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1. Uvodnislova

doc. MUDr. SvatoplukSynek, CSc.,

prednostaKatedry optometriea ortoptikyLF MUa Kliniky nemocio¢nich aoptometrieFNUSA Brno

Uvodni slovo

6. celostatni  studentska  konference
optometrie a ortoptiky s mezinarodni Gcasti
se na LF MU kona v tradicnim podzimnim
terminu. Jaké zmény se odehraly od naseho
posledniho setkani?

Kromé nového materialniho zazemi katedry
je vyznamna i prezentace brnénské
optometriec na odbornych konferencich, je
tieba zminit UCast na kontaktologickém
sjezdu v Nymburce, kazdoro¢ni prezentace u
prilezitosti  10. Roéniku  Slavikovych
oftalmologickych dnii v Brné, aktivni casti
na konferenci EAOO v Budapesti.

Vyznamnou se stava i publikacni Cinnost
v odborném tisku a tvorba vyukového
materidlu v multimedialni podobé na
ELPORTALu LF.

Studium v kombinovaném magisterském
programu pokracujiciho studia optometrie
v anglickém jazyce bylo v letosSnim roce
zahajeno.

Vérim, ze konference bude ukazkou
znalosti, praktickych dovednosti, ndmétem
do budoucnosti i pfinosem pro vlastni praxi.
Pteji ucastnikim hodné odbornych zazitkd a
zdarny pribéh konference.

Introduction

The 6th international student’s conference of
optometry and orthoptics is held in traditional
autumn term. What about news from last
meeting?

Our department obtained some new equipment
(some devices on examination of binocular
vision). Our staff and students took place in
contact lens congress in Nymburk, 10th Slavik
ophthalmologic days in Brno, and had an active
presentation on EAOO in Budapest, Hungary.

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

Two of another our teachers were graduated
PhD.

Our Masters Degree program in English
language was started in September.

I believe that conference will be demonstration
of knowledge, practical skills, and bring a
benefit for your own practice.

I wish participants many scientific experiences
and successful proceeding.



Uvodnislovostudenti-Bc. L ucie
Patockova,KatedraoptometrieaortoptikyLF
MU

Vazeni predstavitelé fakulty, vaZeni studenti a
sponzofi,

jiz  Sestym rokem poradda nasSe fakulta
mezinarodni studentskou konferenci optometrie
a ortoptiky. Ti, pro které je tento rocnik
posledni, jist¢ dosvédci, ze kazdy novy ro¢nik je
stale  kvalitn€j$i, nabizi nové inovace
vprogramu a diky zapojeni studentt Ctyf
vyznamnych univerzit ziskala prestiz u odborné
vefejnosti.

Vitam zde i studenty prvnich roénikti. VE&fim, ze
pro vas bude konference velikou inspiraci a
motivaci ke studiu. Pokud nebudete odbornym
tématim rozumét, nezoufejte. Proctéte si tento
sbornik, ktery jist¢ mnohé vase otazky zodpovi.

Veliké podékovani si zaslouzi i vedeni fakulty,

které tuto udalost spolu se sponzory zastitili.

Vé&iim, Ze tato konference naplni vase o¢ekavani
a ze si z ni odnesete mnoho poznatku.

Introduction from the students — Bc. Lucie
Patockova,
DepartmentofOptometryandOrthoptics

Dear headquaters, students and sponsors

The 6th international student’s conference of
optometry and orthoptics is organized by our
Faculty of Medicine. You, for that this is last year of
study, sure testify that every new year is more
quality, has new inovation in program and thanks to
involvement of four significant university’s students
it gets high prestige in professional society.

I also welcome the first year of study students.
Believe that for you will be this conference huge
inspiraton for study. If it’s happen that you will not
understand the technical terms, don’t worry about it
and read this Colection of the fulltext. It answers
you for all yours questions.

Immense thank you to headquaters of faculty and
our sponsors for make this conference happen.

I hope, that this conference come up to expectations
and that you learn a lot of knowledge.



2. Technické parametry ovliviiujici pfesnou aplikaci kontaktnich ¢ocek a jejich kontrola- Bc. Tomas
Dobrensky

Afiliace: CooperVision Ceskd republika

Abstrakt:Strucna rekapitulace parametrit kontaktnich cocek, jejich vzdjemného vztahu a vlivu na presnost
aplikace. Dalsi puisobici faktory, jako je material cocky a jeho viastnosti. Zpusoby hodnoceni vysledné aplikace
kontaktnich cocek biomikroskopii na stérbinové lampé.

Aplikace kontaktnich ¢ofek v sob€ spojuje mnoho riznych prvki, které ji ovliviiuji. Rozhodujeme se na
zéklad¢ zrakové vady, klinického nalezu, technickych parametri a moznosti kontaktnich cocek, ale i
individuality jejich koncového uzivatele. Svoji roli hraje osobnost o¢niho specialisty, ktery svym rozhodnutim
urcuje do znacné miry pozd¢jsi spokojenost klienta se zvolenym feSenim. Proto je diilezité naucit se orientovat
V nabidce mozZnych feSeni, rozhodovat se podle zjisténych faktd a také, umét si ovéfit spravnost volby co
nejvice objektivnim zptisobem.Ve své piednasce jsem se zaméfil na oblast mékkych kontaktnich cocek, vlivu
nékterych parametrti a technickych feSeni na aplikaci a také se podivame na kontrolu kontaktnich cocek na
oku.

Kontaktni ¢o¢ky se lisi v pouzitych materialech, designu, rezimech noSeni a samoziejmé svym uréenim pro
ruzné refrakéni vady.

Konstrukce kontaktni ¢ocky by méla spliiovat nasledujici zakladni kritéria:

Kontaktni ¢ocka by méla co nejméné omezovat oplachovani oka slznym filmem. S tim je totiz spojeny
dostatecny prisun kysliku k rohovce a naopak odvod metabolickych splodin od ni. Tento faktor je nejvice
ovlivnén celkovou konstrukci, designem, ¢ocky a hlavné oblasti jejiho okraje.

Design ¢ocky

Podivejme se nejprve na zakladni popisné parametry kontaktnich cocek, které jsou uvedeny na vSech
produktech:

Zakladni zaktiveni (BC = basecurve)

Prumér (Dia = diameter).

Aplikaci kontaktnich cocek ovlivituji oba tyto parametry, tedy piesnéji feceno, vysledna aplikace je
vzajemnym vztahem mezi zakiivenim a primérem kontaktni ¢oCky. Otazkou je, nakolik oba tyto parametry
skute¢né popisuji tvar kontaktni ¢ocky.

Pokud jde o prumér ¢ocky, tady je odpovéd’ jednoznacna. Primér kontaktni ¢ocky v pIn€ hydratovaném stavu
je skutecné takovy, jak je uvedeno na jejim baleni. Rohovka ma ve vétsin€ pripadd primér do 12 mm,pro
pramér mekké sklerokornealni cocky pak plati, ze by méla presahovat pies limbus alespon o 0,5 mm na kazdé
stran€. Standardné se vyrabi nejmensi primér mekkych kontaktnich ¢ocek 13,6 mm. Bézné pak je 14,0 az 14,5
mm.

Komplikovangjsi je to s otazkou zaktiveni. Zakladni zakfiveni kontaktni cocky je popisny udaj, ktery vyjadiuje
centralni zaktiveni cocky v oblasti ptiblizné dvou az tii milimetrii v praméru. Konstrukce zadni plochy ¢ocky
je ale ve vétsin€ pripadd asférickd a tedy skutecna kiivka této plochy neni v celém svém tvaru odpovidajici
uvedenému &islu. Udaj zakfiveni je ztohoto uhlu pohledu pro nas hodnotou orientaéni. V literatuie se
nejcastéji uvadi, ze hodnota zakiiveni kontaktni ¢ocky by méla byt o jeden milimetr plossi, nez je primérna
keratometrie centra rohovky. Toto pravidlo skutecn€ plati v pfipadé, ze kiivka zadni plochy kontaktni ¢ocky je
blizka rotaénimu hyperboloidu. Ale soucasné kiivky zadnich ploch ¢ocek jsou vyrazné slozitéjsi. A navic se
vétSina kontaktnich ¢ocek dodava na trh v jednom, maximalné dvou riznych zakfivenich tzv. unifitech. Tento
stav nas asto vede, v kombinaci s ostatnimi parametry ¢ocek, k ur¢itému aplikaénimu kompromisu. Dobfe, ale
jak tedy ur¢im spravné vybranou kontaktni ¢ocku? Odpovéd’ je jednoducha: tuto jistotu bez kontroly aplikace
na $térbinové lampé nejsem schopen potvrdit. Vice si o celém hodnoceni fekneme za chvilku.

Pozadavek na presnou aplikaci kontaktnich ¢ocek predpoklada, ze tvar cocky bude ,.kopirovat™ tvar rohovky a
vysledkem bude paralelni postaveni kontaktni ¢ocky vii¢i rohovee ve vSech bodech. Tento idedlni stav nastava
velmi zfidka. Mnohem ¢astéjsi, 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 centralni opticka oblast kontaktni cocky jako celek strmé&jsi nez prislusné velké oblast rohovky. To
je celkem paradoxni vzhledem k tomu, ze pokud jde o uvadéné centralni zakiiveni (BC = basic curve), volime
popisné plossi hodnotu, nez je primérné keratometrie centra oka.

V oblasti pfechodu mezi optickou a haptickou ¢asti cocky, byva jeji pfiblizeni k rohovce nejtésnéjsi. Okraj
kontaktnich cocek by pak opét mél sméfovat mirné od povrchu oka.Charakteristika okraje kontaktni ¢ocky ale
muze byt velmi riznoroda. Na obrazku z elektronového mikroskopu vidime nékolik riznych typt kontaktnich
CoCek od riznych vyrobct. Je tu ziejmé, ze k problematice okraje ocek rozhodné nepfistupuji jednotné.
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Dokonce se daji rozdelit do ¢ty rGznych ,kategorii*: okraje sméfujici vzhtru a to do britového nebo
zaobleného tvaru a podobné okraje sméfujici dolti: opét bud’ biitové, nebo zaoblené.

Z drive feCeného se okraje sméfujici dolti zdaji byt celkem nelogickym feSenim. Jenze, ono také zalezi na tvaru
prechodu mezi rohovkou a sklerou. Pokud je sklerokornealni tihel velmi otevieny, pak ¢ocka s okrajem vzhtiru
muze prili§ odstavat od povrchu oka a vysledkem je neumérné drazdeéni tarzalni plochy vicka, pfipadné okraj
vicka muze primo hrnout takovou ¢oc¢ku z oka ven. Naopak, u ostiejSiho sklerokornealniho uthlu by se ¢ocka
s okrajem dold mohla okrajem opirat do perilimbalni oblasti. Jednak tu bude piasobit otlak, ale predevsim
uzavie prirozeny pratok slz pod kontaktni ¢ocku. Vysledkem takové aplikace je hypoxie rohovky. Rohovce
totiz chybi kyslik pfivadény vyménou slzného filmu a tento nedostatek neni schopen pokryt ani ten
Dalsi dulezitou vlastnosti kontaktni ¢ocky je schopnost stejnomérné rozkladat tlak, ktery na predni segment
oka puisobi.Tento tlak vyvolavaji oéni vicka, pfedevsim okraj tarzu. To plati pfi otevieném oku a samoziejmé
pak v prubéhu mrknuti. Mrkani a tlak okraji vicek je uréujici veli¢inou pti fadé dynamickych dé&ji po aplikaci
Cocky na oku. U sférickych nestabilizovanych kontaktnich ¢ocek je vysledkem tlaku okraji vicek pfi mrkani
rotace ¢oc¢ky. Ta spolu s mirnym pohybem nahoru a doli a také s mirnym ,,pumpovacim* efektem pfitlacenim
¢ocky k oku a opétovnym uvolnénim, rovnéz napomaha tolik potiebné vymeéné slz pod cockou. No dobie, a co
tedy kontaktni cocky, které zamérné na oku stabilizujeme — naptiklad vSechny torické? Je realitou, ze pravé u
téchto Cofek je vymeéna slz pod ¢oCkou nizsi. Jednak chybi rotace, dale ¢oCka kwili stabilizacnim
mechanismum je tlustsi a tedy pump efekt neni tak silny. A Casto je ¢ocka jesté 1 vétsi v praméru. O to vice
tady zalezi na spravné volbé parametrl Cocky a jejich nasledné kontrole.

U mekkych kontaktnich ¢ocek se musi konstrukce podfidit obsahu vody, elasticité, propustnosti pro kyslik,
transportu tekutin v materialu a evaporaci (osychani). Existuji pfesné stanovené hodnoty konstrukénich udaju,
kde je mimo jiné uvedena minimalni stfedova tloustka ¢ocky. Neni problém takto tenké a nebo i ten¢i Cocky
vyrobit, ale vyuzit se prakticky nedaji. Takto tenka ¢ocka by se po aplikaci propadla v centralni oblasti a adhezi
slz ptichytila k rohovce. Tim by se omezil jeji pohyb, nedochazelo by k vymeéné slz pod ¢ockou, tedy by se
neptivadél kyslik a neodvadély splodiny metabolismu. Proto je nutné tloustku cocky vzdy vyvazit k
prislusnému materialu.

Vliv materialu

Zékladnim a referennim materidlem meékkych kontaktnich cocek je hydroxyetylmetakrylat -
HEMA .Schopnost sitovaného polymeru vazat vodu byla revoluéni novinkou. Kontaktni cocky z Cistého
materidlu HEMA obsahuji mezi 36 az 38% vody. Voda pfitom ma v ¢occe scela zdsadni vyznam pokud jde
snasenlivost materialu na oku — vétSinou ji hodnotime prostfednictvim smacivosti povrchu, dale jeho jemnost a
pruznost — obvykle dnes vyjadienou modulem pruznosti cocky, a v neposledni fadé propustnost materialu pro
kyslik — nejcasteji uvadime hodnoty Dk a Dk/t. Ptidavkem kopolymerd, jako jsou naptiklad vinylpyrolidon,
vinylakrylat neboglycerylmetakrylat, je mozné obsah vody zvysit — technicky se pouziva maximalni obsah
vody okolo 70%. U hydrogelovych materiali se spolu s vyssim obsahem vody zlep§i 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 dnesni dobé se na trhu mékkych kontaktnich ¢ofek nejCasteji pouzivaji materidly s kategorie silikon
hydrogelti. Obsah siloxanti v materialu Coc¢ky vyrazné zlepSuje jeji propustnost pro kyslik. Ta jiz neni
limitovana obsahem vody v ¢occe, kdy voda pusobi jako transportni medium pro kyslik. Molekuly kysliku
stejné jako odpadniho CO, mohou prochazet ptimo strukturou materialu. Teoreticky tak plati, Ze vyssi 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 hydrogeld. Vysledkem je vy$si hodnota modulu
pruznosti. Cisté siloxany jsou také hydrofobni a to ma za néasledek horsi povrchovou sméagivost ¢ocky a vétsi
afinitu k vazb¢ lipidovych depozit na povrch ¢ocky.S témito vlastnostmi se vétSina vyrobcl snazi bojovat a
postupné se méni vnitini provazanost jednotlivych struktur materialu, stejné jako se hleda optimalni vyvazeny
pomér obou slozek pro zachovani vétSiny vyhod jak hydrogelid, tak silikon hydrogeld. Moderni silikon
hydrogely se sice mozna nepys$ni nejvyssimi hodnotami propustnosti pro kyslik, zato ale maji vyrazné nizsi
modul pruznosti, lepsi povrchovou smacivost a vyssi celkovy obsah vody.

Hydrogelové materily jsou diky niz§imu modulu pruznosti vice pfizptisobivé tvaru rohovky pod sebou. Také
adheznti sily jsou u hydrogelti vyssi nez u silikon hydrogelovych ¢ocek. Dlsledkem toho mtze byt mensi pohyb

vvvvvv

hydrogelovych Cocek zase klade vétsi naroky na vybér spravnych parametrt.

Hodnoceni aplikace na §térbinové lampé

Pro hodnoceni spravné naaplikované kontaktni cocky pouzivame biomikroskopii s vyuzitim $térbinové lampy.
Prvnim krokem je spravné nastaveni, tak abychom méli jasné a piehledné moznosti pozorovani. Hodnotime pfti
malém zvétSeni, je pfehlednéjsi a vidime vetsi ¢ast Cocky, za difuzniho osvétleni.

10



Hodnoceni se sklada z nékolika zakladnich krokd. Nejprve prosty pohled na aplikovanou ¢ocku na oku, klienta
vyzvu K nékolika zamrkanim. Hodnotim centraci ¢ocky, jeji pohyb a rychlost stabilizace. Nasledné klienta
vyzvu K pohlediim do stran, nahoru a dolti. Pokud mi vadi ve vyhledu vicka, mohu je mirné pfidrzet, ale pozor,
maji velmi zasadni vliv na stabilizaci a polohu ¢ocky za normalnich okolnosti.

Nasledné provadim push-up test, tedy nejprve odtahnu spodni vicko a nasledné jeho hranou lehce pfistréim
¢ocku smérem vzhlru a uvolnim. Pozoruji rychlost a ,,ochotu” ¢ocky vracet se do piivodni polohy, ptipadné
jeji prepadavani niz, nez ptvodné byla. U torickych ¢ocek je namisté také kontrola rotace ¢ocky jejim
vychylenim do stran.

Zaveéry provedené z pozorovani:

aplikace je ptesna — kontaktni ¢ocka se pfimétené hybe na oku pii mrkani, jeji pohyb je pfiblizné v intervalu
0,3 az 0,5 mm. Ochotné se pohybuje s okem pfti pohledech do stran, nezaostava, ale neni ani tésna v meznich
polohach. Ochotné reaguje na push-up test, vraci se prakticky okamzit¢ do vychozi polohy, pfi odtazeni
spodniho vi¢ka nema tendenci klesat pfili$ nizko. Klient uvadi u prvnich aplikaci takto zvolenych ¢océek, Ze je
na oku vnima, ale nejsou nepiijemné.

Aplikace je tésna — kontaktni cocka vykazuje minimalni pohyb na oku. N&kdy je centralné umisténa, ale nekdy
byt nemusi.P¥i pohybu do stran jde ochotné s okem, ale i v meznich polohach se neposunuje proti pohybu. Na
push-up test reaguje jen neochotné, velmi pomalu, nebo téméf viibec se nevraci do ptivodni polohy — miize
trvat i n€kolik mrknuti, nez je opét centrovana. Pozor: klient muze takovou ¢ocku hodnotit jako velmi
pohodInou, prakticky o ni na oku ani nevi — zatim. ReSeni: zvolit volngj§i parametr zakiiveni ¢o¢ky, nebo
mensi prumér.

Aplikace je volna — kontaktni ¢oc¢ka se velmi ochotné pohybuje pii mrkani, klouze po oku, pii pohybech do
stran nékdy az nestiha. Push-up test: uz pfi odtazeni vicek mize byt viditelny pokles ¢ocky, na test samotny
reaguje az prili§, po uvolnéni poklesa pod vychozi polohu. Klient od zacatku ¢ocku vnima a casto uvadi, ze
docka drazdi. Reseni: zvolit men3i tésnéjsi parametr zak¥iveni, nebo vétsi pramér.

V dne$ni dob€ zménit Cocku znamena Casto sahnout po jiném typu, nebojte se takové zmeény.

K hodnoceni mohu pouzit také barveni slzného filmu fluoresceinem. Pozor: pokud hodnotim aplikaci mékkych
kontaktnich ¢ocek, musim pouzit vysokomolekularni fluorescein.

Pro pozorovani volim opét malé piehledné zvétSeni s difuznim osvétlenim, kdy ptidavam kobaltovy filtr a pted
objektivem biomikroskopu mohu pouzit jesté Zlutou predsadku. Intenzita osvétleni musi byt pomérné vysoka.
Hodnoceni: v§imame si distribuce fluoresceinu (slzného filmu) v oblasti kontaktni cocky. Pii piesné aplikaci je
distribuce slzného filmu celkem rovnomérna v celé plose. Trochu vic se mize barvit centralni oblast a je
viditelny mirné pfizvednuty okraj — oramovani Cocky. U tésné aplikace se objevuji mista bez vyrazného
fluoresceinu. Vyrazné vétsi nahromadéni je naopak v centralni oblasti a oramovani okraje ¢ocky je nékdy
velmi slabé, nebo téméf chybi. U volné aplikace je velmi Casto oko vyrazné zaslzené, vét§i mnozstvi
fluoresceinu je nahromadéné hlavné pod Sirokym okrajovym pasem.
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Technical parameters influencing the accuracy of the fitting of contact lenses and their kontrol- Bc.
TomasDobiensky

Afiliation: CooperVision Czech Republic

Abstract:A brief recapitulationof parametersof contact lenses, their relationship andinfluence on theaccuracy of
theapplication. Otheracting factors,such as thelens materialand its properties.Ways of assessingthe finalapplication
of contact lenseshy biomicroscopyon the slit lamp.

Application of contact lenses combines many different elements that affect it. We decide on the basis of visual
errors, clinical findings, the technical characteristics and the possibility of parameters ofcontact lenses, but also on
the user's individuality. The role of personalityof ECP, whose decisions determine to a large extent future client
satisfaction with the chosen solution. It is important to learn how to navigate in the possibilities of solutions, make
decisions according to established facts and also be able to verify the accuracy of the choice of the most objective
manner. In my lecture, | focused on the area of soft contact lenses, the effect of some parameters and technical
solutions to fittingprocess and also looking at the control contact lens on the eye.

Contact lenses differ based on the used materials, designs, and wearingschedules, and also which refractive error
we must corrected.

The construction of contact lens should meet the following basic criteria: The contact lens should at least limit the
flushing of tear film on the eye. With this, it is in fact connected sufficient supply of oxygen to the cornea and also
removal of metabolic combustion products from it. This factor is most influenced by the overall design of lenses
and most their edge.

Lens design

Let's look first at the basic descriptive parameters of the contact lenses that are provided for all the products:

Base curve (BC)

Diameter (Dia).

Application of contact lenses affect both of these parameters - the resulting application is the relationship between
the curvature and diameter of contact lenses. The question is, whether these two parameters describe the real 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 and the diameter of the
soft sclero-corneal lens then they should overlap the limbus at least about 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.

Base curve is more complicated question. Standard BC of a contact lens is descriptive parameter, which expresses
the central curvature of the lenses in approximately two or three millimeters in diameter. The rear surface of the
lens but in most cases, and therefore the current aspheric curve of this surface is not in its shape corresponding to
that number. Base curve is from this perspective for our value orientation only. The literature frequently indicates
that the value of the BC of the contact lens should be about one millimeter flatter than the average keratometry of
central cornea. This rule applies if the rear surface curve of the contact lens is close to oblate spheroid. But the
current curve of the lens surface is more complex. Most contact lenses are available on the market in a one or
maximum two different curvatures -Unifits. This condition often leads us, in combination with the other parameters
of the lens, a fitting for a particular compromise. OK, but how do | determine correctly selected contact lens? The
answer is simple: this assurance without checking applications on the slit lamp is not able to confirm. More about
ratings | will say later.

The requirement for precise application of contact lenses assumes that the shape of the lens to "copy" the shape of
the cornea and results in the parallel position of the contact lens against the cornea at all points. The ideal situation
occurs very rarely. Much more common, due to the irregular shape of cornea and also contact lens, is a situation,
where in some areasof contact lens are closer to corneal surface and others farther.

Usually the central optical part of the lens is a steeper than corresponding area of the cornea. It is quite paradoxical
in view the fact, that the mentioned central curvature (BC) is chosen in descriptive value flatter than the
averagekeratometryof center of eye.

The area between the optical and haptic part of the lens is its closest approach to the cornea. Edge contact lenses
should be pointing again slightly from the surface of the eye. But edge of contact lens may be very diverse. On the
pictures from electron microscope, we see several different types of contact lenses of 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

12



transition between the cornea and sclera. If sclero-corneal angle is very open, the lens edge can’t protrude upward
from the surface of the eye and result in excessive irritation of the tarsal area of eyelid 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 bruising, but also closes the natural flow of tears under the lens. The result is
hypoxia of cornea. The cornea is lacking 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 feature is the ability contact lenses uniformly distribute the pressure that the front segment of the
eye operates. This pressure rise eyelids, particularly edge of tarsus. This applies with open eyes and then, of course,
during the blink. Blinking and eyelid margin pressure is decisive parameter in a number of dynamic processes, after
fittingof the lens on the eye. For spherical contact lenses is the result of pressure at the edges of the eyelid during of
blinking rotation of the lens. This, together with a slight up and down movement, and with a "pumping" effect of
pressing the lens to the eye and re-release, also helps much needed exchange of tears under the lens. Well, what
about the contact lenses we must stabilize on the eye - for example all torics? The reality is, that just for these
lenses is the exchange of tears under the lens lower. First, lack of rotation, as well as a lens due the stabilizing
mechanisms is thicker and thus pump effect is not so strong. And usually this kind of lenses is often even larger in
diameter. That's more here depends on the correct choice of lens parameters.

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 values of design 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 region and by tears will be
sticking by adhesion to the 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 exhausts 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. The ability to cross-
linked polymer to bind water was a revolutionary. Contact lenses from pure HEMA contain between 36-38% of
water. Water content is crucial as regards the compatibility of the material on the eye - usually it evaluate by
surface wettability, as well as its softness and flexibility - usually today expressed by the modulus of the lens, and
finally permeability material for oxygen - typically shows values of Dk and Dk / t. Addition 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 higher water content improves the
flexibility and softness of the material and its permeability to oxygen. Isolated polymer is impermeable for gases, so
water content is critical for the hydrogel to determine its diffusivity.

Current market with soft contact lenses most commonly used silicone hydrogelsmaterials. Siloxanes content in the
lens material greatly improves its oxygen permeability. That is no longer limited by the water content of the lens,
where the water acts as a transport medium for the oxygen. Oxygen molecules as well as waste CO, can flow
directly across the structure of material. Theoretically, higher water content in the silicone hydrogel materials
decreases oxygen permeability. On the other hand, siloxanes in structures are mechanically stiffer and less elastic
than is 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 binding affinity for lipid deposits on the lens surface. With
these features, the majority of manufacturers trying to fight and gradually changing the bones between the different
parts of material, as it seeks an optimal balance of the two components to preserve most of the benefits as hydrogels
and silicone hydrogels. Modern silicone hydrogels may perhaps have not highest values of oxygen permeability,but
have significantly lower modulus, improved surface wettability and higher total water content.

Hydrogel materials are due to the lower modulus more adaptable to the shape of the cornea. 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
places greater demands on the selection of the correct parameters.

Evaluation of the application by the slit lamp

Pre-applied thread for evaluating the correct contact lens use biomicroscopy on a slit lamp. The first step is to set,
so we have a great opportunity for observation. We evaluate low magnification to see more of the lens and diffuse
lighting.

The assessment consists from a few basic steps. First, a simple view of the applied lens on the eye, and asked client
to several blinked. Evaluate centration of the lens, its movement and speed of stabilization. Subsequently, we ask
client to look on sideways, up and down. If that bothers me the eyelids, | can hold it gently, but be careful, have a
very significant impact on stabilization and the position of the lens under normal circumstances.

Subsequently I will do push-up test: a first pull down the lower eyelid and then push up the lens by edge of eyelids
slightly upwards and release. | observe speed and "willingness" to return the lens to its original position, or its
assaults lower than it originally was. For toric lenses, it must also control the rotation of the lens deflecting it
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sideways.

Conclusions made from the observation:

application is accurate - the contact lens is appropriately moves on the eye during blinking, the movement is
approximately in the interval 0.3 to 0.5 mm. Willingly moves with the eye when looking sideways, not lag, but not
even close to the limit positions. Readily react to the push-up test, almost immediately returns to the initial position
and during retraction of the lower eyelid does not tend to fall too low. The client states for the first applications of
the selected lens, the eye perceives, but not unpleasant.

The application is tight - contact lens has a minimum eye movement. Sometimes it is centrally located, but some
may not. When the sideways movement goes readily to the eye, but in the limit positions is pushed against
movement. On the push-up test only reluctantly responds very slowly or hardly at all will not be returned to its
original position - it may take a few winks before it is again centered. Attention: client can evaluate such a lens very
comfortable, practically on her eye does not know - yet. Solution: select looser curvature parameter of the lens, or a
smaller diameter.

The application is loose - contact lens is very happy to move you blink, glides over the eye during sideways
movements sometimes slow. Push-up test: already in tow eyelids may be visible decline lens to test itself reacts too,
after releasing a decline below the starting position. Client from the beginning of the lens and often perceives that
the lens irritating. Solution: select smaller tighter curvature parameter or a larger diameter.

Todayif the lens is for change means frequently resort to another type, do not be afraid of such changes.

The assessment can also be used fluorescein staining of the tear film. Caution: if you evaluate the application of soft
contact lenses, you have to use high-molecule-fluorescein.

I vote again for observing small increase in the diffuse light when adding cobalt blue filter over the lens and can
also use the yellow conversion lens. Light intensity must be relatively high.

Rating: we observe the distribution of fluorescein (the tear film) in contact lenses. When the precise application: the
tear film distribution is fairly even across the surface. A little more can be dyed central region and is visible slightly
raised edge - frame lenses. In tight space applications occur without significant fluorescein. Significantly greater
accumulation of contrast in the central region and the edges of the lens frame is sometimes very weak or almost
absent. For loose application is very often tearful eye significantly larger amount of fluorescein is accumulated
mainly under the broad edge strip.
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3. Metodika vySeti‘eni dynamické zrakové ostrosti- Bc.Pavla Hrabalova
Vedouciprojektu:Mgr. Jitka Krasinanska, Ph.D.

Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity Brno

Uvod

V bézné optometristické praxi se dennodenné setkdvame s meéfenim zrakové ostrosti pomoci klasickych
optotypovych tabuli. Jednd se vSak o meéfeni statické zrakové ostrosti, kdy je vySetfovany i testové znaky
V naprostém klidu, coz prili§ neodpovidd podminkam bézného kazdodenniho Zivota. Pojem dynamicka zrakova
ostrost predstavuje vidéni za dynamickych podminek — tj. pohybuje-li se ¢lovék samotny nebo ptedméty v jeho
okoli. Moznosti, jak takového vySetfeni dosahnout, je vicero. Neexistuje vSak zadna oficialni norma k méteni
dynamické zrakové ostrosti.

Predpokladem pro méfeni dynamické zrakové ostrosti je kvalitni zrakova ostrost staticka, ke které je mimo jiné
zapotiebi prichodnosti optického systému oka a spravné funkce a spojeni fotoreceptort se zrakovymi korovymi
centry. Z vnéjsich vlivii miizeme jmenovat kontrast samotnych optotypovych tabuli, intenzitu osvétleni ¢i barvu
svétla. Vidéni je samo o sobé velmi naroény proces, na kterém se podili nespocet faktorti. Dynamické vidéni
vyzaduje vedle vS8ech ptedpokladii pro statické vidéni také spravnou funkci motorického mechanismu — tedy
konjugované pohyby o¢i, hlavy a téla, ktery zajisti udrzeni obrazu pohybujiciho se pfedmétu na sitnici, respektive
primo v makule. Dale je dynamické zrakova ostrost opét ovlivnéna i okolnim prostiedim, a pfedevs§im rychlosti
pohybu daného znaku ¢i délkou jeho expozice. Je-li rychlost pohybu mezi pozorovatelem a predmétem nizsi nez
60-70 stupint za sekundu, je statickd a dynamicka zrakova ostrost v korelaci. Pokud thlova rychlost vzroste nad
tuto hodnotu, rapidné klesa rozliSovaci schopnost.

Méfeni dynamické zrakové ostrosti

Jak jiz bylo zminéno, vySetfeni dynamické zrakové ostrosti muze probihat dvéma zakladnimi zpisoby. Prvni
zpusob probiha za pohybu vySetfovaného pii pouziti klasickych statickych optotypovych tabuli. Druhym zptsobem
je usazeni pacienta, kterému jsou pfedlozeny pohybujici se znaky. Oba druhy méteni vSak maji jesté sva dalsi rizna
specifika, jako jsou napiiklad smér a zpisob pohybu jak vySetfované osoby (pohyb navozeny vysetfujicim, pohyb
hlavy za chtze), tak pouzitych znaki (od/k vySetfovanému, horizontalni, rota¢ni atd.) Jedno vSak maji vSechny
metody spolecné. Jedna se o subjektivni vySetfovaci metody, kde je zapottebi aktivni spoluprace pacienta.
Vychozim bodem k méfeni dynamické zrakové ostrosti je zjisténi naturalniho vizu a v piipadé jeho poklesu také
vykorigovani ametropie klasickou metodou. Vysetieni probiha vétSinou pouze binokuldrné, a to s nejlepsi korekeli,
pripadné s vlastni korekei (u emetropa bez korekce).

Dynamic Visual Acuity test — DVA test

Jedna se o vysoce spolehlivy funkéni test, ktery hodnoti schopnost pacienta rozeznavat detaily znaku pii
pohybovani hlavy. Primarné slouzi k vySetfeni dynamické zrakové ostrosti, mize vsak slouzit i jako doplikové
vySetieni k odhaleni nedostate¢né funkce vestibularniho systému, jelikoZ tento kriticky moment — pohyb hlavy, je
vyrovnavan pomoci vestibulo-okularniho reflexu (VOR), ktery napomaha fixovat a stabilizovat pohled pacienta na
pozorovany predmét tak, ze pohyb oci je vzdy v opa¢ném sméru vzhledem k pohybu hlavy.

Pacient je pfi vySetfeni usazen pied optotypovou tabuli ve vzdalenosti odpovidajici pouzitému druhu optotypu.
Nejprve je tedy zméfena hodnota statické zrakové ostrosti. Po uréeni nejmensiho mozného Citelného tadku je
pacient uchopen vySetfujicim obéma rukama za hlavu v oblasti usi a je proveden kyvavy pohyb ze strany na stranu
Vv Cetnosti zhruba dva cykly za sekundu, pficemz rozsah pohybu je pfiblizné okolo 10° na kazdou stranu.
tohoto fadku vyslednou hodnotou dynamické zrakové ostrosti. Ta byva obvykle o jeden az dva fadky hor$i nez u
statické metody. VEtsi rozdil miize poukazovat na nékterou z vestibularnich poruch.

Existuje i automatizovana verze tohoto testu — tzv. cDVA neboli computerized Dynamic Visual Acuity test, kde
odpada pro mnohé nepiijemny fyzicky kontakt s vySetiujici osobou. Postup i vyhodnoceni jsou ale jinak prakticky
stejné jako u neautomatizované verze. Jako optotypové znaky jsou pouzity ,.E* symboly, popt. haky stfidajici se
nahodné ve dvou pozicich, zobrazujici se jen tehdy, pohybuje-li vySetfovany hlavou spravnym smeérem a urcitou
rychlosti. Tuto skutenost snima senzor pfipevnény na jeho Cele. Nevyhodou obou metod testovani mohou byt
pripadné zavrativé stavy ¢i pocit dezorientace.
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Metoda dle Hillmana

Metoda podle Hillmana vyuziva méfeni dynamické zrakové ostrosti béhem chlize na bézeckém pasu. Nejprve je
nutné zjistit zrakovou ostrost v zakladni pozici, tedy vestoje na pasu, ktery je az poté spustén. Nasledné je
vySetfovany vyzvan k chizi na béZzeckém pasu bez drzeni madel. Je vSak jistén bezpecnostnimi pasy pro piipad
ztraty rovnovahy. Za chlize ¢te nahlas znaky, jejichz velikost se zmensuje vzdy o 2 body z velikosti pisma 20 na
velikost 12 bodt. Znaky jsou promitany nahodn€ na obrazovce monitoru ve vzdalenosti 2 metry od vysetfovaného.
Jeden znak je promitan po dobu 3 sekund, pficemz pro kazdou velikost pisma jsou promitnuty dva znaky — celkem
tedy deset znakt. Tato metoda, a¢ se zda velmi vhodna diky simulaci veelku realnych podminek, kdy je pohyb
hlavy navozen doslapovanim pii chlizi, ma ovSem také urcité nedostatky. Jednak je prostorove i financn€ velmi
naroc¢na, nejvetsi problém byl vSak shledan u samotnych pacientll. Rychlost chliize na pasu byla totiz stanovena
Hillmanem na 6,4 km/h. Takovato rychlost je ale napiiklad pro pacienty s kardiovaskularnim onemocnénim,
ortopedickymi nebo nervosvalovymi potizemi nevhodna a toto vySetfeni by neméli viibec podstupovat.

Test dynamické zrakové ostrosti

Jelikoz se v Ceské republice dynamické zrakova ostrost bézné neméii mimo specializovana pracovisté zabyvajici se
vizualni ¢i sportovni optometrii, nesetkame se s zadnym standardizovanym testem k jejimu méteni. Test dynamické
zrakové ostrosti je pouze teoreticky navrh podle doktorky Krasinanské a kolektivu.

Pfi tomto testovani jiz nedochazi k pohybu pacienta, ale pouze k simulovanému pohybu znakd na LCD optotypu.
Jako nejvhodnéjsi znaky se pro tento typ méfeni ukazaly Landoltovy kruhy. Tyto kruhy, respektive mezikruzi jsou
povazovany za nejobjektivnéjsi ze vSech znakl vubec. Jejich vyska ma velikost péti jednotek (,,D), vyfez a
tloustka znaku zaujimaji velikost jedné jednotky (,,d*) a lze je nabidnout v osmi riiznych polohach — dvou
horizontalnich, dvou vertikalnich a étyfech Sikmych, pri¢emz rotace znakid neni u tohoto druhu méfeni nutna. Jejich
velikost se odviji od pozorovaci vzdalenosti (,,a*), ktera je v tomto pfipadé stanovena na 6,2 m pro zjednoduseni
dalsich vypoctu, a predevs§im od hodnoty pozadované zrakové ostrosti (,,VA®). Znak se ma zvétSovat z hodnoty VA
= 3,1 az po VA = 0,1 v ideadlnim pfipadé linedrn€ spojité, ¢imz dochazi k simulaci pohybu smérem k
vySettovanému. Teoreticky se ukazala rychlost v = 20 m/s (72 km/h) jako dostacujici hodnota rychlosti tohoto
simulovaného pohybu.

Ze vzorce VA= %, kde ,,A“ je vzdalenost, ze které je znak citelny pro ¢loveéka s normalni zrakovou ostrosti (oko

svizem 1,0) a ,a“ je vySetfovaci vzdalenost, vypofteme hodnotu zrakové ostrosti pacienta. Ptecetl-li by
vySetiovany z vySetfovaci vzdalenosti ,,a“, na pocatku (v ¢ase t = 0 s), znak Ccitelny pro oko s vizem 1,0 ze
vzdalenosti A =2 m, byla by jeho zrakova ostrost VA = 3,1. Pokud by vSak rozeznal znak az v ¢ase t = 1 s, kdy by

G 20 40 60 80 100 300
Distance (feet)
Obrazek 2. Landoltiv kruh

mél znak diky rychlosti 20 m/s takovou velikost, aby byl citelny pro oko s normdlni zrakovou ostrosti ze
vzdalenosti A =22 m, byla by hodnota jeho zrakové ostrosti VA = 0,28.
Vypocet velikosti samotného znaku a jeho detaild v jednotlivych polohach vychazi ze zavislosti VA na zorném
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uhlu pozorovani podle vzorce ® = % , kde vysledny zorny uhel dostavame v thlovych minutach. Dal$i nezbytné

nutnou veli¢inou pro vypocet ,,d*“ — velikosti kritického detailu, je hodnota ,,a“ — vysetfovaci vzdalenost (ob¢ v
metrech). Dle vzorce d = a - tg o vypocitame velikost detailu znaku, ze které po vynasobeni péti (ze vzorce D = 5 -
d) dostaneme vyslednou vysku celého znaku pro danou hodnotu VA. V neposledni fad¢ je potieba zajistit, aby
program LCD optotypu zobrazil znak beze zmény této velikosti. Hodnoty ,,d* a ,,D* pro jednotlivé tirovné VA jsou
zobrazeny v nasledujici tabulce.

Alm] |t[s] |VA 0[] o[°] w[rad] d[m] D[m] d [mm] D [mm]
3,1 0,055 {2,00 |0,50000 |[0,00833 |0,00015 |0,00090 |0,00451 |0,90 4,51
4 0,1 1,55 ]0,64516 |0,01075 |0,00019 |0,00116 |0,00582 |1,16 5,82
6 0,2 1,03 ]0,96774 |0,01613 |0,00028 |0,00175 |0,00873 |1,75 8,73
6,2 0,21 |1,00 |1,00000 |0,01667 |0,00029 |0,00180 |0,00902 |1,80 9,02
8 0,3 0,78 |1,29032 |0,02151 |0,00038 |0,00233 |0,01164 |2,33 11,64
9,3 0,365 | 0,67 |1,50000 |[0,02500 |0,00044 |0,00271 |0,01353 |2,71 13,53
10 0,4 0,62 |1,61290 |0,02688 |0,00047 |0,00291 |0,01454 |2,91 14,54
12 0,5 0,52 |1,93548 |0,03226 |0,00056 |0,00349 |0,01745 |3,49 17,45
12,4 10552 |0,50 |2,00000 |0,03333 |0,00058 |0,00361 |0,01804 |3,61 18,04
14 0,6 0,44 |2,25806 |0,03763 |0,00066 |0,00407 |0,02036 |4,07 20,36
155 0,675 [0,40 |2,50000 |0,04167 |0,00073 |0,00451 |0,02254 |4,51 22,54
16 0,7 0,39 |2,58065 |0,04301 |0,00075 |0,00465 |0,02327 |4,65 23,27
18 0,8 0,34 |2,90323 |0,04839 |0,00084 |0,00524 |0,02618 |5,24 26,18
18,6 (0,83 |0,33 |3,00000 |0,05000 |0,00087 |0,00541 |0,02705 |5,41 27,05
20 0,9 0,31 |3,22581 |0,05376 |0,00094 |0,00582 |0,02909 |5,82 29,09
24 1,1 0,26 |3,87097 |0,06452 |0,00113 |0,00698 |0,03491 |6,98 34,91
248 (1,14 10,25 |4,00000 |0,06667 |0,00116 |0,00721 |0,03607 |7,21 36,07
26 1,2 0,24 |4,19355 |0,06989 |0,00122 |0,00756 |0,03782 |7,56 37,82
28 1,3 0,22 |4,51613 |0,07527 |0,00131 |0,00814 |0,04072 |8,14 40,72
30 1,4 0,21 |4,83871 |0,08065 |0,00141 |0,00873 |0,04363 |8,73 43,63
31 1,45 10,20 |5,00000 |0,08333 |0,00145 |0,00902 |0,04509 |9,02 45,09
32 1,5 0,19 |5,16129 |0,08602 |0,00150 |0,00931 |0,04654 |9,31 46,54
34 1,6 0,18 |5,48387 |0,09140 |0,00160 |0,00989 |0,04945 |9,89 49,45
36 1,7 0,17 |5,80645 |0,09677 |0,00169 |0,01047 |0,05236 |10,47 52,36
38 1,8 0,16 |6,12903 |0,10215 |0,00178 |0,01105 |0,05527 |11,05 55,27
40 1,9 0,16 |6,45161 |0,10753 |0,00188 |0,01164 ‘ 0,05818 | 11,64 58,18
44 2,1 0,14 |7,09677 |0,11828 |0,00206 |0,01280 |0,06400 |12,80 64,00
46 2,2 0,13 |7,41935 |0,12366 |0,00216 |0,01338 |0,06690 |13,38 66,90
48 2,3 0,13 |7,74194 |0,12903 |0,00225 |0,01396 |0,06981 |13,96 69,81
50 2,4 0,12 |8,06452 |0,13441 |0,00235 |0,01454 |0,07272 |14,54 72,72
52 2,5 0,12 |8,38710 |0,13978 |0,00244 |0,01513 |0,07563 |15,13 75,63
54 2,6 0,11 |8,70968 |0,14516 |0,00253 |0,01571 |0,07854 |15,71 78,54
56 2,7 0,11 |9,03226 |0,15054 |0,00263 |0,01629 |0,08145 |16,29 81,45
58 2,8 0,11 |9,35484 |0,15591 |0,00272 |0,01687 |0,08436 |16,87 84,36
60 2,9 0,10 |9,67742 |0,16129 |0,00282 |0,01745 |0,08727 |17,45 87,27
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Vysledna hodnota dynamické zrakové ostrosti pak zavisi na tom, v jakém casovém okamziku je test zastaven.
Jelikoz je simulovana rychlost pohybu znaku ponékud vysoka, mélo by byt mozné test pozastavit v libovolny
okamzik — nejlépe, aby mohl byt zastaven samotnym vySetfovanym ihned, jakmile rozpozna orientaci Stérbiny.
Bylo by v§ak vhodné, aby se po zastaveni testu znak jiz nezobrazoval. VySetfovany by jinak mohl snadnéji doosttit
orientaci nepohybujiciho se znaku a mohl by pak zménit konecnou odpovéd o pozici $térbiny, kterou vidél
puvodné. V pripad¢ spravného rozpoznani mizeme hodnotu VA, na které vySetfovany test zastavil, povazovat za
hodnotu dynamické zrakové ostrosti. Ovéteni Ize provést stejnym zplsobem za pouziti jiné polohy znaku.

Metody sportovni optometrie

Vykon sportovce nezavisi pouze na jeho fyzické kondici, ale ina jeho zrakovych schopnostech. Jednim
z nejdulezitéjsich zrakovych aspektti sportovce je pravé jeho dynamicka zrakova ostrost, dale prostorové vidéni,
Sitka zorného pole a také koordinace oko-ruka, popiipad¢ oko-noha, jeZ jsou umoznény diky spravné spolupraci
motorické a senzorické slozky. Extraokularni svaly, které predstavuji motorickou slozku, zajistuji spravnou
pohyblivost o¢i a je mozné Castecné zvysit jejich uc¢innost vhodnym tréninkem, stejné jako je tomu i u ostatnich
svalil téla. Senzoricka slozka reprezentovana korovymi centry v mozku je taktéz tvarna, a to nejlépe v utlém véku.
Z toho vyplyva, ze l1ze ovlivnit kvalitu zrakovych funkei.

U sportovcl byla zjisténa kvalitn€jsi dynamicka zrakova ostrost ve srovnani s nesportovci a ¢im byl provozovany
sport rychlejsi a dynamictéjsi, tim bylo i toto dynamické vidéni 1épe vyvinuto. Sportovni optometrie se tedy zacala
zabyvat takovou myslenkou, Ze pokud vytrénujeme dynamické vidéni, zkvalitnime tim i schopnosti sportovce.
Prvni experimenty spocivaly ve sledovani drahy letu mice ¢i rozsvecujicich se svétel, nebo naptiklad v hazeni si
micem pri zatizeni o¢i prizmaty. Poté bylo navrzeno nékolik trenazért, k méfeni ¢i procviceni dynamické zrakové
ostrosti, dale k trénovani prostorového vidéni, oénich pohybi, akomodace, nebo tfeba koordinace oko-ruka, oko-
noha. Nekteré trenazéry jsou pak uzpisobeny konkrétnimu typu sportu.

Test podle Ludvigha a Millera

Dvojice oftalmologt — Ludvigh a Miller byli prvnimi, ktefi pfisli s pojmem dynamické zrakové ostrosti. Jejich test
slouzi k méfeni aferentniho dynamického vidéni. Jako znak je pouzit Landoltiv prstenec pohybujici se zrychlenym
pohybem zprava doleva na vypuklé ploSe za standardniho osvétleni a kontrastu. VySetfovany ma béhem vysetieni
zafixovanou hlavu a jeho tkolem je tento pohybujici se znak sledovat a rozpoznat orientaci Stérbiny. Zjistujeme,
pti jaké uhlové rychlosti pohybu znaku rozezna vice nez 80 % nabizenych orientaci.

Rotarory

Rotatory jsou multifunkéni pristroje vyuZzivajici rotacni pohyb znaku, ktery je jednim z nejpouzivangjSich druht
pohybu pro méfeni dynamické zrakové ostrosti. VySetfeni mize probihat jak na dalku, tak do blizka. Jejich princip
spociva v pocitacové naprogramovaném otaceni disku, na kterém jsou umistény rizné motivy, jejichz velikost je
vybirana tak, aby byla pro vySetfovaného hrani¢ni. Rychlost rotace je zamérn¢€ volena vyssi, nez by bylo potieba k
rozliseni, ale poté je pomalu snizovana, dokud neni znak rozeznan. To 1épe podrazdi zrakové funkce vysetiované
Kromé moznosti ménit rizné typy diskd je mozné menit jejich rychlost, smér otaceni i sklon. Mezi vyménnymi
disky mizeme vedle diskd k méfeni dynamické zrakové ostrosti najit napiiklad perforované disky pro vkladani
hrott slouzici k procviéeni koordinace oko-ruka.

Obrazek 3. Rotator
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Wayne Tachistoscope Rotator Scanner

Toto zafizeni slouzi k promitani rotujicich prostorovych obrazci (znakl, ¢isel, Sipek aj.). Je slozeno z ovladaciho
panelu a dvou prizmat rotujicich pred promitaci cockou. Rychlost kazdého z prizmat je nastavitelna v rozsahu od 20
do 240 otacek za minutu a smér otaceni je taktéz volitelny. Je tieba dbat spravnému umisténi prizmat plochou
stranou smérem k platnu, abychom zabranili distorzi obrazu. Takto nastavena prizmata ndm umozni vytvorit
rotujici pohyb kruhovy, spiralovity, a to jak ve vertikdlnim, tak i v horizontalnim sméru. Ukolem pacienta
usazeného pied promitacim platnem je rozeznat znak ¢i obrazec, ktery se pohybuje po draze vytvorené kombinaci
ruznych rychlosti a smérti rotace prizmat pired Cockou tachistoskopu. Nutnosti je pouziti anaglyfickych (3D) bryli.
Uplatnéni pristroje je rozsifeno diky kombinacim riznych kotouct a filtrii. Ve sportovni optometrii je vyuzivan

Obrazek 5. Rotator
Obrazek 4. Wayne Tachistoscope Rotator Scanner

k vySetfeni oni motoriky, akomodace, vergence, fiize, fixace a také k vySetfeni dynamické zrakové ostrosti.

Sports Vision Trainer — SVT

Sports Vision Trainer je v soucasnosti jednim z nejvice vyuzivanych piistrojii k procvi¢ovani vizualné-motorickych
schopnosti sportovcil 1 nesportovel. Sklada se z tabule obsahujici 80 poli (mensi prenosné verze 32 poli). Kazdé
Z nich ma uprostied barevné LED svétlo obklopené kruhovou oblasti o praiméru asi 8 cm, kterd funguje jako
detektor. Na tabuli se nahodné rozsvécuji svétla a trénovany ma za ukol dotknout se pole s prave sviticim svétlem,
¢imz procvicuje predevsim koordinaci oko-ruka. Pristroj pracuje ve tfech zakladnich modech s moznosti tento
software voliteln¢ upravit. Mod ,,proaction® zajisti rozsviceni dalsiho svétla az poté, co se vySetfovany dotkne
prave sviticiho pole. Mod ,reaction® je nezavisly na dotyku vySetfovaného. Prodleva mezi rozsvicenim dalsiho
svétla je nastavena obvykle na 0,5 s. Pokud vySetfovany spravné zachyti rozsviceni vice nez 80 % svétel, je mozné
tento Casovy rozestup snizit. Treti mod ,reactive random* je v podstaté stejny jako druhy s tim rozdilem, ze
vySetfujici miZze nastavit Casovy rozestup mezi jednotlivymi svétly dle svého uvdzeni. Prvni mod byva spise
vyuZivany pii vySetfovani, dal§i dva pfi trénovani, coz ale nemusi byt vzdy pravidlem. Lze ho také pouzit jako
jakousi rehabilitaéni pomicku k procviceni a vylepSeni reakci a reflexti u sportovetl po urazech. SVT je taktéz
vyuzivan v fadé studii a vyzkuma.
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ZAaver

Meteni dynamické zrakové ostrosti je vySetieni, které by v praxi mohlo najit hojné vyuziti. Dynamické vidéni je
zapojeno nejen pii sportu, ale pfi kazdodennich Cinnostech, jako je napfiklad fizeni. V soucasnosti jsou fidici
posuzovani pouze podle statické zrakové ostrosti, barvocitu a $itky zorného pole. I presto, ze simulované podminky
V mistnosti plné nenahradi realnou situaci béhem ftizeni, bylo by vhodné v budoucnu zaradit vySetfeni dynamické
zrakové ostrosti mezi kritéria pro ziskani zdravotni zptisobilosti k fizeni motorovych vozidel, nebo alespoin mezi
kritéria k ponechani fidi¢ského opravnéni fidicim seniorim. Prvni v8ak musi byt zajiSténa urcita norma k tomuto
meéfeni, abychom byli schopni spravné vyhodnocovat a porovnavat vysledky, a to nejen mezi jednotlivymi
vySetfovanymi, ale i vysledky riznych metod mezi sebou.
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Methods of dynamic visaul acuity testing- Bc.Pavla Hrabalova
Supervisor: Mgr. Jitka Krasnanska, Ph.D.
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Introduction

In common practice of optometrists, we meet day-to-day with measurement of visual acuity using classic test type
boards. However, this is a measurement of static visual acuity while the examinant and also the test symbols are
fixed, what does not correspond to the normal conditions of everyday life enough. The concept of dynamic visual
acuity represents vision under dynamic conditions — i. e. while the person or subjects around are moving. There are
several ways how to reach this kind of examination. However, there is no official standard for the measurement of
dynamic visual acuity.

A prerequisite for the measurement of dynamic visual acuity is good 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 name a contrast of test types, intensity of illumination or colour of
light. Vision is a very challenging process, whereon participate countless factors. Dynamic vision requires next to
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, or directly
in the macula. Furthermore, the dynamic visual acuity is also affected by its background, especially by speed of the
symbol's movement or by length of exposure. If the speed of the movement between the observer and the observed
subject is less than 60-70 degrees per second, static and dynamic visual acuity are in correlation. If the angular
speed rises above this value, the resolution is declining rapidly.

Measurement of dynamic visual acuity

As already mentioned, the dynamic visual acuity examination can take place 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 of both the investigated person (movement induced by
examiner, head movement while walking) and the symbols (from/to the examinant, horizontal, rotating movement,
etc.). However all the methods have common attribute. All of them are subjective methods, where is the active
cooperation of the patient needed.

The zero point for measuring dynamic visual acuity is to detect vision without correction (vizus naturalis) and in
case of decline is necessary to correct this ametropia by classical method. The examination is usually only binocular
and with the best correction, possibly with own correction (by emmetropic without correction).

Dynamic Visual Acuity test — DVA test

This is a highly reliable functional test, which assesses the patient’s ability to recognize the details of symbols when
moving the head. Primarily used for testing dynamic visual acuity, but can also serve as a supplementary
examination to reveal a lack of vestibular system function, because this critical moment — the movement of the head
is compensated with vestibulo-ocular reflex (VOR), which helps to fix and stabilize the patient’s view on the
observed subject, so that eye movement is always in the opposite direction due to the head motion.

During the measurement the patient is seated in front of the test type board at a distance corresponding to the used
type of the test type. At first the value of static visual acuity is measured. After determining the smallest readable
line is the patient’s head grabbed in the ear area by both examiner’s hands and oscillatory motion is executed from
side to side in the frequency of roughly two cycles per second, while the range of motion is approximately about
10° in either direction. The examinant’s task during the cycles is to read the bottom line. Then the observation
distance divided by the number of this bottom line is the final value of the dynamic visual acuity. This is usually
about one to two lines worse than for a static method. The bigger difference may refer to one of the vestibular
dysfunction.

There is also an automated version of this test — so-called cDVA or computerized Dynamic Visual Acuity test,
where is no physical contact with examiner, which could be annoying for many. Procedure and evaluation are
otherwise practically the same as for the non-automatic version. “E” symbols, respectively hooks alternating
randomly in two positions, are used as test-type symbols, which appears only if the examinant moves with his head
in the right direction and the right speed. This is scanned by the sensor attached to his forehead. The disadvantage
of both methods of testing may be possible dizziness or a sense of disorientation.

Hillman’s method

Method according Hillman uses measurement of dynamic visual acuity during the walk on a treadmill. First, it is
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necessary to get the static visual acuity in the basic position, thus standing on the treadmill, which is turned on after
that. The examinant is called upon to walk without holding the handrail. However he is protected with safety belts
for the case of balance loss. He reads the symbols aloud while walking. The size of symbols decreases by 2 points
from the font size 20 to the size of 12 points. The symbols are shown randomly on the screen of the monitor at a
distance of 2 metres from the investigated. Each symbol is shown for 3 seconds and for each font size are shown 2
symbols — that means ten symbols overall. This method seems very suitable thanks to simulating real conditions
when the head movement is evoked by treading while walking, however there are also some disadvantages. At first
it is spatially and financially very challenging, but the biggest problem was found by the patients. The speed of the
walk on the treadmill was set to 6,4 km/h. For example, such a high speed is not suitable for patients with
cardiovascular diseases, orthopaedic or neuromuscular problems and they should not be examined this way.

The test of dynamic visual acuity

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

There is no longer movement of the patient in this measurement, only the symbols are moving by simulated motion
on the screen of LCD test type. As the most appropriate symbols for this type of measurement has shown Landolt
rings. These rings, respectively the open rings, are considered the most objective symbols of all symbols at all.
Their height has a size of five units ("D"), and the thickness and the excision of the symbol occupy the size of one
unit ("d") and which could be offered in eight different positions — two horizontal, two vertical and four oblique,
whereas no rotation of the symbol is required in this test. Their size depends on the viewing distance ("a"), which is
set in this case at 6.2 m to simplify other calculations, and especially from the value of the required visual acuity
("VA"). The size of the symbols should increase from VA = 3.1 to VA = 0.1 ideally continuously linearly, whereby
simulating the movement toward examinant. In theory, the speed of v = 20 m/s (72 km/h) has shown as sufficient
value of the speed of this simulated movement.

From the formula, VA = %, where "A" is the distance from which the symbol is readable for human with normal

visual acuity (eye with vizus 1.0) and the "a" is observation distance (6.2 m), we can calculate the value of the
patient’s visual acuity. If the patient would read from the observation distance "a" immediately, in the beginning (at
time t = 0), the symbol readable for the eye with vizus 1.0 from a distance a = 2 m, his visual acuity would be VA =
3.1. However, if he would recognize the symbol at time t = 1 s, when should the symbol (thanks to the speed of 20
m/s) has size to be legible for the eye with normal visual acuity from a distance a = 22 m, then would be the value
of his visual acuity VA = 0.28.

Calculation of the symbol size and its details in the individual positions is based on dependence VA on the vision

angle according to the formula,m = %, whereas the resulting angle is in arc minutes. The next essential value for
the calculation of the "d"-size of a critical detail, is the value "a" — an observation distance (both in meters).
According to the formula, d = a- tg o, we can calculate the size of the 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. Finally
we need to ensure that the program of the LCD test type depictures the symbols without changing their size. The
value of the "d" and "D" for each level of the VA, are shown in the following table.
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Alm] |t[s] |VA o] o[°] w[rad] d[m] D[m] d [mm] D [mm]

3,1 0,055 [2,00 |0,50000 |0,00833 |0,00015 |0,00090 |0,00451 |0,90 4,51

4 0,1 155 |0,64516 |0,01075 |0,00019 |0,00116 |0,00582 |1,16 5,82

6 0,2 1,03 |0,96774 |0,01613 |0,00028 |0,00175 |0,00873 |1,75 8,73

6,2 0,21 |1,00 |1,00000 |0,01667 |0,00029 |0,00180 |0,00902 |1,80 9,02

8 0,3 0,78 [1,29032 |0,02151 |0,00038 |0,00233 |0,01164 |2,33 11,64
9,3 0,365 | 0,67 |1,50000 |0,02500 |0,00044 |0,00271 |0,01353 |2,71 13,53
10 0,4 0,62 [1,61290 |0,02688 |0,00047 [0,00291 [0,01454 [2,91 14,54
12 0,5 0,52 (193548 |0,03226 |0,00056 |0,00349 |0,01745 |3,49 17,45
12,4 10,52 ]0,50 |2,00000 |0,03333 |0,00058 |0,00361 |0,01804 |3,61 18,04
14 0,6 0,44 |2,25806 |0,03763 |0,00066 |0,00407 |0,02036 |4,07 20,36
15,5 0,675 [0,40 |2,50000 |0,04167 |0,00073 |0,00451 |0,02254 |4,51 22,54
16 0,7 0,39 [2,58065 [0,04301 [0,00075 |0,00465 |0,02327 |4,65 23,27
18 0,8 0,34 [2,90323 [0,04839 |0,00084 |0,00524 |0,02618 |5,24 26,18
186 0,83 ]0,33 |3,00000 |0,05000 |0,00087 |0,00541 |0,02705 |5,41 27,05
20 0,9 0,31 |[3,22581 |0,05376 |0,00094 |0,00582 |0,02909 |5,82 29,09
24 11 0,26 |[3,87097 |0,06452 |0,00113 |0,00698 |0,03491 |6,98 34,91
248 1,14 10,25 |4,00000 |0,06667 |0,00116 |0,00721 |0,03607 |7,21 36,07
26 1,2 0,24 |4,19355 |0,06989 |0,00122 |0,00756 |0,03782 |7,56 37,82
28 13 0,22 |4,51613 |0,07527 |0,00131 |0,00814 |0,04072 |8,14 40,72
30 1,4 0,21 |4,83871 |0,08065 |0,00141 |0,00873 |0,04363 |8,73 43,63
31 1,45 10,20 |5,00000 |0,08333 |0,00145 |0,00902 |0,04509 |9,02 45,09
32 15 0,19 |5,16129 |0,08602 |0,00150 |0,00931 |0,04654 |9,31 46,54
34 1,6 0,18 |5,48387 |0,09140 |0,00160 |0,00989 |0,04945 |9,89 49,45
36 1,7 0,17 |5,80645 [0,09677 [0,00169 [0,01047 [0,05236 |10,47 52,36
38 1,8 0,16 |6,12903 [0,10215 |0,00178 |0,01105 [0,05527 |11,05 55,27
40 19 0,16 |6,45161 |0,10753 |0,00188 |0,01164 |0,05818 |11,64 58,18
44 2,1 0,14 |7,09677 [0,11828 |0,00206 |0,01280 [0,06400 |12,80 64,00
46 2,2 0,13 |7,41935 [0,12366 |0,00216 |0,01338 [0,06690 |13,38 66,90
48 2,3 0,13 |7,74194 [0,12903 |0,00225 |0,0139 [0,06981 |13,96 69,81
50 24 0,12 |8,06452 |0,13441 |0,00235 |0,01454 |0,07272 |14,54 72,72
52 2,5 0,12 |8,38710 [0,13978 |0,00244 |0,01513 |0,07563 |15,13 75,63
54 2,6 0,11 |8,70968 [0,14516 |0,00253 |0,01571 [0,07854 |15,71 78,54
56 2,7 0,11 [9,03226 [0,15054 [0,00263 [0,01629 [0,08145 |16,29 81,45
58 2,8 0,11 [9,35484 [0,15591 |0,00272 |0,01687 [0,08436 |16,87 84,36
60 2,9 0,10 |9,67742 |0,16129 |0,00282 |0,01745 |0,08727 |17,45 87,27

The resulting value of dynamic visual acuity depends on point of stopping the test. Because the speed of simulated
movement of the symbol is pretty high, it should be possible to suspend the test at any moment — the best that it can
be stopped by the examinant as soon as he detects the orientation of the slit. However, would be appropriate that the
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symbol does not appear anymore after stopping the test. The examinant could otherwise easily sharpen the
orientation of immoveable symbol and then could change the final answer about the position of the slit that he
indicated before. In the case of correct recognition we can consider the value of VA, whereas the test was stopped,
as the value of his dynamic visual acuity. Verification can be performed in the same way, using a different position
of the character.

Sport optometry methods

The athlete’s performance does not depend only on his physical condition, but also on his vision skills. One of the
most important visual aspects of the athlete is his dynamic visual acuity, stereoscopic vision, the width of the visual
field and hand-eye, eventually the eye-foot coordination, which are made possible thanks to the good cooperation of
the motor and sensory components. Extraocular muscles, which represent the motor component, ensure the correct
mobility of the eye and their effectiveness could be improved partially by the right training, as well as for the other
muscles of the body. The sensory component, which is represented by the visual cortex centres in the brain, is also
plastic, and preferably at a tender age. That shows that we can affect the quality of visual functions.

By the athletes was identified better dynamic visual acuity in comparison with the non-athletes and how faster and
more dynamic the type of the sport was, the dynamic vision was more developed. Sport optometry started to deal
with an idea that if we train the dynamic vision, the athlete’s skills get better. The first experiments consisted in
monitoring the flight path of the ball or brightening lights, or, for example, in throwing the ball while eyes were
loaded by prisms. Then was designed a few simulators for measuring or practicing dynamic visual acuity,
stereoscopic vision, eye movements, accommodation, hand-eye or foot-eye coordination. Some of them are adapted
to a specific type of sport.

Test according Ludvigh and Miller

A couple of ophthalmologists — Ludvigh and Miller were the first who came up with the concept of dynamic visual
acuity. Their test is used to measure afferent dynamic vision. As the symbol is used Landolt’s ring moving by an
accelerated motion from the right to the left side of the convex surface under standard illumination and contrast.
The examinant’s head is during the examination fixed and his task is to follow this moving ring and to recognize
the orientation of the slit. We are detecting in which angular speed of the movement of the symbol recognizes more
than 80% of the offered orientation.

Rotators

Rotators are multifunctional devices using the rotary motion of the symbol, which is one of the most widely used
types of movement for the measurement of dynamic visual acuity. The examination can be done for the distance
and also for the nearby. Their principle lies in the computer programmed rotation of the disk, on which are placed a
variety of motives, whose size is selected so that for the examinant border. The speed of rotation is deliberately
chosen higher than would be needed to distinguish, but then is slowly reduced, until the symbol is not recognized. It
better affects the visual functions of the examined person and encourages them to greater activity. Finally, we can
swap the disk for a more challenging, so with a smaller size of the symbols. In addition to the possibility to change
the different types of discs it is also possible to change their speed, direction of rotation and inclination. Between
the interchangeable disks, except to the disks for measurement of dynamic visual acuity, we can find, for example,
perforated discs for the insertion of the spikes used for practicing the eye-hand coordination

Wayne Tachistoscope Rotator Scanner

This device is used for the projection of rotating shapes into space (signs, numbers, arrows, etc.). It is composed
from the control panel and two rotating prisms in front of the projection lens. The speed of each of the prisms is
adjustable in the range from 20 to 240 revolutions per minute and the direction of rotation is also optional. Care
should be taken to the correct location of the prisms flat side towards the canvas, to avoid distortion of the image.
Prisms set this way will allow us to create a rotating movement in the circular, spiral, and also in the vertical or in
the horizontal direction. The task of the patient seated against the projection screen is to discern the sign or shape
that moves along the path created by a combination of different speeds and directions of rotation of the prisms near
the lens of tachistoscope. Necessity is the use of anaglyphic (3D) glasses. The application of this apparatus is
extended thanks to the combinations of different discs and filters. In sport optometry is used for the examination of
ocular motor skills, accommaodation, vergence, fusion, fixation, and also to investigate the dynamic visual acuity.

Sports Vision Trainer — SVT

Sport Vision Trainer is currently one of the most used systems for practicing visually-motor skills of athletes and
non-athletes. It consists of a board containing 80 boxes (smaller portable version of the 32 fields). Each of them has
in the middle of the field a colourful LED light surrounded by a circular area with a diameter of about 8 cm, which
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acts as a detector. The lights on the board are randomly switched on and the trained has the task to touch the field
with just a shining light, thereby practising primarily hand-eye coordination. The device works in three basic modes
with the possibility to edit the software. Mode "proaction™ shall ensure the activation of the next light after that the
examinant touches just luminous field. The mode "reaction” is independent on the touch of the investigated. The
delay between the two lights is set usually at 0.5 s. If the examinant catches more than 80% of the lights correctly, it
is possible to reduce this time gap. The third mode "reactive random" is essentially the same as the second, except
that the examiner may set the time gap between lights according to his own discretion. The first mode is usually
used in the investigation, two more by training, but this may not always be the rule. It can be also used as a
rehabilitation tool to practice and improve reaction and reflexes in athletes after injury. SVT is also used in a
number of studies and researches.

Conclusion

Measurement of dynamic visual acuity is the examination, which could find an abundant application in practice.
Dynamic vision is involved not only in sports, but in everyday activities such as driving. Currently, drivers are
evaluated only according to their static visual acuity, colour vision and the width of the visual field. Even though
the simulated conditions indoor do not fully substitute the real situation during driving, it would be advisable, in the
future, to include the examination of dynamic visual acuity between the criteria for obtaining the driving eligibility,
or at least between the criteria for retaining the driver's licence to the senior drivers. First, however, must be ensured
a certain standard for this measurement, so we were able to correctly evaluate and compare the results, not only
between the single examinants, but also the results of the different methods.
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Uvod

Anomalni retinalni korespondenci je nutno chapat jako subnormalni binokularni spolupraci, ktera je
alternativnim adaptacnim mechanismem vznikajicim v disledku dlouhodobé nelécené motorické anomalie —
strabismu. [2, 3]

Dulezitost spravné diagnostiky retinalni korespondence u Silhajicich hraje vyznamnou roli pfi rozhodovani, zda
strabismus operovat ¢i neoperovat. Pii fixované anomalni retinalni korespondenci, zvlasté pak u dospélého
jedince, hrozi po operaci vznik tzv. paradoxni foveo-foveolarni diplopie. Tu jiz pacient nedokaze spontanné
utlumit a dochazi tak k nevratnému a vyznamnému poskozeni kvality Zivota dané¢ho ¢lovéka. [3]

Objective location Subjective localization
AN
VON NOORDEN, Gunter K a E
I \ CAMPOS. Binocular vision and ocular
Seen by Seen by motility:  theory and  management of
right eye left eye strabismus. 6th ed. St. Louis, Mo.: Mosbhy,

€2002, xvi, 653 p. ISBN 03-230-1129-2

i
Retinalni korespondence
Pri fixaci daného ptredmétu v prostoru za fyziologickych podminek dopadéd jeho obraz soucasné na foveu
pravého i levého oka. Fovey obou o¢i tak sdileji tzv. hlavni subjektivni pohledovy smér a vytvari tzv. hlavni
korespondujici body. Pfedmét, jehoz obrazy jsou promitnuty na tyto korespondujici mista, je vidén jednoduse.
Jednoduse vsak nejsou vidény pouze fixované predmeéty, ale i dal§i body v prostoru. Jedna se o predméty,
jejichz obrazy se zobrazi na korespondujici mista se stejnym mistnim vztahem vzhledem k hlavnim
korespondujicim bodtim — foveam. [1-3]
Vsechny ostatni body, vztazené ke konkrétnimu retinalnimu bodu druhého oka pro konkrétni pohledovy smér,
se nazyvaji nekorespondujici neboli disparitni body sitnice. Dojde-li Kk zobrazeni obrazii pfedmétu na tyto
disparitni body, vznika lokaliza¢ni rozpor mezi pravym a levym okem neboli disparita a dany predmét je vidén
dvojite. [1-3]
Plocha, ktera je slozena ze vSech bodi, jejichz obrazy dopadaji na korespondujici mista sitnic obou o¢i, je
oznacovana jako horopter. Body v prostoru, které neodpovidaji horopteru, dopadajici tedy na disparitni mista
sitnice, vytvari urCity stupen disparity. Je-li disparita mald, mozek je jesté schopen zfizovani a dany bod
Vv prostoru je vidén jednoduse. Tato mala disparita je zakladem pro prostorové vidéni. Oblast v okoli horopteru,
Z niZ se body zobrazuji na lehce disparitni mista a z niz je umoznéno prostorové vnimani, se nazyva Panumiv
prostor. [1-3]
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Retinalni korespondenci je mozno rozdé€lit do dvou zakladnich skupin:
Normalni retinalni korespondence (NRK)
Retinalni korespondence je oznacovana jako normalni, pokud maji obé fovey spole¢ny pohledovy smér a pokud
sitnicové body nasalné od fovey jednoho oka koresponduji se sitnicovymi body temporalné od fovey druhého
oka. Normalni retinadlni korespondence je jednim ze zakladnich senzorickych aspektd jednoduchého
binokularniho vidéni, nezbytnych pro jeho spravny vyvoj a spravnou funkci. [1-3]

A B

A

PAVLINOVIC,
Stipe. Metody a princip pristroji
pouzivanych pri vySetreni heteroforii.
Brno, 2011. Bakalafska prace.

Anomalni retinalni korespondence (ARK)

Retinalni korespondence je abnormalni, ma-li fovea jednoho oka spole¢ny pohledovy smér s extrafoveolarni
oblasti druhého oka. Foveolarni oblast uchyleného oka je v takovém pfipadé utlumena. Tento stav vétSinou
nastava, pokud je uhle $ilhani maly (5-10 pD) a stabilni. [1-3]

Za binokularnich podminek pfi anomalni retinalni korespondenci je pfitomen anomalni korespondencni vztah
mezi pravym a levym okem, kdy spolu fovea vedouciho oka a extrafoveolarni oblast uchyleného oka sdili
subjektivni pohledovy smér. Za monokularnich podminek, kdy je vedouci oko vyfazené, ztraci vSak
extrafoveolarni oblast svou dominanci ve prospéch fovey, ktera tak ziskava zpét sviij primarni pohledovy smér.
[1]

Anomalni retinalni korespondenci je dale mozno rozdélit na harmonickou anomalni korespondenci (HARK) a
disharmonickou anomalni retindlni korespondenci (DARK). Harmonicka anomalni retinalni korespondence
predstavuje stav, kdy thel anomalie (velikost korespondencniho ,,posuvu‘) odpovidd objektivnimu uhlu a
subjektivni thel je roven nule. Jinak feceno fovea vedouciho oka spolupracuje s mistem na sitnici uchyleného
oka, kde se vytvaii obraz pozorovaného predmeétu. V pripadé disharmonické anomalni retinalni korespondence
je tthel anomalie mensi neZ objektivni Ghel. Uhel anomalie piedstavuje rozdil mezi objektivnim a subjektivnim
uhlem deviace. Jedna se tedy o stav, pfi kterém s foveou vedouciho oka spolupracuje misto uchyleného oka,
které lezi mezi foveou a mistem, kde se vytvari obraz pozorovaného objektu. [1-3]

Kromé NRK, HARK a DARK existuje jest¢ smiSena retinalni korespondence a stav bez korespondence, ktery je
charakteristicky pro alternujici strabismus u kongenitalni esotropie. [3]
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Kvalita jednoduchého binokularniho vidéni ziskaného pifi anomalni retinalni korespondenci se li§i pacient od
pacienta, kdy u nékterych je ptitomna i hruba stereopse, zatimco u dalSich je jednoduché binokularni vidéni
rudimentalni. Kvalita binokularniho vidéni byva obvykle nepfimo imérna velikosti uchylky. [1]

Diagnostické metody

Bagoliniho skla [1, 3]

Pacient fixuje na dalku (5 m) i na blizko (33 cm) bodovy zdroj svétla. Pfed o¢i je mu predlozena brylova obruba
S planarnimi ryhovanymi skly, kdy pro pravé oko byva ryhovani v ose 135° a pro levé oko v ose 45° (kolmo na
sebe). Tyto bryle neovliviiuji vidéni (pouze pohled jako pfes znecisténé bryle) ani akomodaci pacienta. Pies
jednotliva skla je fixované svétlo vidéno jako linie kolma na smér ryhovani daného skla, takze pravé oko vidi
paprsek v ose 45° a levé oko ve 135°. Binokularné by tyto paprsky mély vytvaiet pismeno X.

Interpretace vysledkti mtize byt nasledujici:

Kfizeni paprskt v pravém thlu k sobé navzajem v jednom bodovém svétle — do tvaru pismene X —

Pokud je ptitomno paralelni postaveni a ani zakryvaci zkouska neodhali Zadny vyrovnavaci pohyb — NRK
Jestlize zakryvaci test odhali vyrovnavaci pohyb nebo je pfitomna zjevna uchylka — ARK (HARK)

0S oD
Jedno bodové svétlo s jednou linii odpovidajici bud’ pravému, nebo levému oku, nebo jsou vidény stiidavé linie
pravého a levého oka — Totalni Gtlum daného oka nebo utlum stiidavy

e

Dveé svétla, dvé linie a svétla jsou vidéna nad kiizenim paprskit — Nezkiizena diplopie u esotropie a NRK

OSB{/OD

Dve¢ svétla, dvé linie a svétla jsou vidéna pod ki'izenim paprskti — Zkiizena diplopie u exotropie a NRK

OS oD

MR R

Kiizeni paprskd do tvaru pismen&==s=rrerrr=—yprcirerrr-rrstt= e linii, ktera odpovida oku s malym
uhlem Silhani, pti zachovani periferni fuze —
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Fovealni supresni skotom (monofixacni syndrom) —
Pokud je ptitomno paralelni postaveni a ani zakryvaci zkouSka neodhali Zadny vyrovnavaci pohyb — NRK
Jestlize zakryvaci test odhali vyrovnavaci pohyb nebo je pfitomna zjevna uchylka — ARK (HARK)

0s _—"op
_—

Worthova svétla [1, 3]

Worthova svétla predstavuji anaglyfni test, ktery je slozen z ¢erného pozadi, na kterém se v horizontale nachazi
dve zelené znacky (vétsinou ve tvaru kiizd), ve vertikale v horni ¢asti se nachazi ¢ervena znacka ve tvaru kara a
v dolni ¢asti je kruhova bila znacka. Pacient znacky pozoruje ptes Cervenozelené bryle (nepsanym pravidlem je
¢erveny filtr pfed pravym okem a zeleny filtr pfed levym okem). Za monokularnich podminek tak pacient
pravym okem vidi horni ¢ervenou znacku a spodni bilou znacku, kterou vidi ¢ervené. Levym okem pak vidi
vodorovné zelené znacky a spodni bilou znacku, kterou vidi zelené. Za fyziologickych binokularnich podminek
vidi vSechny Ctyfi znacky — dvé horizontaln€ ulozené zelené znacky, cervenou horni znacku a spodni znacku,
ktera mize byt bud’ bila (pfi vyvazeném binokularnim vjemu), nebo zelena i Cervena v zavislosti na dominanci
oka.

+ +
®

Interpretace testu je nasleduiici:

Pacient vidi viechnz Luces de Warth. Www.oocities.org [online]. [cit.

2015-07-15]. Dostupné z: http://www.oocities.org/vberbegal/optolll.htm

Pacient vidi pét svétel a Cervené znacky jsou posunuty smérem doprava od zelenych znacek —
Nezkiizena diplopie u esotropie a NRK
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Pacient vidi pét svétel a Cervené znacky jsou posunuty smérem doleva od zelenych znaéek —
Zktizena diplopie u exotropie a NRK

Pacient vidi tfi zelené znaCky —
Utlum pravého oka

Pacient vidi dvé Cervené znacky —
Utlum levého oka

Pacient stfidave vidi dvé Cervené a tii zelené znacky —

Stridavy utlum
Synoptofor, Troposkop — méfeni uhlu anomalie [1, 3]
Jako uhel anomalie je oznacovan stupefi posunu pohledového sméru, ktery se stanovi zrozdilu mezi
objektivnim a subjektivnim tthlem uchylky.
Meéfeni objektivni uchylky
Do tubust pfistroje se vlozi obrazky pro superpozici (lev a klec) a ramena se nastavi na 0°. Nasledné se
pohybuje obrazkem pied nefixujicim okem ve sméru uchylky. Nezbytné je soucasné sledovat rohovkové
reflexy a ve chvili, kdy jsou reflexy umistény shodné na obou ocich, pohyb ramene zastavit. Na stupnici
pristroje se poté odeCte velikost objektivni uchylky. Méfeni se provadi, jak v primarnim tak sekundarnim
postaveni (nezbytné pro odliSeni konkomitantniho a paralytického strabismu).
Meéfeni subjektivni tchylky
Opét se vyuziji obrazky pro superpozici a ramena se nastavi na 0°. Nasledné dochazi k pohybu obrazku pied
nefixujicim okem, dokud pacient neuda, Ze se obrazky piekryly (lev je v Kleci).
Interpretace tohoto testu je nasledujici:
Uhel anomalie = Objektivni thel — Subjektivni thel — Rozdil by nemél byt vétsi nez 3°
Subjektivni uhel = Objektivni thel — NRK
Subjektivni uhel < Objektivni thel - ARK
Uhel anomalie = Objektivni thel — HARK
Subjektivni uhel = 0°
Uhel anomélie < Objektivni thel — DARK
Test naslednych paobrazt dle Heringa-Bielschowského [1, 3]
Tento test se provadi v zatemnélé mistnosti, kdy pacient nejdiive pravym okem sleduje svislou uprostied
prerusenou svételnou Stérbinu po dobu asi 20 sekund. Poté levé oko sleduje stejnou, ale horizontalné ulozenou
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Stérbinu. VySetiuje se na vzdalenost 1 metru. Pro spravné provedeni a nasledné vyhodnoceni je nezbytné
disledné zakryti oka, které stérbinu zrovna nesleduje. Ve fovee, ktera ma pohledovy smér pfimo vpied, se tak
vytvoii nasledny paobraz. Tento paobraz muze byt pozitivni, nebo negativni. Pozitivni paobraz je tvoten ze
svétlych Car na tmavém pozadi a vznika pii zavienych ocich. Negativni paobraz pifedstavuji tmavé Cary na
svétlém pozadi a vznika pfi otevienych ocich. Délku vyvolanych naslednych paobrazli a jejich intenzitu je
mozné zvetsit pomoci prerusovaného osvétleni mistnosti nebo mrkanim. K vyvolani naslednych paobrazii l1ze
také pouzit i upraveny fotograficky blesk, ale i moderni synoptofory, ve kterych je test zabudovan.

Interpretace testu:

Pacient vidi symetricky kiiz s piekryvajicimi se centralnimi mezerami — NRK (obé fovey maji spolecny
pohledovy smér; bez ohledu na smér uchylky)

oD

oS

Pacient popisuje asymetrické ki'izeni paobrazt pravého a levého oka do tvaru lezatého pismene T — ARK
(fovey nemaji spolecny pohledovy smér; velikost asymetrie je urcena velikosti uhlu anomalie)

Napi-.: Esotropie pravého oka — vertiklni paobraz posunut doleva

Exotropie pravého oka — vertikalni paobraz posunut doprava

| oD OD|

| OS OS |

Pacient vidi pouze jednu linii S mezerou — utlum druhého oka

|OD

Giessensky test (dle Ciipperse) [3]
Test se provadi na vzdalenost 5 metrd, kdy pacient fixuje stfedové svétlo Maddoxova kiize. Pfed jedno oko se
pacientovi predsadi syt€ cerveny filtr. Na druhém, uchyleném oku je vyvolan bleskem nasledny paobraz. Tento
nasledny paobraz slouzi k uréeni objektivni uchylky, zatimco poloha cerveného svétla udava subjektivni
uchylku odi.
Interpretace testu je nésledujici:
Paobraz i ¢ervené svétlo jsou vidény ve stiedu kiize — NRK
Paobraz i ervené svétlo jsou spolecné v urcité poloze na stupnici ve sméru tchylky — NRK (objektivni thel =
subjektivni thel)
Cervené svétlo je vidéno ve stiedu stupnice a paobraz se nachazi na urditém stupni stupnice — HARK
(objektivni thel — subjektivni uhel = thel Silhani)
Paobraz se nachazi na urcitém stupni a ¢ervené svétlo je vidéno na stupnici mezi paobrazem a stiedem kiize —
DARK (objektivni thel — subjektivni hel < tihel silhani)
Swantiv anaglyficky test [3]
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Test vyuziva Cervenozelenych bryli, pies které pacient sleduje ze vzdalenosti 1 metru bilé platno.
Interpretace testu je nasledujici:
Pacient vidi platno v barvé vedouciho oka, nebo ¢ast platna je vidéna v zelené a Cast v Cervené barvé u
konvergence nezkiizen¢, u divergence zktizené (zastoupeni poli je riizné dle velikosti Silhani) — NRK
Pacient vidi ¢ast platna Cervené a cast zelené, ale v pripadé konvergence zkiizené a v pfipad¢ divergence
nezkiizen¢ — ARK
RED test [1, 3]
Tento test ma mnoho podob. V této praci budou zminény dvé moznosti provedeni.
Vysetfovany na vzdalenost 5 metri sleduje bilé svétlo. Nejdiive je pomoci prizmat dorovnana uchylka,
nasledné¢ se pied jedno oko predsadi ¢erveny filtr. Vysledky mohou byt nasledujici:
Pacient vidi jedno rtizové svétlo — NRK
Pacient vidi jedno Cervené a jedno bilé svétlo u konvergence zkfizen€ a u divergence nezkiizené — ARK
Vzajemna vzdalenost svétel odpovida thlu Silhani — HARK
Vzajemna vzdalenost svétel je mensi nez thel Silhani — DARK
U druhé moznosti pacient opét sleduje bodovy zdroj svétla na vzdalenost 5 metrii. Pfed jedno oko se jiz jen
predlozi ¢erveny filtr. Vysledky mohou byt nasledujici:
Pacient vidi jedno Cervené a jedno bilé svétlo u konvergence nezktizené, u divergence zkiizené — NRK
Pacient vidi pouze jedno rizové svétlo — HARK
Pacient vidi jedno ¢ervené a jedno bilé svétlo u konvergence zkiizené, u divergence nezkiizené a vzajemna
vzdalenost svétel neodpovida (je mensi) nez by se ocekavalo v zavislosti na velikosti §ilhani — DARK
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Introduction

The anomalous (or abnormal) retinal correspondence is subnormal binocular cooperation. It is an alternative
adjustment mechanism, which is formed due to prolonged untreated strabismus. [2, 3]

Correct diagnosis of retinal correspondence is important for the decision whether operate the strabismus. If
there is stable abnormal retinal correspondence, it may result in a paradoxical fovea-foveolar diplopia especially
in adult. The patient canot suppress this diplopia, that’s way there is a significant and irreversible damage the
quality of human life. [3]

Objective location Subjective localization
H A VON
NOORDEN, Gunter K a E
CAMPQOS. Binocular vision and ocular
motility: theory and management of strabismus.
| \ 6th ed. St. Louis, Mo.: Mosby, c2002, xvi, 653
Seen by Seen by p. ISBN 03-230-1129-2
right eye left eye

fi
Retinal correspondence
When the object in space is fixed under physiological conditions, its image simultaneously falls on the fovea of
both the eyes. Foveae of both eyes share main subjective visual direction and create the corresponding main
points. The object in space is seen singly, when its images fall on corresponding retinal points. Not only fixed
objects are also seen singly. The images of these objects fall on the corresponding points with the same local
relationship relative to the foveae. [1-3]
All other points, relative to the specific retinal point of second eye for specific visual direction, are called non-
corresponding (or disparate). If the image of the object in space falls on disparite retinal points, contradiction of
localization (disparity) between both eyes is formed and the object is seen double. [1-3]
The area consisting of points, which images fall on corresponding retinal points of both eyes, is called as
horopter. All the points not lying on the horopter are imaged by disparate retinal elements and they generate a
certain level of disparity. If the disparity is small, the brain is able to fusion and due to point in space is seen
singly. This small disparity is basis for stereoscopic vision. Area around horopter, from which stereoscopic
vision is possible, is called Panum's area. [1-3]



Fused depth points

Computer Vision
Metrics. Www.embedded-vision.com [online]. 2015
[cit. 2015-07-15]. Dostupné z:
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Panum’s Area

Retinal correspondence can be of two types:

Normal retinal correspondence (NRC)

Retinal correspondence is called normal when both the fovea have a common visual

direction and the retinal elements nasal to the fovea in one eye corresponds to the retinal elements temporal to
the fovea in the other eye. Normal retinal correspondence is one of the basic sensory aspects of binocular single
vision. It is important for its correct development and function. [1, 3]

A B

A

PAVLINOVIC,
Stipe. Metody a princip pristrojii pouzivanych pri vySetieni heteroforii. Brno,
2011. Bakalarska prace. Masarykova univerzita

Abnormal retinal correspondence (ARC)

Retinal correspondence is abnormal when the fovea of one eye has a common visual

direction with an extrafoveal area in the other eye. Foveolar area of squinting eye is suppressed in this case.
This is generally seen if the angle of deviation is small (5-10 A) and stable. [1-3]

In ARC under binocular conditions the fovea and the extafoveal point share the common

subjective visual direction. But when the normal eye is closed the extrafoveal element

loses any advantage over the fovea of that eye, which retains its primary visual direction. [1]

Abnormal retinal correspondence can be divided into harmonious ARC and unharmonious ARC. The
harmonious ARC is a state, when the angle of anomaly (it is degree of shift in visual direction) corresponds
with the objective angle and subjective angle is zero. In other words, the fovea of leading eye cooperates with
spot on the retina of squinting eye, where the image of the observed object falls. In case of unharmonious ARC
the angle of anomaly is smaller than objective angle and the angle of anomaly is determined by calculating the
difference between the objective and subjective angles of deviation. It is condition, when fovea of leading eye
cooperates with spot on the retina of squinting eye and this spot lies between the fovea and the place, where
image of the observed object falls. [1-3]



Expect NRC, harmonious and unharmonious ARC there are also mixed retinal correspondence and state
without correspondence (it is typical for alternating strabismus at congenital esotropia) [3]

The quality of binocular single vision obtained in ARC varies from patient to patient, in some cases there is
useful gross stereopsis while in the others binocular vision is rudimentary. The quality of binocular vision is
usually inversely proportional to the angle of deviation. [1]

Diagnostic methods
Bagolini 's striated glasses test [1, 3]
The patient fixates a small light (for distance or near) after being provided with plano lenses with narrow fine
striations across one meridian (usually 135° OD and 45° OS). These glasses do not affect the vision or the
accommodation of the patient. Fixed light through these glasses is seen as a line perpendicular to the striations.
The right eye sees a line at 45 degree and the left eye at 135 degree. These lines should create letter X.
The interpretation of this test is as follows:
Crossing of the lines at right angles to each other

If cover test reveals no shift — NRC

If cover test reveals a shift — harmonious ARC

0s oD

X

Single light with single line for the right or left eye or lines for the right and left eye are seen alternately —
Total suppression or alternate suppression

0s

/

Two lights, two lines and these lights are above the intersecting lines — uncrossed diplopia in esotropia and
NRC

0os

4

Two lights, two lines and these lights are below the intersecting lines — crossed diplopia in exotropia and NRC




Foveal suppression scotoma (fixation point scotoma) with peripheral fusion
If no shift occurs with cover test — NRC
If shift occurs with cover test — ARC

0s _—"op

Worth four dot test [1, 3]

This is anaglyphic test, which is composed of a black background with two horizontal green marks, vertical
upper red mark and lower white mark. The patient wears red and green goggles (as a convention red in front of
right and green in front of left). Under monocular conditions, the patient's right eye sees upper red mark and
lower white mark, which is red. Left eye sees horizontal green marks and lower white mark, which is green.
Under physiological binocular condition patient sees all four marks — two horizontal green marks, upper red

mark and lower mark, which can be white (at balanced binocular condition) or red or green by ocular
dominance.

Luces de Worth. Www.oocities.org [online]. [cit. 2015-
07-15]. Dostupné z: http://www.oocities.org/vberbegal/optolll.htm

The interpretation ot this test Is as tollows:
The patient sees all the four dots

No manifest deviation — NRC
Manifest squint — harmonious ARC

The patient sees five dots and red marks appear to the right of the greeen dots — Uncrossed diplopia in
esotropia and NRC




The patient sees five dots and red marks appear to the left of the green dots — crossed diplopia in exotropia and
NRC

The patient sees three green dots — suppression of right eye

The patient sees two red dots — suppressions of left eye

The patient sees two red dots and three green dots alternately — alternate suppression

Synaptophore - Measurement of angle of anomaly [1, 3]

The angle of anomaly denotes the degree of shift in visual direction. It is determined by calculating the

difference between the objective and subjective angles of deviation.

Measuring the objective angle:

Images for superpositions are used for this. The arms of the synaptophore are set at zero. Both of the arms of the

instrument are moved in the direction of deviation. It is important to monitor corneal reflexes and at a time

when reflexes are equally positioned in both eyes, the movement of the arms are stopped. The objective angle is

deducted on a scale of synaptophore.

Measuring the subjective angle:

Images for superpositions are used for this, too. The arms of the synaptophore are set at zero. Both the arms of

the instrument are moved until patient indicates that images are overlaid. The subjective angle is deducted on a

scale of synaptophore.

The interpretation of this test is as follows:

Angle of anomaly = objective angle — Subjective angle — the difference should not be greater than 3
degrees
If subjective angle = Objective angle — NRC
If subjective angle < Objective angle — ARC
If angle of anomaly = Objective angle — Harmonious ARC
Subjective angle = 0 degree
If angle of anomaly < Objective angle — Unharmonious ARC

Hering Bielschowsky after-image test [1, 3]
This test is done in a darkened room. At first patient watches vertical light slot with interruption in the middle for
20 second. Then the patient watches horizontal slot for 20 second. This examination is done at the distance of 1
meter It is very important to properly cover the eye which is not observing.. In fovea the afterimage is formed. This
afterimage may be positive or negative. Positive afterimage is formed by light lines on a dark background and it



occurs when the eyes are closed. Negative afterimage is formed by dark lines on a light background and it occurs
when the eyes are open. The duration and intensity of the afterimage can be increased by intermittent lighting or
blinking. Adjusted photographic flash can also be used for creating the afterimages. This test is also part of the
modern synaptophore.

The interpretation of this test is as follows:

A symmetrical cross with central gaps superimposed — NRC

|0D

OS_ —

Asymmetrical crossing — ARC

For example: Esotropia of right eye — vertical afterimage displaced to the left
Exotropia of right eye — vertical afterimage displaced to the right

oD oD
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Single line with a gap — suppression in the fellow eye

|OD

Test of Ciippers [3]

This test is done at a distance of 5 m. The patient fixates the central light of Maddox scale. Red filter placed in front
of the one patient's eye. On the second squinting eye the afterimage is done by flash. This afterimage defines the
objective angle and location red light defines subjective angle.

The interpretation of this test is as follows:

The afterimage and red light are seen in the middle of scale — NRC

The afterimage and red light are seen together in a certain position of the scale in the direction of deviation — NRC
Red light is seen in the middle of scale and the afterimage is at some point on the scale — harmonious ARC

The afterimage is seen at some point of scale and red light is between afterimage and center of scale —
unharmonious ARC

Swan's anaglyphic test [3]

The patient wears red and green goggles. The patient watches white canvas from a distance of 1 meter.

The interpretation of this test is as follows:

The patient sees the canvas in the color of dominant eye, or a part of the canvas is red and second part is green
uncrossed in esotropia, crossed in exotropia — NRC

The patient sees a part of canvas red and second part green crossed in esotropia, uncrossed in exotropia — ARC
RED test [1, 3]

This test has multiples forms. In this work we will mention only two design options.

In the first option, the patient watches white light from a distance of 5 meters. First, the deviation is compensated
by using prisms, next red filter is placed in front of one eye. The interpretation of this test is as follows:

The patient sees only one pinkish light — NRC




The patient sees one red and one white light crossed in esotropia and uncrossed in exotropia — ARC
The mutual distance of the lights is the same as the angle of deviation —
harmonious ARC
The mutual distance of the lights is smaller than the angle of deviation —
unharmonious ARC
In the second option, the patient watches light from a distance of 5 meters. Only red filter is placed in front of
one eye. The interpretation of this test is as follows:
The patient sees one red and one white light uncrossed in esotropia and crossed in exotropia — NRC
The patient sees only one pinkish light — harmonious ARC
The patient sees one red and one white light crossed in esotropia and uncrossed in exotropia and the mutual
distance of the light is smaller than would be expected according to the size of deviation — unharmonious ARC
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UVOD A HISTORIE

Za otce vizualni optometrie je povazovan Dr. A. M. Skeffington. Narodil se 28. srpna 1890 v Kansas City a
zemiel 3. bfezna 1976 v Saint Louis. Sviij zivot zasvétil zdokonaleni optometrie. Vytvoril koncept, podle
kterého je vidéni naucena dovednost a diky spravnému tréninku mohou lidé vidét efektivnéji.

Obrazek 1: A. M. Skeffington

Vroce 1917 dokondil studium na Needles Institute of Optometry v Kansas City. Poté si pronajal malou
jednopatrovou budovu v Kerney a oteviel prvni vyhradné optometrickou praxi ve staté.

Spolu se svou zenou Mary Jane podnikl v roce 1922 cestu na vychod Spojenych statd, kde navstivil kolegy
z oboru. Byl sokovan jejich $patnou praxi a nedostatkem informaci.

V roce 1923 se konal Western States Congress v Denveru. Cilem bylo, aby si optometristé vzajemné vyménili
své napady. Pan Skeffington byl roz€arovan, protoze nékteii prednasejici hovorili o metodach diagnostiky a
1écby, které podle néj nefunguji. Pozdgji ho Kansas Optometric Association pozadala o zopakovani prednasek,
které mél v Denveru. Odpovédél, Ze nechce prednéset, ale spiSe predvadét praxi s vyuzitim pacientll a u toho
diskutovat s prihlizejicimi.

Kazdoro¢ni zasedani American Optometric Association se v roce 1924 konalo v Kansas City. Skeffington se
zde seznamil s E. B. Alexanderem. Oba vystupovali v prvni oficialni demonstraci proti nékterym konvencim
American Optometric Association.

Skeffington se rozhodl v roce 1926 zavtit svou optometrickou praxi v Kearney. Vznikla formalni asociace mezi
Alexandrovou vysoce organizovanou Southwest Oklahoma Study Group a Oklahoma Extension Program, ktery
byl rozsifenim Oklahoma Optometric Association’s education program.

Nazev Optometric Extension Program (OEP) byl poprvé pouzit v roce 1928. Skeffington se stal feditelem
vzdélavani, cestoval a setkaval se s optometristy na kongresech a seminatich.

V poloving 20. let a na zacatku 30. let 20. stoleti bylo optometrické vzdélavani neorganizované. Kazda Skola
ucila ,,svou vlastni optometrii”. Proto bylo vytvoreno tzv. 21 bodové vysetfeni (21 Points Examination), které
zacalo vyuzivat mnoho optometristl a bylo zaclenéno i do osnov nékterych skol.

Skeffington se svymi spolupracovniky poradal konference, kterych se ucastnili nejen optometristé, ale i
odbornici z jinych oblasti (zejména experimentalni psychologové a neurologové). Rozvijela se radikalni teorie,
ze vidéni je naucena dovednost a diky spravnému tréninku mohou lidé vidét efektivnéji. Kvili odliSeni od
ortoptiky (zabyva se oslabenim oc¢nich svalil) Skeffington pouzival termin zrakovy trénink.

Harmon upozornil Skeffingtona, ze by mél brat v tivahu faktory zivotniho prosttedi. Jini autofi zdlraziovali, ze
vidéni je dynamicky proces, na kterém se podili celé télo a u kterého musi spolupracovat somaticky a
autonomni nervovy systém.

Na Northwestern Congress v roce 1975 mél pan Skeffington svou posledni prezentaci. Parkinsonova nemoc mu
vSak jiz nedovolila mluvit, proto pouze napsal prohlaseni o své profesi.
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M. Skeffington v 50. letech minulého stoleti popsal model vidéni jako spolupraci smyslu celého téla. Skeffingtontv
model si Ize predstavit jako 4 kruhy majici spolecny prunik.

Obrazek 2: Skeffingtontiv model (zelena — antigravitace, zluta — centrovani,
modra — identifikace, Cervena — interakce, oranzovy stfed — optimalni vidéni)

Kruh Odpoveéd’ na otazku
Antigravitace Kde se nachazim?

Centrovani Kde to je vzhledem k mé poloze?
Identifikace Coto je?

Interakce Jaky je?

Tabulka 1: Kruhy podle Skeffingtonova modelu
DIAGNOSTIKA A OBECNY LECEBNY POSTUP
DIAGNOSTIKA

STANOVENI REFRAKCNI VADY

Po dikladné anamnéze je zapotiebi stanovit refrakéni vadu. Pouziva se plna plusova korekce s binokularnim
vyvazenim.

POSOUZENI NESTRABICKYCH PORUCH BINOKULARNI{HO VIDENI

Zhodnoceni binokularniho vidéni zahrnuje nekolik kroki.

Prvni &asti testovani je méfeni velikosti a sméru forie na dalku a na blizko a AC/A poméru. Radime sem zakryvaci
test, von Graefeho test, modifikovany Thoringtoniiv test a testovani fixacni disparity.

Druhou ¢asti je stanoveni pozitivni a negativni fizni vergence pomoci ptimych a nepfimych méfeni. Mezi ptima
meéfeni patfi postupné (smooth) a krokové (step) testovani fizni vergence a dale testovani vergencni schopnosti.
Mezi nepiima méfeni patii negativni relativni akomodace (NRA), pozitivni relativni akomodace (PRA), fizovany
zkiizeny cylindr, binokularni akomodacni schopnost (BAF = binocular accommodative facility) a metoda
monokulérniho odhadu (MEM = monocular estimation method). Testy se provadeji za binokularnich podminek,
proto mohou byt jejich vysledky pouzity k potvrzeni nebo popieni hypotézy o poruse binokularniho vidéni.

Treti Casti je amplituda konvergence, obecné znama jako blizky bod konvergence. Tento test je obzvlasté dilezity
pfi diagnostice jedné z nejbéznéjsich poruch binokularniho vidéni — insuficience konvergence.

Posledni ¢ast, ktera by méla byt zhodnocena, je senzoricky status. Primarné se jedna o testovani suprese (Worthiv
test) a stereopse.

Kompletni posouzeni binokularniho vidéni by mélo zahrnovat vSechny ¢tyfi popsané ¢asti.

Meéfeni velikosti a sméru forie na dalku a na blizko a AC/A pomér Zakryvaci test

Von Graefeho test
Modifikovany Thoringtoniiv test
Testovani fixacni disparity

Stanoveni pozitivni a negativni fizni vergence Pfima meéteni

Postupné (smooth) testovani
Krokové (step) testovani
Testovani vergenc¢ni schopnosti
Neptima méreni

Negativni relativni akomodace
Pozitivni relativni akomodace
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Fuzovany zkiiZzeny cylindr
Binokularni akomodacni
schopnost

Metoda monokularniho odhadu

Amplituda konvergence Blizky bod konvergence

Senzoricky status Testovani suprese (Worthtiv test)
Testovani stereopse

Tabulka 2: Posouzeni nestrabickych poruch binokularniho vidéni
POSOUZENI PORUCH AKOMODACE

Zhodnoceni akomoda¢nich funkci zahrnuje méfeni akomodacni amplitudy (push-up test, minus lens test),
akomodacni schopnosti (testovani s £ 2,0 ¢o¢kami)a akomodac¢ni odpovédi (metoda monokularniho
odhadu).
Byla provedena studie zabyvajici se vztahem mezi uvedenymi tfemi oblastmi akomodace. Do studie bylo zahrnuto
200 déti (bez Silhani a vyznamné nekorigované refrakéni vady). Pouze 4 % z nich méla deficity ve vSech tfech
oblastech akomodace. Neni tedy mozné spoléhat na to, Ze pokud je v poradku vysledek jedné ¢asti, tak budou
v poradku i vysledky ostatnich ¢asti. M¢ly by byt proto vySetiovany vSechny tii uvedené oblasti akomodace.

Akomodaéni amplituda Push-up test

Minus lens test
Akomodacni schopnost Testovani s + 2,0 cockami
Akomodacni odpovéd’ Metoda monokularniho odhadu

Tabulka 3: Posouzeni poruch akomodace
ZHODNOCEN{ OCNiCH POHYBU

Vysetieni ocnich pohybd zahrnuje tii kroky — posouzeni stability fixace, funkce sakad a sledovacich
pohybl. Okulomotorické poruchy mohou odrazet vazné onemocnéni centralniho nervového systému,
funkéni nebo vyvojové problémy. Je dulezité zvazit, zda abnormality nevyzaduji neurologickou
konzultaci.

Stabilita fixace Sledovani fixace po dobu 10 s

Sakady Vyvojovy ocni pohyb
Readalyzer neboVisagraph Il
NSUCO okulomotoricky test

Sledovaci pohyby NSUCO okulomotoricky test

Tabulka 4: Zhodnoceni o¢nich pohybi
(NSUCO = Northeastern State University College of Optometry)

ANALYZA PRIPADU A KLASIFIKACE

V optometrické literatufe byva uvadéno nékolik postupt analyzy. Kazdy ma své vyhody a nevyhody. Mezi Ctyfi
nejCast&jsi patii graficka analyza, analyticka analyza (OEP = Optometric Extension Program), Morganova analyza a
analyza fixacni disparity.

Existuje také integraéni postup analyzy, ktery se snazi vyuzit co nejvice vyhod ostatnich postupl (a vyhnout se
jejich nevyhodam). Vyuziva konceptu OEP (stav zrakového systému se zhorSuje s ¢asem, problémiim se zrakem lze
predchazet), Morganovy analyzy(je dilezité sledovat skupinu parametrii, nejen jeden parametr), analyzy fixacni
disparity (vySetfeni za binokuldrnich podminek) a zahrnuje také analyzu akomodacni schopnosti, vergenéni
schopnosti, MEM, o¢ni motoriky. Integracni postup se sklada ze tii krokti — porovnani individualnich hodnot
S normami, seskupeni hodnot odchylujicich se od normy, identifikace syndromu.

Casto pouzivana je Duanova klasifikace, ktera rozlisuje insuficienci konvergence, exces konvergence, insuficienci
divergence, exces divergence. Binokularni poruchy jsou popsany v zavislosti na typu heteroforie nameéfené na dalku
a na blizko. Duanova klasifikace vSak ma svd omezeni. Nabizi pouze Ctyfi pripady, v praxi se vSak setkdvame
S fadou dalSich. Naptiklad Wick upozornil na skuteCnost, Ze neexistuje kategorie pro stejnou odchylku na dalku a
na blizko. Déle neni uvazovana porucha fizni vergence.
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Insuficience konvergence

Exces konvergence

Insuficience divergence

Exces divergence

Tabulka 5: Duanova klasifikace

Wick proto popsal alternativni klasifikacni systém binokularnich poruch piedstavujici rozsifeni Duanovy
klasifikace. Je zalozen na posouzeni forie na dalku (tonické vergence) a AC/A poméru. Dle tohoto klasifika¢niho
systému existuje devét moznych ptipadu, které jsou rozdéleny do tii hlavnich kategorii na zakladé AC/A poméru —
nizky AC/A pomér, normalni AC/A pomér, vysoky AC/A pomér. Kazda tato kategorie zahrnuje tfi pfipady —
ortoforii, exoforii,esoforii na dalku (insuficience a exces konvergence (dva typy insuficience a excesu
konvergence), insuficience a exces divergence, dale porucha fiizni vergence, zakladni exoforie a esoforie).

Vsechny vyse uvedené binokularni poruchy jsou horizontalni heteroforie. Mohou se ale vyskytnout také vertikalni
heteroforie — prava a leva hyperforie.

Horizontalni a vertikalni heteroforie dopliuje akomodaéni klasifikaéni systém. Jeho pivodnim autorem je Donders,
roz§iten byl Duke-Elderem a Abramsem. Zahrnuje insuficienci akomodace, poruSenou akomodaci, exces
akomodace a neschopnost akomodace.

Poslednim skupinou jsou okulomotorické poruchy tykajici se problému s fixaci, sakadami a sledovacimi pohyby.

Binokularni poruchy Nizky AC/A pomér

Ortoforie na dalku — insuficience konvergence
Exoforie na dalku — insuficience konvergence
Esoforie na dalku — insuficience divergence
Normalni AC/A pomér

Ortoforie na dalku — porucha fazni vergence
Exoforie na dalku — zakladni exoforie
Esoforie na dalku — zakladni esoforie

Vysoky AC/A pomér

Ortoforie na dalku — exces konvergence
Esoforie na dalku — exces konvergence
Exoforie na dalku — exces divergence

Vertikalni poruchy Prava a leva hyperforie

Akomodaéni poruchy Insuficience akomodace
Porusena akomodace
Exces akomodace
Neschopnost akomodace

Okulomotorické poruchy Okulomotorické poruchy

Tabulka 6: Klasifikace binokularnich, akomodacnich a okulomotorickych poruch
OBECNY POSTUP LECBY

Byly vytvoreny dotazniky, které se pouzivaji ke zhodnoceni symptomii a kvality zivota pted a po 1é¢bé. Prvnim
z nich je Convergence insufficiency symptom survey= CISS (Convergence insufficiency treatment trial = CITT) a
druhym College of optometrists in vision development quality of life outcomes assessment=COVD-QOL).

DOTAZNIKY
CONVERGENCE INSUFFICIENCY SYMPTOM SURVEY = CISS

Dotaznik CISS umoziuje analyzovat pfitomnost a frekvenci vyskytu priznakt. Sklada se z 15 otazek, pacient vzdy
vybere jednu z péti moznych odpovédi. Kazda odpovéd’ je bodovana od 0 do 4 (0 = nikdy, 1 = ztidka, 2 = nékdy, 3
= pomérné Casto, 4 = vzdy). SeCtenim bodt ze vSech 15 otdzek ziskdme CISS skore (nejnizsi mozny vysledek je 0
= bez symptomi, nejvyssi mozny vysledek je 60 = vSechny symptomy). Za normu povazujeme u déti od 9 do 17 let
CISS skore nizsi nez 16 a u dospélych nad 18 let CISS skore nizsi nez 21.

Jméno a pfijmeni: Datum:
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nikdy

ziidka

nekdy

pomé&rné
casto

vzdy

Jsou Vase oci
unavené pii Cteni
nebo  praci na
blizko?

Je pro Vase oci
nepiijemné Cteni
nebo prace na
blizko?

Mate bolesti hlavy
pfi Cteni nebo praci
na blizko?

Citite se unavené
pfi Cteni nebo praci
na blizko?

Ztracite koncentraci
pfi Cteni nebo praci
na blizko?

Mate problém si
zapamatovat co jste
cetl?

Mate dvojité vidéni
pfi ¢teni nebo praci
na blizko?

Zda se Vam, ze se
slova na strance
pohybuji,  skacou,
plavou, vznaseji?

Mate pocit, ze Ctete
pomalu?

10.

Boli Vas oc¢i prii
¢teni nebo praci na
blizko?

11.

Jsou Vase oci
citlive  pii  Cteni
nebo  praci na
blizko?

12.

Mate pocit tahu
kolem o¢i pfi Cteni
nebo praci na
blizko?

13.

Mate pocit, ze jsou
slova rozmazana?

14.

Ztracite své misto
pii Cteni nebo praci
na blizko?

15.

Ctete  opakované
stejny radek slov?

Obrazek 3: Dotaznik CISS
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COLLEGE OF OPTOMETRISTS IN VISION DEVELOPMENT QUALITY OF LIFE OUTCOMES
ASSESSMENT = COVD-QOL

Pivodné byl dotaznik COVD-QOL vyvinut s 30 otazkami, pozdé&ji doslo k redukci na 19 otazek. Bylo prokazano,
ze 1 zkracena forma je dostatecné spolehliva. U kazdé otazky pacient vybere z péti moznych odpovédi (nikdy,
ziidka, n€kdy, pomérné Casto, vzdy). Moznosti jsou opét skorovany od 0 (nikdy) do 4 (vzdy). Z toho vyplyva, zZe
nejnizsi skore je 0 a nejvyssi skore je 76. Vyzkumy ukazuji, ze skore 20 a vice sveéd¢i pro signifikantni symptomy.

Jméno a pfijmeni: Datum:
nikdy ziidka né&kdy pomérné vzdy
Casto

1. Bolesti hlavy pfi
praci na blizko

2. Slova pfi  Cteni
behaji

3. Paleni, svédéni,
slzeni oci

4, Preskakovani /
opakovani fadka pri
¢teni

5. Naklanéni hlavy /
zavirani  jednoho
oka pii ¢teni

6. Obtizné opisovani z
tabule

7. Vyhybani se cteni
nebo praci na blizko

8. Vynechavani
malych slov  pfi
cteni

9. Psani do kopce / z
kopce

10. Nevyrovnané Cislice
/ sloupce Cisel

11. Niz$i  porozuméni
pri Cteni

12. Drzeni ¢teného
textu prilis blizko

13. Potize s udrzenim
pozornosti pii Cteni

14. Potize s plnénim
ukoll na Cas

15. Vzdy tikd “‘mohu’’
pied pokusem

16. Nesikovny

17. Neorientuje se v
case

18. Ztraci véci

19. Zapomnétlivy /
Spatnd pamet

Obrazek 4: Dotaznik COVD-QOL
OBECNA SEKVENCE LECEBNEHO POSTUPU U AKOMODATIVNICH A NESTRABICKYCH PORUCH
BINOKULARN{HO VIDENI
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Sekvenci 1é¢ebného postupu urcuje velikost AC/A poméru.

Sekvence
optickd korekce ametropie
pridani cocek
prizma
okluze
zrakova terapie
chirurgie

OPTICKA KOREKCE AMETROPIE

Hypermetropie + 1,5 D nebo vice
Myopie - 1,0 D nebo vice
Astigmatismus - 1,0 D nebo vice
Anisometropie 1,0 D rozdil ve sféfe nebo cylindru

Tabulka 7: Vyznamné refrakéni vady

PRIDANI COCEK

Exces konvergence

Zakladni esoforie

Akomodacni insuficience

PoruSena akomodace

Tabulka 8: Pfidavani spojnych cocek

Vysoka exoforie

Exces divergence

Tabulka 9: Pfidavani rozptylnych ¢ocek

PRIZMA

Horizontélni ulevujici prizma

Vertikalni ulevujici prizma

Prizma pouzivané jako pomiicka na zacatku zrakové terapie

Prizma pouZzivané na konci zrakové terapie

Tabulka 10: Situace, ve kterych muze byt uzite¢né pouzit prizma

OKLUZE

Okluze je bézné pouzivanou moznosti 1é¢by u strabizmu a pridruzenych stavii (amblyopie, excentricka fixace,

suprese, anomalni korespondence). Nekdy se pouziva také u pacientt s heteroforii.

ZRAKOVA TERAPIE

Velké procento pacientll s poruchami akomodace nebo binokularniho vidéni nemtize byt uspé$né 1é¢eno pouze
Cockami a prizmaty (v podstaté pouze insuficience akomodace, insuficience divergence, exces konvergence,
zékladni esoforie, vertikalni heteroforie). Zrakova terapie je vhodna u insuficience konvergence, excesu divergence,
poruchy fuzni vergence, zdkladni exoforie, excesu akomodace, neschopnosti akomodace, okulomotorickych

poruchach.

Kategorizace zrakové terapie — piistroje a postupy

Rozlisujeme dvé zékladni kategorie — piistrojova (instrument training) a prostorova (free spacetraining). U fady
pristroji a postupi neni zcela jednozna¢né, do které kategorie patii. Scheiman proto doporucuje klasifikaci

zalozenou na typu pouzivanych pomucek.

46



Klasifikace dle Scheimana

anaglyfni a polarizacni filtry

Cocky, prizmata a zrcadla

prepazky a otvory

papir, tuzka a rizné ukoly

stereoskopy

nasledné obrazy, entopické fenomény a elektrofyziologické metody

CHIRURGIE
Chirurgicka terapie neni pfili§ obvykla. Indikuje se predev§im u velmi vysokych forii (pokud je velikost
horizontalni Gchylky vétsi nez 30 A, byva konzervativni terapie neuspésna).

POUZITA LITERATURA
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Visual optometry - Bc.Sona Kervitcerova
Supervisor: Mgr. Jitka Krasnanska, Ph.D.:

Department of Optometry and Orthoptics, Medical Faculty, Masaryk University

INTRODUCTION AND HISTORY

Dr. A. M. Skeffington is considered the father of visual optometry. He was born in Kansas City, Missouri on August 28,
1890 and died in St. Louis on March 3, 1976. He dedicated his life to the betterment of optometry. He developed the
concept that vision is a learned skill and through right training people could see more efficiently.

Figure: A. M. Skeffington

In 1917 he graduated from the Needles Institute of Optometry Needles in Kansas City. Then he rented a small one story
building in Kerney and opened the first exclusively optometric practice in the state.

Together with his wife Mary Jane made in 1922 a tour of the eastern United States, where he visited colleagues. He was
shocked by their poor practices and lack of information.

In 1923 was held Western States Congress in Denver. The aim was that optometrists mutually exchange their ideas. Mr.
Skeffington was frustrated because some of the speakers talked about the methods of diagnosis and treatment which are
according to him non-functional. Later he was requested by Kansas Optometric Association to repeat his Denver lectures.
He replied that he would not lecture, but rather to demonstrate the practice of using patients and discuss it with onlookers.
The annual meeting of the American Optometric Association in 1924 was held in Kansas City. Skeffington here met with E.
B. Alexander. Both were featured in the first official demonstration against some conventions of the American Optometric
Association.

Skeffington decided in 1926 to close his optometric practice in Kearney. Established a formal association between
Alexander’s highly organized Southwest Oklahoma Study Group and Oklahoma Extension Program, which was an
expansion of the Oklahoma Optometric Association’s education program.

The name Optometric Extension Program (OEP) was first coined in 1928. Skeffington became director of education,
traveled and met with optometrists at conferences and seminars.

In the middle 1920s and early 1930s optometric education was disorganized. Each college taught ,.its own optometry”.
Therefore it was created 21 Points Examination, which began to use many optometrists and was incorporated into the
curriculum of some schools.

Skeffington and his colleagues organized the conferences, which were attended not only by optometrists, as well as experts
from other areas (especially experimental psychologists and neurologists). He developed the radical theory that vision is a
learned skill and through right training people could see more efficiently. To differentiate it from orthoptics (dealing with
the weakening of the eye muscles) Skeffington used the term visual training.

Harmon taught Skeffington to consider the environmental factors. Other authors emphasized, that vision is dynamic process
involving a full body and for which must work together somatic and autonomic nervous system.

On the Northwestern Congress in 1975 had Mr. Skeffington his last presentation. Parkinson's disease would not let him
speak thereforehe only wrote a statement about his profession.

M. Skeffington in the 50s of last century described the vision as a cooperation senses of the all body. Skeffington’s model
can be thought as the 4 circles having a common intersection.
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Figure 2: Skeffington’s model (green — Antigravity, yellow— centering,
blue — identification, red — interaction, orange middle — optimal vision)

Circle Answer to question
Antigravity Where am 1?

Centering Where it is due to my position?
Identification What is it?

Interaction Whatis?

Table 1: Circles according Skeffington’s model
DIAGNOSIS AND GENERAL TREATMENT APPROACH
DIAGNOSIS
DETERMINATION OF REFRACTIVE ERROR
After a thorough anamnesis is needed to determine the refractive error. Used full plus correction with binocular balance.
ASSESSMENT OF NONSTRABISMIC BINOCULAR VISION DISORDERS

The evaluation of binocular vision involves several distinct steps.

The first part of the testing is the measurement of the magnitude and direction of the phoria at distance and near and AC/A
ratio. We belong here cover test, von Graefe test, modified Thorington test and fixation disparity.

The second part is assessment of positive and negative fusion vergence through direct and indirect measurement. Among
direct measurement include smooth and step fusion vergence testing and vergence facility testing. Among indirect
measurements include negative relative accommodation (NRA), positive relative accommodation (PRA), fused cross-
cylinder, binocular accommodative facility(BAF) and monocular estimation method (MEM). These procedures are
performed under binocular conditions therefore their results can be used to confirm or deny a clinical hypothesis of a
binocular vision disorder.

The third part is convergence amplitude, generally referred to as the near point of convergence. This test is particularly
important in the diagnosis of one of the most common binocular vision disorders — convergence insufficiency.

The last past that should be evaluated is sensory status. Primarily it is testing of suppression (Worth four-do test) and
stereopsis.

A complete assessment of binocular vision should include all four of the components just described.

Measurement of the magnitude and direction of the phoria at Cover test

distance and near and AC/A ratio Von Graefetest

Modified Thorington test
Fixation disparity

Assessment of positive and negative fusional vergence Direct measurement

Smooth testing

Step testing

Vergence facility testing

Indirect measurement

Negative relative accommodation
Positive relative accommodation
Fused cross-cylinder

Binocular accommodative facility
Monocular estimation method

Convergence amplitude Near point of convergence
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Sensory status Testing of suppression (Worth
four.do test)
Testing of stereopsis

Table 2: Assessmentof nonstrabismic binocular visiondisorders
ASSESSMENT OF ACCOMMODATIVE DISORDERS

The evaluation of accommodative function involves measurement of the amplitude of accommodation (push-up test, minus
lens test), accommodative facility (testing with & 2,0lenses) and accommodative response (monocular estimation method).

It was conducted study which investigated relationship among three areas of accommodation. The study included 200 children
(without strabismus and significant uncorrected refractive error). Only 4 % had deficits in all three of the accommodative
functions. It is impossible to predict the results of one test based on the results another. All aspects of accommodation must be
considered.

Amplitude of accommodatin Push-up test

Minus lens test
Accommodative facility Testing with & 2,0 lenses
Accommaodative response Monocular estimation method

Table 3: Assessment of accommaodative disorders

EVALUATION OF EYE MOVEMENTS

Examination of eye movements involves three distinct steps — assessment of stability of fixation, saccadic function, and pursuit
function. Ocular motor disorders can reflect serious underlying central nervous system disease or functional or developmental
problems. It is always important to consider that abnormalities may require a neurologic consultation.

Stability of fixation Observation of fixation for 10 sec

Saccadic Developmental eye movement
Readalyzer or Visagraph Il
NSUCO oculomotor test

Pursuit NSUCO oculomotor test

Table 4: Evaluation of eye movements
(NSUCO = Northeastern State University College of Optometry)

CASE ANALYSIS AND CLASSIFICATION

Several analytical approaches are presented in the optometric literature. Each has its own unique advantages and
disadvantages. The four most common are graphical analysis, analytical analysis (OEP = Optometric Extension Program),
Morgan analysis and analysis of fixation disparity.

There is also integrative analysis approach that attempts to make use most positive aspects of other case analysis approaches
(and avoiding their negative aspects). This format uses the concepts of the OEP analytical system (the status the visual system
can deteriorate over time, vision problems can be prevented), Morgan’s analysis (it is important to look at group of parameters,
not only at one parameter), analysis of fixation disparity (examination under binocular conditions) and includes an analysis of
accommodative facility, vergence facility, MEM retinoscopy, ocular motor. Integrative approach consists of three steps —
comparing the individual tests to a table of expected findings, grouping the findings that deviate from expected findings,
identifying the syndrome.

Perhaps the most common is Duane’s classification which distinguishes convergence insufficiency, excess convergence,
divergence insufficiency, excess divergence. Binocular disorders are described depending on the type of heterophoria measured
at distance and near. Duane classification has limitations. For example Wick said that it does not have a category for a deviation
in which the exo- or esodeviations are equal at distance and near. Furthermore, it is not considered failure fusion convergence.

Convergence insuficciency

Convergence excess

Divergence insuficiency
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Divergence excess |

Table 5: Duan'’s classification

Wick described an alternative classification system for binocular anomalies that represents an expansion of Dane’s
classification. It is based on consideration of the distance phoria (tonic vergence) and AC/A ratio. According this
classification system there are nine possible cases which are divided into three main categories based on the AC/A ratio —
low AC/A ratio, normal AC/A ratio, high AC/A ratio. Within each of these categories there are three possible cases —
ortophoria, exophoria, esophoria at distance (insufficiency and excess convergence (two types of insufficiency and excess
convergence), insufficiencyand excess divergence, next fusional vergence dysfunction, basic esophoria and exophoria).

All binocular vision anomalies described above are horizontal heterophoria. Vertical heterophoria can also occur — right or
left hyperphoria.

Horizontal and vertical heterophoria complements accommodative classification system. Its original author is Donders, was
expanded by Duke-Elder and Abrams. It includes accommodative insufficiency, ill.sustained accommodation,
accommodative excess and accommodative infacility.

The last group are ocular motor anomaliess related to problems with fixations, saccades and pursuits.

Binocular anomalies Low AC/A ratio
Orthophoria at  distance —  convergence
insufficiency

Exophoria at distance — convergence insufficiency
Esophoria at distance — divergence insufficiency
Normal AC/A ratio

Orthophoriaat distance — fusional vergence
dysfunction

Exophoria at distance — basic exophoria
Esophoria at distance — basic esophoria

High AC/A ratio

Orthophoria at distance — convergence excess
Esophoria at distance — convergence excess
Exophoria at distance — divergence excess

Vertical anomalies Right or left hyperphoria

Accommodative anomalies Accommodative insufficiency
I1l-sustained accommaodation
Accommodative excess
Accommodative infacility

Ocular anomalies Ocular motor dysfunction

Table 6: Classification of binocular, accommodative a ocular motor anomalies
GENERAL TREATMENT MODALITIES GUIDELINES

They were created questionnaires used to assess symptoms and quality of life before and after treatment. The first is
Convergence insufficiency symptom survey = CISS (Convergence insufficiency treatment trial = CITT) and the second
College of optometrists in vision development quality of life outcomes assessment = COVD-QOL).

QUESTIONNAIRES
CONVERGENCE INSUFFICIENCY SYMPTOM SURVEY = CISS

The questionnaire CISS allows to analyze the presence and frequency of symptoms. It consists of 15 items, patient always
chooses one of five possible answers. Each answer is scored from 0 to 4 (0 = never, 1 = infrequently, 2 = sometimes, 3 =
fairly often, 4 = always). The 15 items are summed to obtain the CISS score (the lowest possible score is 0 = asymptomatic,
the highest possible score is 60 = most symptomatic). The norm for children aged 9 to 17 years is CISS score lower than 16
and for adults over 18 years is CISS score lower than 21.

Name: Date:
Never Infrequently Sometimes Fairly Always
(Not  very often

51



often)

Do your eyes feel
tired when reading
or doing close
work?

Do your eyes feel
uncomfortable
when reading or
doing close work?

Do you have
headaches when
reading or doing
close work?

Do you feel sleepy
when reading or
doing close work?

Do you lose
concentration when
reading or doing
close work?

Do you have trouble
remembering what
you have read?

Do you have double
vision when reading
or doing close
work?

Do you see the
words move, jump,
swim or appear to
float on the page
when reading or
doing close work?

Do you feel like
you read slowly?

10.

Do your eyes ever
hurt when reading
or doing close
work?

11.

Do your eyes ever
feel sore when
reading or doing
close work?

12.

Do vyou feel a
“pulling”  feeling
around your eyes
when reading or
doing close work?

13.

Do you notice the
words blurring or
coming in and out
of focus when
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reading or doing
close work

Do you lose your
place while reading

14. .
or doing close
work?
Do you have to
15 reread the same line

of words when
reading?

Figure 3: Questionnaire CISS

COLLEGE OF OPTOMETRISTS IN VISION DEVELOPMENT QUALITY OF LIFE OUTCOMES ASSESSMENT =
COVD-QOL

Originally was the questionnaire COVD-QOL developed with 30 items, later was reduced to 19 items. It has been shown that
even the truncated form is sufficiently reliable. For each item the patient selects from five possible response (never, once in a
long time, sometimes, a lot, always). The options are scored from 0 (never) to 4 (always). Thus, the lowest score is 0 and the
highest score is 76. Researches indicate that a score of 20 or greater suggest that the patient has significant symptoms.

Name: Date:
Oncein a
Never long Sometimes A lot Always
while
1 Headaches with
' near work
5 Words run together
' reading
3 Burn, itch, watery
eyes
4 Skips/repeats lines
' reading
Head tilt/close one
5. .
eye when reading
6 Difficulty copying
' from chalkboard
7 Avoids near
' work/reading
Omits small words
8. .
when reading
9. Writes up/down hill
Misaligns
10. digits/columns  of
numbers
Reading
11. comprehension
down
12 Holds reading too
close
13 Trouble keeping
' attention on reading
1. leflcult.y
completing
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assignments on time
Always says “‘can”’
15. .
before trying
Clumsy, knocks
16. .
things over
Does not use his/her
17. .
time well
18, Loses _ _
belongings/things
19 Forgetful/poor
' memory

Figure 4: Questionnaire COVD-QOL

GENERAL TREATMENT SEQUENCES FOR ACCOMMODATIVE AND NONSTRABISMIC BINOCULAR VISION
ANOMALIES

The sequence of general treatment is determined by the size of AC/A ratio.

Sequence
optical correction of ametropia
added lens power
prism
occlusion
vision therapy
surgery

OPTICAL CORRECTION OF AMETROPIA

Hypermetropia + 1,5 D or greater
Myopia - 1,0 D or greater
Astigmatism - 1,0 D or greater
Anisometropia 1,0 D difference in sphere or cylinder

Table 7: Significant refractive errors

ADDED LENS POWER

Convergence excess

Basic esophoria

Accommodative insufficiency

Ill-sustained ccommodation

Table 8: Added plus lenses

High exophoria

Divvergence excess

Table 9: Added minus lenses
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PRISM

Horizontal relieving prism

Vertical relieving prism

Prism used when vision therapy is inappropriate or impractical

Prism use dat the end of vision therapy

Table 10: Situations in which the use of prism may be helpful

OCCLUSION

Occlussion is commonly used treatment option of strabismus and asociated conditions (amblyopia, excentric fixation,
suppression, anomalous correspondence). Sometimes it is also used by patients with heterophoria.

VISION THERAPY

A large percentage of patients with disorders of accommodation or binocular vision cannot be successfully treated only by
lenses and prisms (only accommodative insufficiency, divergence insufficiency, convergence excess, basic esophoria, and
vertical heterophoria). Visual therapy is sustaible for convergence insufficiency, divergence excess, fusional vergence
dysfunction, basic exophoria, accommodative excess, accommodative infacility, and ocular motor dysfunction.

Categorization of vision therapy — instrumentation and procedures

There are two basic categories — instrument training and free spacetraining. For number of instruments and procedures it is
not entirely clear in which category they belong. Scheiman therefore recommend classification based on the type of
equipment used.

Classification according Scheiman
anaglyphs and polaroid filters

lenses, prisms, mirrors

septums and apertures

paper, pencil, miscellaneous tasks

stereoscopes

afterimages, entopic phenomena, electrophysiologic techniques

SURGERY

Surgical therapy is not too common. It is indicated especially at very high phorias (if the size of the horizontal deviation is
more than 30 A is conservative therapy failed).

REFERENCES

Scheiman Mitchel, Wick Bruce; Clinical management of binucular vision: heterophoric, accommodative, and eye
movement disorders; Lippincott Williams & Wilkins, Wolters Kluwer; 2008; ISBN-13: 978-7817-7784-1

Vymyslicky Ivan; Ceska oéni optika 3/2007

Vymyslicky Ivan; Ceska oéni optika 2/2008

Cox James; A. M. Skeffington, O.D. — The Man; Journal of behavioral optometry; 1996;: Available at:
http://www.oepf.org/sites/default/files/journals/jbo-volume-8-issue-1/8-1%20Cox.pdf
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6. Rohovkovy topograf - Bc. Lucie Patockova
Vedouciprojektu:Mgr. Sylvie Petrova

Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity Brno

Rohovkovy topograf je jednim z nejdilezitéjsich klinickych pfistroji, kterym optometrista snadno a rychle
zjisti na zaklad¢ reflexe Placidovych kruznic na rohovce jeji poloméry kiivosti, tvar ¢i pripadnou patologii
ptedni plochy rohovky. VySetfenim lze véas diagnostikovat napt. pocinajici keratokonus, keratoglobus a
pellucidni marginalni degeneraci. Pristroj patii mezi bezkontaktni vySetfeni, tedy mezi skupinu vySetieni s
minimalni zatézi pro pacienta.

Ohlédnuti do historie:

Prvnimi pouzitymi prostiedky pro zjisténi predni plochy rohovky byl pifimy odlitek vyrobeny z plastu nebo
vosku a napraseni vrstvicky pudru na rohovku, ze které se fotogrammetrickou analyzou vyprojektovaly
vrstevnice, jeZ se poté analyzovaly. V roce 1880 Antonio Placido da Costa vynalezl Placido disk a uéinil tak
nejvyznamnéjsi objev v historii rohovkového topografu. Jednalo se o koncentrické Cerné a bilé kruznice. Ve
stiedu disku se nachazela spojna ¢ocka, ktera slouzila k lepSimu pozorovani ptedni plochy rohovky. Zaroven s
Placidovym diskem se objevily prvni keratometry, které métily pouze polomér kiivosti ve dvou meridianech v
centralni ¢asti rohovky o priméru 2 - 4 mm, tudiz neposkytovaly celkovou topografii povrchu. Na tuto
techniku navazal fotokeratoskop vynalezeny na pocatku tricatych let dvacatého stoleti v Némecku spolecnosti
Zeiss. Vyvojovy pokrok v podobé¢ automatizace fotogrammetrické analyzy, pfijeti kamer a pocitacové analyzy
vedly k vytvoreni videokeratometru.2

Samotny topograf prosel tfemi hlavnimi zménami. Prvni verze méla Placidovy kruZznice umisténé na roviné.
Vynalezce Knoll ptedstavil druhy typ s kruznicemi na vnitini strané polokoule. Tfetim a v soucasnosti
pouzivanym typem je Placido disk s kruznicemi umisténymi na vnitini stran€ kuzele.
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obr. 1: Vyvoj umisténi placidovych kruZnic v topografu.

Obr. A: Kruznice na vnitini strané roviny Placidova disku.
Obr. B: Kruznice na vnitini strané polokoule Placidova disku.
Obr. C a D: Kruznice na vnitini strané kuzele Placidova disku.

Program topografu:

Tvar povrchu rohovky ziskavame pomoci sofistikovanych programovych algoritmii, které vyhodnocuji podobu
a polohu kruznic. Ziskané udaje se objevi v rozdilnych, dvojrozmérnych i trojrozmérnych, barevné
kodovanych schématech, které ilustruji riiznou charakteristiku (optické defekty, lokalni zakiiveni).

Pi‘ehledova mapa:

Na hlavni obrazovce se po dokonceni méfeni zobrazi nami zvolend mapa (naptf. mapa axidlniho zakiiveni),
dale dalezité keratometrické udaje, barevna stupnice a pfipadné poznamky napsané vySetiujicim.
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[EjocuLus - EASYGRAPH = x|
Patient Untersuchung Darstellung Kontaktlinsenanpassung  Einstellungen  Sonstiges Drucken

Name: [Patockova, Lucie Unt. Dat.. |27.11.14

Geb. Dat.: |.' Auge: ILinks Unt. Zeit: Ill7:28:13

Keratometerdaten : Hauptschnitte rechtwinklig ([d=3mm)
Rh: 8.25mm 186.0° 6.0°
Rv: 7.92mm T9

Ast.: -1.7dpt \5-3.5
Ach.. 6.0° 15
Exz.: 0.78 | gp.0° ! 276.0°

RHH: 12.6

Obr. 2: Pfehledova mapa na Easygraphu.

Cervend, oranzova a zlutd barva predstavuji strmé hodnoty. Zelena je pfechodnym stupném mezi strmymi a
plochymi hodnotami. Modré odstiny ptedstavuji ploché ¢asti rohovky. Jelikoz se rohovka k periferii oplostuje,
jsou modrozelené odstiny pravé nejcastéji v periferii.

Software topografu umozituje zobrazeni rozdilnych snimki. Jedna se o axialni, tangencialni a elevaéni mapu,
dale je zde mapa nepravidelnosti, snimek keratometrie a kruhi, mapu optické mohutnosti a mapu primérnych
zakfiveni.

Mapa axialniho zakf¥iveni:

Nejpresné&jsi hodnoty u axialniho snimku jsou naméfené v centru. Pfi méfeni rohovky se nezobrazuji jemné
detaily na povrchu smérem od centra k periferii. Chceme-li zobrazit i tyto drobné nepravidelnosti, je vhodné
pouzit tangencialni mapu. Toto zobrazeni téZ nezaznamenava sférickou aberaci. Axialni snimek se sice v praxi

pouziva nejcastéji, nezachycuje ale skutecné lokalni zaktiveni, které je 1épe znazornéno pravé tangencialni
mapoul.
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Q -0.41

CIM 0.87

HVID 13.0 mm
Tvar. konst. 0.41

Strmy K 4291D@8
Plochy K 4226 D @98
Ast. 064D

Obr. 3: Mapa axialni zaktiveni u Atlasu 9000
Mapa tangencialniho zak¥iveni:
Vypocet tangencialniho snimku je zalozen na odliSnych matematickych metodach a algoritmech. Vypocty jsou

presné&jsi u okraje rohovky. Pomoci tohoto zakiiveni snadné&ji pozname piechody optické mohutnosti. Pouziva
se predevsim, chceme-li pozorovat proces hojeni jizev.

Hacienda Clinic

ANSI 780 23 ialni zak¥iveni
A R prilce Tangencialni zak¥iveni 0S
gt 3/8/2007

:3: 120 . 11:27:07 AM
14500 ’ Excentricita 0.91
s Q -0.83
o | CIM 1.86
-453 o HVID 11.7 mm
) ) o — Prim. zor.  4.9mm
y Tvar. konst. 0,83
3mmzoéna 4804D

270
14 mm

(o) 2007 CARL ZEISS MEDIIED AITLAS™  Hovesion 106850 Pre-Froduchen Sollveace

Obr 4: Barevna mapa tangencialniho zakiiveni u Atlasu 9000.
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3D zobrazeni

Program nabizi moznost zobrazeni povrchu rohovky v podobé 3D barevné mapy. Rezim zobrazeni lze nastavit
pomoci ¢tyf moZnosti.

Barevné zobrazeni: Barva povrchu odpovida ptislusnému polomeéru kiivosti.

Cervené/zelené zobrazeni: Pii pohledu na tuto mapu pomoci éervenozelenych bryli dosahneme trojrozmérného
efektu.

Realné: V této mapé se zobrazi skutecny tvar rohovky.

Zakiiveni: V této moznosti odpovida vyska zakiiveni prislusnému bodu. Pfipadné rozdily v zakiiveni rohovky
jsou proto ziejmejsi nez v realném zobrazeni.

Obr. 5: 3D Zobrazeni rohovky u Keratografu 4.
Srovnavaci mapa:

Mizeme porovnavat dvé az ¢tyfi mapy zobrazené najednou. Vsechny hodnoty odpovidajici bodim pro kazdou
z map je mozno vidét pohybem kurzoru mysi na dané mapé.

Vysetiujicimu jsou zobrazeny dvé vybrané mapy. Na tfeti mapé se ukazuje rozdil v zakfiveni v kazdém bodé
dvou porovnavanych map. Ve sloupci se zobrazi barevna stupnice ve vztahu ke kazdé hodnoté rozdilu.

Advance Eye Clinic —
234136600 Porovnani dvou map

ANSI £38).23 =, , v .
Std paleta/stugnice 325 Axialni zak¥iveni

430

ae” o’ e o wasar B 5 owks

ANSIZOD2D — o . 0s
S ppateta/stipnice Ayjalni zakiiveni 111241998
19.0 121652 PM
ATLAS 990

%g. konst. E'.ié polomér {mm) 123 @23
Prim. zoz. 33 mm X :y (mm) 1.14 :0.47

3 mm Zona 45340

hodnota .6.02D
0.77 mm

Hoor compiance win softtoric contactisnses; la

Obr. 6: Porovnani dvou axialnich map u Atlasu 9000.

Novinky v softwaru topografu:
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Keratograf SM firmy Oculus obsahuje velkou fadu novinek, které usnadni diagnostiu pfedni plochy rohovky.

Méfeni vysky slzného menisku
Me¢fteni se provadi stejné jako pii ziskavani topografické mapy rohovky. Po dokonceni méfeni se objevi
nasledujici okno:

m
I laner thag
 Kerammetric mades

Urighness
. .
C - |
Video
T Imege sectos

nee | |

Gras mage |

_om: |

Obr. 7: Zobrazeni slzného menisku.

Mefeni vysky slzného menisku je dtlezité pro stanoveni mnozstvi slzného filmu. Slzny meniskus mensi nez
0,2 milimetrd je povazovan za kriticky a svédéi o nedostateéném mnozstvi slzného filmu.
Na obrazku z vysetieni slzného menisku zméfime pomoci virtualniho pravitka vysku slzného menisku.

Obr. 8: Méfeni vysky slzného menisku.

OxiMap
OxiMapa je barevnou prezentaci propustnosti kysliku (aroven propustnosti kysliku Dk/t) u mékkych
kontaktnich ¢ocek. Dobry piivod kysliku k rohovce je nesmirné dulezity. Nové materialy pouzité pro meékké
kontaktni ¢oCky nabizeji vynikajici propustnost pro kyslik (Dk/t). To je vizualné prezentovano v barevné
OxiMapg.

Svétle modra: Dobra propustnost kysliku.

Cervena az &erna: Spatna nebo velmi $patna propustnost kysliku.

[ T

e b S=ra

Obr. 9: Porovnani propustnosti kysliku pro -3,00 D (vlevo) a -8,00 D (vpravo).

=
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TF dynamika
Pristroj vytvori video s az 32 snimky za sekundu, na kterém lze pozorovat dynamiku slz na rohovce a také
viskozitu slzného filmu.

Obr. 10: Méteni dynamiky slzného filmu.

R-Scan
R-Scan je prvni a doposud jedina technologie, ktera objektivné klasifikuje stupen bulbarni a limbalni injekce.
Detekuje tenké krevni cévy ve spojivce a hodnoti jejich stupen zarudnuti.

Obr. 11: V levé casti obrazku jsou znazornéné spojivkové cévy a v pravé casti obrazku byl pouzit bez
&erveného filtr (red-free).

Méfeni tihlu dolniho vicka
Meéfeni uhlu dolniho vicka v nasalni ¢asti vzhledem k piedni plose rohovky. Hodnoty pomohou stabilizovat
osu torické kontaktni cocky a tim i zlepsit aplikaci kontaktni ¢ocky.
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Obr. 12: Méfeni thlu dolniho vicka.

Zavér:

Tempo technologického vyvoje rohovkové topografie se nezpomalilo a dnesni topografy rohovky jsou stale
kvalitngjsi. Zafizeni dnes maji sofistikovan¢jsi algoritmy k ziskani zobrazeni tvaru rohovky, odhalovani
patologie a dokonce navrhuji individualni teoretické kontaktni ¢ocky na zaklade ziskanych hodnot z méfeni.

Zdroje:

RAO, SRINIVAS K. a SUBRAMANIAN, RAMYA. Corneal topography — an overview. [Online] 2011.
SNOOK, RICHARD. Video keratometer . [Online] 1992.

MALACARA, D a YOBANI, M. A Review of Methods for Measuring Corneal Topography. [Online] 2001.
OCULUS, SPOL. S R. O. Keratograph 4 ver.1.74 UG/70670/0209/en. Firemni materialy. Némecko
OCULUS, SPOL. S R. O. Keratograph 5M. Firemni materialy. Némecko

CARL ZEISS MEDITEC INC. Atlas 9000. Firemni materialy, Praha

PATOCKOVA, Lucie. Obhajoba bakalaiské prace trochu jinak. Ceskd ocni optika, 2014, ¢. 3, s. 48-50
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Corneal topographer — Bc. Lucie Patockova

Supervisor:Mgr. Sylvie Petrova
Department of Optometry and Orthoptics, Medical Faculty, Masaryk University

The Corneal topogrpher is one of the most important clinic machine, with whom we can easily and fast thanks to
the Placido rings find curvature of arterior cornea, shape or pathology of anterior cornea. We can diagnosis
keratokonus, keratoglobus and pellucid marginal degeneration. It is non-contact machine.

History of the Corneal topographer:

The first was plastic and wax cast of arterior cornea and thow layer of powder for fotogrammetric analysis, from
them were made contour lines. At 1880 was made Placido disc by Antonio Placido da Costa. It was the most
important discovery in history of topographer. It was concentric black and white rings with plus lens in the centre
for better watching of a cornea. At the same time as Placido disc where the first keratometers, that measured
curvature of two meridians in the centre. After this technique were keratoscopes that were discovered at the
beginning of 30° of 20th century by Zeiss Company.

The corneal topographer had 3 main changes. The first was Placido rings on a plane. The second type was Placido
rings in the hemisphere discovered by Kroll. The third and used now was Placido disc in the cone.

A I Kruznice na wnitini
l strané roviny

Kruznice na vnitini
7-\§trané polokoule

7 i kruznice

Olco__ Oko ."I ; ;
| | 4 //‘
"‘\} VLS 7 \
NS~ f\ L
| =, i
1’ / \ ===
= V4 !
obrazova — I _
.. 7 obrazova
/ rovina
C K11m31 ce31a el D Kruznice na vnitini
$. strané kuzele \‘ T §
/ / ‘stmne kuzele
/ /

/
/

kruznice $e—lauznice

/ / . / X
o \,
Rohovkq,/ / \ Rohovka ,/ / \

\: g 3 obrazova X // \ obrazova
AV \ L rovina \\_ // -‘ rovina
— N .l/ o : i
—— e | '. r
| TR — NN
/ / Uzovybod
/ /
y-4 é"
fl "

Pic. 1: Development of placement of Pacido rings in Topographer.
A: Ringsin a plane
B: Rings in a hemisphere
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C and D: Rings in a cone.
Software of topographer:

We can get shape of a cornea by sofisticated algorithm. The results are shown in different, two dimension, three
dimension, colorful maps, that means optician defects, local curvature...

Overwiev Display

Multiple analysis presentations are displayed on the overview screen to give you a quick
overview of the measured corneal topography.

EDEULUS - EASYGRAPH

Patient Untersuchung Darstellung Kontaktlinsenanpassung  Einstellungen  Sonstiges

Name: |-Patockova, Lucie Unt. Dat.. |27.11.14
Geb. Dat.: | Auge: [Links Unt. Zeit: |07:28:1 3

Keratometerdaten : Hauptschnitte rechtwinklig (d=3mm)]
Rh: 8.25mm 186.0° 6.0° :
Rv: 7.92mm
Ast.: -1.7dpt
Ach.: 6.0°
Exz.: 0.78

RHH: 12.6

Pic. 2: Overview display on Easygraph

Red, orange and yellow color mean steep values. Green means temporaly value between steep and flat values. Blue
color means flat values of a cornea.

The software can shows different maps. That are axial, tangencial, elevation, keratometric values and refractive
maps.

Axial curvature:

The most accurate values are in a centre. There are less details in a periphery. It is the most common map in
practice. For details in periphery we can see thanks tangential map.
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Pic. 3: Maps of axial curvature by Atlas 9000

Maps of tangencial curvature:

064D

This map is on the different mathematic algorythm than axial map. It is the most accurate in a periphery, good for

recognition unevenness and for watching how a scars are healing,
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Pic 4: Colourful map of tangential curvature by Atlas 9000.
3D zobrazeni
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The program offers the option of outputting the surface of the cornea as a 3D- color map.
The geometric ratios of the surface of the cornea can be easily demonstrated to the patient
in this map. The patient and examination data are output in the top left section of
the screen. The general mode of presentation can be set using the four options

Colored: A full color surface map is presented. The color on the surface corresponds
with the assignment to the respective radius of curvature (color bar).

Red/Green: The map is shown as a wireframe. If you look at this map through red/
green spectacles, you get a truly three-dimensional effect.

Realistic: In this map the actual shape of the cornea.

Pic. 5: 3D display by Keratograph 4.

Compare examination:
In addition to the patient and examination data, the topography maps of up to four examinations can be displayed
here. All vulues can be shown by moving with mouse cursor.
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Pic. 6: Compare two axial maps by Atlas 9000.

New thing at the development of topogapher software:
Keratograf 5M by Oculus company contains a lot of new programmes.

Tear - meniscus-height
Measuring is the same as corneal topography. After measuring this window is appears.
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Pic. 7: tear meniscus

With an integrated measuring guide and various magnification tools, you can measure the tear meniscus height and
evaluate its characteristics along the lower lid margin. The result is saved in the patient file.

Pic. 8: Measure of tear meniscus

OxiMap
The cornea needs oxygen and a good oxygen supply is fundamental for the comfort of a contact lens
wearer. New materials used for soft contact lenses offer excellent oxygen transmissibility. You can easily
show these color maps to your patients and help them choose better contact lenses
Blue: Good oxygen transparent.
Red to black: Bad or very bad trasparent for oxygen.

Pic. 9: Compare for -3,00 D (left) and -8,00 D (right).
TF dynamics

A video recording with up to 32 images per second enables the observation of the tear film particle flow
characteristics and shows the tear film viscosity
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Pic. 10: Measuring of tear dynamics.

R-Scan

The R-Scan is the first and only technology that automatically and objectively measures and classifies the bulbar
and the limbal degree of redness.

The R-Scan detects thin blood vessels in the conjunctiva and evaluates the degree of redness. With automatic
evaluation, there is no need to manually compare the classification sheets and you can be more confident in the
user-independent results.

Pic. 11: Only the thin blood vessels of the conjunctiva are detected and evaluated (the left picture), Under the green
spectrum of visible light, blood vessels are richer in contrast and more visible (the right red free filter picture).

Measuring of inferior lid angle
The measurement of the nasal lower palpebral angle facilitates the identification of the expected inclination or
stabilization axis when fitting toric contact lenses.
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Pic. 12: Palpebral angle measurement.

Conclusion:

Software are more sofisticated that yearsteday and are still better for recognition shape of arterior cornea, pathology
and contact lens fitting.
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7. Korekce vrozenych poruch barvocitu pomoci barevnych filtri- Bc. Marie Kodetova
Vedouciprace:Mgr.Petr Vesely, DiS., PhD.

Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity Brno

Barevné vidéni, neboli schopnost organismu rozlisit svételné podnéty na zaklad¢ jejich vinové délky, je jednou z
esencialnich slozek zrakového vjemu. Princip normalniho lidského barvocitu je v prvni fadé podminén existenci tfi
skupin sitnicovych ¢ipkd. Jednotlivé typy Cipkd jsou schopny spoleéné reagovat na vSechny odstiny viditelného
spektra a vytvaret tak komplexni barevny vjem. V pripadé, Ze je funkce nékterého typu ¢ipkti poskozena, dochazi k
narueni barvocitu a s tim i k alteraci vnimaného spektra barev. Ubytek informaci pfi vnimani barev ovliviiuje
kvalitu Zivota, snizuje spolehlivost zpracovani informaci, a tim ovliviiuje dobu potfebnou k reakci na zrakovy
podnét. Porucha vnimani barev proto miuize napiiklad branit ve vykonu nékterych profesi, u kterych je idedlni
barvocit podminkou. Dysfunkce vnimani barev mohou ptedstavovat zna¢né znevyhodnéni v kazdodennim zivoté. Je
proto nutné se vénovat zptusobum jejich korekce.V piipadé nékterych ziskanych poruch barvocitu, které byly
sekundarné navozeny jinym poskozenim, muze vést odstranéni piivodni pficiny jejich vzniku k obnoveni vnimani
barev. Nicméné€ u vrozenych postizeni, ktera tvoii vétSinu poruch barvocitu, v soucasné dobé neexistuje zptisob
terapeutického odstranéni. Predfazeni barevného filtru o vhodné vinové délce vSak mulize zvyraznit rozdil mezi
jednotlivymi barvami a slouzit tak jako pomticka ke zlepSeni rozliSovaci schopnosti barvoslepého. Filtry funguji na
principu posunu absorpcnich maxim cockového fotopigmentu zménou velikosti absorpce v zavislosti na
propustnosti filtru. Snazi se, aby bylo dosahnuto posunuti absorpéni schopnosti poskozeného ¢ipku do normalnich
hodnot. S alteraci vjemu poskozenych ¢ipka v8ak dochazi ke zméné i u receptorit normalnich, coz vede k naruseni
komplexniho zrakového vjemu. Barevné filtry jsou v dnes$ni dob¢ jedinym zptisobem upravy poruchou naruseného
barvocitu. Od roku 1971, kdy byly patentovany ¢oc¢ky X-Chrom jako prvni filtry sestrojené za tcelem korekce
barevnych vad, se na trhu objevila celd fada jim podobnych vyrobkl. V soucasnosti se mizeme setkat napiiklad s
¢ockami iRo, ColorView, anebo kapesni pomuckou Seekey. Vyjimku mezi prostiedky pro Gpravu barevného
vnimani tvofi bryle znacky EnChroma, které na rozdil od ostatnich produktd nefunguji na principu zmény
chromati¢nosti, nicméné na zakladé zvyraznéni barev pomoci specialniho notch filtru. Realna ucinnost filtrti v§ak
stale neni védecky podlozena. Oproti ostatnim vynikaji filtry ChromaGen, jejichz korekéni vlastnosti byly oproti
konkurenénim vyrobkdm testovany vét§im mnoZzstvim nezavislych studii. Filtry jsou vyrabény v osmi barevnych
odstinech — fialovy (violet), purpurovy (purple), oranzovy (orange), zluty (yellow), zeleny (green), fuchsiovy
(magenta), svétle modry (aqua) a tmavé modry (blue). Pro zajisténi optimalniho individualniho pfizpsobeni
pacientovym potfebam jsou navic nabizeny ve tfech Grovnich barevné sytosti (svétlé, stiedni a tmavé) a tiech
prumérech zabarvené zény (5 mm, 6 mm a 7 mm). Pfi pouZiti filtri ChromaGen ma pacient na vybér z korekce
pomoci kontaktnich nebo brylovych cocek, kteri je v pfipadé potfeby mozné vyrobit se sférickou ¢i torickou
korekei. Diky Siroké skale druht barevnych filtrai patii znacce ChromaGen i pies nejednoznacénost vysledkd studii
stabilni misto v klinické korekci barvocitu. Na podzim roku 2014 byly Géinky filtrd testovany i na padé Fakultni
nemocnice u svaté Anny v Brné. Cilem tohoto vyzkumu bylo vytvoieni uceleného postup pro korekci poruch
barvocitu pomoci filtrti typu ChromaGen. Tento postup byl nasledné testovan a vyhodnocen v klinické praxi formou

kazuistiky jednotlivych pripada.
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Vysetfeni se zicCastnila skupina ¢tyf muzi ceské narodnosti ve veéku v rozmezi 25-47 let, trpicich jednou z forem

kongenitalni ¢erveno-zelené poruchy barvocitu.
Vlastni vySetieni bylo rozdéleno do tii fazi — diagnostické, korekéni a evaluacni.

V diagnostické fazi byla méfena a vyhodnocovana kvalita naturalniho barvocitu. V prvni ¢asti bylo provedeno
orientacni vySetfeni pomoci pseudoizochromatickych tabulek. Po srozumitelném vysvétleni principu testu byla
pacientovi do ¢teci vzdalenosti predloZena sada tabulek k vySetfeni barvocitu. U jednotlivych obrazii bylo
hodnoceno, zda je preéte spravné, Spatné nebo viibec. Hodnoty byly nasledné zaznamenany do pripravené tabulky
jako pocet spravné pirectenych tabulek z celkového mnozstvi testli. Kvili ziskani adekvatnich a kvantifikovatelnych

vysledkl byla u vSech pacientl pouzita stejna sada patnacti testovych tabulek.

Po orienta¢nim hodnoceni barvocitu pseudoizochromatickymi tabulkami nasledovalo vysetfeni pomoci 100-Hue

testu na LCD optotypu. Méfeni bylo provedeno s vlastni dioptrickou korekci ze vzdalenosti 1 m.

Navazoval test o¢ni dominance, ktery slouzil k urceni oka, pted které bude vlozen korekéni filtr. Pfi urcovani oéni
dominance pacient pozoroval pies drobny otvor mezi prsty bod ve vzdalenosti 5 m. Stiidavym zaviranim pravého a
levého oka urcil moment, kdy fixovany bod zmizel z dohledu. Oko, u kterého nedoslo k posunu, je povazovano za

dominantni.

Ve druhé (korekeni) fazi byl hledan vhodny filtr, ktery nejlépe korigoval pacienttiv deficit. Do zkusebni obruby s
pfedem vlozenou vlastni dioptrickou korekei byly pfed nedominantni oko postupné predkladany jednotlivé filtry
ChromaGen. V prvni fad¢ pacient subjektivné hodnotil vizus pted a po nasazeni korekéniho filtru. Nasledné byla
hodnocena zména barevného vjemu pii opakovaném c¢teni pseudoizochromatickych tabulek. V prvni fadé byly pro
rychlost ovéfovany pouze ty tabulky, které pacient naturalné vyhodnotil chybné. U filtrt s nejlepsim vysledkem byl
posléze proveden test s celou sadou patnacti tabulek. Aby bylo snizeno riziko zapamatovani, pacient Cetl ve finalni

fazi tabulky v obraceném nebo nahodném poradi.

Posledni (evaluacni) faze se skladala z opétovného vysetfeni na 100-Hue testu, nyni vSak s objektivné i subjektivné
nejlépe hodnocenym filtrem. Vysledky méfeni po nasazeni filtru byly porovnavany s pivodnim méfenim bez

korekce.

Podobné jako v mnoha jinych publikovanych studiich zabyvajicich se filtry ke korekci poruch barvocitu, byly i
vysledky tohoto klinického testovani znaéné nejednoznaéné. Dle vysledkt 100-Hue testu na korekci reagovali ze
Ctyf testovanych subjektti dva kladné, jeden prakticky neutraln€ a jeden vySetfovany vykazoval negativni odezvu.
Pacienti, jejichz trichromatické vidéni bylo do urcité miry zachovano (protanomalie, deuteranomalie) reagovali na

korekci 1épe, nez pacient trpici dichromazii (protanopie).

Na zakladé této studie nemiize byt jednoznacné feceno ani vylouceno, zdali jsou filtry ChromaGen idealni volbou
pro korekci poruch barvocitu. K vytvotfeni idealni metodiky pfedaplikacniho méteni vlivu filtr ChromaGen je
nutné vykonat podrobné&jsi studii s ve€tSim poctem pacientd. Nejednoznacny vysledek mohl byt ovlivnén

nedostateénym poctem testovanych subjekta.
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Vyhodou filtri ChromaGen oproti jinym znackam je fakt, ze vyrobce nabizi celou $kalu odstinti brylovych i
kontaktnich cocek, které je mozno idealné prizplisobit pacientovym potiebam. K ziskani validné&jSich vysledkt
mohlo vést testovani filtrh o rdznych wrovnich jasu anebo testovani haploskopické aplikace, ktera v jinych
klinickych testech vykazovala nejvétsi uspéchy. Presnost ziskanych dat by bylo teoreticky mozno zvysit

opakovanym méfenim.

Studie potvrdila predpoklad, Ze korekce pomoci barevnych filtri je znaén¢ individualni a i jedinci s podobnou
vadou mohou reagovat znacné rozdilné. K vytvoreni idedlni metodiky predaplikacniho méfeni vlivu filtra

ChromaGen je nutné vykonat podrobnéjsi studii s véts§im poctem pacienti.

Pouzitim barevnych filtrii dojde ke spektralnimu posunu, coZz miZe mit pozitivni vliv na subjektivni vnimani barev
u pacientt s poruchou barvocitu. Pfedsazenim filtrl sice neni docileno 1é¢by barevné vady, nicméné vyvolany efekt
mize u nékterych barvoslepych vyznamné zlepsit kvalitu Zivota. Vzhledem k tomu, Ze je tato forma korekce znacné

subjektivni a charakter i zavaznost postizeni se u kazdého rtizni, ne vS§ichni korigovani vnimaji pozitivni zménu.

Pro docileni co nejlepsiho efektu musi byt k vybéru filtru ptistupovano individualng€. Je nutné mit vzdy na paméti,
ze ani idedlni korekce neumozni pacientovi ziskat normalni barvocit a vykonavat tak profese, které jsou podminény
dokonalym barevnym vidénim. P¥i aplikaci je esencidlni, aby byl pacient srozumeén s redlnymi G¢inky filtrti na jeho
barevny vjem
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Correction of congenital color vision deficiencies using color filtres- Bc. Marie Kodetova
Supervisor: Petr Vesely, DiS., Ph.D.:

Department of Optometry and Orthoptics, MedicalFaculty, Masaryk University

One of the essential components of the vision is the ability to see and distinguish color. Perceiving
color allows humans to discriminate objects on the basis of the distribution of the wavelengths of
light that they reflect to the eye. Color vision is possible due to photoreceptors in the retina.
Incoming light reacts with the several types of cone cells. Human retina consists of three types of
photosensitive cone cells, each responsive to the different wavelengths of the spectral stimuli.
Together they are able to create a full-scale color sensation which allows us to see all hues of the
visible spectra. However if the cones are dysfunctional for instance due to lack of one or more light
sensitive pigments then the sense of sight is impaired.

The loss of information received by color perception affects quality of life, reduces the reliability of
information processing, and thus affects the time it takes to respond to a visual stimulus. The
malfunction of color perception might cause an inability to perform several professions, for which
perfect eyesight and color vision is a necessity. Dysfunction of color perception poses an obstacle
and significant handicap in everyday life. It is therefore necessary to pursue ways to correct them.
Defective color vision can be either congenital or acquired. In case of some types of color vision
deficiencies which have been secondarily induced by another disorder can treatment of original
cause of their occurrence lead to recovery of functional color perception. However, in congenital
disabilities, there is currently no way of treatment. The only currently known way of adjusting
impaired color vision is by using of color filters. Color filters work by changing of the wavelength of
each color going into one or both eyes that may enhance color perception and color discrimination.
The filters are aiming to change an abnormal color perception of impaired type of cones to a normal
level. However even the application of the most suitable filter is influencing not only the damaged
type of cone but also the other types as well, thus changing th