
prevaziné provadi exktrakapsularni extrakce, kdy je odstranéné zkalené ¢ockové jadro a kortex
Cocky se zachovanim prevainé casti ¢ockového pouzdra v plvodnim postaveni. Do
zachovalého pouzdra implantujeme nitrooéni ¢ocku. Nejcastéji technika extrakapsularni
extrakce spociva ve fakoemulzifikaci, kdy za pomoci ultrazvuku souéasné odsdavame a
vyplachujeme ¢ockové jadro a hmoty. Velmi perspektivni metodou v kataraktové chirurgii je
laserem asistovana operace katarakty. Pouzivany jsou dva typy laser(: Erbium: YAG laser (Er:
YAG) a Neodymium: YAG (Nd: YAG) laser. Pfednosti laserové operace katarakty je precizni
kapsulorhexe a rozmélnéni ¢ockového jadra a také fakt, Ze nedochazi k uvolnéni tepelné
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energie jako pfi fakoemulzifikaci. U nekomplikované katarakty operace trva pfiblizné 15
minut. Ke stabilizaci vidéni dochazi vétSinou za 2 az 4 tydny po operaci.

Nitrooc¢ni Cocky

Zjednodusené lze volit mezi dvéma typy Cocek: tvrdou a mékkou. Tvrdé cocky jsou
vyrobeny z polymetylmetakrylatu (PMMA), ktery ma vyborné optické vlastnosti, ale neni
elasticky. Takovato ¢ocka je tvrda a rigidni, jeji vlozeni vyZzaduje vétsi vstupni ranu, coz je hlavni
dlivod, pro¢ dnes prevaZzuje implantace ¢ocek mékkych. Mékké cocky jsou flexibilni, daji se
sloZit, srolovat a implantovat pomoci specialniho injektoru velmi malym fezem o velikosti 3,0
mm a mensim, s tim je pak spojeno mensi riziko endoftalmitidy a pooperacniho astigmatismu.
NejnovéjSim materidlem, ktery se zacina implantovat, je Collamer, kombinace silikonu
a kolagenu. Pacient si dnes v praxi mGzZe vybrat mezi ¢ockou standardni, plné hrazenou
zdravotni pojistovnou nebo nadstandardni (asférickou, torickou, multifokalni, akomodacni),
kde si doplaci. Vétsina nitroocnich ¢ocek je vybavena UV filtry, protoze vlastni lidska ¢ocka do
jisté miry UV- zafeni absorbuje, ¢imz chrani sitnici a ostatni struktury oka.

Zaver
Nespocet studii prokazuje vyrazné zlepsSeni zrakové ostrosti po operaci katarakty. Rozvoj

novych laserovych metod operace a biokompatibilnich materialG pro nitroo¢ni ¢ocky sebou
nese velmi nizky vyskyt komplikaci a pacientim prokazatelné zlepsuje kvalitu jejich Zivota.
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Change in refraction and aberration after cataract surgery
Author: Bc. Lenka Novotna, DiS.

Supervisor:  MUDr. Tomas Mnuk

Introduction

Cataract is clouding of the lens, which negatively affects vision. Cataract is one of the
physiological effects of aging, but it can lead to blindness. According to the World Health
Organization (WHO) is currently on the world over 20 million people going blind due to
cataracts, and in 2020 it should be up to 40 million people. So far, no conservative treatment
can delay cataract or stop its development. For this state of clouding of the lens currently
there is the best treatment surgical treatment - operation. Cataract surgery is one of the most
frequency surgical procedures. The main aim of surgery is to improve the patient's life.
Indications for surgery are subjective complaints of the patient, especially a reduction in visual
acuity and contrast sensitivity. Standard cataract surgery today is done on an outpatient
department through a small incision under local anesthesia technique of phacoemulsification
with implantation of soft intraocular lenses. Future development of cataract surgery recently
relies mainly on developing methods for laser-assisted cataract surgery. Rapid development
have also materials used to producing intraocular lenses, where their progression lead to
deveploment of bioanalogous materials and the fully accommodating intraocular lenses.

Cataract - causes, types, symptoms

Cataracts may be congenital or acquired. Causes of congenital cataracts are heredity,
teratogenic substances (drugs) and viral diseases during pregnancy. Some forms of acquired
cataracts have known causes. Elsewhere, we do not knot the causes and we are talking only
about cataractogenic factors. Its UV radiation, cigarette smoking, diabetes mellitus, or
corticosteroid therapy. Senile cataracts, which are the most common, can be divided
according to the localization of clouding into: nuclear, cortical, posterior subcapsular and
anterior subcapsular. Typical sign for nuclear cataract is clouding of nucleus, whith usually
slow development for several years.

Picture 1: Nuclear cataracts
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Brown nukleus of lens acquires a different index of refraction and eye make a myopic
eye. Cortical cataract starts as a clouding of the lens cortical layers.

Picture 2: Cortical cataracts

The degree of visual deterioration is different according to location and density of
cloudiness in the lens. Cataracts in the optical axis of the eye cause a greater decrease than
cloudiness at the edge of the ophthalmic lens. By posterior subcapsular cataract is cloudiness
located in the back layer of the lens cortex.

Picture 3: Posterior subcapsular cataracts

Often occurs by younger patients as a result of corticosteroid use, after ionizing
radiation, or after trauma. Anterior subcapsular cataract is rarer.
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Picture 4: Anterior subcapsular cataracts

Clouding of the lens occurs just below the front layer of case. In patients with cataracts
is due to light scattering deteriorates contrast sensitivity and glare occurs. Patients observe
impaired vision in the sun and driving. Disorders are common and color vision monocular
diplopia. As a result of changes in the refractive index of the lens material, there is myopic
eye, which in some patients led to the hold of glasses for near vision and they feel they have
better vision.

Preoperative examination

Very sensitive method in the diagnosis of incipient cataract is visual acuity under
reduced contrast of the light. To investigate the transparency of the eye lens is frequently use
a slit lamp biomicroscopy at mydriasis. Minimal changes in the transparency of the lens, which
slit lamp do not need to see, we can measure with densitometry with Scheimpflug camera.
With the increasing demands of patients in the refractive outcome is a great emphasis on the
accuracy of preoperative measurements. Through these tests we get, among others
parameters to calculate the optical power of intraocular lenses, which are the terms of
refractive information necessary for operation. With keratometer we find out curvature of
anterior corneal surface and the optical power of the cornea in a exist meridian. Use the color
topographic maps we obtained diopter values corresponding to the measured radius of
curvature of the individual parts of the cornea and we find out corneal astigmatism that we
can resolve in cataract surgery through incisions in the cornea called keratotomies or
implantation of toric IOLs. Biometrics is used to calculate the optical power of intraocular lens.
Biometrics is measured optical path length between the surface of the corneal and retinal
pigment epithelium which is subsequently converted to the geometric length. Subjective
visual functions and their impact on the daily activities of the patient's test can detect VF-14
(Index of Visual Functioning).

Aberration

Aberrations of higher order are a component of refractive error, which can not be repair
with sphero-cylindrical values. The instrument for measuring aberration was originally
designed allows diagnostic and treatment of higher order aberrations after refractive laser
surgery. Even when he cataract starts higher order aberrations are increasing and thus help in
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the diagnosis and the subsequent comparison of preoperative and postoperative rank
invaluable.

Cataract surgery

Principle of cataract surgery involves removal - extraction of the ophthalmic lens. We
have extraction intracapsular and extracapsular. Intracapsular extraction is now rarely used.
It consists in removing the whole lens with an intact capsule and brings many complications.
Today, mainly performs extracapsular extraction when the clouded lens nucleus is removed
and cortex of the lens by keeping the major part of the capsule remainin the original position.
The well-preserved capsule we implanted intraocular lens. Most often extracapsular
extraction technique consists in phacoemulsification, when using ultrasound simultaneously
vacuuming and washing the lens nucleus and matter. Very promising method in cataract
surgery is a laser-assisted cataract surgery. We used two types of lasers: Erbium: YAG laser
(Er: YAG) and Neodymium: YAG (Nd: YAG) laser. The advantage of laser cataract surgery is
precise and milling kapsulorhexe lenticular nucleus and the fact that it does not release heat
as during phacoemulsification. For uncomplicated cataract surgery takes approximately 15
minutes. Stabilized vision mostly occurs at 2-4 weeks after surgery.

Intraocular lenses

Simply you can choose between two types of lenses: hard and soft. Hard lenses are made
from polymethylmethacrylate (PMMA) having excellent optical properties, but is not elastic.
Such a lens is hard and rigid, its inclusion requires a larger entry wound, which is the main
reason why today prevails implantation of soft lenses. Soft lenses are flexible, they can be
folded, rolled and implanted using a special injector very small incision of 3.0 mm and smaller,
it is then associated with smaller risk of endophthalmitis and postoperative astigmatism. The
newest material that begins to be implanted, is collamer, a combination of silicone and
collagen. Patients today in practice can choose between a standard lens, fully paid by health
insurance or premium (aspherical, toric, multifocal, accommodative), where pacient have to
paid something. Most I0Ls are equipped with UV filters, because of the human lens absorbs
UV radiation, thereby protecting the retina and other structures of the eye.

Conclusion

Countless studies show a significant improvement in visual acuity after cataract surgery.
Development of new methods of laser surgery and biocompatible materials for intraocular
lenses carries a very low incidence of complications and patients significantly improved their
quality of life.
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Prizmaticka korekce
Autor: Bc. Tereza Ouhelova

Skolitel: Mgr. Matéj Skrbek

Prace celym svym ndzvem ,, Podminky uspéchu predpisu prizmatické korekce” je jednim
z nejvétsich otaznik( optometrické praxe. Zatim nebyla stanovena stoprocentné platna
pravidla pro predpis prizmatické korekce. Tento prispévek je pouze shrnutim zékladnich udajd
o tom, co je to prizmaticky ucinek a jak vznikd, kde se prizmatickd korekce vyuziva a jak Ize
prizmatickou korekci stanovit.

Co je to prizmaticky ucinek?

Opticky klin je hranol s bazi a dvéma ldmavymi plochami. Tento hranol s malym
lamavym uhlem se pouziva v pripadé, kdy je potreba odklonit chod svételnych paprskd od
pavodniho sméru.

Obrazek 10: Odklon chodu svételnych paprski od plvodniho sméru

Odchylku paprsku nazyvame deviace a lze ji vypocitat dle vzorce:
§=Mm-1) o,

kde & je deviaci paprsku, n je oznaceni pro index lomu hranolu a ¢ je ldmavy uhel
hranolu.

Deviaci mlZeme také nazvat prizmatickym uacinkem, jehoZz hodnotu uddvame
v prizmatickych dioptriich [pD]. Prizmaticky Gc¢inek jedné prizmatické dioptrie ma opticky klin,
ktery ve vzdalenosti jednoho metru odkloni paprsek o jeden centimetr.

Obrdzek 11: Prizmaticky ucinek

Prizmaticky ucinek Ize navodit decentraci brylové cocky, tj. posunem jejiho optického
vrcholu. Vyhodou takto navozeného prizmatického Ucinku je nizsi cena a brzké zhotoveni. Na
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druhé strané ale stoji fada nevyhod jako je napfiklad omezeny prizmaticky Ucinek, snizeni
kvality zobrazeni nebo nedostacujici primér cocky. Druhou moznosti jak dosahnout
pozadované prizmatické korekce je objedndni prizmatické cocky, kterou najdeme v katalogu
vyrobcl brylovych c¢ocek. Hlavni vyhodou je vy3si kvalita zobrazeni, minimalizace vad
zobrazeni a napriklad moznost zhotoveni jak sférické, cylindrické tak i bifokdlni nebo
multifokalni cocky. Nevyhodami jsou vSak naptiklad vyssi potizovaci cena a ¢ekaci doba vyroby
této Cocky. Specidlnim typem dosazeni prizmatického ucinku je Waferovo nebo Fresnelovo
prizma. Waferovo prizma z umélé hmoty lze pfipevnit na normalni brylové sklo. Je sloZzeno
z fady hranoll formovanych do prouzku.

—

| i
Obrdzek 12: Waferovo prizma

NovéjSim typem je Fresnelovo prizma tvofeno soustavou prizmat s bazemi
orientovanymi shodné. Jsou to folie, jejichz hlavni vyhodou je lehkost, ztenceni a snadna
manipulace. Nalepuji se na zadni ¢ast brylového skla vsazeného do brylové obruby. SniZuji vsak
zrakovou ostrost a kontrastni citlivost nositele.

Obrdzek 13: Fresnelova folie

Velikost prizmatického ucinku Ize vypocitat dle Prenticeho rovnice. Prizmaticky ucinek
A, ktery bude na oko pusobit, bude-li se divat mimo opticky stfed ¢ocky o vrcholové ldmavosti
S’ Ize vypocitat dle vzorce: A = dec-|S’| / 10.

Tato rovnice byla pozdéji rozsSifena Weinholdem, ktery ve svém vzorci respektuje
vzdélenost brylové ¢ocky od oka: 4 = dec - |S'| /1 —(d + 0,013) - S".

Vyuziti prizmatické korekce

Binokularni vidéni znamend vidét obéma olima pozorované objekty. Jednoduché
binokularni vidéni umoznuje vytvoreni jednoduchého obrazu pozorovaného predmétu, je to
schopnost vidét obéma olima pozorovany predmét jednoduse (ne dvojité). Stupné
jednoduchého binokularniho vidéni jsou 1. superpozice, tj. schopnost prekryt obéma ocima
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nestejné obrazky; 2. flze, tj. spojit obraz pravého a levého oka v jeden smyslovy vjem; 3.
stereopse, tj. vytvofit hloubkovy viem pozorovanych obraz(.

Mezi binokularni o¢ni pohyby fadime verzi (pohyb oéi ve stejném sméru) a vergenci
(pohyb oci v opaéném sméru). Mezi vergencni, nekonjugované (disjunktivni), pohyby fadime
konvergenci (pohyb oci smérem dovnitf) a divergenci (pohyb o¢i smérem ven).

Prizmatickou korekci pouzivame k navozeni disjunktivnich (vergencnich) pohybu, kdy se
oCi hybou opacnym smérem. Setkame se s ni zejména pfi korekci forii a tropii.

Nejprve je nutno fici, Ze ortoforie, neboli rovnovaziny stav okohybnych svall, kdy je
dosazeno jednoduchého binokuldrniho vidéni bez odchylky fixace obou oci, osy vidéni obou
oci jsou pfi pohledu do dalky rovnobézné a po zruseni fuze se vzdjemné postaveni o¢i nezméni,
se v populaci vyskytuje pouze ve 20 %. (DiviSova, 1990)

Heterotropie, neboli strabismus, tj. zjevné Silhani, je stav o¢niho aparatu, kdy osy vidéni
se neprotinaji ve stejném bodé, a je poruseno jednoduché binokuldrni vidéni. Tato porucha je
navenek provazena asymetrickym postaveni oci. Korekce heterotropie je spiSe v kompetenci
prace oftalmologu.

Heteroforie je na rozdil od heterotropie skrytym, latentnim Silhanim. Vyznacuje se
nerovnovahou zevnich ocnich svall po zruseni fuze. Je to porucha binokularni fixace pravé po
zruSeni fuze. Z hlediska etiologie rozliSujeme heteroforii statickou, kterd je podminéna
vrozenymi anomaliemi ocnic, o¢nich bulbt nebo ocnich svall, dale akomodacni zplsobenou
poruchou AC/A poméru (pomér akomodacni konvergence na jednotku akomodace), anebo je
heteroforie poruchou neurogenni. Dle sméru odchylky rozliSujeme heteroforie horizontalni
(esoforie- smérem dovnitf a exoforie-smérem ven), vertikalni (hyperforie a hypoforie),
cykloforie (excykloforie nebo incykloforie) nebo odchylky smisené.

Heteroforie mizeme rozdélit na kompenzovanou, kdy je vergencni systém schopen sam
odchylku prekonat a neni nutna korekce vady. Korigovat je ale potfeba dekompenzovanou
heteroforii, kdy vergencni aparat neni schopen sdm odchylku prekonat, nastava rozmazané
vidéni, diplopie i astenopické potize a mlze vzniknout fixacni disparita, neboli odchylka
fixacnich os, kdy jednoduché binokularni vidéni je zachovano.

Disociovana heteroforie je stav, kdy fixacni linie oci jsou v odchyleném postaveni,
nefixuji bod a fuze je zruSena. Vysetreni Ize provadét napriklad pomoci Maddoxova testu.

Asociovana heteroforie neboli Uhlova odchylka fixace je stav ocniho aparatu, kdy oci
v odchyleném postaveni fixuji, je zde pritomnost fuze i fuznich podnétl. Vysetfeni Ize
provadét pomoci metod MKH a Malletova testu.
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Obrdzek 14: Malletiv test

Stanoveni prizmatické korekce

Diagnostika heteroforie je moznd pouze po zruseni fuznich podnétd (napfiklad zakryti
jednoho oka, mechanické rozdéleni vjemu pravého a levého oka, cerveno-zelené testy). Pokud
pouzivdme centralni nebo periferni fuzni podnét, diagnostikujeme a mérime fixacni disparitu.

Vysetreni heteroforie bychom méli zacinat zakryvacim testem, kdy heteroforii jsme
schopni zjistit rychlym stfidanim zakryvaci desticky a pozorovanim odkryvaného oka.

MaddoxUv test se skladd z Maddoxova kfiZze s bodovym zdrojem svétla a Maddoxovy
desticky s liniemi, kterou predloZzime pred jedno oko. Na kfiZi pak miZeme pfimo zjistit
velikost a smér uchylky (tj. vzdalenost posunuti linie vyvolané bodovym zdrojem svétla pres
desticku).

Bagoliniho skla jsou skla s vroubky pod Uhly 135° a 45°, po jejich predlozZeni pred obé oci
dochazi k rozptylu bodového zdroje svétla do dvou linii kolmo na smér vroubkovani.

Schoberlv a Worth(v test jsou anaglyfni testy, které Ize pouzit pro vysetrovani do dalky
i do blizka.

Metoda MKH jako soucast polatestu je nejnovéjsi metodou méreni heteroforie a fixacni
disparity. Obsahuje nékolik test(, kdy pouze K-test vySetfuje heteroforii a jeji motorickou ¢ast,
ostatni testy jako je ruci¢kovy (R), hakovy (H-test), stereotest (S) a stereovalencni test (SV)
slouZi k diagnostice a méreni fixacni disparity.
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Obrdzek 15: Schobertv test, Maddoxav kriz, Worthova svétla, MKH

Graefovo prizma je vertikdIni prizma 6-8 pD, které se predklada pred jedno oko
k vytvoreni umélé diplopie. Theringtonova varianta je modifikaci do dalky i do blizka, kdy pres
prizma 12 pD dochazi k posunu Sipky na stupnici, kterd ukazuje na velikost a smér uchylky.

Obrdzek 16: Karta forii

Dalezité je vidy spravné vykorigovat refrakéni vadu. Napfriklad nekorigovany
hypermetrop bude mit sklon k esoforii, myop naopak k exoforii. Korekci heteroforii miizeme
provadét pomoci ortoptického vycviku na haploskopu- troposkop, synoptofor, kde posilujeme
opacnou Sitku fuze (u esoforie cviceni negativni fuzni rezervy- divergence).

Predpis prizmatické korekce se fidi nékolika pravidly:
e Maddoxovo pravidlo - esoforii nad 3 pD korigujeme 50%, exoforii nad 2 pD 60% a
vertikalni tuchylky 80-100%
e Sheardovo kritérium - opacné orientovana Sirka fuze musi byt velkd alespon jako
dvakrat hodnota heteroforie, aby nevznikala astenopie: OSF > 2 x HTF

e Percivalovo kritérium - prizmaticky ucinek dle vzorce: A = % VFR — g MFR, kde VFR

jsou vétsi fuzni rezervy a MRF mensi fuzni rezervy

e MKH - pravidlo pfedpisu plné namérené korekce.

e Rutrle doporucuje pfi korigovani pomoci prizmatickych ¢ocek zacinat vloZzenim 1 pD
v horizontdlnim sméru, pro uchylku ve sméru vertikdlnim 0,5 pD. Na 4 pD by mélo
dochazet k posunu vztazeného bodu brylové ¢ocky o 1 mm proti sméru baze.

NezZddouci Uc€inky prizmatické korekce jsou nejc¢astéji zkresleni vjemu, barevna vada,
makropsie nebo mikropsie (zvétSeni nebo zmenseni pozorovaného objektu). Nositelé si
mohou stéZovat na bolesti hlavy i o€i, je zde delsi doba navyku.

Zaver

Tento pfispévek je pouze kratkym shrnutim zakladnich bodd pfi diagnostice a korekci
heteroforie pomoci prizmatickych korekénich pomicek. Zdaleka zde neni obsaZzeno vse, ¢im
Ize prizmatickou korekci charakterizovat. Aplikace prizmatické korekce je velice individualni

zaleZitosti a je tfeba ke kazdému klientovi pfistupovat s individualni pééi. Prace ,,Podminky
uspéchu predpisu prizmatické korekce” nebude tedy slouZit jako ndvod pro predpis
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prizmatické korekce, spiSe bude zmapovanim nejvyuzivanéjsSich metod diagnostiky a korekce
heteroforii napti¢ Uzemim Ceské republiky. Prace bude poskytovat informace o
nejvyuzivanéjSich metoddach, pravidlech predpist i napriklad objednavkach prizmatickych
cocek na zakladé nejvétsi uspésnosti a spokojenosti klient(.
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Prismatic correction
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The full name of the thesis “Conditions for the success of the prescription of the
prismatic correction” is one of the biggest question marks optometric practice. It hasn’t been
determined 100% valid rules for prescription of prismatic correction yet. This text is only a
summary of the basic data about what is the prismatic effect and how it works, where we can
use prismatic correction and how we can determine amount of prism.

What is the prismatic effect?

The optical prism has got a base and two faces. This optical prism with a small angle on
the top is used when it is necessary to divert the course of the light rays from the original
direction.

Picture 1: The deviation of the ray

The deviation of the ray we can call the deviacy and it can be calculated according to the
formula:

§=Mm-1) o,
where § is the deviacy of the prism, n characterized the conditions and material of the
optical prism and ¢ is an angle of optical prism. The deviacy we can also call prismatic effect.

Its value we can set in prismatic diopter [pD]. Prismatic effect of a single diopters has the
optical prism, which deflects the ray about one centimeter at a distance of one meter.

Picture 2: Prismatic effect

Prismatic effect can be induced by moving optic center of spectacle lenses. The
advantage of this method is lower price, and speedy creation. On the other side there is a
number of disadvantages such as limited prismatic effect, reduce visual quality or insufficient
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of the diameter of the lens. The other option to achieve the desired prismatic correction is
ordering prismatic lenses, which we can find in the catalog of the manufacturers of spectacle
lenses. The main advantage is the higher visual quality, minimizing the defects on the vision
and, for example, the possibility of making spherical, cylindrical and bifocal or multifocal
lenses. Disadvantages are, however, such as higher cost and waiting time of production of this
lens. A special type of achieve the prismatic effect is Wafer or Fresnel prism. Wafer prism
made of plastic can be attached to a normal eyeglass in the frame. It is composed of series of
optical prisms formed into the strip.

—

| r
Picture 17: Wafer prism

The newer type is Fresnel prism consists of a system of focal point with the bases
oriented identically. Its composed by the foils, whose main advantage is lightness, thinning
and easy handling. Plastic foils can be fixed on the back part of spectacled glass in frames.
However, Fresnel prism can reduce visual acuity and contrast sensitivity for the wearer.

Picture 18: Fresnel prism

The amount of the prismatic effect can be calculated by Prentice's equation. Prismatic
effect A, which affect the eye looking out of the optical center, can be calculated according to
the formula: 4 = dec-|S|/ 10.

This equation was later extended by Weinhold. His new formula respects the distance
of the lenses from the eye: 4 = dec-|S| /1 —(d 0,013) - S".

The use of prismatic correction

Binocular vision means seeing with both eyes observed objects. Simple binocular vision
allows the creation of simple image of observed object, it is the ability to see with both eyes
the object observed simply (not double). The degrees of simple binocular vision are:

1. superposition, i.e. the ability to overlay both eyes different images; 2. fusion, i.e. to
combine the image of the right eye and the left eye in one sense; 3. stereopse, i.e. to create
an in-depth perception of the observed images.
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The binocular eye movements are version (the movement of the eyes in the same
direction) and vergence (eye movement in the opposite direction).

To the vergence eye movements we can include unconjugated (disjunctive) movements
such as convergence (movement of the eyes inward) and divergence (eye movement
outward).

Prismatic correction we can use to induce disjunctive (vergence) movements when the
eyes move in the opposite direction. We can use especially for the correction of phoria and
tropia.

First it is necessary to say what is ortophoria. Ortophoria or equilibrium of the
oculomotor muscles is achieved by a simple binocular vision without deviations of the fixation
of both eyes, the axis of vision of both eyes looking into the distance are parallel and after
cancel the fusion there is no deviation of the position of the eyes. Ortophoria occurs only 20%
in the population. (Divisova, 1990)

Heterotropia, or strabismus, i.e. obvious strabismus, is the condition of the vision
apparat, when the axis of vision do not intersect in the same point, and is violated simple
binocular vision. This disorder is outwardly guided by the asymmetrical position of the eyes.
Correction heterotropia is rather in the competence of the work of the ophthalmologists.

On the other hand of heterotropia, heterophoria is hidden. It is characterized by an
imbalance of the external ocular muscles after the cancellation of the fusion. It is a disorder
of binocular fixation just after the cancellation of the fusion. From the perspective of etiology,
we distinguish heterophoria static, which is determine by congenital anomalies of the orbits,
the eye or the eye muscles, further accommodative heterophoria caused by the disorder of
the AC/A ratio (ratio of accommodative convergence per unit of accommodation), or
heterophoria as a neurogenic disorder. According to the direction of the deviation we
distinguish heterophoria horizontal (esophoria - inwards and exophoria-outwards), the
vertical (hyperphoria and hypophoria), cyclophoria (excyclophorie or incyclophoria) or mixed
deviations.

Heterophoria can be divided into compensated, when vergence system can overcome
the deviation and it is not a required correction of defects. But we have to correct
decompensated heterophoria, when vergence system is not able to overcome the deviation,
occurs blurred vision, diplopia and asthenopic disorders and may cause fixation disparity, or
the deviation of the fixation axis, where the simple binocular vision is maintained.

Dissociated heterophoria is a condition where the fixation lines of the eyes are in
deflected position, do not fixed close point and the fusion is cancelled. The examination can
be performed, for example, using Maddox test.

Associated heterophoria or the angular deviation of the fixation is a condition where the
eyes in the deflected position fix, there is the presence of fusion and fusion stimulus. The
examination can be carried out using the methods of MKH and Mallet test.
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Picture 19: Mallet test

Determining prismatic correction

Diagnosis of heterophoria is possible after the abolition of the fusion stimulus (e.g.
covering one eye, the mechanical division of the visual perception of the right and left eye, a
red-green tests). If we use the central or peripheral fusion stimulus we diagnose and measure
fixation disparity.

Examination of heterophoria should begin with the cover test, we are able to find
heterophoria by rapid alternation of a shell plate, and observing the not covered eye.

Maddox test consists of Maddox cross with a point light and Maddox plate glass with
lines, which we put in front of one eye. On the cross, there we can directly determine the size
and direction of the deviations (i.e. distance of displacement of the line induced by the point
light across the plate).

Bagolini glass are glass with striations under the angles of 135° and 45°, after their
submission in front of both eyes occurs to the variance of the point light source into two lines
perpendicular to the direction of the striations.

Schober and Worth tests are anaglyphic tests that can be used for the investigation of
into the distance and into close range.

Method MKH (Measuring and Correction Method According Haase) as part of polatest
is the latest method of measurement of the heterophoria and fixation disparity. It contains
several tests, when only the K-test is convincing heterophoria and its motoric part, other tests
such as dial (R), hooked (H-test) stereotest (S) and stereovalence test (SV) used for diagnosis
and measurement of fixation disparity.
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Picture 20: Schober test, Maddox cross, Worthova test, MKH

Graef prism is a vertical prism of 6-8 pD, which is presented in front of one eye to the
creation the artificial diplopia. Therington’s variant is a modification to the distance and near
measuring, when through the prism 12 pD occurs to shift the arrow on the scale which shows
the size and direction of deviations.

Picture 21: Measuring of phorias

Most important is right correction of refractive defect. For example, the uncorrected
hyperopia will have a tendency to esophoria, myopia contrary to exophoria. We can also use
ortoptic training on haploscope device - troposcope, synoptophore. We can train the opposite
width of the fusion (we train negative fusion reserves — divergence in esophoria).

Prescription of prismatic correction is governed by several rules:

e Maddox’s rule — esophoria above 3 pD correct by 50%, exophoria over the 2 pD by 60%
and vertical deviations by 80-100%

e Sheard’s criterion - opposite-oriented width of fusion must be higher than twice of the
value of heterophoria, in order to avoid asthenopic disorders: OOF > 2 x HTF

e Percival's criterion - prismatic effect according to the formula: A = 1/3 HFR- 2/3 LFR,
where HFR is higher fusion reserve and LFR lower fusion reserve

e MKH - the full measured correction.
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e Rutrle recommended to start correcting by using prismatic lenses 1 pD in the
horizontal direction, for deviation in the vertical direction is 0.5 pD. On the 4 pD, there
should be a shift in relation to point about 1 mm against the direction of the base.

Unwanted effects of prismatic correction are most often a distortion of perception,
chromatic aberration, macropsia or micropsia (zoom in or out of the observed object).
Wearers may complain of headaches and pain of the eye, there is a longer period of
habituation.

Conclusion

This text is only a brief summary of the essential points in the diagnosis and correction
of heterophoria by prismatic correction. There isn’t everything that can characterized
prismatic correction. The application of prismatic correction is a very individual matter and it
is necessary to each client approached with individual care. The thesis "Conditions for the
success of the prescription of the prismatic correction"” will not, therefore, serve as a guide for
the prescription of the prismatic correction. Rather it will be by mapping the most highly used
methods of diagnostics and correction of heterophoria across the Czech Republic. The thesis
will provide information on the most relevant methods, rules, regulations and for example,
the orders of the prismatic lenses depends on success rate and contentment of the wearers.
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Zmeny endotelovych bunék rohovky a nitroocni tekutiny po
operaci katarakty fakoemulzifikaci a za asistence
femtosekundového laseru.
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Abstrakt

Cilem této studie je zjistit, jak laser, pouzivany pfi operaci katarakty, ovliviiuje tkané
rohovky. Pacienti jsou rozdéleni do dvou skupin podle podstoupené techniky operace
katarakty. Prvni skupinu tvofi pacienti operovani manualni technikou, druhou skupinu tvofi
pacienti operovani za asistence femtosekundového laseru. Jsou porovnavany vysledky obou
skupin z predoperacniho a pooperacniho vysetreni rohovkového endotelu a pH nitroocni
tekutiny. Méreni pH nitrooc¢ni tekutiny je provadéno pomoci vlaknového senzoru zalozeného
na detekci fluorescence zavislé na pH.

Uvod

Katarakta je definovana jako zkaleni cocky, coZ zpUsobuje snizeni zrakové ostrosti.
Katarakta je nejCastéjsi pri¢inou slepoty a jeji operace je svétové nejcastéji provadénym
chirurgickym zakrokem. Jeji vyskyt roste s vékem. Jedinou moZnou lécbou je chirurgické
odstranéni zkalené cocky a jeji nahrazeni umélou nitroocni ¢ockou. [1, 2]

Ve vyspélych zemich je nejcastéji pouzivanou metodou operace fakoemulsifikace. Pro
rozdéleni zkalené ¢ocky je vyuzito ultrazvuku. [3]

Manualni chirurgické nastroje, pouzivané pro tvorbu incizi a v dalSich krocich operace,
mohou byt ¢astecné nahrazeny technologii femtosekundového laseru. Jejim cilem je zvySeni
presnosti a bezpecnosti zakroku. | zde je vsak riziko vedlejsich ucinka. [2, 4]

Femtosekundovym laserem asistovand operace katarakty vyuZziva mechanismu
fotodisrupce pro tvorbu incizi, k otevieni predniho pouzdra ¢ocky a pro fragmentaci ¢ocky.
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Obr. 1: Mechanismus fotodisrupce. A absorpce energie laseru, B formovadni
plasmatu a kavitacnich bublin, C expanze plynu a oddéleni tkané. [2]

Energie femtosekundového laseru je absorbovéna tkani, coz vede k formovani
plasmatu. Plasma rychle expanduje a tvofi se kavitacni bubliny. Jejich silou dochazi k oddéleni
tkané. Plynové kavitacni bubliny, které jsou viditelné pri laserové procedure, mohou zpUsobit
zménu pH nitrooc¢ni tekutiny, coZz mize ovlivnit tkané oka. [2, 4]

Cilem této studie je zjistit, jak laser pouzivany pfi operaci katarakty ovliviiuje tkané
rohovky, zvlasté rohovkovy endotel

Metodika

Tato studie se skldda ze dvou ¢asti a to z analyzy poctu a morfologie bunék rohovkového
endotelu a z méfeni pH nitrooc¢ni tekutiny. Pacienti jsou rozdéleni do dvou skupin podle
podstoupené techniky operace katarakty. Prvni skupinu tvofi pacienti operovani manudlni
technikou, druhou skupinu tvofi pacienti operovani za asistence femtosekundového laseru
s vyuzitim platformy Victus.
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Obr. 3: Femtosecond laser platform Victus, vizualizace incizi. Na fotografii
jsou viditelné kavitacni plynové bubliny.

Analyza bunék rohovkového endotelu
Rohovkovy endotel je tvofen jednou vrstvou bunék pokryvajicich vnitini plochu rohovky.

[1, 3]

Analyza bunék rohovkového endotelu se bude skladat z predoperacnich a nékolika
pooperacnich vysetieni. VySetieni probihaji na privatni O¢ni klinice Jana LeStaka, s.r.o. pomoci
KONANA MEDICAL CELL CHEK XL Clinical Specular Microscope. Jednd se o endotelovy
mikroskop, jehoZz software provadi analyzu poc¢tu a morfologie bunék endotelu. Vystup
z vySetfeni je uveden na obrazcich 4 a 5.

201



Vil. CSKO

APEX
% 4 6 8 10 12

50

200 400 600 800 1000
AREA

3086/
25

HEX 56%
NUM 169cels

543 IR |

Méreni pH nitroocni tekutiny
Nitrooc¢ni tekutiny vypliuje predni a zadni komoru oka. Fyziologické pH se pohybuje
vrozmezi od 7,3 do 7,6. V pribéhu forodisrupce tkdné mize byt pH nitrooc¢ni tekutiny
ovlivnéno preménou oxidu uhli¢itého CO; ,v kavitacnich bublinidch, na kyselinu uhli¢itou
H,COs. To vede ke snizeni pH nitroocni tekutiny. [4]

20. 10. 2016

Obr. 4: Analyza endotelovych bunék. CD — pocet bunék na milimetr Ctverecni,
CV—koeficient variace, HEX — procentudlni pocet hexagondlnich bunék, NUM
— pocet bunék pouZitych pro kalkulaci, PACHY — tloustka rohovky.

Obr. 5: Analyza endotelovych bunék. Vizualizace a zvyraznéni obrysi bunék.

Vzorky nitroocni tekutiny o objemu pfiblizné 0,1 ml jsou odebirany po laserové
procedure, u pacientli operovanych za asistence femtosekundového laseru, a pred tvorbou
incizi u pacient(l operovanych manudlni technikou.
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Obr. 6: Odbér vzorku nitroocni tekutiny

Prvni vzorky byly méfeny v Ustavu fotoniky a elektroniny AV CR, v. v. i. pomoci
vldknového senzoru pro méreni pH. Priimér optického vilakna byl sniZzen z konvencnich 125
um na 20 um a sonda byla pokryta pH-senzitivni vrstvou. Tento senzor je zaloZen na
fluorescenénim pH-senzitivnim barvivu (iontovy par HPTS a CTAB). [5, 6]

D S——

20 pm

Obr. 7: Hrot viaknového senzoru. [6]

Jako excitaéni zdroj jsou pouzity laserové diody emitujici na 405 nm a 450 nm. Emitované
svétlo je nasledné sbirano ve zpétném sméru optického vidkna. [5]

405 nm LD
coupler
450 nm LD, coupler
spectrometer
I conector
PC probe

Obr. 8: Schéma mériciho pfitroje. [5, 6]

Odpovéd senzoru byla vyhodnocena jako pomér R (1) intenzit fluorescence pfi excitaci
pfi 450 nm a 405 nm.

1

14-05
Tento pomér byl pro vypocet pH porovndn a kalibracni kfivkou, ktera byla vytvorena po

proméreni pufri.
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Obr. 9: Kalibracni krivka a rovnice

Vysledky a diskuse

Analyza bunék rohovkového endotelu
Byla provedena prvni predoperacni vysetieni u obou skupin pacient(. V dalSim kroku

20. 10. 2016

studie budou data z predoperacnich vySetieni doplnéna o data z pooperacnich vysSetieni.

Vypovédni hodnota vysledk(l bude vyhodnocena podle odchylky méreni, ktera byla uréena
opakovanym mérenim jednoho konkrétniho oka.

Cells/mm?2 Cells/mm?2

1 3040 8 3086
2 3115 9 3155
3 3003 10 3106
4 3077 11 3115
5 3205 12 3012
6 3125 13 3040
7 3058 14 3096
Arithmetic mean 3088
Standard deviation 53.5
Coefficient of variation (%) 1.73

Tab. 1: Stanoveni odchylky méreni

Méreni pH nitroocni tekutiny
Pilotni skupina vzork(l byla proméFena na Ustavu fotoniky a elektroniky. Vysledky jsou

uvedeny v nasledujici tabulce 2.

Patient number pH Technique of the operation

1 7.59 manual technique

7.51 manual technique
3 7.60 manual technique
4 7.66 manual technique
5 7.65 manual technique
6 7.66 femtosecond laser
7 7.29 manual technique
8 7.49 femtosecond laser

Tab. 2: Méreni pH nitroocni tekutiny
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Cilem této studie bylo ovéreni metodologie analyzy endotelovych bunék a méfeni pH
nitrooCni tekutiny. Vzorky nitroocni tekutiny nebyly méreny ihned po jejich odbéru, proto
pravdépodobné nejsou vysledky presné.

Zaver

V této préci byla demonstrovana metodologie a prvni vysledky nasi studie. Cilem je urcit,
jak laser, pouzivany pfi operaci katarakty, ovliviiuje tkané rohovky. Dokazali jsme vhodnost
zvolené metodiky. Dalsim krokem studie bude doplInéni dat z pfedoperacnich vysSetieni o data
z pooperacnich vysSetfeni rohovkového endotelu. Pro dosaZzeni presnych vysledkd bude
méreni pH nitroo¢ni tekutiny provadéno ihned po odbéru vzorku.
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Abstract

The aim of the study is to determine, how the laser, used in cataract surgery, affects the
tissue of the cornea. Patients are divided into two groups, according to different undertaken
technique of the operation. In the first group are patients, who were operated by manual
technique of cataract surgery. In the second group are patients, who were operated by
femtosecond laser-assisted cataract surgery. We will compare results of preoperative and
postoperative endothelial microscopy and pH of aqueous humor in both groups.
Measurement of pH of aqueous humor is realized by fiber-optic probes based on detection of
fluorescence, which depends on pH.

Introduction

Cataract is defined as any opacity of the lens in the eye. It leads to a decrease in visual
acuity. Cataract is the most common cause of blindness and cataract surgery is the most
commonly performed surgical procedure in the world. Cataracts become more common with
age. The only possible treatment of cataract is surgical remove opaque lens and implant
artificial intraocular lens. [1, 2]

Phacoemulsification is the most widely used cataract surgery in the developed world.
This procedure uses ultrasonic energy to emulsify the cataract lens. [3]

Manual surgical instruments, which are used for creating incisions and other steps of
procedure, may be partly substituted by femtosecond laser technology. Aim of this technology
is to improve safety and accuracy. However it has also disadvantages in side effects. [2, 4]

Femtosecond—laser assisted cataract surgery uses mechanism of phorodisruption for
creating incisions, for opening the anterior lens capsule and for lens fragmentation.
Femtosecond laser energy is absorbed by the tissue, resulting in plasma formation. This
plasma rapidly expands, creating cavitation bubbles. The force of the cavitation bubble
separates the tissue. Cavitation gas bubbles, visible during laser procedure, may cause
changes in pH of the aqueous humor, which may affect other tissues of the eye. [2, 4]
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Picture 1: Mechanism of Phorodisruption, A laser energy absorption, B
plasma and cavitation bubbles formation, C gas expansion and tissue
separation [2]

The aim of the study is to determine, how the laser, used in cataract surgery, affects the
tissue of the cornea, especially corneal endothelium.

Materials and methods

This study consists of two parts, analysis of the number and morphology of corneal
endothelial cells and aqueous humor pH measurement. Patients are divided into two groups,
according to different undertaken technique of the operation. In the first group are patients,
who were operated by manual technique of cataract surgery. In the second group are patients,
who were operated by femtosecond laser-assisted cataract surgery using femtosecond laser
platform Victus.
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Picture 2: Femtosecond laser platform Victus (TECHNOLAS Perfect Vision)

ScaleWidth = 20.937 mm
ScaleHeight = 15.673 mm

Picture 3: Femtosecond laser platform Victus, visualisation of incisions.
Cavitation gas bubbles are visible.

Analysis of endothelial cells
Endothelium is a single layer of cells and covers inner surface of the cornea. Endothelium
does not regenerate. [1, 3]

Analysis of corneal endothelial cells will consist of preoperative and several
postoperative examinations (after 1 week, 1 month). Examinations are performed at the
Private Eye clinic JL, s.r.0. in Prague on KONANA MEDICAL CELL CHEK XL Clinical Specular
Microscope. Appliance takes photo of endothelium and software performs analysis of number
and morphology of endothelial cells. Output from examination is shown at Figure 4 and Figure
5.
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Picture 4: Analysis of endothelial cells. CD-number of cells per square
millimetre, CV- coefficient of variation, HEX- percentage of hexagon (six-side)
cells, NUM- number of cells used for calculation, PACHY- corneal thickness.
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outline.

Agueous humor pH measurement

Agueous humor is liquid, which fills the anterior and posterior chamber of the eye.
Physiological pH ranges from 7.3 to 7.6 and may be affected during photodisruption by
transformation of carbon dioxide CO; to carbonic acid H,COs. It leads to an acid shift of the
aqueous humor pH. [4]

Samples of 0.1 mL of aqueous humor are collected after laser procedure, in
femtosecond-laser group, and before incision are made in the phacoemulsification group.

-

e .

Picture 6: Aqueous humor sample collection

First samples were measured in the Institute of Photonics and Electronics of the CAS in
dislocated laboratory in Prague Suchdol by fiber-optic pH detection. The diameter of the
optical fibers was reduced from the conventional 125 pum to 20 um and tapered-fiber probes
were coated by the sensing layers. The sensor is based on fluorescent pH-sensitive dye - an
ion pair of 8hydroxypyrrene-1,3,6-pyrene trisulfonic acid trisodium salt (HPTS) and
hexadecyltrimethylammonium bromide (CTAB) immobilized on the tip of tapered-fiber
probes. [5, 6]
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Picture 7: Tapered-fiber probe tip [6]

Laser diodes, emitting at 405 nm and 450 nm are used as excitation sources. Emitted
light is collected in a back-direction by the optical fiber probe. [5]

coupler

coupler

spectrometer

[

conector

PC

probe

Picture 8: Scheme of the measurement instrument. [5, 6]

Response of the probe was evaluated as a ratio R (1) of fluorescence intensities for
excitation at 450 nm and 405 nm respectively. [5]

I
R = 230 (1)
L4os

Ratio R was compared with the calibration, compiled by buffer measurement, for
calculating the pH value.

Calibration
1,5
1,25

RO,75 y = 0,4137x - 1,8472

0,5
0,25
0
5,5 6 6,5 7 7,5
pH

Picture 9: Calibration curve and equation
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Results and discusion

Analysis of endothelial cells

First preoperative examinations were performed in both groups of patients. Data will be
completed with postoperative examinations in next step of this study. Predictive value of the
results will be evaluated according to measurement of deviation.

Cells/mm?2 Cells/mm?2

1 3040 8 3086
2 3115 9 3155
3 3003 10 3106
4 3077 11 3115
5 3205 12 3012
6 3125 13 3040
7 3058 14 3096
Arithmetic mean 3088
Standard deviation 53.5
Coefficient of variation (%) 1.73

Chart 1: Measurement of deviation

Aqueous humor pH measurement
Pilot group of samples of aqueous humor were measured in Institute of Photonics and

Electronics.
Patient number pH Technique of the operation
1 7.59 manual technique
2 7.51 manual technique
3 7.60 manual technique
4 7.66 manual technique
5 7.65 manual technique
6 7.66 femtosecond laser
7 7.29 manual technique
8 7.49 femtosecond laser

Chart 2: Aqueous humor pH measurement

The aim of the study was to verify methodology of endothelial cells and aqueous humor
pH measurements. The pH samples were not measured immediately after their collecting and
therefore our results are probably not correct.

Conclusions
In this paper we have demonstrated methodology and the first results of our study. The
aim was to determine, how the laser, used in cataract surgery, affects the tissue of the cornea.

We have proved that the chosen methodology is appropriate for measurement of
aqueous humor pH and for analysis of endothelial cells.
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Next step of this study will be concern on summarize of preoperative and postoperative
data from examinations of endothelial cells. Measurement of pH will be performed
immediately after sample collecting to achieve exact results.
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Autor: Bc. Nikola Repkova
Skolitel: Mgr. Matéj Skrbek
Uvod

Konvergence je staceni obou bulbi smérem dovnitf a velmi Uzce je spojena s akomodaci.
Kdyz se divdme na blizky predmét, osy obou odi se sbihaji tak, aby paprsek dopadl na Zluté
skvrny obou odi.

Konvergenci umozniuji zevni o¢ni svaly. Jedna se vlastné o disjunktni souhyby oci, které
umoziuji zménu fixaéni vzdalenosti i pozorovaci thel. Reflex konvergence se vyviji kolem 5. az
6. mésice Zivota ditéte.

Konvergence se uskutecnuje skrze motorickou fuzi, to znamen3, Ze se oci pohybuiji tak,
aby se zrakové osy zaméfrily na sledovany objekt. Pokud se tak stane, mUzZe nastat senzoricka
fuze, ktera umoznuje sloucit dva stejné nebo témér stejné sitnicové obrazy so jednoho
binokularniho viemu.

Konvergenci vétSinou udavame pomoci jednotky prizmatickd dioptrie. Jednu
prizmatickou dioptrii definujeme jako odchylku o¢i o jeden centimetr od pfimého sméru na
vzdalenost jeden metr. Ztoho mlZeme odvodit, Ze Uhel konvergence obou oéi udany
v prizmatickych dioptriich odpovida pupilarni vzdalenosti udané v centimetrech vydélené
pozorovaci vzdalenosti v metrech. Jestlize potfebujeme popsat konvergenci pouze jednoho
oka (coz pfi zjistovani asymetrické konvergence potfebujeme), musime udavat polovi¢ni
hodnotu pupildrni vzdalenosti.

Stejné jako ma akomodace blizky bod, tak ma i konvergence blizky bod (near point of
convergence, NPC). Je to nejmensi vzdalenost pfedmétu nachdzejiciho se pred okem, kdy jesté
tento predmét vidime jednoduse. Nebyva stejné velky jako blizky bod akomodace a také se
v prlibéhu Zivota pfilis neméni. Ve 40. roce Zivota byva vétSinou vzdalen asi 8 centimetrd od
kofene nosu a ve 20 letech asi 5 centimetr(. Pokud je blizky bod konvergence vétsi nez deset
centimetr(, je konvergence nedostatecna. Konvergencni oblast je prostor mezi blizkym a
dalekym bodem konvergence.

SloZky konvergence

Dle Maddoxe délime konvergenci do dvou skupin — konvergenci volni, kterou mizeme
vyvolat nasim Usilim, a konvergenci reflexni, u které rozliSujeme Ctyti slozky: konvergence
tonickd, konvergence akomodacni, konvergence fluzni a konvergence proximalni.

Tonickd konvergence je popisovana jako pohyb oéi z divergence, tedy klidové
anatomické pozice, do vice konvergenéni pozice. Jestlize je tonickda konvergence

nedostatecna, mlzZe se projevovat exoforie. Naopak jestlize je tonickd konvergence
nadmérna, muZe se projevovat esoforie.

213



Vil. CSKO 20. 10. 2016

Akomodacni konvergence je konvergence zplisobena akomodaci. Vétsinou ji uddvame
pomoci AC/A poméru, ktery by mél byt 1:3.

Proximalni neboli psychicka konvergence se uskutecériuje védomim blizkého predmétu.

Fuzni konvergence tzv. dorovndva o¢ni osy, aby obraz predmétu dopadal na fovey sitnic
a pozorovany predmét byl vidén jednoduse. Jejim stimulem byva dispardtni zobrazeni.

Asymetricka konvergence

Jestlize je pozorovany predmét ve stfedni roviné, mluvime o symetrické konvergenci.
Pokud lezi pozorovany predmét mimo stfedni rovinu, mluvime o asymetrické konvergenci.
Asymetrickou konvergenci uzivdme béiné — napfriklad pfi zméné fixace ze vzddlenéjsiho
predmétu primo vepredu na blizky objekt, ktery je umistény na strané.

Asymetrickd konvergence se velmi ¢asto objevuje u divergentniho strabismu. Lze ho
ocekavat i u osob esofdrii ¢i exoforii do blizka.

Fixation

f f

Obr. 1: Asymetrickd konvergence

Anomalie konvergence

Insuficientni (nedostatecna) konvergence
Projevuje se velkou exoforii na blizké predméty, pfitom jsou oci pfi pohledu do dalky
rovnobézné nebo maji pouze malou exoforii.

Excesivni (nadmérnd) konvergence
Jedna se o velmi zfejmou esoforii na blizko, pfi pohledu do dalky jsou o¢i rovnobézné.

Nachdzime ji u prekorigované myopie, nekorigované hypermetropie nebo po aplikaci
cykloplegik. Odstranime ji spravnou korekci.

Insuficientni (nedostatecna) divergence

U insuficience divergence rozliSujeme mezi primarni insuficienci, kterd se projevuje
znaénou esoforii na dadlku a malou esoforii na blizko, a sekundarni insuficienci divergenci, u
které je typicky vétsi esoforie na blizko nez na dalku.

Excesivni (nadmeérna) divergence
U excesu divergence se nachazi exoforie na dalku a stejnd nebo mensi exoforie do blizka.
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Paralyza konvergence

Obrnou konvergence je oznacovano sekundarni onemocnéni poruchy mozku, nesmime
jej zaménit s oslabenim konvergence. Projevuje se akutnim zacdatkem potizi, velmi zfetelnou
exotropii do blizka, pfitom jsou oci do dalky paralelni. Pacient neni schopen konvergovat,
akomodace neni narusena, ale pacient trpi diplopii pfi fixaci do blizka. Pti podezieni na
paralyzu konvergence je nutné provést tyto vysetreni: zakryvaci test do blizka i do dalky,
velikost blizkého bodu konvergence i akomodace, zjistujeme o¢ni motilitu a poté odesleme
pacienta na neurologické vysetteni, kde zjisti a pokud mozno vyléci neurologickou poruchu.
Obrna konvergence se napravuje spravnou korekci refrakéni vady, cvicenim konvergence,
mulzeme vyuzit ortoptickych cvi¢eni nebo mizeme pacientovi predepsat prizmatickou korekci.

Vysetreni konvergence

Subjektivni méfeni NPC

Toto méreni je zaloZzené na rozdvojeni obrazu. Pacient za vzdalenosti 50 cm pozoruje
naptiklad hrot propisky, kterou postupné posouvdme smérem k nosu, jakmile se pacientovi
hrot rozdvoji, nasli jsme bod rozdvojeni. Poznamendme si jeho hodnotu v centimetrech.
Potom za¢neme propiskou posunovat opacnym smérem, tedy od nosu. Jakmile se pacientovi
hrot propisky opét spoji v jeden, ziskali jsme bod spojeni. Hodnoty rozdvojeni a spojeni
zapisujeme do zlomku (v cm). Bod rozdvojeni nabyvajici hodnot 7,5 cm a méné povazujeme
za fyziologicky. Fyziologické hodnoty u bodu spojeni by mély dosahovat velikosti 10,5 cm a
méné.

Objektivni méreni NPC

Objektivni blizky bod konvergence je bod, kde prestane jedno oko fixovat. Pfi tomto
testu také posouvame propisku smérem k nosu a pritom sledujeme oko vysetfovaného — tedy
v jaké vzdalenosti propisky od nosu se oko vytocilo ven.

Méreni pozitivni fuzni rezervy

U tohoto vysSetfeni pacient sleduje pismeno ve vzdalenosti 6 metri a poté ze 40
centimetr(, nasledné predkldddme pred jedno oko, pomoci prizmatické liSty, prizma.
Poznacime si velikost prizmatu, kdy se pacientovi pismeno zamlzilo (blur point), poté kdy se
pacientovi pismeno rozdvojilo (break point) a jak posledni si poznacime, kdy se pacientovi
pismeno opét spojilo (recovery point). Fyziologické hodnoty break pointu do dalky by mély byt
18 — 22 pD a do blizka 26 — 34 pD.

Zaver

Vergencni ocni pohyby, konvergence a divergence, jsou dllezité pro spravné binokularni
vidéni. Jestlize je funkce konvergence néjakym zplsobem narusena, muize zplUsobovat napf.
astenopické potize, plsobit esoforii ¢i exoforii, popfipadé diplopii. Problémy s konvergenci
mohou byt indikdtorem jinych o€nich onemocnéni, a proto je dllezité peclivé sledovat jeji
vyvoj, abychom mohli véas zacit s korekci vady a nacvikem spravné konvergence.
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Symmetric and asymmetric convergence
Author: Bc. Nikola Repkova

Supervision: Mgr. Matéj Skrbek

Introduction

Convergence is racking of both eyeballs inwards and closely associated with
accommodation. When we look at close objects axes of both eyes converge so that the beam
struck the macula of both eyes.

Convergence lets external eye muscles. This is actually a disjoint souhyby eyes that allow
changing the fixation distance and viewing angle. Reflex convergence evolves around 5 to 6
months after birth.

Convergence is effected through a motor fusion, ie. the eyes move so that the visual axis
focused on object tracking. If that happens, there may be sensory fusion, which allows you to
merge two are almost the same retinal images of a binocular perception.

Convergence usually specified by using the unit prism diopters. One prism diopter is
defined as a deviation of the eyes of one centimeter from a straight line over a distance of one
meter. From this we can deduce that the angle of convergence of the two eyes given in
prismatic diopters corresponds pupillary distances given in centimeters divided by the viewing
distance in meters. If we need to describe the convergence of only one eye (which in detecting
asymmetric convergence needed) should give half the value of the pupillary distance.

Like a near point of accommodation, and has a near point of convergence (near point of
convergence, NPC). It is the smallest distance of the object located in front of the eye, yet
when this subject see easily. It is not as big as the near point of accommodation and also
throughout their lives have not changed much. In the 40th year of life it is usually located
about 8 centimeters from the base of the nose and at 20 years of about 5 centimeters. If the
near point of convergence larger than ten centimeters convergence is insufficient.
Convergence zone is the space between the near and distant point of convergence.

Ingredients convergence

According to Maddox convergence divided into two groups - voluntary convergence,
which may cause our effort and convergence reflex, in which there are four components: tonic
convergence, accommodative convergence, convergence and fusion of the proximal
convergence.

Tonic convergence is described as eye movements of divergence, ie the rest of
anatomical position to more convergence position. If the tonic convergence insufficient, it
may appear exoforie. Conversely, if a tonic convergence excessive, it may appear esoforie.

Accommodative convergence, convergence is caused by accommodation. Usually we
specified by using the AC / A ratio, which should be 1: 3rd

Proximal or psychical convergence takes place near object consciousness.

The fusion of so-called convergence. Balances the eye axis to image the subject turned
to the retina, the fovea observed object was seen easily. Its stimulus is disparate views.
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Asymmetric convergence

If the observed object is in the middle plane, talking about symmetrical convergence. If
the observed object is located outside the central plane, talking about asymmetrical
convergence. Commonly used asymmetric convergence - for example, when changing the
fixation of the distant object directly in front on a nearby object, which is located on the side.

Asymmetric convergence often occurs in divergent strabismus. It can be expected in
people esoforia or exoforia near.

Fixation

f f

Picture 1: Asymmetric convergence

Anomalies convergence

Insufficiency (lack of) convergence
Manifested great exoforia on nearby objects, while the eyes looking into the distance
parallel or have only a small exoforia.

Excessive (over) convergence

This is a very obvious esoforia to close, looking into the distance, the eyes are parallel.
We find it in overcorrection of myopia, hyperopia, uncorrected or after application
cycloplegics. Remove it proper correction.

Insufficiency (lack of) divergence

For insufficiency divergence we distinguish between primary impairment, which is
manifested considerable esoforia distance and small esoforia to close, and secondary
insufficiency divergence in which is typically greater than esoforia at close distance.

Excessive (over) divergence
In excess of divergence is exoforia distance and equal to or less exoforia near.

Paralysis convergence

Paralysis of convergence is called secondary disease disorders of the brain, we must not
confuse it with the weakening of convergence. It manifests itself in early acute problems is
very clear exotropia near, yet they are the eyes into the distance parallel. The patient is unable
to converge, accommodation is not disturbed, but when the patient is suffering from diplopia
at near fixation. In suspected paralysis of convergence, it is necessary to perform these tests:
masking test for near and far away, the size of the near point of convergence and
accommodation, we find ocular motility, and then send the patient for neurological
examination, which determines if possible cure neurological disorder. Polio convergence
correction corrects correct refractive errors, convergence exercise, we can use orthoptic
exercise or the patient can be prescribed prismatic correction.
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Examination of convergence

Subjective measurements NPC

This measurement is based on the double images. Patients under 50 cm watching
example tip pens, which are moving gradually towards the nose when the patient spike split
in two, we found a point of bifurcation. Note the its value in centimeters. Then we begin to
pen move in the opposite direction, ie from the nose. Once the patient tip pens reunited at
one point we got the connection. Values bifurcation and links are written to a fraction (in cm).
Bifurcation point having a value 7.5 cm and less regard as physiological. Physiological values
at the point of connection should reach the size of 10.5 cm and less.

Objective measurements NPC

Objective near point of convergence is the point where one eye fixed stops. In this test
also pushing the stylus towards the nose while watching eye examined - ie how far pens from
nose to eye pissed out.

Measurement positive fusion reserves

In this examination of patient monitors, point at a distance of 6 meters and then from
40 cm, then present before one eye, using a prism sheet, prism. Make a mark the size of the
prism, when the patient letter blurred (blur point), after which the patient forked point (break
point) and how you last make a mark where the patient letter reunited (recovery point).
Normal values break point into the distance should be 18 to 22 PD at near 26-34 pD.

Conclusion

Convergent eye movements, convergence and divergence, are important for proper
binocular vision. If the function of the convergence somehow impaired, for example, may
cause asthenopic trouble, causing esoforia or exoforia or diplopia. Problems with convergence
may be an indicator of other eye diseases, so it is important to carefully monitor its
development, we can start early with correction of defects and practicing proper convergence.
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Vliv anizometropie na kvalitu vidéni
Autor: Bc. Eva Staffova

Skolitel: Mgr. Petr Vesely, Dis., Ph.D.

Tato studie se zabyva subjektivnim hodnocenim projev( anizometropie a aniseikonie a
hledd subjektivni hranici binokularniho vidéni u pacient( pfi navozené aniseikonii. Prozatim se
studie ucastnilo 37 subjektt, prmérny vék byl 23 let. Pacienti dosahli s vlastni korekci nebo
po subjektivnim vykorigovani minimalné visu 1,0 a byli bez oc¢ni patologie a vyrazné
anizometropie. Pomoci size lens byla pacientlim navozena aniseikonie a formou dotazniku
byly zjistovany subjektivni pfiznaky pacienta pti ¢teni textu.

NejzavaznéjSim projevem aniseikonie je dvojité vidéni. V nasi studii udavalo diplopii
pouze 30 % subjektd pfi navozeni 6% aniseikonie a necelych 60 % subjekt( pfi aniseikonii 8 %.
Témér 80 % probandl nepocitilo Zddnou zménu pfi navozeni 2% aniseikonie. Nepfijemna
bolest oka byla vétSinou subjektl udavana aZz pfi navozeni aniseikonie od 6 %. Nejméné
zaznamenané symptomy byly: nevolnost, potiZe se ¢tenim a distorze.

Uvod

Jako anizometropii oznacujeme stav, kdy je pritomna rozdilna refrakce na obou ocich.
Maly rozdil v refrakci obou oci se vyskytuje pomérné casto, absolutné stejny refrakcéni stav
obou oci je pomérné vzacny. Vlivem anizometropie dochazi ke vzniku aniseikonie. Aniseikonie
znamena nestejnou velkost retinalnich obrazl obou oci a mlZe byt pricinou zhorsené kvality
vidéni.

Anizometropie

Anizometropii mUzeme délit z hlediska pficiny a z hlediska refrakénich vad. Z hlediska
priciny délime anizometropii na refrakéni (systémovou), kdy je délka obou oci stejn3, ale je
pritomen rozdil v optické mohutnosti lomivych prostfedi oka a na axidlni, kdy jsou optické
mohutnosti optickych prostredi oka stejné, ale axidlni délka oci je rozdilnd. MlzZe nastat
situace, kdy jsou pfitomny oba dva typy a nastdvd anizometropie smiSena. Z hlediska
refrakénich vad rozdélujeme anizometropii na hypermetropickou, myopickou, astigmatickou
a smisenou, kdy je jedno oko myopické a druhé hypermetropické. Dle vyzkumu Trottera z roku
1967 se vyskytuje anizometropie do 1 D u 91% anizometropd, od 1 D aZ 1,75 D u 5% pacientd,
od 2 D az 2,7 5D u 2% pacientd a anizometropie vyssi nez 3 D jen u 1,6% pacientQ.

U korigované anizometropie nastavaji tyto potiZe: anizoforie, aniseikonie a boj o
optimalni akomodaci mezi pravym a levym okem. Anizoforie nastava pfi pohledu pres okraj
brylové ¢ocky, z divodu rGzné vrcholové ldmavosti brylovych ¢ocek plsobi na oci nestejny
prizmaticky ucinek. [1,3,5]

Aniseikonie

Aniseikonie je typickym projevem anizometropie. Jednda se o nestejnou velikost
retindlnich obraz( pravého a levého oka. Aniseikonii miZeme rozdélovat na fyziologickou,
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kterd nastava vlivem asymetrické konvergence, ddle na arteficidlni (brylovou), kterd vznika
z davodu rozdilné vrcholové l[amavosti korekénich cocek a na anatomickou, ktera vznika
z dlivodu anatomickych rozdil(i na pravém a levém oku (naptiklad rozdilna axidlni délka). Dale
mulzeme aniseikonii délit dle osy na horizontdlni, vertikalni, Sikmou a smiSenou.

P. 0. L. O.

V4
. [

Obrazek 22: Riuzné formy aniseikonie — déleni dle osy [1]

Vztah mezi anizometropii a aniseikonii je takovy, Ze asi 0,5 D anizometropie znamena asi
1 % v rozdilu velikosti retindlnich obrazu. Klinicky vyznamna aniseikonie je od 2 % rozdilu
velikosti sitnicovych obrazd pravého a levého oka, tedy 1 D anizometropie. Za hranici
binokularniho vidéni je povazovana aniseikonie asi 5 %. Dle studie Bannona a Trillera z roku
1994 patii mezi charakteristické projevy aniseikonie: bolest hlavy, astenopie, fotofobie, obtize
pfi ¢teni, nevolnost, diplopie, nervozita, zavraté, malatnost, dezorientace. [1,4]

Soubor a metodika

Studie se prozatim zucastnilo 37 subjekt(, z toho 30 Zen a 7 muz(. Primérny vék byl 23
let (minimum 19 let, maximum 64 let, SD 9 let). Podminkou Ucasti ve studii je dosazeny visus
minimalné 1,0 na dalku, pacient bez o¢ni patologie a vyrazné anizometropie. Cilem této studie
je nalézt subjektivni hranici binokularniho vidéni u pacientli bez anizometropie a zjistit
subjektivni pfiznaky pfi uméle navozené aniseikonii.

U kazdého pacienta byla na zac¢atku ovérena hodnota zrakové ostrosti s vlastni korekci,
pokud nebylo dosaZeno visu 1,0 s vlastni korekci, byl pacient dokorigovan, aby bylo dosazeno
visu alespont 1,0 na obou ocich. Nasledné byla ovéfena pritomnost aniseikonie pomoci
anaglyfniho hdkového testu a cervenozeleného filtru. U Zadného z pacientll nebyla zjisténa
pritomnost aniseikonie. Ndsledovalo ovéreni zrakové ostrosti do blizka pomoci ¢teciho textu,
pacient musel precist radek 0,8. P¥i fixaci textu byly pacientovi postupné predkladany size lens
pred pravé oko. Hodnoty size lens byly 2 %, 4 %, 6 %, 8 %. Pri kazdém predlozeni ¢ocky byl
pacient vyzvan, aby zvoleny radek textu precetl a byl dotazovan na otazky z dotazniku (viz
tabulka 1). Pacient byl dotazovdan, zda pfiznak vnima ¢i ne. Size lens byly predkladany od
pomoci Excel graf(i. Pfi tvorbé dotazniku jsme se inspirovali studii Jasona Wilsnona, 2011 —
Measuring aniseikonia using filters to simulate cataract. [2,6]
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Dotaznik: ano-1 ne-0

Pocituje pacient zménu?

Je  piitomna  bolest
oka'tahdni za o7

Nastavd  distorzevinéni
obrazu?

Nevolnost'motani hlavy?

Potize se ctenim?

Dwvojité vidéni?
Tabulka 1: Dotaznik ke studii

Questionnaire for Aniseikonia Study

20. 10. 2016

Patient Code: /[ [/ (first, middle, last name, and enrollment #)

Date:

The following lists 10 visual symptoms that you may have. Please grade them as

I{. never), 2. (a little), 3. (sometimes), 4. (a lot), 5. (always).

1. Headaches-

2. Evye ache, pain, or pulling-
3. Light sensitivity-

4. Reading difficulty-

5. Closes one eye to read-

6. Double vision-

7. Nervousness-

8. Wertigo and dizziness-

9. General fatigue-

10. Distorted space perception-

Obrdzek 2: Dotaznik ze studie Jasona Wilsona, 2011 — Measuring aniseikonia

using filters to simulate cataract [2]
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Vysledky

Odpovédi z dotazniku byly zaznamendny do Excel tabulek a vyhodnoceny pomoci graf(.
Kazdy graf je vytvoren pro uréity subjektivni symptom. Hodnotili jsme, jak velké procento
pacientll zaznamenalo urcity symptom pfi predloZzené hodnoté size lens. V souhrnném grafu
je zaznamendna velikost aniseikonie pro kazdy subjektivné pocitény projev, ktery
zaznamenalo alespon 50 % probandu. Z prvniho grafu vyplyva, Ze pouze asi 20 % proband(
zaznamenalo zménu pfi aniseikonii 2 %. Pfi aniseikonii o hodnoté 4 %, kterd se blizi uddvané
hranici binokularniho vidéni, zaznamenalo zménu jiz pfiblizné 75% pacientll. Z uvedeného
grafu, tedy mGzeme usoudit, Ze aniseikonie 4 % a vice bude pro pacienta tézko snesitelna.

Pacient pocituje zménu

100%

80%

60%

40%

20% -
0%

2% 4% 6% 8%
Velikost aniseikonie v %

procento pacientd

Graf 1: Velikost aniseikonie, pfi které pacient pocitl zménu

Z grafu 2 mlzeme zjistit, jaké procento proband( pocitovalo pfi predloZeni size lens
nepfijemnou bolest, nebo tzv. tahdni za o€i. U 2% aniseikonie bolest udavalo pouze malé
procento lidi. Pfi predloZeni size lens o hodnoté 4 % zaznamenalo bolest oci témér 40 %
subjektl. A pfi navozeni aniseikonie 6 % jiz zaznamenalo nepfijemné a bolestivé pocity asi 70
% probandu. Takové procento aniseikonie by tedy bylo pro vétsinu pacientd jiz neinosné.

Bolest oka/tahani za odi
100%

80%

60%

40%

20% .
v

2% 4% 6% 8%
Velikost aniseikonie v %

procento pacient(

Graf 2: velikost aniseikonie, pri které pacient pocituje bolest oka

Dalsi dotaz se tykal nevolnosti a motani hlavy. Pacient byl pozadan, aby po predlozZeni
size lens Cetl text a byl dotazovdn, zda se mu pfi ¢teni nedéla nevolno a jestli se mu nemota
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hlava. Z grafu 3 vidime, Ze do 6% aniseikonie byl tento projev pacienty potvrzen pouze v malé
mire. AZ v pfipadé 8% aniseikonie udavalo nevolnost a motani hlavy témér 50 % probandu.

Nevolnost/motani hlavy
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80%

60%

40%

- .

0% [ |
2% 4% 6% 8%
Velikost aniseikonie v %

procento pacient(

Graf 3: Velikost aniseikonie, pfi které pacient udavd nevolnost a motdni hlavy

Graf 4 udava, jak velké procento probandl mélo pfi predkladani size lens potize se
¢tenim. Pfi predlozeni size lens byl pacient dotadzan, zda text dokaze precist a byl vyzvan, aby
text precetl. Situace, kterad byla zaznamenana do dotazniku jako problém se ¢tenim, byla,
pokud pacient neprecetl text vibec. Z grafu mizeme vidét, Ze pfi aniseikonii 2 % a 4 % nemél
potiZe se Ctenim Zadny z pacientll. V pripadé 6% aniseikonie to bylo pouze necelych 10 %
probandl a v pripadé 8% aniseikonie asi 30 % probandl. Vyrazné potize se ¢tenim pfri
navozené aniseikonii se tedy neukazaly.

Potize se ¢tenim
100%
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60%
40%
0% [ |
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Graf 4: Velikost aniseikonie, pfi které pacient uddvd potiZze se ctenim

Graf 5 se tyka distorze a vinéni obrazu. MUzZeme vidét, Ze tento problém nenastaval pfilis
¢asto. Pacient byl dotazan, zda se mu text zdad zdeformovany, zvinény nebo prohnuty a byl
vyzvan, aby text Cetl. Tento projev byl pacienty ¢astéji udavan az pfi navozeni 8% aniseikonie,
zde uddvalo distorzi obrazu asi 35% probandd.
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Distorze/vinéni obrazu
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Graf 5: Velikost aniseikonie, pfi které pacient pocituje distorzi a vinéni obrazu

V grafu 6 mizeme vidét, jaké procento probandd udavalo pfi navozeni aniseikonie
dvojité vidéni. MUZeme vidét, Ze pfi aniseikonii 6 % diplopii udavalo pouze asi 30 % probandu.
V tomto pripadé by se tedy u témér 70 % subjektl nepotvrdila hranice binokularniho vidéni
5% aniseikonie. Az pfi navozené aniseikonii 8 % udavalo dvojité vidéni vice nez 50 % subjekt.

Dvoijité vidéni
100%
80%
60%

40%

procento pacient(

20%
oo I
2% 4% 6% 8%
Velikost aniseikonie v %

Graf 6: Velikost aniseikonie, pfi které pacient uddvad dvaojité vidéni

Posledni graf shrnuje vSechny subjektivni pfiznaky do jednoho grafu. MZeme vidét, Ze
alespon 50 % proband(l zaznamenalo zménu jiz u 4% aniseikonie, minimalné 50 % probandu
pocitovalo nepfijemnou bolest a tahani za o¢i az u 6% aniseikonie a minimalné 50 % proband
zaznamenalo dvojité vidéni aZ pfi aniseikonii 8 %. Pfiznaky jako nevolnost, distorzi a potize se
¢tenim neuddvalo 50 % subjekt( ani pfi 8% aniseikonii.
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Velikost aniseikonie, kdy alespon 50% pacientt
9% pocituje uvedené potize

8%
7%
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5%
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3%
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velikost aniseikonie v %
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B Pocituje zménu? B Bolest oka/tahani za o¢i?
B Nevolnost/motani hlavy PotiZe se ¢tenim
H Distorze/vInéni obrazu? B Dvojité vidéni

Graf 7: Aniseikonie, kdy alespori 50% subjekt( pocitovalo uvedené potize

Diskuze

Literatura uddava, Ze hranice binokuldrniho vidéni je 5% aniseikonie, v nasi studii se tato
hypotéza potvrdila pouze u 30 % subjektd, tito uddvali dvojité vidéni pfi navozeni 6%
aniseikonie. Dale jsme zjistili, Ze témér 80 % proband(, nepocitilo Zadnou zménu pti navozeni
2% aniseikonie. Z nasi studie by tedy vyplyvalo, Ze anizometropie o hodnoté 1 D by neméla
puUsobit pacientovi Zadné problémy. Nevolnost, potiZe se Ctenim a distorzi obrazu v nasi studii
zaznamenalo pfi vSech hodnotdch navozené aniseikonie pouze pod 50 % probandd.

Zaveér

Nasi studie se zUcastnilo prozatim 37 subjektl bez o¢ni patologie, bez vlastni aniseikonie
a sdosazenym visem minimalné 1,0. Pomoci dotazniku byly zjistovany subjektivni pocity
probandl pri uméle navozené aniseikonii. Dotazy byly pokladany postupné, od dotazi na
nejméné zavainé projevy aniseikonie po nejzavainéjsi projev aniseikonie, coZ je porucha
binokuldrniho vidéni - diplopie.

Na zavér se podivame podrobnéji na vysledky pro hodnotu navozené aniseikonie 6 %,
coZ je blizko k uddvané hranici binokuldrniho vidéni 5 %, pak pfi této aniseikonii bylo jako
necastéjsi projev udavano zaznamendni zmény (zaznamenalo témér 85 % probandu), ddle
bolest oka/tahdani za oci (70 % subjektl), nevolnost a motani hlavy (30 % subjektl), dale dvojité
vidéni (30 % proband(), dalsi pfiznak byla distorze a vinéni obrazu (uddavalo asi 25 %
probandu), nejméné uddvanym projevem byly potize se ¢tenim (7 % probandu).
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Anisometropia effect on the quality of vision
Author: Bc. Eva Staffova

Supervisor:  Mgr. Petr Vesely, Dis., Ph.D.

This study focuses on the subjective assessment of anisometropia and aniseikonia
symptoms and finds subjective threshold of binocular vision by patients with induced
aniseikonia. For now, in the study are participated 37 subjects, mean age was 23 years.
Patients achieved with its own correction or after subjective correction the visual acuity at
least 1.0, there was no ocular pathology and significant anisometropia. Using size-lens the
patients has been induced aniseikonia and using a questionnaire we determined subjective
symptoms of the patient when he was reading the text.

The most serious manifestation of aniseikonia is double vision. In our study, diplopia was
reported by only 30 % of subjects in inducing aniseikonia 6 % and by less than 60 % of subjects
at aniseikonia 8 %. Almost 80 % of the probands did not feel any change in the induction of
2% aniseikonia. Inconvenient eye pain was usually noticed by subjects in inducing aniseikonia
from 6 %. The least reported symptoms were nausea, difficulty by reading and distortion.

Introduction

Anisometropia is a condition, which is present in different refraction in both eyes. Little
difference in refraction of both eyes occurs quite frequently, absolutely the same refraction
of both eyes is quite rare. Anisometropia due to the formation of the aniseikonia. Aniseikonia
means unequal size of the retinal images of both eyes and can cause impaired vision quality.

Anisometropia

Anisometropia can be divided in terms of causes and in terms of refractive errors. From
the viewpoint causes is anisometropia divided in refractive anisometropia (system) when the
length of both eyes is the same but the difference is present in the optical power of the
refractive media of the eyes and the other type is the axial anisometropia, where the refractive
power of the optical media of the eyes iss of the same, but the axial length of the eyes is
different. There may be situations where they are presented both types and mixed
anisometropia occurs. In terms of refractive errors is anisometropia divided in hyperopic
anisometropia, myopic, astigmatic and mixed, when one eye is myopic and hypermetropic
second. According to research Trotter, 1967 occurs anisometropia to 1 D in 91 %
anizometropic patients from 1 D to 1,75 D 5 % of patients, from 2 D to 2,75 D 2 % of patients
and anisometropia greater than 3 D only in 1,6 % of patients.

With corrected anisometropia occurs the following problems: anisophoria, aniseikonia
and fight for the best accomodate between left and right eye. Anisophoria occurs when
patient is looking over the edge of spectacle lenses, due to different refractive power of
spectacle lenses, act on the eyes uneven prismatic effect. [1,3,5]
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Aniseikonia

Aniseikonia is a typical manifestation of anisometropia. It means unequal of size retinal
images of the right and left eye. Aniseikonia can be divided into physiological, which occurs
due to asymmetric convergence, artificial (spectacle), which arises from the difference in
optical power of corrective lenses and anatomical, that arise because of anatomical
differences in the right and left eyes (for example different axial length). In addition, can
aniseikonia be divided according to the axis into horizontal, vertical, oblique mixed.

P. 0. L. 0.

Figure 1: Types of aniseikonia — dividing according to the axis[1]

The relationship between anisometropia and aniseikonia is such that about 0.5 D
anisometropia represents about 1 % of the difference in the size of retinal images. Clinically
significant aniseikonia is from 2% difference in size of the retinal images of the right and left
eyes, thus 1 D anisometropia. As a threshold of binocular vision is considered aniseikonia
about 5 %. According to a study from Bannon and Triller, 1994 these are the characteristic
symptoms aniseikonia: headache, asthenopia, photophobia, difficulty in reading, nausea,
diplopia, nervousness, dizziness, drowsiness, disorientation. [1,4]

Patients and Methods

The study has so far participated 37 subjects, including 30 women and 7 men. Mean age
was 23 years (minimum 19 years, maximum 64 years, SD 9 years). The condition of
participation in the study is made of at least 1,0 visual acuity, patients without significant
ocular pathology and anisometropia. The aim of this study is to find a subjective threshold of
binocular vision by patients without anisometropia and establish the subjective symptoms
with artificially induced aniseikonia.

By each patient was verified his visual acuity with its own correction, if not achieved
visual acuity 1,0 with own correction, the patient has been corrected to achieve visual acuity
atleast 1,0 on both eyes. It was subsequently verified the presence aniseikonia using anaglyph
hook test and red-green filter. By none of the patients was detected aniseikonia. Followed by
verification of visual acuity at near with reading of the text, the patient had to read a line of
0,8. While he was fixing the text, was presented to the patient gradually size lens in front of
the right eye. The values of lens size was 2 %, 4 %, 6 %, 8 %. Each time the lens has been
presented, the patient was asked to read the selected text line and was interviewed on the
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guestionnaire (see Table 1). The patient was asked if the symptoms of aniseikonia is perceived
or not. Size lens were presented from the lowest value to highest. The results of the
guestionnaires were introduced into an Excel spreadsheet and processed using Excel graphs.
When creating the questionnaire, we were inspired by studies from Jason Wilson, 2011 -
Measuring aniseikonia using filters to simulate cataract. [2,6]

Questionnaire: yes-1 no-0

Does the patient feel the
change?

Eve pain is presented?

Occurs distortion of the image?

MNausea/dizzines?

Problem with reading the text?

Diplopia-double vision?

Table 1: Questionnaire

Questionnaire for Aniseikonia Study

Patient Code: /[ [/  (first, middle, last name, and enrollment #)

Date:

The following lists 10 visual symptoms that you may have. Please grade them as
1{. never), 2. (a little), 3. (sometimes), 4. (a lot), 5. (always).
1. Headaches-

2. Eye ache, pain, or pulling-

3. Light sensitivity-

4. Reading difficulty-

5. Closes one eye to read-

6. Double vision-

7. Nervousness-

8 Vertigo and dizziness-

9. General fatigue-

10. Distorted space perception-

Figure 2: Questionaire from Jason Wilson's study, 2011[2]
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Results

Questionnaire responses were recorded in Excel spreadsheets and analyzed using
charts. Each chart is created for a subjective symptom. We evaluated how large percentage of
patients experienced some symptom in the presented value of the lens size. The general chart
is recorded for each value of aniseikonia for each subjectively noticed symptom, that has
experienced at least 50 % of the probands. The first chart shows that only about 20 % of the
probands noticed changes in aniseikonia 2 %. When aniseikonia was 4 %, which is close to the
threshold of binocular vision, has experienced a change of approximately 75 % of patients.
From this chart, we can conclude that already aniseikonia 4 % will be for the patient less
tolerable.

Patient notices the change

100%

80%

60%

40%

20% .
0%

2% 4% 6% 8%

Aniseikonia value in %

percentage of patients

Chart 1: Value of aniseikonie, when the patient notices change

From chart 2 we can determine what percentage of the probands felt by persenting size
lens unpleasant pain in eyes. At 2% aniseikonia the pain was reported by only a small
percentage of people. When presenting the size lens of 4 % experienced pain in the eyes of
almost 40 % of subjects. And in inducing aniseikonia 6 % have already experienced unpleasant
and painful sensations around 70 % of the probands. Such percentage aniseikonia would thus
be for the majority of patients already unbearable.

Eyes pain

100%
2
c
2 80%
g
« 60%
o
()
?BD 40%
c

T .

2 o |

2% 4% 6% 8%

Aniseikonia value in %

Chart 2: Value of aniseikonie, when the patient feels eyes pain
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Another question concerned the nausea and dizziness. The patient was asked to read
the text after presenting size lens and was asked whether he feels some dizziness or nausea.
From Figure 3, we see that by 6% aniseikonia this manifestation confirmed patients only to a
small extent. Except in the case of 8% aniseikonia, here was reported nausea and dizziness
nearly 50 % of probands.

Dizziness/nausea
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Chart 3: Value of aniseikonie, when the patient feels dizzines or nausea

Figure 4 shows how a large percentage of probands when presenting size lens has
difficulty with reading. When presenting lens size, the patient was asked to read the text. The
situation, which was recorded in a questionnaire as a problem with reading, was when a
patient did not read the text at all. From the graph we can see that when we induced
aniseikonia 2 % and 4 % the patients had no difficulty with reading. In the case of 6%
aniseikonia it was only less than 10% of the probands and the 8% aniseikonia about 30 % of
probands. Significant difficulty with reading by induced aniseikonia therefore was not proven.

Difficulty by reading
100%
80%
60%
40%
0% [ |
2% 4% 6% 8%
Aniseikonia value in %

percentage of patients

Chart 4: Value of aniseikonia, when the patient indicates difficulty by reading

Chart 5 relates to distortion of the image. We can see that this symptom is not
experienced very often. The patient was asked whether his text seems distorted, warped or
bent and was asked to read the text. This symptom was frequently stated by patients at

induction of 8% aniseikonia, there was reported distortion about 35 % of probands.
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Distortion
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Chart 5: Value of aniseikonia, when the patient indicates distortion

In chart 6, we can see what percentage of probands was reported in inducing aniseikonia
double vision. We can see that when aniseikonia was 6 %, diplopia was reported by only about
30 % of the probands. In this case, therefore, in almost 70 % of the subjects did not confirm
the threshold of binocular vision — 5% aniseikonia. When induced aniseikonia was 8 %
reported double vision more than 50 % of subjects.

Double vision
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Chart 6: Value of aniseikonia, when the patient indicates double vision

The last chart summarizes all subjective symptoms in one graph. We can see that at least
50 % of the probands noticed changes already at 4% aniseikonia, at least 50 % of the probands
felt uncomfortable pain behind the eyes by 6% aniseikonia and at least 50 % of probands
experienced double vision when aniseikonia was 8 %. Symptoms such as nausea, distortion
and difficulty reading did not notice neither 50 % of subjects even while 8% aniseikonia.
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The value of aniseikonia when at least 50% of patients
indicated referred difficulties
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B Does the patient feel the change?  H Eye pain is presented?
B Nausea/dizzines? Difficulty by reading?
Chart 7: The value of aniseikonia when at least 50 % of patients indicated
referred difficulties
Discussion

Literature indicates that the limits of binocular vision is 5% aniseikonia, in our study, this
hypothesis is confirmed only in 30 % of subjects, they reported diplopia by inducing 6%
aniseikonia. Furthermore, we found out that almost 80 % of the probands did not feel any
change in the induction of 2% aniseikonia. From our studies therefore suggest that
anisometropia a value 1 D should not cause any problems to the patients. Nausea, difficulty
reading and image distortion in our study experienced at all values of induced aniseikonia just
under 50 % of the probands.

Conclusion

Our study involved 37 subjects with no ocular pathology, without its own aniseikonia
and achieved visual acuity at least 1,0. Using a questionnaire were investigated subjective
feelings of probands in artificially induced aniseikonia. Questions were considered
sequentially, from questions of least serious manifestations aniseikonia to the most serious
manifestation aniseikonia, a disorder of binocular vision.

In conclusion, we look in more detail at the results for the value of the induced
aniseikonia 6 %, which is close to the indicated limit of binocular vision 5 %. By indicated
aniseikonia 6 % was as the most common manifestation determined at feeling changes
(recorded almost 85 % of the probands) further eye pain (70 % of subjects), nausea and
dizziness (30 % of subjects), followed by double vision (30 % probands), another symptom -
the distortion of image (was reported about 25 % of probands), at least indicated symptom
was difficulty reading (7 % probands).
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Lids and contact lenses

Author: Erna Vukalic

Contact lenses can be classified by four elements — nature of the material they are made
of, their wearing schedule, their purpose, and their design. A number of factors determine
whether a client is a good candidate for wearing contact lenses.

A detailed history (information about the client's general medical health, ocular health,
family history of eye disease etc.) and an ocular examination are necessary for fitting a contact
lens.

Contact lens wearing may be compromised by many segment conditions (ectropion,
entropion, blepharitis, lagophthalmos etc.) or be the cause of such conditions.
Contraindications for contact lenses may include ocular infections and inflammation.
Whichever contraindication is eliminated, the client can be reevaluated, bearing in mind that
a successful fitting is almost always based on a strong indication.

Anatomy and physiology

Apart from providing mechanical defense for the eye and maintaining a clear refracting
surface of the eye by forming the tear layer after every blink, eyelids play a significant role in
the positioning, orientation and movement of contact lenses.

Lid function includes: mechanical protection for the eye, providing corneal metabolism
by circulating tears, and keeping clear the first refracting surface of the eye by forming the
tear layer after every blink. Understanding of the eyelid blink dynamics is essential for fitting
toric and bifocal lenses. Those dynamics are explained through a number of anatomical
components of the lid, muscles (orbicularis oculi for lid closure and levator palpebrae
superioris for lid elevation), skin (dermis), lashes (cilia), nerves (third and seventh cranial
nerve, autonomic nerves), connective tissue (tarsal plates), glands (Zeiss, Moll, and
Meibomian).
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Picture 1: Sagittal section through the eye

Examination

Knowing the client history is essential for establishing the viability of wearing contact
lens, so all potential and current lens wearers should undergo a full ophthalmic history and
examination in order to exclude any conditions that may contraindicate lens wearing, record
any abnormalities and identify and treat conditions such as blepharitis before the lens are
worn.

An accurate eye examination requires a careful assessment of the eyelids, eyelashes and
the lacrimal system.

The palpebral aperture is normally 9-11 mm in height, 26-30 mm in width and its size is
defined by the shape and position of the eyelids. The size of the client’s fissure has a direct
influence on fitting RGP lenses and problem solving.

Also, the eyelid tension is an important factor when fitting rigid, alternating, bifocal
lenses because the lower eyelid needs to be sufficiently tight and high so that it can push the
lens up with downward gaze to center the reading portion over the pupil.

Blinking is very important for corneal health and integrity and it can be divided into
reflex, conscious and unconscious (spontaneous). Spontaneous blinking is the most common
type of blinking which occurs 10-15 times per minute and its total duration is 250 to 300 msec.
If RGP lens wearer blinks incompletely or infrequently, this can result in dryness and in 3 and
9 o'clock staining. Clients with such problems should be instructed to practice closing the eye
gently and completely. The contact lens moves with each blink, and the blink-associated lens
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movement results in decreased visual performance. However, this decrease is not noticed due
to the suppression of vision that occurs with each blink.

The Meibomian glands secrete oil that makes up a lipid layer of the tear film. Poor tear
film quality and contact lens problems are the result of cloudy or insufficient oil production.

Diseases related to contact lens wearing
Scarred and distorted eyelids may lead to dryness and irritation of the eyelid margins by
the lens edge. If stagnant pools of tear fluid are created, the risk of infection increases.

Pathological changes to the eyelids may include:

Entropion - an inversion of the eyelid towards the globe that usually causes discomfort
because eyelashes rub against the cornea. This may result in bad lens positioning due to the
lower lid interference with the lens.

Picture 2: A lower eyelid entropion (Source: www.eyelidsurgery.co.uk)

Ectropion - an eversion of the eyelid mainly caused by senile changes, scarring of the
anterior lamella of the eyelid or facial nerve (cranial nerve VII) palsy. The puncta are everted
and can result in poor lacrimal drainage with a stagnant pool of tear fluid in the lower fornix
which may lead to an infection. Ectropion is frequently associated with chronic conjunctivitis
and epiphora. This state of the eyelid causes the problem in the form that the lower lid cannot
be relied upon to help position the lens. In other words, rigid and soft lenses may mislocate
inferiorly. This may also result in dryness due to an excessive rate of tear loss.

Lagophthalmos - refers to the incomplete eyelid closure. It can be caused by a number
of factors (facial nerve lesions, orbicularis weakness, ectropion or mechanical displacement
due to tumours) and may lead to corneal exposure and create keratitis. A soft lens will provide
protection, but if the lagophthalmos is severe, lenses can fall out of the eye. RGP lenses do
not completely cover the cornea and can cause corneal desiccation outside the lens edge,
usually in 3 and 9 o’clock position.

Blepharitis - may result in trichiasis, loss of lashes, scarring of the eyelid and can cause
chalazia and styes. Visible redness, sticking eyelashes, scales at eyelash roots are manifested.
One feels warmth, itching, slight photophobia, as well as a foreign body feeling. Dryness of
the eye is felt more acutely in the morning and there is intolerance to lenses. Therapy is
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required in the form of antibiotics, corticosteroids, artificial tears, increased hygiene of the
lids. Lenses should not be worn during the acute phase (which usually lasts about seven days).

An external hordeolum - commonly known as "stye". It's a discrete, inflamed swelling of
the anterior lid margin and is typical for an acute staphylococcal infection, sometimes related
to the inflammation of Zeis or Moll’s gland. Clients should stop wearing lenses during the acute
phase of the formation of a stye.

Picture 3: Hordeolum (Source: Western Ophthalmic Hospital)

A chalazion - chronic granuloma of the Meibomian glands that can occur when a
Meibomian gland is blocked. It is a well-formed firm swelling in the upper or lower eyelid that
can be related to a conjunctival granuloma, which can be seen when the eyelid is everted.
Chalazion presses the globe and it can cause astigmatism. It is not recommended to prescribe
spectacles or fit contact lenses until the swelling has subsided.

Picture 4: Chalazion (Source: www.primehealthchannel.com)

Location Etiology Pain
Steril lent
Hordeolum (Stye) | Follicle or Tarsal Gland e.rl eor pur.u en Tender
inflammation
Chalazion Tarsal Gland O!ostruFtlon of Non-
meibomian gland tender

Table 1: Difference between hordeolum and chalazion
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Conclusion

With people who wear or will wear contact lenses, eyelids have an essential role. As the
physiological structure of the lid has a vital function, therefore many ilinesses which the lid
can contract have a huge effect on the wearers of contact lenses. Contact lenses are
contraindicated among those people until the illnesses have been treated.

If a person prefers wearing contact lenses, it is important to perform an examination
and assessment to determine whether that person is an adequate candidate for wearing
contact lenses. An optometrist's duty is to give quality advice and instruct the person on using
the contact lenses, maintaining the hygiene and cleanliness of the contact lenses, as well as
warning the clients about possible complications while using the contact lenses.
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