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Vliv velikosti zornice na hodnotu subjektivni
refrakce

Bc. Bara Pivorikova, Mgr. Ondfej Vlasak, Ph.D.

Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity v Brné

Anotace
Na zacatku prispévku popisuji zornici, jeji funkci, fotoreceptory a nasledné

adaptaci a reakci zornic na svétlo a tmu. Jedna se o teoreticky podklad.

Klic¢ova slova
zornice, midza, mydriaza, ¢ipky, ty¢inky, fotopické podminky, skotopické

podminky, mezopické podminky

Zornice (pupila)

Zornice je Cast oka, ktera se nachazi ve stfedu duhovky. Po celém obvodu je
obklopena duhovkou (iris), coZ je prepazka, ktera oddéluje predni a zadni komoru,
uprostied s kruhovitym otvorem pro zornici (pupilu). Pupilarni tkan je velmi jemna.
Pupila je vét$inou posunuta nasalné a dolt od pomysIného stiedu duhovky. Sifka zorni¢ky
je proménliva, nejcastéji vsak 2,4 mm, zaleZi na mnoha faktorech (napft. psychicky stav
jedince, osvétleni, ...). ZUZeni zornice se nazyva midza a rozsireni mydridza. 1

Zornice neni nikdy absolutné klidna. Jeji neustalé pohyby zavisi na mnoha vnéjsich
i vnitfnich podnétech. Mirné denni svétlo, stav zvySené aktivity, emocni stres a strach
zplsobuji rozsireni zornice. BEhem spanku nebo klidového stavu, deprese ¢i inavy jsou
zornice staZené. Lze predpokladat, Ze oko do jisté miry odraZzi energeticky a emocionalni

potencial ¢lovéka. 2

Duhovka (iris)

Duhovka se nachazi ve stredni vrstvé oka. Ma specificky tvar prstence (mezikruzi),
ve kterém je otvor pravé pro zornici. Duhovka se ¢leni na ¢ast pupilarni, ktera ohranicuje
zornici a €ast ciliarni, ktera prechazi v rasnaté télisko. Duhovku lze rozdélit na dvé hlavni

vrstvy: zadni list a predni list. Zadni list duhovky obsahuje dilatacni sval, svéraCovy sval



a zadni pigmentovy epitel, ktery zabranuje vstupu svételnych paprski jinou cestou nez
zornici. Béhem kontrakce zornice se vnéjsi obvod duhovky, tzv. vnéjsi fasnaty prstenec
(ktery obsahuje dilatator), zvétSuje, protoZe se zornice zmensSuje a tkan duhovky se
rozSifuje, aby kompenzovala zmenSeni priméru zornice. Plocha vnitiniho obvodu
duhovky, nazyvaného vnitini fasnaty prstenec (ktery obsahuje svérac), ziistava relativné
stejny, i kdyZ se zornice zmenSuje a zvétSuje se plocha, kterou zabira tkan duhovky.
V disledku toho, jak se zornice zmensSuje, piredstavuje zhutnéni duhovkové tkané ve

vnitinim koldrku mechanické omezeni pohybu duhovky. Jednim z kol duhovky je

vykonavat praci v podobé svételné clony. 3

Svaly ovlivnujici $ifku zornice

V duhovce lze rozeznat dva svaly, rozvérac zornice (m. dilatator pupilae) a svérac
zornice (m. sfincter pupilae), které spolupracuji jako antagonisté. 14

Svalova vlakna rozvérace zornice se mirné piekryvaji a tvori cirkularni prstenec.
Pfi jeho kontrakci dochazi k mydriaze. Inervace je zajisténa krénim sympatikem. 14

SvéraC zornice je umistén v zadni casti stromatu duhovky, je tvoren hladkym
svalstvem, ktery probiha cirkularné. Pti osvétleni zornice dochazi k jeho kontrakci, a to je
dtsledkem vzniku miézy. Svérac zornice je inervovan parasympatikem tietiho hlavového
nervu (nervus oculomotorius). Naopak vladkna rozvérace probihaji radidlné a jsou

inervovany sympatikem. 1.4

Funkce zornice

Hlavni funkci zornice je regulovat mnoZstvi dopadajiciho svétla na sitnici. Jestlize
do oka dopadd malé mnoZstvi svétla, zornice se rozsiii (tj. mydriadza), aby se do oka
dostalo vice svétla, opakem je velké mnoZstvi oslnéni do oka a zornice se zuzi, tedy
nastane mi6za. Reakce zornice je ovlivnéna také akomodaci, nebot pri pohledu do blizka
dochazi k akomodacni triddé a nastava akomodace, konvergence a mi6za. 4>

Vyznamnou funkci zornice je zajiStovani zvySeni hloubky ostrosti. Pri zdZeni
zornice je hloubka ostrosti vétsi, protoZe zornice nepropousti tolik svétla a paprsky
dopadaji do oka pod mensim thlem. 3.5

Dale snizuje chromatickou a sférickou aberaci, které jsou zptisobeny perifernimi

vadami rohovky a ¢ocky. 3>



Zornice také odrazi stav védomi a je diilezitou znamkou spravného fungovani
organismu. Podle velikosti zornic a jejich odliSnych patologii se orientuje vétSina

zdravotniku. 35

Fotoreceptory

Smyslové buriky délime na tyCinky a ¢ipky. RozliSujeme je podle odliSného vzhledu
a funkce. V sitnici jich je celkem asi 130 miliont. TyCinky i ¢ipky se pomoci vnéjsich
vybézkil zabortuji do pigmentového epitelu sitnice. 1

Cipky lezi vice v centralni ¢asti sitnice. Jejich pocet je v rozmezi 6 aZz 7 miliond.
Zajist'uji fotopické (denni) vidéni a jejich adaptace je mnohem rychlejsi neZ u tycinek.
V ¢ipcich se nachazi zrakovy pigment jodopsin, ktery je citlivy na svétlo. V lidském oku
existuji tfi druhy ¢ipki (S, M, L), kazdy druh ma odliSnou opsinovou ¢ast pigmentu a je
citlivy na urcité svételné spektrum. 1

Tycinky se objevuji az v periferii sitnice, ptiblizné ve vzdalenosti 0,13 mm od
centralni jamky. Je jich 120 miliond. Obstaravaji skotopické (noc¢ni) vidéni. Tycinky

obsahuji zrakovy purpur rhodopsin. Jejich adaptace je pomérné pomala. !

Ty¢inka Cipky
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Obrdzek 2: Zavislost citlivosti tycinek a Cipki na vinové délce 7

Adaptace na svétlo a tmu

Adaptace na svétlo trva velmi kratkou dobu, priblizné nékolik jednotek aZ desitek
vtefin. Cipky se plné adaptuji cca za 6 minut. Na intenzivni svétlo oko reaguje staZenim
pupily (miosa), tim se omezi mnozZstvi vstupujiciho svétla, a staZzenim duhovky. Tento
proces chrani oko pred oslnénim. Pri adaptaci na tmu dochazi k rozsifeni zornice
(mydriaza). 8

Adaptace na tmu je pomérné pomala, trva od 40 aZ po 60 minut. Dochazi

k biochemickym zménam, a to k regeneraci a syntéze zrakového pigmentu. 8

Reakce zornice na svétlo a tmu

Rozsah vidéni za ménicich se podminek ovliviiuje zornice, svétloCivné elementy
(tyCinky a ¢ipky) a zrakovy pigment. U zornice dochazi k mi6ze a mydriaze. Pohyb zornic
pomaha optimalizovat osvétleni sitnice pro maximalizaci zrakového vjemu. Mira, do jaké
jasny podnét vyvola zuZeni zornic zavisi také na mnoha kognitivnich faktorech, jako
napriklad na vizualnim uvédomént si, interpretaci, jak jasny se podnét subjektivné zda
a vizualni pozornosti. Jednou z funkci svételné reakce je najit rovnovahu mezi zrakovou
ostrosti a citlivosti. Plati, Ze ¢im je zornice mens$i, tim je obraz ostrejsi a je vétsi hloubka
ostrosti. Mala zornice ma i nevyhody, nezachyti mnoho svétla, coz vede ke sniZeni

citlivosti a zaroven poskytuje mirné zmensené zorné pole. 10
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The effect of pupil size on the value of
subjective refraction
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Annotation
At the beginning of the thesis, I describe the pupil, its function, photoreceptors and
then the adaptation and reaction of the pupils to light and darkness. This is the theoretical

basis for the thesis.

Keywords
pupil, miosis, mydriasis, cones, rods, photopic conditions, scotopic conditions,

mezopic conditions

Pupil

The pupil is the part of the eye that is located in the center of the iris. It is
surrounded by the iris, which is the septum that separates the anterior and posterior
chambers, with a circular opening in the middle of the pupil (pupil). The pupillary tissue
is very fine. The pupil is usually shifted nasally and downward from the imaginary center
of the iris. The width of the pupil is variable, but most often 2.4 mm, depending on many
factors (e.g. psychological state of the individual, lighting, ...). Narrowing of the pupil is
called miosis and dilation is called mydriasis. 1

The pupil is never absolutely still. Its constant movements depend on many
external and internal stimuli. Mild daylight, a state of increased activity, emotional stress,
and fear cause the pupil to dilate. During sleep or rest, depression or fatigue, the pupils
constrict. It can be assumed that the eye reflects to some extent the energetic and

emotional potential of a person. 2
Iris

The iris is located in the middle layer of the eye. It has a specific ring shape

(interorbital ring) in which there is an opening just for the pupil. The iris is divided into

11



the pupillary part, which borders the pupil, and the ciliary part, which passes into
the ciliary body. The iris can be divided into two main layers: the posterior leaf and
the anterior leaf. The posterior leaf of the iris contains the dilator muscle, the sphincter
muscle, and the posterior pigment epithelium, which prevents light rays from entering
through any route other than the pupil. During pupillary contraction, the outer perimeter
of the iris (which contains the dilator), increases in size as the pupil shrinks and the iris
tissue expands to compensate for the reduction in pupil diameter. The area of the inner
perimeter of the iris, called the inner ciliary ring or collarette (which contains
the sphincter), remains relatively the same even as the pupil shrinks, and the area
occupied by iris tissue increases. As a result, as the pupil becomes smaller, the compaction
of the iris tissue in the inner collar represents a mechanical restriction of iris movement.

One of the functions of the iris is to do the job of a light screen. 3

The muscles affecting the width of the pupil

Two muscles can be distinguished in the iris, the pupil dilator (m. dilatator pupilae)
and the pupil sphincter (m. sfincter pupilae), which work together as antagonists. 14

The muscle fibres of the pupil dilator overlap slightly and form a circular ring.
When it contracts, mydriasis occurs. Innervation is provided by the cervical sympathetic
nerve. 14

The pupillary constrictor is located in the posterior part of the iris stroma, is
formed by smooth muscle, which runs circularly. When the pupil is illuminated, its
contraction occurs, and this is a consequence of the development of miosis. The pupillary
constrictor is innervated by the parasympathetic third cranial nerve (nervus
oculomotorius). The dilator fibers run radially and is innervated by the sympathetic

nerve. 14

Function of the pupil

The main function of the pupil is to regulate the amount of light incident on
the retina. If a small amount of light enters the eye, the pupil dilates (i.e. mydriasis)
to allow more light to enter the eye; the opposite is a large amount of glare into the eye
and the pupil constricts, i.e. miosis occurs. Pupil reaction is also affected
by accommodation. At in near vision, the accommodative triad occurs and

accommodation, convergence and miosis occur. 4>

12



An important function of the pupil is to provide an increase in depth of field. When
the pupil constricts, the depth of field is greater because the pupil does not transmit
as much light and the rays strike the eye at a smaller angle. 3>

[talso reduces chromatic and spherical aberrations, which are caused
by peripheral defects in the cornea and lens. 3>

The pupil also reflects the state of consciousness and is an important sign of proper
functioning of the body. According to the size of the pupils and their different pathologies,

most medical professional are oriented. 3

Photoreceptors

Sensory cells are divided into rods and cones. They are distinguished by their
different appearance and function. In total, there are about 130 million of them in the
retina. Both rods and cones are embedded in the retinal pigment epithelium by means
of external processes. !

Cones lie more centrally in the retina. Their number is in the range of 6 to 7 million.
They provide photopic (day) vision and their adaptation is much faster than rods.
The cones contain the visual pigment iodopsin, which is sensitive to light. There are three
types of cones in the human eye (S, M, L), each type has a different opsin part
of the pigment and is sensitive to a certain light spectrum. 1

The rods appear in the periphery of the retina, approximately 0.13 mm from
the central pit. The total number is 120 million. They acquire scotopic (night) vision.

The rods contain the visual purple rhodopsin. Their adaptation is relatively slow. 1
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Picture 2: Wavelength dependence of sensitivity of rods and cones 7

Adaptation to light and dark

Adaptation to light takes a very short time, approximately a few units to tens
of seconds. It takes about 6 minutes for the cones to fully adapt. The eye reacts to intense
light by contracting the pupil (miosis), thus limiting the amount of incident light, and
by contracting the iris. This process protects the eye from glare. When adapting
to darkness, the pupil dilates (mydriasis). 8

Adaptation to darkness is relatively slow, lasting from 40 to 60 minutes.

Biochemical changes occur, namely regeneration and synthesis of visual pigment. 8

Pupil reaction to light and darkness

The range of vision under changing conditions is influenced by the pupil,
the luminous elements (rods and cones) and the visual pigment. The pupil undergoes
miosis and mydriasis, which is also dependent on the amount of incident light.
The movement of the pupils helps optimize the illumination of the retina to maximize
visual perception. The degree to which a bright stimulus causes pupil constriction also
depends on many cognitive factors, such as visual awareness, interpretation of how bright
the stimulus subjectively appears, and visual attention. One of the functions of light
response is to find a balance between visual acuity and sensitivity. It applies that
the smaller the pupil the sharper the image and the greater the depth of field. A small
pupil also has disadvantages, it does not pick up much light, leading to reduced sensitivity

while providing a slightly reduced field of view. 910
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Moznosti vySetreni a korekce JBV v praxi
optometristy
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Anotace
Clanek popisuje jednoduché binokularni vidéni jako takové, vysvétluje nékteré

z jeho patologii a zabyva se i nékterymi moZnostmi vySetifeni poruch a korekce JBV
v optometristické praxi. V prvni ¢asti clanku je definovano jednoduché binokularni vidéni,
jeho vyvoj a vybrané patologie. V druhé casti je popsano mozné vySetieni a korekce

poruch JBV.

Klicova slova
jednoduché binokularni vidéni, heteroforie, suprese, amblyopie, anomalni

retinalni korespondence, polarizace, prizma

JBV

Jednoduché binokuldarni vidéni je definovano jako schopnost senzomotorické
koordinace obou o¢i k zajisténi vytvoreni jednoduchého obrazu pozorovaného predmétu,
tedy schopnost obou o¢i vidét pozorovany predmét jednoduse. Zatimco na sitnicich
existuji dva fyzické obrazy, vniman je pouze jeden subjektivni vjem. Tato schopnost
clovéku neni vrozena, postupné se vyviji do jednoho roku véku a upevnuje se do Sesti
let.1.2

Binokularni fixacni reflex se vyviji az od druhého mésica zivota ditéte, do dvou
meésici je fixacni reflex pouze monokularni - dité se obéma ocima zacina koukat teprve
béhem druhého mésice (proto miiZe jedno oko do té doby fyziologicky Silhat). Do Sestého
mésice se postupné vyviji i reflex konvergence a divergence, reflex akomodace i reflex
faze. Spoluprace obou oc¢i se zdokonaluje spolu s postupnym vyvojem ditéte. Na zadkladé
schopnosti chiize se 1épe rozviji prostorové vidéni a binokularni reflexy se stabilizuji az

do Sesti let véku.!
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Pokud do vyvoje jednoduchého binokularniho vidéni cokoliv zasahne, prerusi se
a vznikaji tak jeho poruchy (vyvoj tedy nepokracuje normalné, ale patologicky), jako je
suprese, amblyopie ¢i anomalni retinalni korespondence.!

Jednoduché binokuldrni vidéni lze rozdélit do tii stupni - superpozice, fize
a stereopse. Superpozice, prvni stupen JBV, je schopnost prekryt o¢ima nestejné obrazy.
Diky fuzi jsme schopni prekryt dva stejné obrazy obou oci v jeden vjem. Podle rozsahu
délime fuzi na paramakularni, makularni a foveolarni. Posledni stupen - stereopse - je
mozZny pouze za pritomnosti JBV, je to schopnost vytvorit hloubkovy vjem na zakladé

binokularni disparity.13

Patologie JBV
Je-li narusen normalni vyvoj binokularniho vidéni, prerusi se a pokracuje vyvojem
patologickym. Rozeznavame nékolik hlavnich patologii ]BV, mezi které mizeme radit

supresi, amblyopii a anomalni retinalni korespondenci.l

Suprese

Suprese neboli dtlum je stav, ktery se projevuje nejen u JBV, ale i u strabismu. Je to
proces, pri kterém je zabranéno vstupu vjemu zoka do zrakového centra. Tim je
zabranéno uvédoméni tohoto vjemu. RozliSujeme supresi fyziologickou a patologickou.14

Fyziologickou supresi rozumime pfi tzv. binokularni sitnicové rivalité, kdy se obé
oCi pokousi o fuzi lehce rozdilnych sitnicovych vijemi v jeden okamzik. Tento stav vede ke
konflizi nebo diplopii obrazu a nasledné je utlumen (nastava adaptace a fyziologicka
suprese) - bud’ jen jednim okem, nebo stridavé obéma oc¢ima.3+4

Pri supresi patologické je potlacovan vjem, ktery je vyrazné rozdilny od vjemu
druhého oka (napriklad ma rozdilnou velikost, jevi se neostry). Vjem je potom potlacen
prechodné, pricemz tato (fakultativni) suprese nema na monokularni vidéni zadny vliv,
nebo je potlacovan trvale a (obligatorni) suprese uz miiZe souviset i s poklesem zrakové

ostrosti.34

Amblyopie
Amblyopii lze definovat jako sniZenou zrakovou vznikajici béhem prvnich let
zZivota dlisledkem nedostate¢né stimulace zrakovych drah. Dochazi tak k abnormalnimu

vyvoji zraku béhem raného détstvi. Casto je doprovazena strabismem, anizometropii,
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vysokou refrakéni vadou, pripadné kataraktou. Nejcastéji amblyopie byva jednostranna
(byva doprovazena strabismem), ale mlZze byt i bilaterdlni (u vysoké refrak¢ni vady).
Vysledkem amblyopie je strukturalni a funkcni postizeni zrakové kiiry a snizena zrakova

ostrost.>6

Anomalni retinalni korespondence

Anomalni retindlni korespondence je stav, kdy na vedoucim oku dopada obraz na
sitnici do oblasti fovey a na oku uchyleném do oblasti mimo foveu. Nespolupracuji spolu
fovey obou oci, ale novy sitnicovy vztah a spolecnou prostorovou lokalizaci vytvari
pseudofovea spolu s foveou.l”

Anomalni retinalni korespondenci lze rozlisit do dvou typli - na harmonickou
(HARK) a disharmonickou (DARK). V pripadé HARK spolupracuje fovea vedouciho oka
s mistem, na ktery dopada obraz na oku uchyleném, s pseudofoveou. U DARK je misto

spolupracujici s foveou vedouciho oka mezi foveou a pseudofoveou na oku uchyleném.1”

VySetieni JBV

V praxi optometristy lze vySetrit binokuldrni funkce pomoci subjektivnich testf.
Lze vyuzit testy polarizacni, anaglyfni, pripadné testy se separaci obrazl ¢i vyuzivaji
disociace obrazli. Metodika prace pri vySetreni binokularnich funkci zraku neni pevné

stanovena, je proto individualni i jejich vyuZiti.”

Anaglyfni testy

Anaglyfni testy jsou zaloZeny na aditivnim michani barev, nejcastéji jsou to tedy
cerveno-zelené testy. VySetfovany ma pri vySetfeni nasazenou zkuSebni obrubu
s Cervenym a zelenym filtrem (¢i predsadky, pripadné nainstalovany foropter). Tim
zajistime separaci obrazii obou o¢i.8

Prikladem anaglyfnich testi mize byt Worthtv test nebo test Schobertiv. Barevné
obrazce jsou umistény na Cerném poli. Predfazujeme barevné filtry, standartné je pred
pravé oko predrazen filtr cerveny, pred oko levé filtr zeleny. Pokud oci nejsou zatiZeny
Zadnou motoricky kompenzovanou heteroforii (tedy v pripad€ ortoforie), testy jsou vidét
ve standartnim postaveni.8

V pripadé Worthova testu promitame vySetrovanému dva horizontalné umisténé

kiiZe a vertikalné nad sebou nahote umisténé cervené karo a dole umistény bily kruh (viz
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obrazek 2). Pravé oko s predrazenym cervenym filtrem vidi cervené karo a kruh. Levé oko
se zelenym filtrem vidi zelené kriZe a kruh. Binokularné pozorujeme zelené krize, cervené
karo a kruh komplementarné smiSené - tedy barvou oka dominantniho. Worthovym
testem lze vySetrit motoricky kompenzované heteroforie do blizka (40 cm) i do dalky (5-
6 m).8

U Schoberova testu promitame dvé zelené soustiedné kruZznice s ¢ervenym kiiZem

uprostred (viz obrazek 1). Pravé oko vidi pres Cerveny filtr cerveny kriz, levé oko se

zelenym filtrem dvé zelené kruznice.®

©

@

L
Obrdzek 1 Schébertiy test Obrdzek 2 Worthily test (ortoforie)
(a - viem levého oka, b - vjem pravého oka)8

Testy s vyuzitim polarizace

Principem polarizacnich testi je skute¢nost, Ze pred okem je piedsazen polarizacni
filtr a z optotypu pod urcitym vychazi linearné polarizované svétlo. Pozorovany znak
optotypu je vidét pouze v pripadé, Ze filtr i polarizované svétlo maji stejnou thlovou
orientaci, tedy je-li filtr orientovan kolmo viici polarizované roviné optotypu, znak pres
filtr vidét neni.8

RozliSujeme pozitivni a negativni polarizaci. Pozitivni polarizaci 1ze chapat jako
cerny znak na bilém pozadi, negativni polarizaci jako bily znak na erném pozadi. DalSim
prikladem miiZe byt cirkuldrni polarizace, kterou vyuzivaji nékteré LCD optotypy. Pri
cirkularni polarizaci je linearné polarizované svétlo ménéno na kruhové polarizované,

jeho nespornou vyhodou je tak nezavislost pohledové osy vySetrovaného. Testy lze
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provadét na dalku i blizko napftiklad pro vySetreni heteroforie ¢i stereopse, fixa¢ni
disparity nebo aniseikonie.8

K nejjednodussim testlim pro vysSetreni okohybnych odchylek lze zminit kiiZzovy
test, ktery vyuziva negativni polarizace a disociace obrazii (viz obrazek 3), k vySetreni

fixa¢ni disparity lze pouZzit Malletiv test.8

Obrdzek 3 KriZovy test (a - ortoforie, b — viem levého oka, ¢ - vjem
pravého oka)8

Testy vyuzivajici separace obrazu

Jako priklad testl s vyuzitim separace obrazu lze uvést kromé Maddoxova krize
v kombinaci s Maddoxovym cylindrem a svétlem i von Graefeho techniku.8

Maddoxtiv kiiZ spolu s Maddoxovym cylindrem a svétlem je test, ktery slouZzi
k vysetieni okohybnych odchylek pomoci separace a zkresleni obrazu. Maddoxiiv cylindr
je tvoren sadou nékolika silné lamavych cylindri spojenych v jedné objimce, Maddoxtiv
kriZ tvori dvé na sebe kolma ramena, v jejichz stfedu je umisténo Maddoxovo svétlo, a je
zpravidla popsan dvéma stupnicemi - v prizmatickych dioptriich a stupnich. VySetfujeme
ze vzdalenosti 5 m nebo 1 m s korekci s Maddoxovym cylindrem predifazenym pred levé
oko. Pravé oko sleduje Maddoxiiv kiiz. Maddoxiv cylindr obraz deformuje a spolu
s Maddoxovym svétlem vytvari dojem cary, tzv. Maddoxovy linie (s orientaci kolmo k ose
cylindru), kterd je v pripadé ortoforie umisténa v centru kiize.?

Pii vySetifeni pomoci von Graefeho techniky je vySetfovanému piedloZen klin
(s prizmatickym uc¢inkem 6,0-8,0 pD), tzv. Graefeho klin, s bazi vertikalné orientovanou

(270° - dolil) pred jedno oko. VySetfovany sleduje bodové svétlo a je vyvolana vertikalni
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diplopie, dvé svétla budou vySetfovanym vnimana pri ortoforii presné nad sebou. Test 1ze

provadét do dalky i na blizkou vzdalenost.8°

Korekce poruch JBV

Dilezitym predpokladem pro spravnou korekci hodnot okohybnych odchylek je
spravna sféro-cylindricka korekce monokularné a bezchybné vyrovnani do dalky
a dokorigovani korekce (monokularni i binokularni). Pouze pokud je korekce optimalni
au dekompenzované uchylky stale pretrvavaji obtiZe spojené s touto dekompenzaci
(astenopické obtiZe), teprve tehdy je vhodné aplikovat prizmatickou korekci. Je ale
naprosto nezbytné dodrzovat zakladni pravidla pro korekci pomoci prizmat a je nutné
vySetrovaného pouciti o mozZném zesileni nekompenzované heteroforie, pripadné zmény
heteroforie napriklad v diisledku zmény prostiredi nebo zmény optického systému.10

Zakladnim pravidlem korekce pomoci prizmat je korekce bazi prizmatu vzdy proti
sméru odchylky oka, pokud je heteroforie vertikalni i horizontalni, vZdy korigujeme jako
prvni jeji vertikalni slozku, korekci délime mezi obé oci. Prizmaticky ucinek lze navodit
i vhodnou decentraci brylovych skel.10

Kromé prizmatické korekce je pro korekci poruch JBV vyuZivano i ortoptické
cviCeni zraku, kde je trénovano hlavné cvicenti sirky fuze (za predpokladu optimalni sféro-
cylindrické korekce), pripadné je heteroforie pti vycerpani vSech moZnosti konzervativni

l1écby odstranéna chirurgicky.10
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Annotation
This paper describes simple binocular vision as such, explains some of its

pathologies, and discusses the possibilities of examining disorders and correcting simple
binocular vision in optometric practice. The first part of the paper defines the simple
binocular vision, its development and selected pathologies. In the second part,
the possible examination and correction of simple binocular vision disorders are

described.
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Simple binocular vision

Simple binocular vision is defined as the ability of sensorimotor coordination
of both eyes to produce a simple image of the object being observed, i.e. the ability of both
eyes to see the object being observed simply. While there are two physical images on the
retinas, only one subjective sensation is perceived. This ability is not innate to humans;
it gradually develops by one year of age and becomes established by six years of age.1.2

The binocular fixation reflex does not develop until the second month of life; by
two months, the fixation reflex is only monocular - the child does not begin to look with
both eyes until the second month (therefore, one eye may physiologically squint until
then). By the sixth month, the convergence and divergence reflex, the accommodation
reflex and the fusion reflex are also gradually developing. The cooperation of both eyes
improves with the progressive development of the child. Based on the progressive ability

to walk, spatial vision develops better and binocular reflexes stabilize by the age of six.1
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If anything interferes with the development of simple binocular vision, it is interrupted,
resulting in disorders (i.e., development does not continue normally but pathologically)
such as suppression, amblyopia, or anomalous retinal correspondence.!

Simple binocular vision can be divided into three stages — superimposition, fusion
and stereopsis. Superposition, the first stage of simple binocular vision, is the ability
to superimpose dissimilar images with the eye. With fusion, we can superimpose two
identical images of both eyes into a single percept. Depending on the extent, we divide
fusion into paramacular, macular, and foveolar. The last stage, stereopsis, is only possible
in the presence of simple binocular vision; it is the ability to create depth perception based

on binocular disparity.13

Pathology

If the normal development of binocular vision is disturbed, it is interrupted and
continues with pathological development. There are several main pathologies of simple
binocular vision, including suppression, amblyopia and anomalous retinal

correspondence.!

Suppress

Suppression is a condition that manifests not only in simple binocular vision but
also in strabismus. It is a process in which sensation from the eye is prevented from
entering the visual centre. This prevents awareness of that perception. We distinguish
between physiological and pathological suppression.14

Physiological suppression is understood in so-called binocular retinal rivalry,
where both eyes attempt to fuse slightly different retinal sensations at the same time. This
condition leads to confusion or diplopia of the image and is subsequently suppressed
(adaptation and physiological suppression occur) - either in one eye only or alternately in
both eyes.34

In pathological suppression, a perception that is markedly different from that of
the other eye (e.g., different in size, appearing out of focus) is suppressed. The perception
is then suppressed transiently, and this (facultative) suppression has no effect on
monocular vision, or it is suppressed permanently and the (obligatory) suppression may

already be related to a decrease in visual acuity.3#
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Amblyopia

Amblyopia can be defined as reduced vision occurring during the first years of life
as a result of an insufficient stimulation of the visual pathways. This results in abnormal
visual development during early childhood. It is often accompanied by strabismus,
anisometropia, high refractive error or cataract. Most often amblyopia is unilateral
(accompanied by strabismus), but it can also be bilateral (with high refractive error).
Amblyopia results in structural and functional impairment of the visual cortex and

reduced visual acuity.>¢

Anomalous retinal correspondence

Anomalous retinal correspondence is a condition in which the leading eye has an
image on the retina in the fovea and the receding eye has an image on the retina outside
the fovea. The foveas of both eyes do not cooperate with each other, but a new retinal
relationship and common spatial localization are created by the pseudofovea together
with the fovea.l7

Anomalous retinal correspondence can be divided into two types, harmonic
(HARC) and disharmonic (DARC). In the case of HARC, the fovea of the leading eye
cooperates with the site on which the image falls in the deviated eye, the pseudofovea. In
DARGC, the site cooperating with the fovea of the leading eye is between the fovea and the

pseudofovea on the deviated eye.l”

Simple binocular vision examination

In an optometrist's practice, the binocular function can be examined using
subjective tests. Polarization tests, anaglyph tests, or tests using image separation or
image dissociation can be used. The methodology of work in the examination of binocular
visual functions is not fixed, therefore their use is also individual.”
Anaglyphic tests

Anaglyphic tests are based on additive colour mixing, so most commonly red-green
tests. During the examination, the examinee is fitted with a red and green filter (or
prefolds, or a phoropter is installed). This ensures that the images of both eyes are
separated.8

Examples of anaglyph tests include the Worth test or the Schéber test. The

coloured patterns are placed on a black field. The colour filters are preassigned, by default
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ared filter is preassigned in front of the right eye and a green filter in front of the left eye.
If the eyes are not burdened by any motor-compensated heterophoria (i.e. in the case of
orthophoria), the tests are seen in the standard position.8

In the case of Worth's test, we project two horizontally placed crosses and
a vertically superimposed red checker on top and a white circle on the bottom to the
examinee (figure 2). The right eye with the red filter preset sees the red diamond and the
circle. The left eye with the green filter sees the crosses and circle in green. Binocularly,
we observe the green crosses, the red diamond and the circle complementarily mixed -
i.e. with the colour of the dominant eye. The Worth test can be used to examine motor
compensated heterophoria at near (40 cm) and distance (5-6 m).8

For the Schober test, we project two green concentric circles with a red cross in the
middle (figure 1). The right eye sees the red cross through the red filter, and the left eye

with the green filter sees the two green circles.?

©

@

-
Figure 1 the Schéber's test
(a - perception of the left eye, b - perception of the right eye)8 Figure 2 Worth's test (orthophoria)?

Tests using polarization

The principle of polarization tests is that a polarizing filter is placed in front of the
eye and linearly polarized light emerges from the optotype below the eye. The observed
sign of the optotype is only visible if the filter and the polarized light have the same
angular orientation, i.e,, if the filter is oriented perpendicular to the polarized plane of the
optotype, the sign is not visible through the filter.8

A distinction is made between positive and negative polarization. Positive

polarization can be seen as a black mark on a white background, negative polarization as
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a white mark on a black background. Another example is circular polarization, which is
used by some LCD optotypes. In circular polarization, linearly polarized light is changed
to circularly polarized light, its undeniable advantage is the independence of the subject's
line of sight. The tests can be performed at a distance or at close range, for example, to
investigate heterophoria or stereopsis, fixation disparity or aniseikonia.?

Among the simplest tests for examining oculomotor disparities, one can mention
the cross-test, which uses negative polarization and image dissociation (figure 3), and the

Mallet test can be used to examine fixation disparity.8

Figure 3 The cross-test (a - orthophoria, b - perception of the left
eye, ¢ - perception of the right eye)8

Tests using image separation

As an example of tests using image separation, in addition to the Maddox cross in
combination with the Maddox cylinder and light, the von Graefe technique can be
mentioned.®

The Maddox cross combined with the Maddox cylinder and light is a test that is
used to examine oculomotor abnormalities using image separation and distortion. The
Maddox cylinder consists of a set of several highly refractive cylinders joined in a single
socket, the Maddox cross consists of two arms perpendicular to each other, in the centre
of which is placed the Maddox light, and is usually described by two scales, in prismatic
diopters and degrees. We examine from a distance of 5 m or 1 m with the Maddox cylinder
corrected in front of the left eye. The right eye follows the Maddox cross. The Maddox

cylinder distorts the image and, together with the Maddox light, creates the impression of
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a line, the so-called Maddox line (with an orientation perpendicular to the axis of the
cylinder), which in the case of orthophoria is located in the centre of the cross.?

During the examination using the von Graefe technique, the subject is presented
with a wedge (with a prismatic effect of 6,0-8,0 pD), the so-called Graefe wedge, with the
base vertically oriented (270° - down) in front of one eye. The examinee observes a point
light and vertical diplopia is induced, two lights will be perceived by the examinee at
orthophoria exactly above each other. The test can be performed at a distance or close

range.8?

Correction of simple binocular vision disorders

An important prerequisite for correct correction of ocular deviation values is
correct sphero-cylindrical correction monocularly and error-free distance alignment and
last correction (monocular and binocular). Only if the correction is optimal and the
difficulties associated with the decompensated deviation persist (asthenopic difficulties),
only then is it appropriate to apply the prismatic correction. However, it is absolutely
essential to follow the basic rules for prism correction and the subject must be informed
about the possible amplification of uncompensated heterophoria or changes in
heterophoria due to, for example, a change in the environment or a change in the optical
system.10

The basic rule of prism correction is to always correct the prism bases against the
direction of deviation; if the heterophoria is both vertical and horizontal, always correct
the vertical component first, dividing the correction between the two eyes. The prismatic
effect can also be induced by appropriate decentration of the spectacle lenses.10

In addition to prismatic correction, orthoptic vision training is also used to correct
simple binocular vision disorders, where mainly foveal width training is trained
(assuming optimal sphero-cylindrical correction), or heterophoria is surgically removed

when all conservative treatment options have been exhausted.10

Resources:

1. Hromadkova L. Silhdni. Narodni centrum oSetfovatelstvi a nelékai'skych
zdravotnickych obort; 2011.

2. Stidwill D, Fletcher R. Normal Binocular Vision: Theory, Investigation and Practical

Aspects. 1. publ. Wiley-Blackwell; 2011.

29



3. Caslavska B. Suprese ve vizudInim systému. Masarykova univerzita, Lékaiska
fakulta; 2020. Accessed April 20, 2022. https://is.muni.cz/auth/th/go5cp/

4, Cerna V. Suprese a jeji 1é¢ba. Univerzita Palackého v Olomouci, Pfirodovédecka
fakulta; 2014. Accessed April 20, 2022. https://theses.cz/id/98dde5/

5. Birch EE. Amblyopia and Binocular Vision. Prog Retin Eye Res. 2013;33:67-84.
doi:10.1016/j.preteyeres.2012.11.001

6. McConaghy JR, McGuirk R. Amblyopia: Detection and Treatment. Am Fam
Physician. 2019;100(12):745-750.

7. Shah D, Chowdhury P. ABNORMAL RETINAL CORRESPONDENCE. Published online
May 1, 2020:36.

8. Binokularni korekce | Zaklady metod korekce refrakénich vad | Lékarska fakulta
Masarykovy univerzity. Accessed April 27, 2022.
https://is.muni.cz/do/rect/el/estud/1f/js16 /refrakcni_vady/web/pages/08-bino-
korekce.html

9. Cihlarova M. Prizmatickd korekce v praxi optometristy. Masarykova univerzita,
Lékarska fakulta; 2010. Accessed April 20, 2022.
https://is.muni.cz/auth/th/e5kmq/#paneltext

10.  Marcsa A. Vysetreni binokuldrnich funkci v praxi optometristy. Masarykova
univerzita, Lékarska fakulta; 20109. Accessed April 20, 2022.
https://is.muni.cz/auth/th/1f69r/

11.  Vlcekmi3. English: Principle of Binocular Vision.; 2012. Accessed April 20, 2022.

https://commons.wikimedia.org/wiki/File:Binocular_vision.svg

30



Vyskyt refrakénich vad a zpusob jejich korekce
v populaci vysokoskolskych studentti

Bc. Lucie Novakova, doc. MUDr. Karolina Skorkovska, Ph.D.
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Anotace

Tento c¢lanek pojednava o zakladni teorii k mé diplomové praci. Nejprve popisuje
refrakéni vady, jejich vyskyt a také zplisoby jejich korekce. Dale se zabyva zménami
preference korekce v priibéhu pandemie covid-19. ProtoZe se za jeji dobu zvysil i pocet
hodin stravenych pted obrazovkou digitalniho zatizeni, posledni ¢ast se vénuje modrému
svétlu, které také displeje vyzaruji, jeho d¢inku na zrakovy organ

a filtru proti modrému svétlu, ktery miize byt soucasti korekce v brylovych ¢ockach.

Klicova slova
refrakéni vady, korekce, bryle, kontaktni ¢ocky, refrakéni chirurgie, modré svétlo,

filtr proti modrému svétlu

Refrak¢ni vady

Emetropické oko, tedy oko bez refrakéni vady, je takové, které lame svételné
paprsky paralelni s optickou osou do ohniska, které se nachazi na sitnici, kde vytvari
obraz. K tomu dochazi za predpokladu, Ze je spravny pomér mezi lomivosti optického
systému oka (58,64 D) a axialni délkou oka (24 mm). Pokud dojde k poruSeni tohoto
poméru, vznikne refrakéni vada. Takové oko se nazyva ametropické a obraz vznika pred
nebo za sitnici. Mezi sférické refrak¢ni vady radime hypermetropii a myopii, mezi
asférické patfi astigmatismus.!

Hypermetropie (dalekozrakost) je refrak¢ni vada, pri které se svételné paprsky
lamou do ohniska, které se nachazi za sitnici. Dlivodem je mensi rozmér oka a zkraceni
predozadni osy anebo mensi lomivost optického systému (napf. u cornea plana, diabetu).
Hypermetropie tvoii jednu fazi vyvoje oka, neZ doroste. Tuto vadu lze castecné
kompenzovat zvySenym akomoda¢nim usilim, ale to postupné vede ke vzniku

astenopickych obtizi. Pokud se jednd o malou vadu a pacient nepocituje astenopické
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priznaky, neni korekce nutnd. Pri obtiZich ji korigujeme nejsilnéjsi spojkou, se kterou ma
vySetfovany nejlepsi vizus.1

Myopie (kratkozrakost) je refrakéni vada, pri které se svételné paprsky lamou do
ohniska, které se nachdazi pred sitnici. V tomto pripadé je oko vétsi a axialni osa delSi nebo
ma opticky systém oka zvySenou lomivost (napf. u keratokonu, katarakty). Myopii
muizeme rozdélit na staciondrni a progresivni. Zatimco stacionarni myopie relativné
neprogreduje, progresivni je spojena s patologickymi zménami, které se obvykle objevuji
po 20. roce a projevuji se degenerativnimi zménami na sitnici. Korigujeme ji nejslabsi
rozptylkou, se Kkterou ma vySetifovany nejlepsi vizus, myopa nikdy nesmime
prekorigovat.!

Astigmatismus je asféricka refrak¢ni vada, pii které nelze zaostrit obraz na sitnici
z diivodu vétsi lomivosti v jednom merididanu, a to rohovky nebo ¢ocCky. Astigmatismus
miiZe byt pravidelny (nejcastéjsi) nebo nepravidelny. Pravidelny astigmatismus ma na
sebe oba hlavni merididny kolmé. U astigmatismu piimého (pode pravidla) je vertikalni
meridian vice lomivy neZ horizontalni, obvykle se jednd o astigmatismus rohovky
a predstavuje asi 80 % pripadi. U astigmatismu neprimého (proti pravidlu) je vice lomivy
horizontalni meridian, byva cockového piivodu a tvori 10 %. Poslednich 10 % tvori
astigmatismus Sikmy, kdy jsou hlavni meridiany ve 45° a 135° a nelze urcit, ktery
meridian je vertikalni a ktery horizontalni. U nepravidelného astigmatismu na sebe nejsou
hlavni merididny kolmé, to zpiisobuje napiiklad jizveni rohovky nebo keratokonus.
Astigmatismus  korigujeme cylindrickymi  korekénimi coc¢kami. Nepravidelny
astigmatismus se hiife koriguje brylemi, a proto se pouzivaji pfi progredujicim

onemocnéni kontaktni cocky.1.2

Vyskyt refrakénich vad

Dle Antona: ,Vyskyt refrakénich vad u dospélych EvropanG vykazuje urcité
zakonitosti. Hodnoty refrakénich vad ziskané sledovanim je mozné vyjadrit kiivkou, jejiz
vrchol je posunut smérem k hypermetropii. Kfivka je tedy asymetricka, delSi na strané
myopie, kde jsou zirejmé zachyceny i patologické formy osové myopie.“ (Obrazek ¢. 1).1

Béhem akce Dny zdravych o¢i na fakulté CVUT v Kladné probihalo méieni zraku,
které prineslo informace o vyskytu vad v Ceské republice. Emetropie tvotila pouze 4 %
mérenych. Ametropii potom zastupovala ze 33 % sféricka vada a asféricka vada, tedy

astigmatismus, tvorila 76 %. Z 33 % sférickych vad potom myopie (20 %) prevaZovalo

32



o0 7 % nad hypermetropii (13 %). Zvlast se potom rozdélil vyskyt sférickych vad
u studentli (Obrazek ¢. 2) a zaméstnancti. Nejcastéjsi vadou u studenti je myopie a jeji
prevalence stoupa. Zatimco Sorsby se domnival, Ze refrakce je geneticky podminéna
a tento nazor dlouho dominoval, prevalence myopie u déti dokoncujicich stredni Skolu,
a to zejména v ]V Asii, je 80-90 %. Tyto rychlé zmény nelze vysvétlit pouze geneticky,
protoZe genofondy se nemohou ménit tak rychle. Rozdily mezi populacemi ve vyskytu
myopie se nyni zdaji byt vysvétleny vlivem prostredi jako je tlak na vzdélani, zvySené
mnozstvi prace do blizka a méné casu traveného venku. Studie Marwaha a kolektivu
zjisStovala vliv studijniho oboru na vyskyt refrak¢nich vad a zjistila, Ze nejvyssi prevalence
myopie se vyskytovala u studenti mediciny oproti studentim inZenyrstvi

aumeéni.3->
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Korekce refrakénich vad

Refrakéni vady korigujeme korekénimi cockami v brylich, kontaktnimi ¢ockami
nebo refrakeni chirurgii (refrakcni operace rohovky nebo implantace umélé nitrooc¢ni
cocky. Podle vyzkumu Vision Impact Institut nosi v USA 71 % lidi bryle a 22 % nosi
kontaktni cocky. I kdyzZ jsou bryle stale preferovanéjSim zptisobem korekce, zvySuje se i
pouzivani kontaktnich cocek, a to zejména u mladych lidi, predevSim Zen, které tento
zplsob korekce voli zkosmetickych diivodi. Kontaktni c¢ocky také najdou vyuZiti

napriklad u sportovci. Vyvoj v oblasti korekce jde neustale doptredu.z67

Vliv pandemie covid-19 na preferovany zptisob korekce

Béhem pandemie covid-19 doslo k vyrazné zmeéné zZivotniho stylu, a to také vedlo
ke zméné preferovaného zpisobu korekce. Studie prezentovana Rueffem a Chen na
vyrocnim zasedani Americké akademie optometrie vroce 2021 zjistila, Ze v pribéhu
pandemie se zvySila doba noSeni bryli v hodinach za dena dnech/tyden. Nositelé
kontaktnich cocek uvadéli vyznamny pokles opotiebeni cocek po dobu dnii/tyden, ale
nikoli v hodinach/den noseni kontaktnich ¢ocek. Zmény vedly k vétSimu dennimu noSeni
bryli a men$imu dennimu no$eni kontaktnich ¢ocek. Clanek Linnehana z roku 2020 zase
pojednava o nartstu refrakénich chirurgii v pribéhu pandemie covid-19. Pacific Vision
Institute, ktery byl znovu otevicen 2. cervna 2020, uved], Ze se pocet refrak¢nich zakrok
od ¢ervna do srpna zvysil o 42 % ve srovnani se stejnym obdobim roku 2019. Objem
operaci oc¢niho centra LaserCare dokonce vzrostl v <cervnhnu o 175 %
a v Cervenci o 160 % ve srovnani s objemy v roce 2019. Jako nejcastéjsi diivod pacienti
uvadéli frustraci ze zamlZovani bryli pii noSeni rousek a to, Ze travi vice ¢asu doma

a tudiz jsou flexibilné;jsi.8?

Modré svétlo

Modré svétlo je prirozenou soucasti viditelného spektra svétla. Vyzaruje ho slunce,
ale také existuje mnoho umélych zdrojt jako digitalni obrazovky nebo zarivky. Studie
Rueffa a Chen zjistila, Ze po vypuknuti pandemie byl primérny narist doby stravené na
digitalni obrazovce témér 3 hodiny ve srovnani s dobou pred vypuknutim pandemie.
Modré svétlo ma spektralni rozsah 380 az 500 nm a zahrnuje fialové svétlo (380 do 420

nm) a modré svétlo (420 aZ 500 nm). NejSkodlivéjsi je vysokoenergetické kratkovinné
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svétlo s vinovou délkou od 415 do 455 nm, které snadno pronika rohovkou i ¢oCkou a
dostava se az k buiitkdm sitnice. To mtlize zptisobovat zhorSeni zrakové unavy, syndrom
suchého oka a je rizikovym faktorem pro vékem podminénou makularni degeneraci.
Modré svétlo také potlacuje sekreci melatoninu v epifyze, ktery reguluje lidsky

cirkadianni rytmus, coZ primo ovliviiuje kvalitu spanku.810-12

Filtr proti modrému svétlu

U korekce brylovymi ¢ockami lze vyuzit filtr proti modrému svétlu. Brylové cocky
stimto filtrem jsou navrZeny tak, aby filtrovaly modré svétlo prochazejici do oka
a zabranily potencionalnimu poskozeni. Absorpc¢ni spektrum brylové cocky zavisi na
atomech a excitaci elektronti pri prichodu svétla. Pfidanim barviv, které maji vysokou
elektronovou hustotu do materidlu, dochazi k posunuti absorp¢ni kiivky svétla a tim
vytvari filtraéni efekt. Coky s timto filtrem maji Zluty odstin, ktery zavisi na mnoZstvi
blokovaného modrého svétla. Cilem je vSak mit co nejméné Zlutou cocku. Filtr miize byt
tedy bud’ soucasti materialu brylové cocky, kdy svétlo absorbuji molekuly materialu, nebo
soucasti jeji povrchové tpravy, ktera svétlo odrazi odzrcadlenim.11.12

Vroce 2017 provedla College of Optomtetrists systematicky pirehled literatury
a vybrala tri studie, které zkoumaly ucCinek brylovych cocek s filtrem proti modrému
svétlu. Studie srovnavaly brylové Cocky s filtrem proti modrému svétlu a standardni ciré
brylové ¢ocky. Nebyly prokazany rozdily vykazujici zlepSeni zrakového vykonu, priznaky
unavy oci, subjektivni kvalitu spanku ani makularniho zdravi. Zatim neexistuje dostatek
kvalitnich dikazd, které by podporovaly tcinek filtru proti modrému svétlu.13

Cilem studie Singha a kolektivu z roku 2019 bylo zmapovat postoj optometristli
v Australii k brylovym ¢ockam filtrujici modré svétlo. Vyzkum probihal formou dotazniku
a ze 372 respondentd 75,3 % uvedlo, Ze doporucuji filtr proti modrému svétlu. Pritom
49,1 % dotazanych uvedlo, Ze kvalita dikazi ucinku filtru modrého svétla na syndrom
pocitacového vidéni je nizka, a 53 % uvedlo, Ze v nékterych pripadech hraje roli placebo

efekt.14
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This article is focused on the basic theory of my diploma thesis. First, it describes
refractive errors, their occurrence, and also methods of their correction. Then it deals
with changes in the correction preference during the covid-19 pandemic. As the number
of hours spent in front of the digital device's screens has increased during this time, the
last part of my diploma thesis discusses the blue light that the displays emit. Furthemore,
the effect on the visual organ, and the blue light filter, which can be part of the correction

in spectacle lenses.
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Refractive errors

An emmetropic eye, that is, an eye without a refractive error, refracts light rays
parallel to the optical axis into a focus located on the retina, where it forms the image. This
occurs if the ratio of the eye refractive index (58,64 D) and the eye's axial length (24 mm)
is correct. If this ratio is violated, a refractive error occurs. Such an eye is called ametropic,
and the image is formed in front of or behind the retina. Spherical refractive errors include
hyperopia and myopia, aspherical refractive errors include astigmatism.!

Hypermetropia (farsightedness) is a refractive error in which light rays are
refracted into a focus located behind the retina. This is due to the smaller size of the eye
and the shortening of the anteroposterior axis or the less refractive power of the optical
system (e.g. in cornea plana, diabetes). Hyperopia is one stage in the development of the

eye before it grows up. This defect can be partially compensated by increased
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accommodative effort, which gradually leads to asthenopic difficulties. If it is a minor
refractive error and the patient does not experience asthenopic symptoms, correction is
unnecessary. We correct it with the strongest conjunction lens with which the subject has
the best vision in case of difficulties.1

Myopia (nearsightedness) is a refractive error in which light rays are refracted into
a focal point located in front of the retina. In this case, the eye is larger, the axial axis is
longer, or the eye's optical system has increased refractive power (e.g., keratoconus,
cataracts). Myopia can be divided into stationary and progressive. While stationary
myopia is relatively non-progressive, progressive myopia is associated with pathological
changes that usually appear after the age of 20 and manifest as degenerative changes in
the retina. We correct it with the weakest diverging lens with which the examinee has the
best vision; we must never overcorrect myopia.l

Astigmatism is an aspheric refractive error in which the image on the retina cannot
be focused due to greater refraction in one meridian of the cornea or lens. Astigmatism
can be regular (most common) or irregular. Regular astigmatism has the two primary
meridians perpendicular to each other. In direct (sub-rule) astigmatism, the vertical
meridian is more refractive than the horizontal; it is usually corneal astigmatism and
accounts for about 80 % of cases. In indirect astigmatism (against the rule), the horizontal
meridian is more refractive, tends to be of lenticular origin, and accounts for 10 %. The
last 10 % is oblique astigmatism, where the principal meridians are at 45° and 135°, and
it is impossible to determine which meridian is vertical and horizontal. In irregular
astigmatism, the main meridians are not perpendicular to each other, this causes, for
example, corneal scarring or keratoconus. Astigmatism is corrected with cylindrical
corrective lenses. Irregular astigmatism is more challenging to correct with spectacles, so

contact lenses are used in progressive disease.l2

Prevalence of refractive errors

According to Anton: "The incidence of refractive errors in adult Europeans shows
certain patterns. The values of refractive errors obtained by observation can be expressed
by a curve whose peak is shifted towards hypermetropia. Therefore, the curve is
asymmetrical, longer on the myopic side, where pathological forms of axial myopia are

probably also captured." (Figure 1).1
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During the Days of Healthy Eyes event at the CVUT faculty in Kladno, vision measurements
were carried out to provide information on the prevalence of defects in the Czech
Republic. Emmetropia accounted for only 4 % of those measured. Ametropia was then
represented by 33 % of spherical defects, and aspheric defects, i.e. astigmatism, accounted
for 76 %. Of the 33 % of spherical defects, myopia (20 %) predominated 7 % over
hypermetropia (13 %). The incidence of spherical defects was then particularly divided
among students (Figure 2) and staff. Myopia is the most common defect in students, and
its prevalence is increasing. While Sorsby believed that refraction is genetically
determined, and this view has long prevailed, the prevalence of myopia in children
completing high school, especially in SE Asia, is 80-90%. Genetics cannot explain these
rapid changes alone because gene pools cannot change so rapidly. Differences between
populations in the prevalence of myopia now appear to be explained by environmental
influences such as pressure on education, increased amount of close work, and less time
spent outdoors. A study by Marwah and colleagues investigated the effect of the field of
study on the prevalence of refractive errors and found that the highest prevalence of

myopia occurred in medical students compared to engineering and art students.3-5
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Correction of refractive errors

We correct refractive errors with corrective lenses in glasses and contact lenses or
refractive surgery (corneal refractive surgery or implantation of an artificial intraocular
lens). According to the Vision Impact Institute research, 71 % of people in the U.S. wear
glasses, and 22 % wear contact lenses. While glasses are still the preferred method of
correction, contact lens use is also increasing among young people, especially women,
who choose this correction method for cosmetic reasons. Contact lenses also find use, for
example, for athletes. Developments in the field of correction are continuously

advancing.2.67

Impact of the covid-19 pandemic on the preferred method of correction

During the covid-19 pandemic, there was a significant lifestyle change, which also
led to a change in the preferred correction method. A study presented by Rueff and Chen
at the 2021 annual meeting of the American Academy of Optometry found that during the
pandemic, there was an increase in hours/day and days/week of spectacle wear. Contact
lens wearers reported a significant decrease in lens wear over days/week but not in
hours/day of contact lens wear. The changes resulted in more daily spectacle wear and
less daily contact lens wear. Linnehan's 2020 article, in turn, discusses the increase in
refractive surgery during the covid-19 pandemic. Pacific Vision Institute, which reopened
on June 2, 2020, reported that the number of refractive surgeries from June to August
increased 42 % compared to the same period in 2019. LaserCare Eye Center's surgery
volume even increased 175 % in June and 160 % in July compared to 2019 volumes. As
the most common reason, patients reported frustration from fogging glasses while
wearing face masks and spending more time at home, and therefore they were more

flexible.8?

Blue light

Blue light is a natural part of the visible light spectrum. It is emitted by the sun, but
there are also many artificial sources such as digital screens or fluorescent lamps.
A study by Rueff and Chen found that after the pandemic outbreak, the average increase
in time spent on a digital screen was almost 3 hours compared to before the pandemic.
Blue light has a spectral range of 380 to 500 nm and includes violet light (380 to 420 nm)
and blue light (420 to 500 nm). The most harmful is high-energy short-wave light with a
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wavelength of 415 to 455 nm, which easily penetrates the cornea and lens and reaches
the cells of the retina. This can cause visual fatigue and dry eye syndrome, a risk factor for
age-related macular degeneration. Blue light also suppresses melatonin secretion in the
pineal gland, which regulates the human circadian rhythm, directly affecting sleep

quality.810-12

Blue light filter

For correction with spectacles, a blue light filter can be used. Spectacle lenses with
this filter are designed to filter out blue light entering the eye
and prevent potential damage. The absorption spectrum of an eyeglass lens depends on
the atoms and the excitation of the electrons as the light passes through. Adding dyes that
have a high electron density to the material shifts the absorption curve of light, creating a
filtering effect. By adding high electron density dyes to the material, the light absorption
curve is shifted and thus creates a filtering effect. Lenses with this filter have a yellow tint
which depends on the amount of blue light blocked. The filter can be either part of the lens
material, where the material molecules absorb light, or part of the lens coating, which
reflects the light.11.12

In 2017, the College of Optometrists conducted a systematic review of the
literature and selected three studies that examined the effect of spectacle lenses with
A blue light filter. The studies compared spectacle lenses with a blue light filter and
standard clear spectacle lenses. There were no differences showing improvements in
visual performance, symptoms of eye fatigue, subjective sleep quality, or macular health.
There is not yet enough good quality evidence to support the effect of a blue light filter.13

The 2019 study by Singh and colleagues aimed to map the attitudes of optometrists
in Australia towards blue light filtering spectacle lenses. The research was conducted by
questionnaire, and of the 372 respondents, 75,3 % said they recommended a blue light
filter, while 49,1 % said the quality of evidence for the effect of a blue light filter on
computer vision syndrome was low, and 53 % said the placebo effect played a role in some

cases.l4
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Variace posouzeni fuznich vergence v
optometristickeé praxi

Bc. Martina Jufikova, Mgr. Pavel Kfiz, Ph.D.

Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity v Brné

Anotace

Tento prispévek se zabyva vergenci. Vergenci se bude vénovat i teoreticka ¢ast mé
diplomové prace, ktera nese nazev ,Variace posouzeni fluznich vergence
v optometristické praxi “. Soucasti prispévku je popis vergence, sloZky vergence a pojmy

pojici se k vergenci.

Klicova slova
vergence, konvergence, divergence, uhel konvergence, blizky bod konvergence,

vergencni schopnost, fizni rezervy

Vergence

Radi se mezi binokularni pohyby o&i, diky kterym se zrakové osy protnou v bodé,
kde se nachazi sledovany predmét. Patii do motorické slozky zajiStujici jednoduché
binokularni vidéni. RozliSujeme dva druhy vergence, a to konvergenci a divergenci.*8

Konvergence je binokularni pohyb oci, kdy se oci sta¢i smérem dovnitr pti pohledu
do blizka, tak aby se sbihali osy obou oc¢i. Tim pak paprsek dopada na Zlutou skvrnu obou
o¢i. RozliSujeme konvergenci asymetrickou (sledovany predmét lezi mimo stfedni
rovinu) a symetrickou (sledovany predmét leZi ve stfedni roving¢).246

Divergence je binokularni pohyb oci, kdy se oci staci smérem ven. Divergence

je méné vyvinuta, neZ konvergence ma asi 10x mensi amplitudu.+7:8

Slozky vergence

Mame dva druhy vergence, a to volni vergenci (ovladana vlastni viili) a reflexni
vergenci. Reflexni vergence se skladd ze ctyr slozek - Tonicka, akomodacni, fazni

a proximalni. ©

45



analormicka rhylkowvd pozice - -

tonicks . l.-"'"' H".I
VET B L | o= [
aomadacn | 'I\ .-;,-'
VEIgEnce —_
proxirmiln
Wargpente
- diggaratni h
wErgenca = liwadni dsparila

(napi. typu e

Obr.1 Maddoxtv model vergen¢nich pohyb10

Na zakladé impulsti z mozkové Klry tonickd slozka vergence zachovava klidové
postaveni o¢i. Akomodacni sloZka vergence se oznacuje AC. Akomodace je impulsem pro
konvergenci, jeli vyvolana optickym podnétem. Tuto slozku doplnuje sloZka fiizni
vergence, ktera umozni fazi Upravou os vidéni. Fuzni vergence je sloZena zrychlé
(reflexnf) a pomalé (adaptivni) slozky. Ctvrtou sloZkou je proximdIni sloZka vergence —
védomi blizkého predmétu je psychogenné podminéno. Ta se projevuje pri vySetifeni na

pristrojich.1.611

Pojmy pojici se k vergenci
Tato cast prispévku se bude vénovat pojmim, které se vazi k vergenci.

Uhel vergence

Uhel vergence se udava v prizmatickych dioptriich, stupnich nebo
v metrovych uhlech. Odchylka o¢i od pfimého sméru o 1 cm na vzdalenost 1 m
je oznacovana jako jedna prizmatickd dioptrie. Z toho plyne, Ze pupilarni vzdalenosti
v centimetrech vydélené pozorovaci vzdalenosti v metrech odpovida uhlu vergence obou
o¢i udany v prizmatickych dioptriich. Chceme-li vyjadrit prevracenou hodnotu

vzdalenosti fixovaného bodu v metrech udavame uhel vergence v metrovych uhlech.2 3.5

Blizky bod konvergence
Definice blizkého bodu konvergence (NPC) je nejmensi vzdalenost, na kterou oci

dovedou konvergovat, a pritom vidét jednoduSe pozorovany predmeét. Blizky bod
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konvergence délime na objektivni, kdy oci prestanou fixovat a subjektivni, kdy se vjem
rozdvoji. Normalni hodnota bodu rozdvojenije 7,5 cm a méné a pro bod spojeni je 10,5 cm

améneé. 2.6

Vergencni schopnost

Jako vergencni schopnost oznacujeme schopnost reagovat na zmény vergenc¢niho
poZadavku, a to dostatecné presné rychle a pruzné. Vergencni schopnost se udava
jako pocet cykli za minutu (cpm). Za optimdalni vergencni schopnost povaZujeme

hodnoty = 12 cpm. 3

Fuzni rezervy

Fazni vergence délime podle sméru na pozitivni fazni
vergenci - PFV (konvergence), ktera kompenzuje exoforii a negativni fazni
vergenci - NFV (divergence), jeZ vyrovnava esoforii. Normdalni hodnoty pozitivni a
negativni vergence flzni vergence naleznete v tabulce 1 a tabulce 2. Dale vertikalni fazni
vergenci, ta kompenzuje hyperforii a hypoforii. Normalni hodnota vertikalni fazni
vergence je 2-4pD. A v neposledni radé torzni fuzni vergence, ktera kompenzuje

excykloforii a incykloforii. 348

Tabulka 1 Normalni hodnoty pozitivni fizni vergence v pD ?

Pozitivni fizni vergence
VySetrovaci vzdalenost 6 m 40 cm
Bod rozmazani 12-16 20-28
Bod rozdvojeni 18-22 26-34
Bod opétovného spojeni 14-18 22-30

Tabulka 2 Normalni hodnoty negativni fizni vergence v pD °

Negativni fuzni vergence
Vysetiovaci vzdalenost 6 m 40 cm
Bod rozmazani Nenastava 6-10
Bod rozdvojeni 6-12 12-18
Bod opétovného spojeni 4-8 8-14

47



Zdroje:

1.

10.

11.

ANTON, Milan, 2004. Refrak¢ni vady a jejich vySetrovaci metody. 3. preprac. vyd.
Brno:Narodni centrum osetiovatelstvi a nelékarskych zdravotnickych obort. ISBN
978-80-7013-402-3
DIVISOVA, Gabriela, 1990. Strabismus. Praha: Avicenum. ISBN 978-80-201-00375.
ELLIOTT, David: Clinical procedures in primary eye care. 3rd ed. Oxford:
Butterworth-Heinemann, 2007. 368 s. ISBN 13:9780750688963.
GROSVENOR, Theodore: Primary care optometry. 5th ed. St. Louis: Butterworth -
Heinemann, 2007. 510 s. ISBN 13-978-0-7506-7575-8.
HOWARD, Ian P.; ROGERS, Brian J.: Binocular Vision and Stereopsis. no. 29. New
York, Oxford: Oxford university press, 1995. 736 s.

HROMADKOVA, L. Silhani. Brno: Narodni centrum oSetiovatelstvi a nelékarskych
zdravotnickych obort, 2011. ISBN 978-80-7013-530-3.
KUCHYNKA, Pavel et al.: O¢ni lékafstvi. 1. vydani. Praha: Grada Publishing, 2007.
812 s.ISBN 978-80-247-1163-8.
PLUHACEK, F. Normalni binokuldrni vidéni - vyukové materidly k predmétu
Binokularni vidéni, Katedra optiky Prirodovédecké fakulty Univerzity Palackého
v Olomouci, Olomouc, 2011.
PLUHACEK, F. Vy$etfovaci postupy BV a akomodace - vyukové materialy
k predmétu Korekce zraku II, Katedra optiky Piirodovédecké fakulty Univerzity
Palackého v Olomouci, Olomouc, 2011
Obr1PLUHACEK, FrantiSek a Lenka MUSILOVA, 2008. Akomodace a vergence;
studijni materidly [online]. Olomouc: Univerzita Palackého, Prirodovédecka

fakulta. Dostupné z: http://www.optometry.cz/materialy.php

SEVERA, David, 2015. Nauka o refrakci [.; studijni materialy. Brno: Masarykova

Univerzita, Lékarska fakulta.

48


http://www.optometry.cz/materialy.php

Variations in the assessment of fusion
vergences in optometrist practice

Bc. Martina Jufikova, Mgr. Pavel KFiz, Ph.D.

Department of Optometry and Orthoptics, Medical Faculty, Masaryk University Brno

Annotation

This article reports on vergence. The theoretical part of my diploma thesis, entitled
"Variations in the assessment of fusion vergences in optometrist practice", will also deal
with vergence. Part of my paper is a description of vergence, components of vergence and

concepts related to vergence.
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Vergence

[t ranks among the binocular movements of the eyes, thanks to which the visual
axes intersect at the point where the subject is located. It belongs to the motor component
ensuring simple binocular vision. Vergence is distinguish into two types, namely
convergence and divergence. 48

Convergence is the binocular movement of the eyes, where the eyes turn inwards
when viewed at close range so that the axes of both eyes converge. As a result, the beam
hits the yellow spot of both eyes. The covergence distinguish between asymmetric
convergence (the observed object lies outside the middle plane) and symmetric
convergence (the observed object lies outside the middle plane). 246

Divergence is the binocular movement of the eyes, where the eyes turn outwards.
Divergence is less developed than convergence, which has about 10 times less

amplitude.*78
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Components of vergence
Vergence have two types, namely free vergence (controlled by our own will) and
reflex vergence. Reflex vergence consists of four components - tonic, accommodation,

fusion and proximal.
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Obr.1 Maddox model of vergence movement!?

Based on impulses from the cerebral cortex, the tonic component of vergence
maintains the resting position of the eyes . The accommodation component of vergence
is called AC. Accommodation is an impulse for convergence if it is caused by an optical
stimulus. This component is supplemented by a fusion vergence component, which allows
fusion by adjusting the axis of vision. Fusion vergence is composed of fast (reflex) and
slow (adaptive) components. The fourth component of vergence is the proximal
component of vergence - the consciousness of a nearby object is psychogenically

conditioned. This component is manifested in the examination on the devices. 1.611

Concepts related to vergence
This part of article reports will focus on concepts related to vergence.
Vergence angle
The angle of vergence is given in prismatic diopters, degrees or in meter
angles. The deviation of the eyes from the straight direction by 1 cm to a distance of 1 m
is referred to as one prismatic diopter. Which means that the pupillary distances

in centimeters divided by the observation distance in meters correspond to the angle of
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vergence of both eyes given in prismatic diopters. If we want to express the inverse of the

fixed-point distance in meters, the angle of vergence is given in meter angles.235

Near point of convergence

The near point of convergence (NPC) definition is the smallest distance that the
eyes can converge while seeing an easily observed object. The near point of convergence
divided into objective, when the eyes stop fixing, and subjective, when perception splits.
The normal value of the bifurcation point is 7.5 cm or less and for the connection point

itis 10.5 cm or less.26

Vergence facility

Vergence facility is the ability to respond to changes in vergence requirements,
with sufficient accuracy, speed and flexibly. Vergence facility is given as the number of
cycles per minute (cpm). Values = 12 cpm are considered to be the optimal vergence

facility.?

Fusion reserves

Fusion vergence is divided according to the direction into positive fusion vergence
- PFV (convergence), which compensates for exophoria, and negative fusion vergence -
NFV (divergence), which compensates for esophoria. Normal values of positive and
negative fusion vergence can be found in Table 1 and Table 2. Furthermore, vertical fusion
vergence, which compensates for hyperphoria and hypophoria. The normal value of
vertical fusion vergence is 2-4 pD. And last but not least, torsional fusion vergence, which

compensates for excyclophoria and incyclophoria.348

Table 1 Normal values of positive fusion vergence in pD °

Positive fusion vergence
Investigation distance 6 m 40 cm
Blur point 12-16 20-28
Break point 18-22 26-34
Reconnection point 14-18 22-30
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Table 2 Normal values of negativ fusion vergence in pD ?

Negative fusion vergence
Investigation distance 6 m 40 cm
Blur point does not occur 6-10
Break point 6-12 12-18
Reconnection point 4-8 8-14
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Zat'az videnia u nekorigovanych presbyopov
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Anotacia

Tento ¢lanok ponuka teoreticky podklad k vyskumu na tému ,Zataz videnia u
nekorigovanych presbyopov“. Ciel' tohto ¢lanku poukazuje na zniZenie vedlajSich
zrakovych problémov nastavenim spravnej presbyopickej korekcie po dlhSej praci na
Citaciu alebo pracovnu vzdialenost. Prispevok sa zameriava na neinvazivny spodsob

rieSenia problémov presbyopie pomocou okuliarovych SosSoviek.

Kl'acové slova
presbyopia, akomodacia, multifokdlne = SoSovky, pracovné  SoSovky,

jednoohniskové SoSovky

Metodika

Vyskumna cast bude spracovavand prostrednictvom dotazniku. Otazky dotaznika
budd smerované na astenopické problémy pri videni v mnohych smeroch. Dotaznik bude
urceny réznym profesijnym skupindm, kde respondenti urcia svoje subjektivne zrakové
problémy. Na porovnanie vysledkov obdrzim hodnotenie z dotazniku, ktoré respondenti
vyplnia dvakrat. Prvy raz so svojou subjektivnou refrakciou bez pridavku do blizka
adruhy raz so spravne nastavenou adiciou do blizka. Vysledky vyskumu su vo faze
spracovavania. Avsak predpokladam Ze sa u skimanej vzorky respondentov astenopické

problémy zmiernia alebo uplne pominu.

Uvod

Presbyopia, ¢o je prirodzena strata schopnosti akomodacie suvisiaca s vekom. Ta
sa moZe lieCit roznymi metédami. Patria medzi ne invazivne a neinvazivne techniky.
Korekcia okuliarov alebo kontaktnych SoSoviek su neinvazivne moznosti. Chirurgicka

implantacia vnutrooc¢nej SoSovky je jednym z prikladov invazivnych pristupov. 1
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Akomodacia

Akomodacia je dynamicky proces, pri ktorom sa meni opticka mohutnost o¢ného
systému tak, Ze pozorovany predmet sa ostro zobrazuje na sietnici. RozliSujeme Styri
zlozZky akomodacie - tonickd, proximalnu, reflexni a vergencnu. Tonickd zloZzka
akomodacie je pritomna aj bez pritomnosti podnetu, spésobuje ju pokojové napaitie
cilidrneho svalu. Proximalna zlozka je vyvolana predstavou vzdialeného objektu. Reflexna
zloZka je vyvolana neostrym obrazom a zabezpecuje zaostrenie obrazu na sietnici. Zlozka
vergenctna sa spusta konvergenciou na podklade vztahu CA/C a je kontrolovana faziou.
CA/C pomer popisuje zmenu konvergencnej akomodacie na jednotku zmeny
konvergencie. Ta udava kolko dioptrii zrakovy aparat akomoduje na 1 cm/m

konvergencie. 1

Zmena akomodacie v zavislosti na veku

Riasnaté teleso nie je pri narodeni plne vyvinuté a vnitroo¢na Sosovka je makcia
nez SoSovka dospelého. Samotna pruZnost sa vyvija behom prvych mesiacov Zivota
v obdobi Stvrtého mesiaca sa priblizne vyrovnava s akomodaciou dospelého jedinca.
Vyvoj akomodicie je ukoncené zhruba v troch rokoch Zivota. Behom Zivota straca ocna
SoSovka na elasticite a nema moznost sa tak vyklenut ako pri dokoncéeni vyvinu. Tym
SoSovka zvySuje svoju opticki mohutnost, ¢o sa prejavi vzd'al'ovanim blizkeho bodu
akomodacie od oka a zniZenim akomodacnej amplitidy. Pokles zac¢ina zhruba v piatom
roku Zivota a nad’alej sa zniZuje priblizne 0,3 D za rok. Pokles akomodac¢nej amplitudy
v zavislosti na veku znazornuje Duanova krivka, kde pozorujeme fyziologicky ubytok
akomodacie. Tieto priznaky sa prejavia v obdobi 40. roku Zivota, kedy jedinci pocitia
obmedzenie v osobnom Zivote. Dlhodobo nekompenzovana zniZena akomodacnu
schopnost vedie 'udi k zvySenej namahe, bolestiam hlavy, k inave a k inym astenopickym

problémom. 1.2
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Obr. 1: Redukovana Duanova krivka akomodacnej amplitidy 2

Okuliarové moznosti korekcie presbyopie

Dioptrické okuliare su nielen najstarSou, ale aj najpouzivanejSou pomdckou
korekcie zraku v sucasnosti. Ani chirurgickym refrakénym zakrokom alebo kontaktnym
SoSovkam sa konvenc¢nu neinvazivnu metdédu korekciu okuliarmi nepodarilo nahradit.
VacSina l'udi stale preferuje ako moznost korekcie zraku prave dioptrické okuliare. Podl'a
klientovych konkrétnych narokov dokazZe optometrista alebo oftalmolég individualizovat
a upravit dioptricki pomocku klientovi tak, aby mu okuliare pomohli v jeho profesii.

Okuliarové soSovky sa delia podl'a dizajnu a optického ucinku okuliarovej SoSovky,
ktory pri priechode svetla v oku vyvolaji, na jednoohniskové, bifokalne, trifokalne,
progresivné a degresivne okuliarové SoSovky. Medzi najbeZnej$i spdsob eliminacie
problémov sposobeny presbyopiou patri korekcia monofokdlnymi a torickymi
okuliarovymi SoSovkami. Z hl'adiska optického ucinku maju sférické SoSovky rovnaku
opticki mohutnost' vo vSetkych smeroch rovnakud na druht stranu v torickych soSovkach
sa opticka mohutnost' v hlavnych rezoch meni. 34

Bifokalne alebo dvojohniskové skld maju okrem zakladnych monofokalnych
SoSoviek aj pridavnu SoSovku. Na pozorovanie do dial’ky sa pouZiva monofokalna SoSovka
a pridana cast na pozorovanie zas do blizka. Tento kus méZe byt vybruseny alebo

zataveny do primarnej SoSovky do dial’ky. Aj ked na jednej strane nemusite nosit okuliare
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na kratkozrakost alebo d’'alekozrakost, bifokalne skla maji na druhej strane aj nevyhody.

Skoky v obraze su badatelné pri posuvani pohl'adu z dial'ky do blizka alebo naopak. 34

Bifokalne SoSovky

Trifokalne $oSovky

Stred. vzdialenost

Citanie

Obr.2: Bifokalne a trifokalne $o3ovky >

Prechod v obraze je pocitovany aj v trifokdlnych SoSovkach, ktoré su oproti
bifokalnym skldm doplnené aj Castou pre strednd vzdialenost, ktoré su aj vratane
bifokalnych skiel okom viditel'né. V dosledku tychto faktorov su bifokalne a trifokalne
okuliare v poslednom case ¢oraz CastejSie nahradzané multifokalnymi SoSovkami. 3

Multifokalne skla umoznuju videnie na vSetky vzdialenosti na rozdiel od
bifokalnych, ktoré si obmedzené len na dve, alebo monofokalnych, ktoré maju pevne
danu len jednu vzdialenost. PouZivaju sa na korekciu kratkozrakosti, d'alekozrakosti a na
sledovanie strednej vzdialenosti s plynulym prechodom. Tymto spdsobom klienti
pocituju komfort videnia po cely den bez toho, aby museli menit okuliare za iné. 34

Existuje tieZ varianta skiel prispésobena I'udom, ktori by potrebovali rozsirené
zorné pole najma pre strednd vzdialenost. Prave pre kancelarskych pracovnikov,
zameriavajucich sa najma na strednu vzdialenost, je prisposobena verzia degresivnych

alebo kancelarskych okuliarovych SoSoviek. Tieto SoSovky su individualizované prave pre
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rozSirené zorné pole najma na strednu vzdialenost. Rovnako ako pri progresivnych
SoSovkach sa jedna o SoSovku s premennou optickou mohutnostou, ktora je upravena na
pouzitie do strednej a blizkej vzdialenosti. Kancelarske SoSovky vSak neumoziuju

komfortné videnie do dial'ky. 4

Multifokalna SoSovka Degresivna SoSovka
. Stredna oblast nie je urCena _. VacSie zomné pole na stednu
na dlhodobé pouzivanie pocitaca vzdialenost poskytuje prijemnejSie videnie

fazZovace zZony Dialka prazovacie zony Dialka
Str. vzdialenost Sir. vzdialenost
Blizko Blizko

Obr. 3: Dizajn multifokalnej a degresivnej okuliarovej SoSovky ¢

Zaver

Ciel'om vyskumnej Casti tohto clanku bude preukazanie zmiernenia astenopickych
problémov, ktoré nastavaju pri dlhodobej zatazi zrakového systému spdsobenou
nedostato¢ne nastaveného pridavku do blizka. Zrak je najdolezitejSim z piatich zmyslov.
So starnutim oka a celého organizmu sa jeho kvalita sice zniZuje, no v dnes uz je mnoho
moznosti ako presbyopiu korigovat a ¢loveku v strednom veku prinavratit spravnou
korekciou plnohodnotny zZivot. Preventivnhe vySetrenie uocného doktora alebo
u optometristu je esencialne k tomu, aby jedinec videl ostro bez vedl'ajsich zrakovych
problémov. Rozhodnutie urcite ul'ah¢i aj rozhovor s optometristom, ktory pri vybere
spOsobu rieSenia presbyopie najlepSie zohladni pacientove naroky na zrak, zaluby

a pracovné zaradenie.
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The burden of vision due to uncorrected
presbyopia

Bc. Samuel Horiidk, doc. Mgr. Pavel Benes§, Ph.D.

Department of Optometry and Orthoptics, Medical Faculty, Masaryk University Brno

Abstract

This paper deals with the theoretical basis for my thesis entitled "The burden of
vision due to uncorrected presbyopia”. The aim of this work is to reduce secondary vision
problems by setting the correct presbyopic correction after prolonged work for reading
or working distance. This work focuses on a non-invasive way of solving presbyopia

problems using spectacle lenses.

Key words

presbyopia, accommodation, multifocal lenses, degressive lenses, single focal

lenses

Work methodology

The research part will be done through a research questionnaire. Questions from
the questionnaire will be directed to asthenopic vision problems in many ways. The
questionnaire will be aimed at different professional groups, where respondents will
determine their subjective vision problems. To compare the results, I will receive the
results from a questionnaire, which the respondents fill in twice. The first time with its
subjective refraction without near addition and the second time with a correctly set near
addition. The results of the research are in the processing phase. We assume that
asthenopic problems will disappear in the sample of my respondents. The research part
will be processed through a questionnaire, which respondents will receive before and

after the correction.
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Introduction

Presbyopia is a natural age-related loss of accommodation, which reduces an
individual's ability to perform visual tasks at near distances. It can be treated in various
ways. These include invasive and non-invasive techniques. Correction of glasses or
contact lenses are non-invasive options. Surgical implantation of an intraocular lens is one

example of an invasive methods. 1

Accommodation

Accommodation is a dynamic process in which the optical power of the ocular
system changes so that the observed object is sharply displayed on the retina. We
distinguish four components of accommodation - tonic, proximal, reflex and vergent. The
tonic component of accommodation is present even without the presence of a stimulus, it
is caused by resting tension in the ciliary muscle. The proximal component is evoked by
the image of a distant object. The reflective component is caused by a blurred image and
ensures that the image is focused on the retina. The vergence component is triggered by
CA / C convergence and is controlled by fusion. The CA / C ratio describes the change in
convergence accommodation per unit of convergence change. This indicates how much

diopter the visual system accommodates per 1 cm / m of convergence. 1

Accommodation change depending on age

The ciliary body and muscle are not fully developed at birth and the intraocular
lens is softer than the adult lens. Flexibility itself develops during the first months of life.
During the fourth month it roughly equals to the accommodation of an adult. The
development of accommodation is completed in about three years of life. During life, the
eye lens loses its elasticity and cannot arch as much as when the development was
completed. As a result, the lens increases its optical power, which is reflected by moving
the near accommodation point away from the eye and reducing the accommodation
amplitude. The decline begins at about the fifth year of life and continues to decline at
about 0,3 D per year. The decrease in accommodation amplitude as a function of age is
shown by the Duane’s curve, where we observe a physiological decrease in
accommodation. These symptoms appear during the age of 40, when individuals

experience a limitation in their personal lives. Long-term uncompensated reduced
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accommodation capacity leads people to increased exertion, headaches, fatigue and other

asthenopic problems. 12

AGE 8 12 16 20 :
D'

36 40 44 48 52 56 60 64 68 72

Pic. 1: Reduced Duane’s curve accommodation amplitude 2

Presbyopia correction by glasses

Prescription glasses are not only the oldest, but also the most widely used vision
correction tool today. Neither surgical refractive surgery nor contact lenses have
succeeded in replacing the conventional non-invasive spectacle correction method. Most
people still prefer prescription glasses as an option for vision correction. According to the
client's specific requirements, the optometrist or ophthalmologist can individualize and
adjust the dioptric prescription to the client so that the glasses help them in their
profession.

The spectacle lenses are divided according to the design and optical effect of the
spectacle lenses, which they evoke when light passes in the eye, into single-focal, bifocal,
trifocal, progressive and degressive spectacle lenses. Correction with monofocal and
thoric spectacle lenses is one of the most common ways to eliminate presbyopia
problems. In terms of optical effect, spherical lenses have the same optical power in all
directions, on the other hand, in toric lenses, which correct presbyopia including
astigmatism.34

In addition to basic monofocal lenses, bifocal lenses also have an additional lens. A
monofocal lens is used for far vision and an added part is used for close vision. This piece

can be glued or fused into the primary lens at a distance. Although you don't have to wear
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myopia or farsighted glasses, bifocals also have disadvantages. Jumps in the image are

noticeable when moving the view from a far to near distance. 34

Bifocal Lens

Distance

Near

Trifocal Lens

Distance

[nt
Near

Pic.2: Bifocal and trifocal lenses >

The jump in the image is also noticeable in trifocal lenses, which, in contrast to
bifocal glasses, are supplemented by a part for medium distance, which are visible to the
eye, including bifocal glasses. As a result of these factors, bifocal and trifocal glasses have
recently been increasingly replaced by multifocal lenses. 3
Multifocal glasses allow sharp vision at all distances, as opposed to bifocals, which are
limited to only two distances, or monofocals, which have a fixed distance of only one
distance. They are used to correct myopia, hyperopia and to medium distances with a
smooth transition. In this way, clients feel the comfort of seeing all day without having to
change glasses. 34

There is also a variant of the glasses adapted to people who would need an
extended field of view, especially for medium distances. A version of degressive or office
spectacle lenses is adapted for office workers, focusing mainly on medium distances.

These lenses are individualized just for the extended field of view, especially at medium
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distance. As with progressive lenses, it is a lens with variable optical power, which is
adapted for use in medium and close distances. However, office lenses do not allow

comfortable distance vision. 4

VIEWING AREAS Distan VIEWING AREAS

Pic. 3: Design of the multifocal and office lens ¢

Conclusion

The aim of the research part of this contribution will be to demonstrate the
alleviation of asthenopic problems that occur during long-term exposure of the visual
system caused by insufficiently adjusted addition for near vision. Sight is the most
important of the five senses. With the aging of the eye and the whole organism, its quality
decreases, but today there are already many options for correcting presbyopia and
restoring a person in middle age to a full life. A preventive examination by an
ophthalmologist or optometrist is essential for the individual to see sharply without side
vision problems. The decision will certainly be facilitated by an interview with an
optometrist who will best take into account the patient's demands on eyesight, hobbies

and job classification when choosing a solution.
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Vyuziti specialnich pomucek a pristrojt
v edukaci slabozrakych a nevidomych osob

Bc. Anastazie Rihova, MUDr. Tomas Mriuk
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ANOTACE

Prispévek pojednava o slabozrakych pacientech, ktefi potifebuji kompenzacni
pomiicku na ¢teni. Uvodni ¢ast prispévku je zaméfena na rozdéleni slabozrakosti dle
WHO, rtizné druhy kompenzacnich pomticek ¢i na organizace, které témto lidem nabizeji
pomoc. Dale je uré¢ena metodika vyzkumu, rozdéleni probandt a jsou stanoveny hypotézy.
Ve vyzkumné Casti jsou zverejnény vysledky vcCetné grafi. Na zavér jsou vysledky
vyzkumu srovnany s vysledky jinych odbornych praci, které se zabyvaji podobnym

tématem.

UvoD

Optometristé se casto ve své praxi setkaji se zakaznikem, kterého nejsou schopni
vykorigovat na vizus 0,5 a lepS$i. Vtomhle pripadé automaticky odesilaji pacienta
k oftalmologovi, ktery zjisti pricinu zhorSeného vidéni. Pokud je poskozeni zraku jiz
nevratné, dle Svétové zdravotnické organizace (angl. WHO - World Health Organization)
délime pacienty do péti skupin dle postiZent:

e Stredni slabozrakost (kategorie 1) - postiZeni s nejlepsi moZnou korekci, jejichZ
vizus je v rozmezi < 6/18 (0,3) az=6/60 (0,1)

¢ Silna slabozrakost (kategorie 2) - postiZeni s nejlepsi moZnou korekci, jejichZ vizus
je vrozmezi < 6/60 (0,1) az = 3/60 (0,05)

e TéZce slaby zrak (kategorie 3) - a) postiZeni s nejlepSi moZnou korekci, jejichz
vizus je v rozmezi < 3/60 (0,05) az = 1/60 (0,02); b) osoby se ziZenim zorného
pole obou o¢i pod 20°, nebo jednoho funkéniho oka pod 45°

e Prakticka slepota (kategorie 4) - postiZeni s nejlepsi moZnou korekci, jejichz vizus
je vrozmezi < 1/60 (0,02) aZ po zachovaly svétlocit nebo ztiZeni zorného pole do

5° kolem centralni fixace pri nepostiZené centralni ostrosti
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e Uplna slepota (kategorie 5) - patif sem lidé s iplnou slepotou (amaurézou), nebo

osoby s chybnou svételnou projekci !

Témto lidem poté pomahaji organizace, které jim nabidnou potfebné informace a
praktické dovednosti do bézného Zivota tak, aby nebyli zavisli na cizi pomoci. Mezi tyto
organizace patfi hlavné krajska strediska organizace Tyfloservis, o.p.s. ¢i TyfloCentrum
Brno, o.p.s. a jeho pobocky.

Do Tyfloservisu lidé ptichazi i za uCelem vybéru spravné kompenzacni pomtcky. Mezi
ty nejzakladnéjsi patti bila hil a lupa.

Bilé hole miizeme rozdélit na 3 zakladni typy - orientacni, signaliza¢ni a opérné. Hiil
orientacni slouzi vyhradné k orientovani v prostoru a jeji délka je obvykle mezi 110 az
140 cm. Signaliza¢ni hil zviditelfiuje slabozrakého ¢i nevidomého pro okoli napf.
v dopravé ¢i s vodicim psem a jeji délka je obvykle 90 a 110 cm. Hiil opérna je vyhradné
urcena pro osoby s kombinaci zrakového a pohybového omezeni a je béZzné dostupna
v délkach 80 az 95 cm. 2

V této dobé je na trhu velké mnoZzstvi riznych typi lup s velkym mnoZstvim zvétSeni.

K dostani jsou od typii kapesnich az po specidlni svételné ¢i stojankové lupy.

METODIKA VYZKUMU

Vyzkum probihal v obdobi leden - tinor 2022 ve FN u Sv. Anny v Brné v Poradné pro
slabozraké vedené MUDr. Tomasem Mnukem. V ramci vzorku pacientd byl zaznamenan
jejich vék, pohlavi, preferovany typ osvétleni cteného textu, volba zvétSeni lupy a
preference vyuZiti lupy.

V prvni fadé je pacientiim zmérena objektivni refrakce na autorefraktometru. Déle je
zméren naturalni vizus, vyhodnocena subjektivni refrakce a zjistén nejlepsi mozny vizus
s touto korekci. Nasledné se vyhodnocuje preference svétla na vzorovém textu a vybere
se vhodné zvétSeni lupy dle vizu s nejlepsi korekci. Jako posledni nasleduje vyuka prace
s lupou pfi ¢teni textu.

Data jsou naméiena u 14 pacientt, z cehoZje 11 Zen a 3 muzi. Primérny vék je 76,6 let.

NejmladSimu pacientovi je 59 let, nejstarsSimu 90 let.
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VYSLEDKY

Na zacatku vyzkumu jsem si stanovila 3 hypotézy.

Prvni hypotéza - Pacienti preferuji vétsi zvétSeni lupy s mens$im primérem objimky
nez vétsi prameér objimky a mensi zvétSeni. Do této hypotézy bylo zarazeno 13 probandd,
z Cehoz si 10 vybralo vétsi zvétSeni lupy i na tkor mensiho priiméru objimky, a tedy i

zorného pole ¢teného textu. Pouze 3 probandi si vybrali mensi zvétSeni lupy pro vétsi

zorné pole. Z grafu C. 1 1ze tedy vycist, Ze hypotéza C. 1 byla potvrzena.

Hypotéza ¢. 1

m Vétsi zvétSeni a mensi pramér = Mensi zvétseni a vétsi primér

Graf 1: Pacienti preferuji vétsi zvétseni lupy s mensim priimérem objimky nez vétsi priimér objimky a mensi zvétsent.

Druha hypotéza - Pacienti preferuji lupu s bilym LED osvétlenim nez nazloutlym
halogenovym svétlem. Do této hypotézy bylo zarazeno 12 probandi, z ¢ehoz si 10 vybralo
bilé LED osvétleni a 2 halogenové naZloutlé. Na grafu ¢. 2 lze vidét, Ze i hypotéza 2 byla

potvrzena.

Hypotéza ¢. 2

m L[ED svétlo = Halogen svétlo

Graf 2: Pacienti preferuji lupu s bilym LED osvétlenim neZ nazloutlym halogenovym svétlem.
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Treti hypotéza - Pacienti preferuji lupu na doma pied lupou na ven. Do této hypotézy
bylo zafazeno 12 probandd. 9 z nich si zvolilo lupu pro pouzivani na doma, 3 uvazovali i

nad pouzivanim v terénu. Z grafu ¢. 3 tedy vyplyva, Ze i treti hypotéza byla potvrzena.

Hypotéza ¢. 3

= Na doma Na ven

Graf 3: Pacienti preferuji lupu na doma pred lupou na ven.

DISKUSE

Cilem tohoto vyzkumu bylo ur¢it, jaké typy lup slabozraci pacienti preferuji. Z hlediska
zvétSeni jim je prijemnéjsi vetsi zvétSeni textu i na ikor malého zorného pole. Ze strany
osvétleni preferuji bilé LED svétlo a vétSina slabozrakych pacient svou lupu planuje
pouzivat jen v domacim prostredi.

Do diskuse jsem zaradila diplomovou praci od kolegyné Mgr. Magdalény Furdekové
zroku 2010, ve které v hypotéze ¢. 3 predpokladd, Ze optoelektronickou pomicku
vyuzivaji spiSe lidi v preproduktivnim véku (do 14 let) a produktivnim véku (15 - 64 let).
Do jejiho vyzkumu bylo zarazeno 51 respondenti ve véku 9 - 76 let a hypotéza byla
potvrzena. Z toho mohu tedy usuzovat, Ze klasickou lupu budou vyuzivat prevazné lidé
nad 64 let. V mém naméreném vzorku maji pacienti primérny vék 76,6 let a vSichni maji
lupu klasickou. 3

Vyuzitim lup pro slabozraké se zabyvala i kolegyné Mgr. Lucie Nakladalova. Ta také
méla soubor probandti z FN u sv. Anny v obdobi leden az cerven 2006. Celkem ve své praci
zahrnula 104 pacientii a zajimala se o druh osvétleni lup. V jejim vzorku vyslo, Ze si nejvice
pacientl zvolilo lupu s halogenovym osvétlenim. V mém vyzkumu byl zjistén opacny
vysledek, tedy Ze si vice pacientli vybralo lupu s LED osvétlenim. Rozdil mezi vysledky je

pravdépodobné zplisoben malym vzorkem probandii v mém vyzkumu. 4
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ZAVER
Je dulezité, aby nejen ocni 1ékari, ale i optometristé a o¢ni optici znali nabidku
kompenzacnich pomtcek pro slabozraké a dokazali takovému pacientovi pomoci pfti

spravném vybéru ¢i mu doporucili jednu z organizaci, ktera se pomoci zabyva.
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The use of special aids and devices in the
education of visually impaired and blind people
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ABSTRACT

This paper discusses low-vision patients who need a compensatory aid for reading. The
first part of the paper focuses on the classification of low vision according to WHO,
different types of compensatory aids or organizations that offer help to these people. Then
the research methodology, distribution of probands, and hypotheses are identified. In the
research section, the results including diagrams are published. Finally, the research
results are compared with the results of other research papers that deal with similar

topics.

INTRODUCTION

Optometrists in their practice often encounter a customer whom they are unable to
correct to a vision of 0.5 or better. In this case, they automatically refer the patient to an
ophthalmologist to determine the cause of the impaired vision. If the visual impairment is
already irreversible, the World Health Organization (WHO) divides patients into 5 groups
according to their impairment:

e Moderate purblindness (category 1) - those with the best possible correction,
whose vision ranges from < 6/18 (0.3) to 2 6/60 (0.1)

e Severe purblindness (category 2) - disabilities with the best possible correction,
whose vision ranges from < 6/60 (0.1) to 2 3/60 (0.05)

e Severely low vision (category 3) - (a) disabilities with the best possible correction
whose vision ranges from < 3/60 (0.05) to = 1/60 (0.02); (b) persons with a
narrowing of the visual field of both eyes below 20° or of one functional eye below
45°

¢ Blindness in essence (category 4) - disabilities with the best possible correction,
whose vision ranges from < 1/60 (0.02) to preserved luminance or visual field

narrowing up to 5° around central fixation with intact central acuity
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e Complete blindness (category 5) - includes people with complete blindness

(amaurosis) or people with defective light projection 1

These people are then helped by organisations that offer them the necessary
information and practical skills for everyday life so that they are not dependent on
someone else's help. These organisations include mainly regional centres Tyfloservis,
o.p.s. or TyfloCentrum Brno, o.p.s. and its branches.

People also come to Tyfloservis to choose the right compensatory aid. The most
basic ones include a white cane and a magnifying glass.

White canes can be divided into 3 basic types - orientation, signalling and support.
The orientation cane is used solely for orientation in space and its length is usually
between 110 to 140 cm. The signalling cane makes the visually impaired or blind
person visible to the surroundings, e.g. in traffic or with a guide dog, and its length is
usually between 90 and 110 cm. The support cane is exclusively for people with a
combination of visual and motor impairments and is commonly available in lengths
between 80 and 95 cm. 2

Nowadays, there is a large number of different types of magnifying glasses on the

market. They range from pocket types to special light or stand magnifiers.

RESEARCH METHODOLOGY

The research was conducted in the period from January to February 2022 in the
Consultation Centre for the Visually Impaired led by MUDr. Tomas Mnuk. A series of
factors were recorded about the patients participating in the research, such as age,
gender, preferred type of illumination of the text to be read, choice of magnification of
the magnifying glass, and preference for the use of a magnifying glass.

First of all, the patients' objective refraction is measured on an autorefractometer.
Next, natural vision is measured, subjective refraction is evaluated, and the best
possible vision with this correction is determined. Subsequently, the light preference
on the sample text is evaluated and the appropriate magnification of the magnifying
glass is selected according to the vision with the best correction. Finally, the patient is
taught how to use the magnifying glass to read the text.

The data were measured at 14 patients, 11 females and 3 males. The average age is

76.6 years. The youngest patient is 59 years old, the oldest is 90 years old.
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RESULTS

At the beginning of the research I set 3 hypotheses.

First hypothesis - Patients prefer a magnifier with a larger magnification and
smaller socket diameter to a magnifier with a larger socket diameter and smaller
magnification. Thirteen probands were included in this hypothesis, 10 of which chose
the larger magnification of the magnifier even at the expense of a smaller socket
diameter, and therefore also the field of view of the text being read. Only 3 probands
chose a smaller magnification of the magnifying glass in favour of a larger field of view.

Thus, from Diagram 1 it can be seen that Hypothesis 1 has been confirmed.

Hypothesis No. 1

m Higher magnification and smaller magnifying glass diameter

Smaller magnification and larger magnifying glass diameter

Diagram 1: Patients prefer a higher magnification magnifier with a smaller socket diameter than a
larger socket diameter and lower magnification.
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Second hypothesis - Patients prefer a magnifying glass with white LED
illumination rather than yellowish halogen light. Twelve probands were included in
this hypothesis, 10 of which chose white LED lighting and 2 chose yellowish halogen
lighting. As Diagram 2 suggests, Hypothesis 2 has also been confirmed.

Hypothesis No. 2

m LED lighting = Halogen lighting

Diagram 2: Patients prefer a magnifying glass with white LED illumination to a yellowish halogen
light.

Third hypothesis - Patients prefer the magnifying glass for the use at home to the
magnifying glass for the outdoor use. In this hypothesis, 12 probands were included. Nine
of them chose the magnifying glass for the use at home, 3 of them also considered using it

outside. Thus, Diagram 3 shows that the third hypothesis has also been confirmed.

Hypothesis No. 3

m For the use at home = Fot the outisde use

Diagram 3: Patients prefer a magnifying glass for the home use to a magnifying glass for the use
outside.
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DISCUSS

The aim of this research was to determine what types of magnifying glasses low vision
patients prefer. In terms of magnification, they prefer larger text size even at the expense
of a small view field. On the other hand, they prefer white LED light and most low vision
patients plan to use their magnifier only for the use at home.

In the discussion, I have included in the discussion a thesis by my colleague Mgr.
Magdalena Furdekova from 2010, where she assumes that optoelectronic aids are used
more by people in preproductive age (up to 14 years) and productive age (15-64 years).
Her research included 51 respondents aged from 9 to 76 years and the hypothesis was
confirmed. Therefore, I can conclude that the classic magnifying glass is about to be used
mostly by people of 64 years of age and older. In my measured sample, the patients are of
76.6 years of age on average and all of them use a classic magnifying glass. 3

The use of magnifying glasses for the visually impaired people was also pursued by my
colleague Mgr. Lucie Nakladalova. She also had a set of probands from St. Anne's Hospital
in Brno in the period from January to June 2006. She included 104 patients in total and
was interested in the type of magnifying glass illumination. In her sample it came out that
most patients chose the magnifying glass with halogen lighting. In my research, the
opposite result was discovered, that is that more patients chose the magnifier with LED
lighting. The difference between the results is probably caused by a small sample of

probands in my research. 4

CONCLUSION

It is important that not only ophthalmologists, but also optometrists and
opticians know the range of compensatory aids for the visually impaired and are able to
help such a patient in making the right choice or recommend one of the organisations

that deals with assistance.
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Anotace

Tento ¢lanek pojednava o DIMS brylovych cockach jako o nové moznosti 1é¢by,
respektive zpomaleni progrese kratkozrakosti. V ivodni casti je popsana myopie, jeji
déleni a soucasné moznosti ovlivnéni jeji progrese. Soucasti prispévku je popis periferni
refrakce a mozZna souvislost s rozvojem myopie. V zavérecné Casti popisuji zorné pole,
jehoZ rozsah pri pouziti jednoohniskovych a DIMS cocek bude predmétem mého

vyzkumu.

Klicova slova
myopie, periferni refrakce, relativni periferni hypermetropie, zorné pole, brylové

¢ocky D.LM.S. (Defocus Incorporated Multiple Segments)

Myopie

Myopie je sféricka refrakéni vada, pri které se rovnobézné paprsky vstupujici do
neakomodovaného oka lamou a vytvareji ohnisko pred sitnici, na sitnici pak vznika
neostry obraz vzdaleného predmétu. Mezi hlavni priznaky myopie patfi neostré,
zamlZené vidéni do dalky, privirani vicek, obtiZné vidéni za Sera a tmy, ¢asto se vyskytuje
exoforie. 1
Déleni myopie

Myopii mizeme dle ptric¢iny délit na kurvaturni a osovou. O kurvaturni myopii
mluvime v pripadé, kdy axidlni délka oka odpovida fyziologickému stavu (24 mm),
celkova optickd mohutnost je vSak vétsi nez 58,64 D. Pri¢inou miZe byt zvySeny index
lomu optickych prostredi nebo zvysSené zakriveni nékteré z optickych ploch predniho
segmentu oka. Za osovou (axialni) myopii povaZujeme stav, kdy je predozadni délka oka
vétsi nez 24 mm, ale celkova opticka mohutnost je fyziologicka (58,64 D). ZvétSeni délky

oka o 1 mm zpusobi zménu refrakéni vady priblizné o 3 D. 1
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Prevalence myopie v poslednich desetiletich vyznamné roste. V nékterych
asijskych zemich je 70 azZ 80 % mladistvych myopickych. 2 Progrese myopie muize byt
spojena s rozvojem patologickych stavili jako je katarakta, glaukom, neovaskularizace
cévnatky a odchlipeni sitnice. Podle nékterych odhadti by v roce 2050 mohlo mit az 10%
svétové populace myopii vyssi nez -5,0 D, ktera ma signifikantné vyssi podil komplikaci.
Reseni tohoto problému je proto vénovana velka pozornost.3+4
Zpusoby ovlivnéni progrese myopie

Existuji ,terapie kratkozrakosti, jejichZ iCelem je sniZit progresi myopie. Mezi tyto
metody fadime farmakologickou terapii atropinovymi nebo betablokatorovymi kapkami,

lécbu ortokeratologickymi kontaktnimi ¢ockami, 1écbu tvrdymi nebo mékkymi

multifokalnimi kontaktnimi ¢o¢kami, pripadné noseni bifokalnich bryli. 14

Periferni refrakce

Centralni refrakéni vada je vétSinou povaZovana za hlavni faktor ovliviiujici
zrakovou ostrost. Nékteré studie vSak naznacuji, Ze periferni refrak¢ni vada muze
sehravat dtilezitou roli ve vyvoji refrak¢niho stavu oka a vést k dalSimu kompenza¢nimu
axidlnimu ristu. 5

U nekorigovanych myopickych oc¢i se setkdvame s relativni hypermetropickou
periferni refrakci. Takové oc¢i maji vétsi axidlni délku neZ ekvatorialni primeér a myopicka
sitnice ma méné zplostély tvar. Zatimco hypermetropové a emetropové vykazuji relativni
myopickou periferni refrakci. 6-8

Ze studii, které byly provedeny sopicemi a kuraty, vyplynulo, Ze zmény
v perifernim rozostifeni ovliviiuji axidlni rdst o¢i a emetropizaci. Hypermetropické
rozostreni zpiisobuje vétsi progresi myopie, na rozdil od myopického defokusu, ktery
mulze progresi myopie naopak zpomalit. Bylo zjisténo, Ze lécba myopie pomoci
ortokeratologie sniZuje axidlni prodluZovani, a pravé vyvolané myopické rozostireni
v periferii sitnice snizuje dal$i axialni rist oka. 69

V poslednich nékolika desetiletich byla provedena rada studii, které se zabyvaly
refrakénim stavem periferni sitnice ve vztahu k fixa¢ni vzdalenosti, akomodaci, véku,
vlivu ortokeratologickych ¢ocCek a etnické prislusnosti. Byly pouZity techniky jako je
Hartmann-Shackova aberometrie, off-axis retinoskopie a open-field autorefrakce. Vétsina
studii dosla ke stejnému zavéru, Ze refrakcni vady na periferii se 1iSi od centralnich

refrakénich vad. 8
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DIMS brylové c¢ocky

Brylové cocky D.ILM.S. (Defocus Incorporated Multiple Segments) jsou cocky,
jejichZ hlavni funkci je ovlivnéni ristu myopie u déti. VyuZivaji principu myopického
rozostieni a simultdnniho vidéni. DIMS brylové ¢ocKky jsou tvoreny dualnim ohniskem,
kdy v centralni ¢asti se nachazi optickd zéna o priiméru 9,4 mm, slouzici ke korekci
refrak¢ni vady do dalky, a v periferni ¢asti je rovnomérné rozmisténych asi 400 mensich
kruhovych segmentl s adi¢ni mohutnosti +3,5 D. Kazdy z téchto malych kruhovych

segmentd ma primér 1,03 mm a zajistuje myopické rozostieni. +10.11

detocus -1.00

defccus 0.0D
i

9.4mm
iy

[
‘ E
E
3

defocus 0.00

E I 5arcmin
F¢cal position
base power

[a]

Obrazek 5: Struktura a design DIMS cocky 2

Podle studie provedené na Hongkongské polytechnické univerzité kazdodenni
noseni DIMS brylovych ¢ocek po dobu 2 let zpomalilo progresi myopie u déti o 52 %

a snizilo axialni elongaci o 62 % ve srovnani s jednoohniskovymi ¢oc¢kami. 2

Korekce brylovymi ¢o¢kami

Pri korekci myopie pomoci konvencnich jednoohniskovych brylovych cocek se
svétlo, které vstupuje do oka podél optické osy, zaméri na foveu. Obrazova rovina se
v centralni oblasti posune k makule, v perifovealnich a perifernich oblastech sitnice vSak
tato rovina leZi za sitnici. Vznikne zde hypermetropické rozostreni, které stimuluje dalsi

axialni rust oka. 49
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Obrazek 6: a) nekorigovand myopie b) korekce klasickou jednoohniskouvou ¢ockou c) korekce DIMS ¢ockou 3

Brylové ¢ocky DIMS oproti jednoohniskovym brylovym ¢ockam pripominaji spiSe
kontaktni Cocky slouzici k ovlivnéni riistu myopie. Ne vSechny déti jsou vSak ochotny
a pripraveny nosit kontaktni CoCky. Rozostiovaci zény u DIMS cocek jsou navic
kosmeticky velmi nenapadné, takze pii pohledu na nositele lze jen stézi poznat, Ze se
jedna o specialni brylové cocky. *

DIMS se chova jako jednoohniskova c¢ocka, nezplisobuje zménu akomodace ani
neovliviuje funkci binokularniho vidéni. Z technického hlediska je tieba klast dlraz pfti
centraci, zejména na vysku, aby se zajistilo vyuziti centralni zény pro dobrou zrakovou
ostrost. Pfi spravné dodrZené centraci je pti pohledu primo vpted zajiSténa stejna zrakova
ostrost jako u konvenénich jednoohniskovych ¢ocek. Pri vychyleni pohledu temporalné,
nazalné, pod nebo nad zénu DIMS muZeme pozorovat, Zze dochazi ke ztraté zrakové
ostrosti v priméru o 0,06 logMAR. Rozmazané vidéni pres tuto zénu je uvadéno jako
hlavni nevyhoda p¥i pouzivani DIMS Cocek. #11

Brylové ¢oCky DIMS jsou dostupné od firmy Hoya pod nazvem MiYOSMART

a v soucasné dobé jsou vyuzivany oftalmology v Hongkongu, Ciné a Singapuru. 2

Zorné pole

Zorné pole je cast prostoru, ze kterého vnimame zrakové podnéty pri soucasné
fixaci jednoho bodu. Fyziologicky rozsah monokuldrniho zorného pole se udava 90°
temporalné, 60° nazalné a nahoru a 70° dolu. Binokularné se zorna pole pravého a levého
oka prekryvaji. 12.13

RozliSujeme centralni a periferni zorné pole. Pokud paprsky dopadaji na foveu,
mluvime o centralnim zorném poli, které slouzi k barevnému a ostrému vidéni. Funkci
periferniho zorného pole je hlavné orientace v prostoru a ve tmé a také umoznuje

nebarevné vidéni. 1213
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Vysetreni zorného pole

VySetreni zorného pole se nazyva perimetrie a jeho principem je urcit rozsah
zorného pole a odhalit tak piipadné patologie. S vypadky zorného pole se miizeme setkat
u neurooftalmologickych onemocnéni, u postizeni zrakového nervu nebo u poruch
cévniho zasobeni. DiileZitou roli hraje perimetrie také u diagnostiky glaukomu.1213

Standardni perimetrie vyuziva bily stimulus na bilém pozadi, ktery neselektivné
testuje magnocelularni a parvocelularni buriky zrakového nervu.12

Flicker perimetrie je zplisob testovani zorného pole, kdy se vyuziva blikajici svétly
stimul (flicker) promitany v riiznych mistech zorného pole a hodnoti se schopnost
pacienta dany stimul registrovat. 13 Zablesky se nejlépe rozeznavaji v centralnim zorném
poli, tato schopnost klesd smérem do periferie. RozliSuji se 3 metody flicker perimetrie:
critical flicker fusion (CFF), luminance pedestral flicker a contrast modulation flicker. 14
Pti vySetiovani periferniho zorného pole se pouziva znacka o velikosti 5°. Diilezita je stala

fixace pacienta na stied polokoule béhem celého vysetieni. 15

Ve vyzkumné casti budu zjiStovat zmény periferniho zorného pole (22-50°)
v parvocelularnim zpracovani pomoci full threshold strategie a v magnocelularnim
zpracovani pomoci flicker fusion perimetrie. Zmény zorného pole budou kvantitativné
vyhodnoceny pomoci pattern defect a integralu Bebieho krivky a nasledné statisticky

analyzovany.
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D.I.M.S. spectacle lenses
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Abstract

This article deals with DIMS spectacle lenses as a new treatment option,
respectively slowing the progression of myopia. The introductory part describes myopia,
its division and the current possibilities of influencing its progression. The article includes
a description of peripheral refraction and possible connection with the development of
myopia. In the final part [ describe the field of view, the extent of which when using single

vision lenses and DIMS spectacle lenses will be the subject of my research.

Key words
myopia, peripheral refraction, relative peripheral hyperopia, field of view, D.LM.S.

spectacle lenses (Defocus Incorporated Multiple Segments)

Myopia

Myopia is a spherical refractive error, in which parallel rays entering into the non-
accommodated eye, refracting and creating a focus in front of the retina, then a blurred
image of a distant object is created on the retina. The main symptoms of myopia include
blurred, blurred vision in the distance, closing eyelids, difficult vision in twilight and
darkness, exophoria often occurs. 1
Division of myopia

Myopia can be divided according to the cause into curvature and axial. We talk
about curvature myopia when the axial length of the eye corresponds to the physiological
state (24 mm), but the total optical power is greater than 58.64 D. The cause may be an
increased refractive index of the optical media or an increased curvature of some of the
optical surfaces of the anterior segment of the eye. Axial myopia is considered to be

a condition where the anteroposterior length of the eye is greater than 24 mm, but the
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total optical power is physiological (58.64 D). Increasing the length of the eye by 1 mm
will cause the refractive error to change by approximately 3 D. 1

The prevalence of myopia has been growing significantly in recent decades. In
some Asian countries, 70 to 80% of adolescents are myopic. 2 Myopia progression may be
associated with the development of pathological conditions such as cataracts, glaucoma,
vascular neovascularization and retinal detachment. According to some estimates, by
2050, up to 10% of the world's population could have myopia higher than -5.0 D, which
has a significantly higher proportion of complications. Therefore, great attention is paid
to solving this problem. 34
Ways of control the progression of myopia

There are "myopia therapies" designed to reduce the progression of myopia. These
methods include pharmacological therapy with atropine or beta-blocker drops, treatment
with orthokeratological contact lenses, treatment with hard or soft multifocal contact

lenses, or wearing bifocal glasses. 14

Peripheral refraction

Central refractive error is generally considered the main factor affecting visual
acuity. However, some studies suggest that peripheral refractive error may play an
important role in the development of the refractive state of the eye and lead to further
compensatory axial growth. >

In uncorrected myopic eyes, we encounter relative hyperopic peripheral
refraction. Such eyes have a greater axial length than the equatorial diameter and the
myopic retina has a less flattened shape. While hypermetropes and emmetropes show
relative myopic peripheral refraction. ¢-8

Studies with monkeys and chickens have shown that changes in peripheral
blurring affect axial eye growth and emmetropization. Hyperopic blurring causes greater
progression of myopia, in contrast to myopic defocus, which may slow the progression of
myopia. It has been found that the treatment of myopia with orthokeratology reduces
axial elongation, and the just induced myopic blur in the periphery of the retina reduces
further axial growth of the eye. 62

In the last few decades, a number of studies have been done. These studies have
deal with the refractive state of the peripheral retina in relation to fixation distance,

accommodation, age, the influence of orthokeratological lenses and ethnicity. Techniques
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such as Hartmann-Shack aberrometry, off-axis retinoscopy and open-field autorefraction
were used. Most studies have come to the same conclusion that refractive errors in the

periphery are different from central refractive errors. 8

DIMS Spectacle Lenses

D.LLM.S. (Defocus Incorporated Multiple Segments) are lenses whose main function
is to control of growth of myopia in children. They use the principle of myopic blur and
simultaneous vision. DIMS spectacle lenses consist of a dual focal length, where in the
central part there is an optical zone with a diameter of 9.4 mm, used to correct the
refractive error into the distance, and in the peripheral part there are evenly distributed
about 400 smaller circular segments with an additional power of +3.5 D. Each of these

small circular segments has a diameter of 1.03 mm and provides myopic blur. 410,11
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Figure 1: Structure and design of DIMS spectacle lens 2

According to a study conducted at Hong Kong Polytechnic University, daily
wearing of DIMS lenses for 2 years slowed the progression of myopia in children by 52%

and reduced axial elongation by 62% compared to single vision lenses. 2

Correction by spectacle lenses
The light that enters into the eye along the optical axis is focused on the fovea,
when myopia is corrected with conventional single vision lenses. The image plane shifts

to the macula in the central area, but in the peripheral areas of the retina this plane lies
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behind the retina. There is a hyperopic blur, which stimulates further axial growth of the

eye. 49
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Figure 2: a) uncorrected myopia b) correction with a classic singe vision lens c) correction with a DIMS spectacle lens 3

DIMS spectacle lenses, compared to single vision spectacle lenses, are more
reminiscent of contact lenses used to control myopia growth. However, not all children
are willing and ready to wear contact lenses. In addition, the blurring zones of DIMS lenses
are cosmetically very inconspicuous, so when looking at the wearer, it is difficult to tell
that these are special spectacle lenses. #

DIMS behaves like a single vision lens, does not cause a change in accommodation
or affect the function of binocular vision. From a technical point of view, emphasis should
be placed on centering, especially height, to ensure that the central zone is used for good
visual acuity. When properly centring, the same visual acuity is ensured when looking
directly forward as with conventional single vision lenses. When the view is deviated
temporally, nasally, below or above the DIMS zone, we can observe that there is a loss of
visual acuity by an average of 0.06 logMAR. Blurred vision through this zone is cited as
a major drawback when using DIMS spectacle lenses. 411

DIMS spectacle lenses are available from Hoya under the name MiYOSMART and

are currently used by ophthalmologists in Hong Kong, China and Singapore. 2

Field of view

The field of view is a part of the space from which we perceive visual stimuli while
fixing one point. The physiological range of the monocular field of view is given 90°
temporally, 60° nasally and upwards, and 70° downwards. Binocularly, the fields of view
of the right and left eye overlap. 1213

We distinguish between central and peripheral fields of view. If the rays hit the

fovea, we are talking about a central field of view, which serves for colourful and sharp
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vision. The function of the peripheral field of view is mainly orientation in space and in
the dark, and also allows non-colored vision. 1213
Examination of the visual field

Examination of the visual field is called perimetry and its principle is to determine
the extent of the field of view and thus reveal possible pathologies. Visual field failures
can be found in neuroophthalmological diseases, optic nerve disorders or vascular supply
disorders. Perimetry also plays an important role in the diagnosis of glaucoma. 1213

Standard perimetry uses a white stimulus on a white background that non-
selectively tests the magnocellular and parvocellular cells of the optic nerve. 12

Flicker perimetry is a method of testing the field of view, using a flashing light
stimulus (flicker) projected in different places in the field of view to evaluate the patient's
ability to register the stimulus. 13 Flashes are best recognized in the central field of view,
this ability decreases towards the periphery. There are 3 methods of flicker perimetry:
critical flicker fusion (CFF), luminance pedestral flicker and contrast modulation flicker.
14 When examining the peripheral field of view, a 5° mark is used. Constant fixation of the

patient to the center of the perimeter during the entire examination is very important. 1°

In the research part I will investigate the changes of the peripheral field of view
(22-50°) in parvocellular processing using full threshold strategy and in magnocellular
processing using flicker fusion perimetry. Changes of the field of view will be
quantitatively evaluated using the pattern defect and integral of the Bebie curve and then
statistically analysed.
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Srovnani multifokalnich designti kontaktnich
cocek
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Anotace

Prace se zabyva zejména teoretickym srovnani multifokalnich designti kontaktnich
¢ocek. Uvodni ¢ast se vénuje pojmu multifokalni kontaktni ¢oc¢ky, rozdéli designii
multifokalnich kontaktnich ¢ocek, popisu jejich aplikacniho postupu. Zavérecna Cast se

zaobira metodikou vyzkumné ¢asti prace.

Klicova slova
multifokdlni kontaktni cocky, kontaktni cCocky, presbyopie, adice, Stérbinova

lampa, vizus, dominantni oko, nedominantni oko
Multifokalni kontaktni CoCky

Jsou korekéni pomtickou pro Klienty v presbyopickém véku, kterd jim umozni
vidéni na blizko, stiedni vzdalenost i na dalku. Jsou vhodné na sport, pro aktivni Zivotni
styl, pro Kklienty, ktef'{ kontaktni ¢ocky nosili jiZ pred presbyopickym vékem, i ty, kterym
noseni bryli nevyhovuje. Jejich vyhodou je, Ze neomezuji zorné pole, jsou nendpadné

a poskytuji mladistvéjsi vzhled. 1
Soucasné designy multifokalnich kontaktnich ¢ocek

Pro korekci presbyopie mame 3 typy aplikaci kontaktnich Cocek, z nichz ma kazda
své vyhody a vlastni doporuceny aplika¢ni postup. Do téchto typl radime korekci
monovision, bifokalni kontaktni ¢o¢ky a multifokalni kontaktni ¢ocky. Multifokalni design
rozdélujeme na alternujici koncentricky a simultanni design, ktery je v dneSni dobé
nejvice pouzivany. Simultanni kontaktni cocky dale délime na asféricky a zonalni sféricky

Ci asféricky design. 23
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Simultanni design (obr. 1) je zkonstruovan tak, Ze zdéna na blizko, stredni
vzdalenost i na dalku je umisténa pred zornici. U asférického typu je multifokalniho
ucinku dosazeno asféricitou predni nebo zadni plochy kontaktni ¢oCky. Kolem centralni
casti cocky jsou soustredné rozloZeny dioptrické hodnoty. Asférické cocky se vyrabi
bud’ se stiedovou oblasti pro korekci vidéni na dalku, nebo na blizko. U konstrukéniho
typu se stfedovou zonou pro vidéni na dalku se asféricka krivka nejcastéji umistuje
na zadni povrch ¢ocky. Dioptrie do dalky, tedy nejvice minusové hodnoty, se nachazi
uprostred CoCky a smérem Kk periferii se dioptrické hodnoty postupné méni na zénu
pro korekci vidéni do blizka. Na sitnici dopadaji obrazy z nékolika vzdalenosti soucasné a
mozek si automaticky vybere zobrazeni z té vzdalenosti, na kterou pacient zaostruje.
Pozoruje-li klient blizky predmeét, na sitnici se mu zaostii svétlo z periferie a ze stiredové
oblasti se promitne svétlo nezaostiené. Naopak pri pozorovani vzdaleného predmétu,
je predmét zaostien centralni oblasti a okolni oblasti vytvareji neostry obraz. Nevyhodou
tohoto  konstrukéniho typu je to, Ze pri sledovani blizkého predmétu
se zornice zuZi, a tak z periferni oblasti pro vidéni na blizko dopad4a méné svétla. Diky

7

tomu je tento typ kontaktnich ¢ocek vhodnéjsi pro klienty, ktefi preferuji vidéni do dalky
nebo pro presbyopy snizsi adici. Druhym konstrukénim typem jsou kontaktni cocky
se stfedovou zo6nou pro korekci vidéni do blizka, kde jsou umistény nejsilnéjsi dioptrické
hodnoty a smérem k periferii hodnoty klesaji pro vidéni do dalky. Asféricka kiivka
je umisténa na predni stranu. Vtomto piipadé jsou kontaktni cocky vhodné

pro presbyopy, ktef{ preferuji vidéni na blizkou vzdalenost. 1

Obrdzek 7 - Simultdnni design kontaktnich ¢ocek (vlastni archiv)

Obr. 1: D = korekce do dalky, S = korekce na stfedni vzdalenost, B = korekce do blizka

Zonalni asféricky a sféricky design (obr. 2) je navrzen tak, aby umoznoval vyvazené

vidéni na vS§echny vzdalenosti, a synergicky kombinuje vyhody historickych vicezénovych
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sférickych a  asférickych  designi  mékkych  coCek.  Vyslednd  Cocka
ma zonovou asférickou predni plochu navrzenou tak, aby vyuzivala prirozenou hloubku
ostrosti oka. Opticka mohutnost a rozloZeni zén pro kazdou adici byly optimalizovany

s ohledem na fyziologické zmény velikosti zornice s vékem a se zménou osvétleni.
U tohoto typu je velmi dilezitym parametrem oc¢ni dominance. Na dominantni oko
je nasazena CocCka se stredovou zoénou pro vidéni do dalky, zatimco cocka pro
nedominantni oko ma stfedovou z6nu pro vidéni do blizka. Konstrukce téchto c¢ocek
mohou vyuzivat asférickou plochu, sférickou plochu nebo kombinaci obou s jedine¢nymi

velikostmi zon a vytvaret tak dvé komplementarni, ale zaroven inverzni geometrie ¢ocek.3

Obrdzek 8 - Zondlni asféricky design kontaktnich cocek (vlastni archiv)

Obr. 2: D = korekce do dalky, S = korekce na stiedni vzdalenost, B = korekce do blizka

Typy alternujicich kontaktnich Cocek jsou koncentrické nebo se segmentem
(obr. 3). Prevazna vétsina alternujicich designii jsou k dispozici jako tvrdé kontaktni cocky
kvili problémim s efektivnim prechodem na mékké cocky. V poslednich letech
je vSak k dispozici i fada mékkych alternujicich cocek, které vsak nejsou prilis rozsirené.
Jak mékké, tak tuhé plynopropustné ¢ocky maji ¢asti pro vidéni na dalku a na blizko, které
jsou usporadany podobné jako u bifokalnich brylovych ¢ocek. Pfi pfimém pohledu
je ¢ast kontaktni ¢oCky pro vidéni do dalky umisténa na zornici. KdyzZ je pohled pfi ¢teni
smérovan doldi, ¢ast pro vidéni na blizko se prreklopi nahoru, aby umoznila korekci vidéni

na blizko. Dolni vicko hraje dulezitou roli pti polohovani a stabilizaci ¢ocky.

RWAR :
w
B

Obrdzek 9 - Alternujici kontaktni cocky se segmentem (vlastni archiv)

Obr. 3: D = korekce do dalky, B = korekce do blizka
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Kontaktni ¢ocky s designem koncentrického systému (obr. 4) jsou konstruovany
z nékolika kruZnic se stridajici se dioptrickou hodnotou pro korekci do dalky a do blizka.
Pri rGzné Sifi zornice je tim nabizena jina oblast korekce na piisluSnou vzdalenost
a zjednodusen vybér ostrého obrazu. Optickd mohutnost je tvorena na predni nebo zadni

ploSe ¢i kombinaci obou ploch. !

Obrdzek 10 - Alternujici koncentrické kontaktni cocky (vlastni archiv)
Obr. 4: D = korekce do dalky, B = korekce do blizka

Aplikac¢ni postup

Ke kazdému Klientovi pristupujeme individualné, jiz pii anamnéze
si vyslechneme, na co a jak ¢asto budou chtit kontaktni ¢ocky vyuZivat. Pfred samotnou
anamnézou provadime aspekci, u které si vS§imame predevSim postaveni vicek, ras,
velikosti a polohy o¢ni Stérbiny. Anamnéza ndm da souhrn znalosti o klientovi, diky
kterym dokazeme predejit komplikacim. 1.5

Zkontrolujeme naturalni vizus a zmérime hodnoty objektivni a nasledné
subjektivni refrakce, a to do dalky i do blizka. DalSim parametrem, dtlezitym
pro snasenlivost kontaktnich Cocek, je kvalitni slzny film. Pro zméreni vodné slozky slz
muzeme pouZzit Schirmertv test, coz je 35 mm dlouhy a 5 mm Siroky filtra¢ni papirek,
ktery se prehnutym koncem vloZi do dolniho spojivkového vaku v temporalni casti
dolniho vicka. Po 5 minutach filtra¢ni papirky vyjmeme z obou oci, které mél klient
po celou dobu otevriené, a odeCteme délku zvlhcené Casti papirku. Pri normalni tvorbé
vodné slozky slz by méla byt zvlhCena ¢ast delSi nez 10 mm. !

Prechazime k vySetreni predniho segmentu oka na Stérbinové lampé, jehoz cilem
je zkontrolovat o¢ni tkané, zda jsou v poradku a vhodné k aplikaci. Pti odhaleni pripadné
kontraindikace odeSleme klienta k oftalmologovi. VySetfeni na Stérbinové lampé
zaciname vZdy na malém zvétSeni a s difuznim filtrem. Za¢iname od temporalniho okraje
dolniho vicka a postupujeme k nasalnimu koutku, kde si prohlédneme slzné body. Dolni

vicko stdhneme a prohlédneme spojivku. VSimame si téZ postaventi tas, pripadného make-
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upu. Pri pohledu klienta nahoru pozorujeme spodni oblast limbu. Pokracujeme podél
horniho vi¢ka, kde vySetfime horni ¢ast limbu, pti pohledech do stran bulbarni spojivku
a pri everzi horniho vicka také vickovou spojivku. Everzi horniho vi¢ka provadime spiSe
vzavéru tohoto  vySetfeni, protoze miZe mirné podrazdit spojivku
a pro nékteré Kklienty byva nepiijemna. Dikladné si prohlédneme rohovku, zde mizeme
vyuzit vétsiho zvétSeni a metodu optického rezu, pripadné dalsi zname metody. !

Méreni keratometrickych a topografickych hodnot je dalSim krokem
ve vySetrovani. Lze je zmérit naptiklad na autokeratometru, topografu, DNEye scanneru
a dalSich pftistrojich. Hodnoty nam udavaji poloméry ktivosti centralni ¢asti rohovky
a slouzi nam pro vybér spravného zaktiveni kontaktni cocky. 1

Pomoci doplitkovych vysSetfeni si mizeme zmérit napriklad primér zornice,
pachymetrii, primér rohovky, tonus vicek, frekvenci mrkani a urcit dominanci oka, ktera
je konkrétné pro multifokalni kontaktni ¢oCky nezbytnym parametrem. O¢ni dominanci
rozdélujeme do 3 typi - senzorickou, motorickou a smérovou neboli ,sighting”
dominanci. Senzorickou o¢ni dominanci zjistime napriklad diky alternujicimu
zamlZovani, kdy klienta v aktualni korekci do dalky binokuldrné zamlZime +1,5 D
a stridavé zakryvame pravé a levé oko. Oko svice rozmazanym obrazem bude
dominantni. Motorickou o¢ni dominanci testujeme napriklad na MKH testech, které
obsahuji fizni stimul. Kdy u heteroforické fixa¢ni disparité je okulomotoricky dominantni
oko méné wuchylené. Smérovou dominanci ur¢ime pomoci Check tesu,
Hole-in-card testu, pointing testu nebo trojuhelniku, ktery si vyrobime ze svych dlani.
V trojuhelniku sledujeme optotypovy znak a stridavé zakryvame pravé a levé oko.

OKo, pri kterém obraz ,uskoci“ je nedominantni (obr. 5). 156

Obrdzek 11 - Ukdzka testu dominance oka bez pouZiti optotypového znaku (vlastni archiv)

Obr. 5: divani obéma oc¢ima, divani dominantnim okem, divani nedominantnim okem
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Je-li korekce v brylich vyssi neZ +4,0 D, je treba prepocitat optickou mohutnost

kontaktni Cocky dle vzorce S'k¢ = V pripadé torické korekce miizeme zvolit

__SB
1-Ad .S’KC
torické kontaktni cocCky, pripadné pouzit sféricky ekvivalent pii volbé sférickych
kontaktnich Cocek. Dle potieb a poZzadavki klienta vybereme vhodny typ kontaktnich
cocek a podle aplika¢niho postupu vyrobce nasledné také design ¢ocky podle potrebné

adice. !

Tabulka 1 - Vybér adice u kontaktnich cocek Air Optix Aqua Multifocal

Brylova adice [D] Obé oci
Do +1,25 LO
+1,50 az +2,00 MED
+2,25 az +2,50 HI

Tabulka 2 - Vybér adice u kontaktnich cocek Biofinity Multifocal

Brylova adice [D] Dominantni oko Nedominantni oko
+1,00 D D
+1,50 D D
+2,00 D N
+2,50 D N

Zakladem uspésné aplikace jsou predevsim realna oCekavani a motivace klienta.
Respondenta informujeme o dobé noSeni a dobé pouzitelnosti, manipulaci, systému péce
o kontaktni ¢ocky, o jejich finan¢ni dostupnosti. Nesmime opomenout instrukci
o spravné hygiené rukou pred aplikaci kontaktnich Cocek, o kontrole cocek a jejich
nasazovani a vyjimani z oci. 1.6

Vybrané kontaktni ¢oc¢ky nasadime a kontrolu vizu provedeme minimalné po 15
minutach adaptace. Vizus prezkousime do dalky i do blizka binokularné, vidéni mtzeme
ovérit i na redlnych prikladech, jako je mobilni telefon, hodinky ¢i noviny. Je-li treba

dokorekce, postupujeme podle doporuceného aplika¢niho postupu od vyrobce.
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Na Stérbinové lampé zkontrolujeme usazeni CoCky. Spravné naaplikovana ¢ocka by méla
byt usazena centricky a jeji okraj by mél presahovat limbus rohovky o 1,0 az 1,5 mm,
aby nedochazelo k utlaku rohovky. Pohyblivost by méla byt pfi pfimém pohledu asi 0,2

az 1,5 mm, lze ovérime push-up testem, kdy se dolnim vickem dotkneme okraje kontaktni
¢ocky, ta by se méla pohnout a opét vratit do ptivodni polohy. Po vyjmuti z o¢i zrevidujeme
stav predniho segmentu oka, predevsim rohovku, zda nevykazuje znamky hypoxie, otlak
v misté okraje kontaktni ¢ocky a spojivkovou reakci. Jsou-li kontaktni ¢ocky pro nositele
pohodlné a spravné naaplikované zavisi i na dalSich parametrech, jako je napriklad
tloustka kontaktni ¢ocky, propustnost pro kyslik, koeficient bobtnavosti, hydrolyticka

stabilita a modul elasticity. 1.7.8
Metodika vyzkumné casti
V praktické casti budou porovnany kontaktni cocky Air Optix Aqua Multifokal (obr. 6)

od vyrobce Alcon a Biofinity Multifocal (obr. 7) od znacky Cooper Vision.

Tabulka 3 - Porovndni Air Optix Aqua Multifokal a Biofinity Multifocal

Air Optix Aqua Multifokal Biofinity Multifocal
Design Asféricky CN CD nebo CN multizonalni
Material Silikonhydrogel Silikonhydrogel
Doba noseni Mésicni Mésicni
Zakriveni 8,60 8,60
Pramér 14,2 mm 14,00 mm
Propustnost kysliku 138 Dk/t 142 Dk/t
Obsah vody 33% 48 %
7,8,9
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Obrdzek 13 - Air Optix Aqua Multifokal 8 Obrdzek 12 - Biofinity Multifocal 19

Vyzkum bude proveden v oc¢ni optice Arte Optik. Respondenty budou tvorit lidé
v presbyopickém véku. Kazdému z nich bude naaplikovdn nahodné jeden z designii
kontaktnich ¢ofek a po meésici noSeni jim bude naaplikovan druhy design.
U vySetfovanych bude zaznamenano pohlavi, vék, hodnoty objektivni refrakce z DNEye
Scanneru, hodnoty subjektivni refrakce, vizus s brylovou korekci, dioptrickd hodnota
kontaktnich ¢ocek, zaktiveni rohovky, nitroo¢ni tlak, hodnoty ze Schirmerova testu, Sitka
zornice za fotopickych a skotopickych podminek, usazeni cocky pomoci push-up testu a
binokularni vizus do dalky a do blizka za fotopickych i skotopickych podminek
s kontaktnimi ¢ockami. Osvétleni za fotopickych i skotopickych podminek bude méren

pomoci luxmetru.

Pro vyzkum jsou stanoveny tyto 3 hypotézy:

1. Respondenti budou mit lepsi vizus za skotopickych podminek s Air Optix Aqua
Multifocal nez s Biofinity Multifocal.

2. Lepsi stabilitu kontaktnich ¢oCek budou prokazovat Biofinity Multifocal nez Air
Optix Aqua Multifocal.

3. Subjektivni hodnoceni vidéni se nebude vzdy shodovat s namérenym vizem

u obou typt kontaktnich ¢ocek.
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This contribution deals mainly with the theoretical background to my thesis on the
topic of comparison of multifocal contact lens designs. The introductory part deals with
the term multifocal contact lens, the division of multifocal contact lens designs,
and a description of their application procedure. The final part deals with

the methodology of the research part of the thesis.
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Multifocal contact lenses

They are a corrective aid for presbyopic clients to enable them to see at near,
intermediate and distance. They are suitable for sports, for an active lifestyle, for clients
who have worn contact lenses before presbyopic age, and for those who are not
comfortable wearing glasses. Their advantage is that they do not restrict the field

of vision, they are unobtrusive and provide a more youthful appearance. !

Current designs of multifocal contact lenses

There are 3 types of contact lens applications for presbyopia correction, each with
its own advantages and its own recommended application procedure. These types include
monovision correction, bifocal contact lenses and multifocal contact lenses. Multifocal

designs are divided into alternating concentric and simultaneous designs, which are the
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most widely used today. Simultaneous contact lenses are further subdivided into aspheric
and zonal spherical or aspheric designs. 23

The simultaneous design (pic. 1) is constructed so that the near, intermediate
and distance zones are located in front of the eye pupil. In the aspheric type,
the multifocal effect is achieved by asphericity of the anterior or posterior surface
of the contact lens. The dioptric values are concentrically distributed around the central
part of the lens. Aspheric lenses are made either with a central area for the correction
of distance or near vision. In the construction type with a central zone for distance vision,
the aspheric curve is most often placed on the back surface of the lens.
The distance power, i.e. the most negative power, is located in the centre of the lens
and towards the periphery the dioptric values gradually change to the zone
for correcting near vision. The retina receives images from several distances
simultaneously and the brain automatically selects the image from the distance at which
the patient is focusing. If the client is looking at a close object, light from the periphery
is focused on the retina and out-of-focus light is projected from the central area.
Conversely, when viewing a distant object, the object is focused by the central area
and the surrounding areas produce an out-of-focus image. The disadvantage of this design
is that when viewing a near object the eye pupil constricts and less light
isreceived from the peripheral near vision area. This makes this type of contact lens more
suitable for clients who prefer distance vision or for presbyopes with lower addition. The
second design type is a contact lens with a central zone for correcting near vision, where
the strongest dioptric values are located and the values decrease towards the periphery
for distance vision. The aspheric curve is placed on the front side. In this case, contact

lenses are suitable for presbyopes who prefer near vision. 1

Picture 1 - Simultaneous contact lens design (own archive)

Pic. 1: D = distance power, S = intermediate power, B = near power
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The zonal aspheric and spherical design (pic. 2) is designed to allow balanced
vision at all distances, and synergistically combines the advantages of historical
multi-zone spherical and aspheric soft lens designs. The resulting lens has a zonal
aspheric front surface designed to exploit the eye's natural depth of field. The optical
power and zone distribution for each addition have been optimized to reflect
physiological changes in pupil size with age and changes in illumination. In this type,
ocular dominance is a very important parameter. On the dominant eye lens is fitted with
a central zone for distance vision, while the lens for the non-dominant eye has a central
zone for near vision. The designs of these lenses can use an aspheric surface, a spherical
surface, or a combination of the two with unique zone sizes, creating two complementary

but inverse lens geometries. 3

Picture 2 - Zonal aspheric contact lens design (own archive)

Pic. 2: D = distance power, S = intermediate power, B = near power

Types of alternating contact lenses are concentric or segmented (pic. 3). The vast
majority of alternate designs are available as rigid contact lenses because
of the difficulty in effectively changing to soft lenses. In recent years however, a number
of soft alternative lenses are also available but are not very widely used. Both soft and
rigid gas permeable lenses have distance and near vision sections that are arranged
similarly to bifocal lenses. When looking straight ahead the distance power
of the contact lens is placed on the pupil. When the reading gaze is directed downwards,
the near part flips upwards to allow correction of near vision. The lower eyelid plays

an important role in positioning and stabilizing the lens. 4

RWAR :
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B

Picture 3 - Alternative contact lenses with segment (own archive)

Pic. 3: D = distance power, B = near power
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Contact lenses with a concentric system design (pic. 4) are constructed of several
circles with alternating dioptric values for distance and near correction. With different
eye pupil sizes, this offers a different area of correction at the appropriate distance
and the selection of a sharp image is simplified. The optical power is formed on the front

or back surface or a combination of both surfaces. 1

Picture 4 - Alternative concentric contact lenses (own archive)

Pic. 4: D = distance power, B = near power

Application procedure

Each client is treated individually, and we listen to their medical history, what they
want to use the contact lenses for and how often. Before the anamnesis itself,
we perform an eye assessment, in which we pay particular attention to the position
of the eyelids, the eyelashes, the size and position of the eye slit. The medical history
of the patient gives us a summary of knowledge about the client, which helps
us to prevent complications. 1.5

We check the natural vision and measure the objective and then subjective
refraction values, both at distance and near. Another parameter important for contact lens
tolerance is the quality of the tear film. To measure the aqueous component of tears, we
can use the Schirmer test, which is a 35 mm long and 5 mm wide filter paper that
is inserted into the lower conjunctival sac in the temporal part of the lower eyelid with
the folded end. After 5 minutes, the filter papers are removed from both eyes
of the client. Measure the length of the moistened part of the paper. With normal
production of the aqueous component of tears, the wetted portion should be longer
than 10 mm. 1

We move on to the slit lamp examination of the anterior segment of the eye,
the aim of which is to check the ocular tissues to see if they're okay and suitable
for application. If any contraindication is detected, we refer the client

to an ophthalmologist. We always start the slit lamp examination at low magnification and
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with a diffusion filter. We start from the temporal margin of the lower eyelid
and proceed to the nasal corner to examine the lacrimal points. The lower eyelid
is pulled back and the conjunctiva is examined. We also note the position
of the eyelashes and any make-up. Looking up at the client, we observe the lower limbal
region. Continuing along the upper eyelid, we examine the upper part of the limbus,
the bulbar conjunctiva when looking laterally and the palpebral conjunctiva when
the upper eyelid is everted. Upper eyelid eversion is performed towards the end of this
examination, as it may slightly irritate the conjunctiva and can be uncomfortable
for some clients. We will thoroughly examine the cornea, here we may use higher
magnification and the optical section method or other known methods. 1

Measuring keratometric and topographic values is the next step
in the examination. They can be measured, for example, on an autokeratometer,
topograph, DNEye scanner and other equipment. The values give us the radii
of curvature of the central part of the cornea and are used to select the proper contact lens
curvature. 1

With the help of additional examinations we can measure, for example, the pupil
diameter, pachymetry, corneal diameter, eyelid tone, blink frequency and determine
the dominance of the eye, which is a necessary parameter for multifocal contact lenses.
Ocular dominance is divided into 3 types - sensory, motor and directional or " sighting"
dominance. Sensory ocular dominance can be detected, for example, by alternating
blurring, where the client is binocularly blurred +1.5 D in the current distance correction.
and alternately occluding the right and left eye. The eye with the more blurred image will
be the dominant eye. Motor eye dominance is tested, for example,
on MKH tests that include a fusion stimulus. When in heterophoric fixation disparity
the oculomotor dominant eye is less deviant. We determine directional dominance using
the Check tes, Hole-in-card test, pointing test or a triangle we make from our palms.
We trace the optotype sign in the triangle and alternately cover the right and left eye. The

eye in which the image "jumps" is the non-dominant eye (pic. 5). 156
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Picture 5 - Example of the eye dominance test without using the optotype feature (own archive)

Pic. 5: looking with both eyes, looking with the dominant eye, looking with the non-dominant eye

If the correction in the glasses is higher than #4,0 D, the optical power
of the contact lens must be recalculated according to the formula S'cL = %.
In the case of toric correction, we can choose toric contact lenses or use the spherical
equivalent when choosing spherical contact lenses. According to the needs
and requirements of the client, we select the appropriate type of contact lenses and then,
according to the manufacturer's application procedure, also the design of the lens

according to the required addition. 1

Table 4 - Choice of addition for Air Optix Aqua Multifocal contact lenses

Glasses addiction [D] Both eyes
Up to +1,25 LO
+1,50 to +2,00 MED
+2,25t0 +2,50 HI
7
Tabulka 5 - Vybér adice u kontaktnich cocek Biofinity Multifocal
Glasses addiction [D] Dominant eye Non-dominant eye
+1,00 D D
+1,50 D D
+2,00 D N
+2,50 D N
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The basis of a successful application is primarily realistic expectations and
motivation of the client. We inform the respondent about the wearing and wear time,
manipulation, contact lens care system and financial availability. We must not forget
to instruct about proper hand hygiene before applying contact lenses, about checking the
lenses and putting them on and taking them out of the eyes.16

The selected contact lenses will be fitted and a vision check will be performed after
at least 15 minutes of adaptation. We will check the binocular vision both
at distance and near, and we can also check the vision on real examples such as a mobile
phone, watch or newspaper. If correction adjustment is needed, we follow
the manufacturer's recommended application procedure. Check the lens seating
on the slit lamp. A properly applied lens should be seated centrally and its edge should
extend 1.0 to 1.5 mm beyond the corneal limbus to avoid corneal oppression.
The mobility should be about 0.2 to 1.5 mm in direct view, which can be verified
by a push-up test, when the lower eyelid touches the edge of the contact lens,
which should move and return to its original position. After removal from the eye,
we check the condition of the anterior segment of the eye, especially the cornea,
for signs of hypoxia, swelling at the contact lens edge and conjunctival reaction. Whether
the contact lens is comfortable for the wearer and correctly applied depends on other
parameters such as contact lens thickness, oxygen permeability, swelling coefficient,

hydrolytic stability and elastic modulus. 17:8

Methodology of the research part

In the practical part, Air Optix Aqua Multifocal contact lenses will be compared (pic. 6)

from Alcon and Biofinity Multifocal (pic. 7) from Cooper Vision.
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Table 3 - Comparison of Air Optix Aqua Multifocal and Biofinity Multifocal

Air Optix Aqua Multifokal

Biofinity Multifocal

Design Aspherical CN CD or CN multizonal
Material Silicone hydrogel Silicone hydrogel
Wearing cycle Monthly disposable Monthly disposable
Base Curve 8,60 8,60
Diameter 14,2 mm 14,00 mm
Oxygen permeability 138 Dk/t 142 Dk/t
Water content 33% 48 %

Picture 14 - Air Optix Aqua Multifokal 8

The research will be carried out at Arte Optik opticians. The respondents will
be people of presbyopic age. Each of them will be randomly fitted with one of the contact
lens designs and after one month of wearing they will be fitted with the other design. The
subjects will be recorded for gender, age, objective refraction values from
the DNEye Scanner, subjective refraction values, glasses vision, contact lens dioptric
value, corneal curvature, intraocular pressure, Schirmer test values, pupil width under
photopic and scotopic conditions, lens fit using the push-up test, and binocular distance

and near vision under photopic and scotopic conditions with contact lenses. [llumination

Picture 15 - Biofinity Multifocal
10

under photopic and scotopic conditions will be measured using a luxmeter.

The following 3 hypotheses are set for the research:
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1. Respondents will have better vision under scotopic conditions with Air Optix Aqua
Multifocal than with Biofinity Multifocal.

2. Biofinity Multifocal will demonstrate better contact lens stability than Air Optix
Aqua Multifocal.

3. Subjective vision assessment will not always agree with measured vision

with both types of contact lenses.

Resources:
1. Zadérova P. Korekce presbyopie. Presented at the: Brno 2021.
2. Benes P. Specialni kontaktologie. Presented at the Brno 2021.

3. Efron N. Contact Lens Practice /. Third edition. Edinburgh: Elsevier, 2018. 471 s.
ISBN 978-0-7020-6660-3.

4, Svatopluk S. Kontaktni ¢oCky — Ucebni texty pro studium optometrie | Lékarska
fakulta Masarykovy univerzity. Accessed April 18, 2022.
https://is.muni.cz/elportal/estud/lf/ps09/cocky/web/pages/str11.html#ch20-3

5. Cermakova K. Zakladni pravidla pro stanoveni refrakce oka [bachelor's thesis].
Brno, Czechia: Masarykova univerzita, Lékarska fakulta; 2021. Accessed April 16, 2022.
6. Bélova S. Aplikace multifokalnich kontaktnich ¢ocek. Presented online March 23
2022.

7. CIBA VISION. Postup aplikace - podpiirné propagacni materidly k produktim
Focus DAILIES Progressives a AIR OPTIX AQUA Multifocal. Published 2010.

8. CooperVision. Biofinity family, DalSi generace silikonhydrogelu - podptirné
propagac¢ni materialy. Published 2012.

9. Johnson & Johnson Vision Care. Pochopit multifokalni kontaktni cocky a naucit se
S nimi pracovat.
https://www.jnjvisioncare.cz/sites/default/files/public/cz/documents/pochopeni_mul
tifocal_kc_cz_nahled.pdf Accessented April 18, 2022.

10.  Multifocal Contact Lenses — Eye Care Associates Of New Hampton Of New
Hampton. https://ecanh.com/multifocal-contact-lenses. Accessed April 18, 2022.

106



Meéreni velikosti uhlu dolniho vicka v zavislosti
na veku

Bc. Lucie Gregori€ova, Mgr. Dana Travnikova

Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity v Brné

Anotace

Tato studie se zabyva mérenim velikosti uhlu dolniho vicka a tim, jak se jeho
velikost méni s vékem. Caste¢né se zaméiuje i na poruchy slzivosti, které jsou ¢asto
spojeny se zménami tohoto dhlu. V prvni ¢asti jsou zminény zakladni teoretické pojmy,
které se tohoto tématu tykaji, jako je anatomicky popis stavby vicek a poruchy postaveni

vicek vzhledem k véku. Ve druhé casti je popsana metodika vyzkumu.

Klicova slova

uhel dolniho vi¢ka, ektropium, entropium, slzny film, Schirmeriv test

Uvod:

Vicka tvori ochranu predni casti bulbu a uzaviraji o¢ni Stérbinu. Velikost oc¢ni
Stérbiny, kterd se nachazi mezi hornim a dolnim vickem se méni v zavislosti na dinavé
a psychickém stavu, ale zavisi také naptiklad na rase. Pti otevirenych vickach dosahuje 10-
14 mm vertikalné a 28-32 mm horizontalné. Okraj horniho vic¢ko ditéte je proti dospélému
¢lovéku o 1 aZ 2 mm vySe. Vnitini koutek oka je poloZen o 1-2 mm niZe neZ vnéjsi koutek.
S vékem dochazi k poklesu vnéjsiho koutku az jsou oba pribliZné stejné vysoko. Vzajemné
postavené koutkii je rozdilné v zavislosti na rase. Naptiklad u mongoloidni rasy mizeme
pozorovat epikantus, coz je polomésicita koZni rasa prekryvajici obloukovité vnitini
koutek oka. Horni vicko prekryva o 1 mm limbus rohovovky, horni okrajspodniho vicka
se nachazi 2 mm pod limbem a dotyka se okraje rohovky. Podklad vicek tvori horni a dolni
tarzalni ploténky od kterych je smérem k okraji oCnice napnuto orbitalni septum. Tarzalni
ploténky jsou mezi sebou spojeny vazy. Za orbitalnim septem se nachazi orbitalni tukova
tkan. Na tarzalni ploténku horniho vicka se upina zvedac horniho vicka, ktery zveda vicko.
Svalova funkce vic¢ek jetvorena predevSim vldkny musculus orbicularis oculi. Do

aponeurozy zvedace horniho vicka se upind Mullertv sval, ktery zajisStuje svalovy tonus
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vicek. V tarzalnich ploténkach vicek mliZeme najit Meibomské 7lazky, které se podili na
tvorbé olejové vrstvy slzného filmu. Ta ma za kol zabranit jeho odparovani. Tyto Zlazky
usti na vnitfnim okraji vicek. Nachazi se zde také Zeissovy Zlazky, které usti do pochev
ras. DalSim typem pridatnych slznych zZlaz jsou Mollovy Zlazy, které jsou typem potnich
zlaz a usti do folikull Fas ¢i na povrch okrajii vicek. Ve spojivce vicek mlizeme najit také

poharkové buiiky. 12345

Slzny film ve vztahu k vickiim

Vicka maji zasadni vliv na funkci slzného filmu. Pii zavirani vicek dochazi
ke kontrakci musculus orbicularis oculi , stlaceni fornixi a také k vytlaceni mazu
z Meibomskych Z1az. Dolni vicko se ptitom pohybuje dolti a do strany ¢imzZ posouva slzy a
bunécny odpad Kk fornixtim. Zarovenn dochazi pii mrkani k roztirani slzného filmu po
rohovce hornim vickem. Pfi pohybu vicek dojde k ¢innosti musculus orbicularis oculi
k podtlaku a slzy jsou nasavany nazalnim smeérem, to je oznaCovano jako slzna pumpa

a tvori aktivni slozku transportu slz. Pasivni sloZka je tvorena chlopnémi, které zabranuji

zpétnému zpétnému toku slz v slznych cestach. 1.3

Vliv véku na postaveni okraji vicek

Po 40. roce véku dochazi k postupnému ochabnuti vicek, jejich sestupu, everzi
slznych bodti a k chybnému postaveni vicek, ¢imz dojde k dysfunkci slzné pumpy a tak se
zhorsuje kvalita a kvantita slzného filmu. Mezi ¢asté vadné postaveni okrajl zplisobené
vékem vicek patii entropium a entropium. Pii ektropiu dochazi k odstavani okraje
dolniho vi¢ka od bulbu, nejc¢astéjsi pri¢inou je ochablost tkané zptlisobena vékem. Senilni
ektropium se projevuje slzenim a epiforou. Stav lze ¢astecné korigovat chirurgicky. U
entropie se okraj vicka staci proti bulbu. Senilni entropium se vyskytuje na dolnim vicku,
kiize je ochabla, musculus orbicularis oculi se stahuje. Sto¢eni proi bulbu podporuje vznik
trichiazy, ktera zptisobuje dalsi drazdéni a spasmy svalu. Lécbou je bud’ fixace stehem na

dolnim okraji vicka nebo plasticka rekonstrukce dolniho vicka. 2.5 6
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Obradzek 16-Senilni ektropium

Méreni ihlu dolniho vicka

Méreni velikoti tthlu dolniho vi¢ka je mozné naptiklad pomoci rohovkového
topografu, ktery ma méreni tohoto thlu jako soucast nabidky softwaru. Dal$i moZnosti je
méfeni whlu dolniho vi¢ka na $térbinové lampé. Uhel vitka je méfen izkym svazkem

paprski, ktery je natocen do pozadovaného thlu.

Schirmeruv test

Schirmertv test slouzi ke zjiSténi vodné slozky slzného filmu. Zakladem je filtra¢ni
papir o velikosti 5x35 mm, ktery se prehne na konci o 5 mm. PreloZenou ¢ast vloZime
pacientovi do dolniho fornixu, poté nechame pacienta 5 minut s otevienyma oc¢ima
a nasledné papir vyjmeme a zmétime zvlhlou ¢ast papiru. Stejny postup zopakujeme i pro
druhé oko a vysledky porovname. U osob do 40 let by méla byt délka zvlhlé ¢asti papiru
15 mm, i osob nad 40 let alespoii 10 mm. Méreni budu provadét pomoci Schirmerova testu

v v/

bez anestetika, ktery méri soucasné bazalni i reflexni sekreci slz. 1.6

éi)rdzek 17-Schirmertv test 10
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Metodika vyzkumu

Tento vyzkum se bude zabyvat mérenim velikosti ihlu dolniho vi¢ka u pacienti
riznych vékovych kategorii. U pacientl se budou nejprve zjiStény zakladni anamnestické
udaje jako je rok narozeni, pohlavi, prodélané urazy ¢i operace ve vztahu k vickim.
Nasledné bude zméren uhel dolniho vicka na pravém a levém oku pomoci Stérbinové
lampy. Poté budou porizeny snimky pravého a levého oka a vyfocené snimky budou
vloZeny do pocitace, kde bude uhel dolniho vi¢ka znovu zméren a vysledky méreni ahlu
pomoci $térbinové lampy budou porovnany s vysledky namérenymi pomoci fotografii.
Na zavér bude u kazdého pacienta provedeno mérenti slzivosti pomoci Shirmerrova testu.
Pacienti budou rozdéleni do tii skupin a to na pacienty nad 20 let, nad 40 let a nad 60 let.
Toto vékové rozdéleni neni nahodné, jelikoz u pacientli po 40. roce véku dochazi
k ochabovani vicek a k everzi slznych bodi a tim i k degradaci slzné pumpy. Toto méfeni
ma za ukol urcit, jaka je zavislost hlu dolniho vi¢ka na slzivosti. Na zavér budou mezi

sebou porovnany vysledky namérené u jednotlivych vékovych skupin.t

Pro vyzkum jsou stanoveny nasledujici 3 hypotézy:
1. Velikost thlu dolniho vicka se bude zvétSovat s vékem.
(U pacientli ve vékové skupiné nad 40 let bude vyssi nartst velikosti thlu dolniho
vicka nez u ostatnich vékovych skupin.)
2. Se stoupajici hodnotou velikosti tthlu dolniho vi¢ka bude klesat hodnota slzivosti.

3. Snartstajici velikosti ihlu dolniho vicka se bude zvySovat jeho délka.

ReSerse

Brazilskd studie- Involu¢ni entropium a ektropium dolniho vic¢ka: prevalence

a souvisejici rizikové faktory u starsi populace

O¢ni vy$etfeni bylo provedeno u 24 565 osob vy$siho véku. Utastnici studie podstoupili
vySetreni u praktického oftalmologa, kde se zjiStoval stavajici stav ektropia ¢i entropia.
U pacientl s involu¢nim ektropiem a entropiem byla zmérena axidlni projekce o¢niho

bulbu. 8

Vysledky mérent:

Prevalence involuc¢ni entropie byla 2,1 %; 1,9 % u muzi a 2,4 % u Zen. Prevalence
involu¢niho ektropia byla 2,9 %; 5,1 % u muzt a 1,5 % u Zen. Syndrom suchého oka, laxita

dolniho retraktoru a povrchova teckovana keratopatie byly pozorovany vyznamné castéji
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u pacientt s involu¢ni entropif nez u pacienti s involu¢nim ektropiem (p < 0,001). Axialni
projekce o¢niho koule byla signifikantné mensi u pacientd s involu¢ni entropii nez

u pacientt s involu¢ni ektropii (p < 0,001). 8

Americka studie- Délka spodniho vicka

Byly méreny Zeny ve vékovych skupinach od 20 do 99 let, kazda skupiny si liSila
o 10 let. V kazdé vékové skupiné bylo méieno 20 pacientti, celkem bylo tedy zmétreno 160
pacientti. V dané vékové skupiné byla zmérena priimérna délka spodniho vicka. Vzdy bylo
zméreno vice hodnot ze kterych byla vypocitana primérna hodnota. 7

Vysledky méreni:

Primérna délka spodniho vicka se pohybovala od 10,4 mm u vékové skupiny
20-29 let az do 18,6 mm u vékové skupiny 90-99 let. Narust délky spodniho vicka byl
témeér linedrni s nardstajicim vékem, nejvetsi nardst byl ve vékové skupiné 40-49 let.

Méreni tedy potvrdilo, Ze délka spodniho vicka se s vékem zvétsuje. 7

Zavér

se zmén velikosti thlu dolniho vicka s vékem a vlivu velikosti tohoto thlu na slzny film.
Nasledné byla bliZze predstavena metodika méreni. Ocekavané vysledky, ke kterym by
mélo toto méreni dospét jsou takové, Ze se zvysujicim se vékem bude vlivem starnuti
dochazet k ochabovani kiize vicek a tim i ke zvétSovani thlu dolniho vicka a ke zhorseni

kvality a kvantity slz. Zaroveii dojde i k prodlouZeni délky spodniho vicka.
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Measurement of the size of the lower eyelid
angle depending on age

Bc. Lucie Gregori€ova, Mgr. Dana Travnikova

Department of Optometry and Orthoptics, Medical Faculty, Masaryk University Brno

Annotation

This study focuses on measurement the size of the lower eyelid and how its size
changes with age. [t also focuses on part on tear disorders, which are often associated with
changes in this angle. The first part mentions the basic theoretical concepts that relate to
this topic, such as the anatomical description of the structure of the eyelids and position
disorders of eyelids related to age. In the second part I describe the methodology of the

research.

Key words

lower eyelid angle, ectropion, entropion, Schirmer’s test

Introduction

The eyelids make protection of the front part of the eyeball and close the eye slit.
The size of the eye slit which is located between the upper and lower eyelid varies
depending on fatigue and mental state but also depends, for example, on the race. With
open eyelids, it reaches 10-14 mm vertically and 28-32 horizontally. The edge of the upper
eyelid of the child is 1 to 2 mm higher than the adult. The inner corner of the eye is placed
1-2 mm lower than the lower corner. With age, the outer corner decreases until they are
both about the same height. Mutual position of eye corners varies depending on the race.
For example, in the Mongoloid race, we can observe the epicanthus, which is a crescent-
shaped skin lash that arches the inner corner of the eye. The upper lid covers the corneal
limbus by 1 mm, the upper edge of the lower eyelid is 2 mm below the limbus and touches
the end of the cornea. The base of the eyelids is formed by the upper and lower tarsal
plates from which the orbital septum is stretched towards the edge of the orbit. The tarsal
plates are connected by ligaments. Behind the orbital septum is the orbital adipose tissue.
The upper lid lifter is clamped to the tarsal plate of the upper eyelid and lifts the eyelid.

The muscular function of eyelids is mainly formed by the fibres of the orbicularis oculi
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muscle. Muller’s muscle is clamped into the aponeurosis of the upper eyelift lifter, which
ensures the muscle tonus of the eyelids. In the tarsal plates of the eyelids are the
Meibomian glands, which are involved in the production of the oil layer of the tear film.
Its purpose is to prevent the evaporation of the tear film. These glands open into the inner
edge of the eyelids. There are also Zeiss glands that open into algae follicles. Another type
of accessory lacrimal glands are Moll’s glands which are a type of sweat glands and open
into algae follicles on the surface of the eyelids. We can also find goblet cells in the

conjunctiva of the eyelids. 12345

A tear film in relation to the eyelids

The eyelids have a major effect on the function of the tear film. When the eyelids
are closed, the orbicularis oculi muscle contracts, the fornixes are compressed, and the
sebum is expelled from the Meibomian glands. At the same time, the tear film is spread all
over the cornea with upper eyelid while blinking. As the eyelids move, with function of
the musculus orbicularis oculi ensue the vacuum and tears are sucked in nasal direction,
this is called the lacrimal pump and forms the active component of the tear transport. The
passive component is formed by flaps, which prevent the backflow of the tear into the tear

ducts. 1.3

Influence of age on the position of the edges of the eyelids

After the age of 40, gradually occurs a weaking of the eyelids, their descent,
eversion of the lacrimal punctum and to an incorrect position of the eyelids, which leads
to dysfunction od the lacrimal pump and the quality and quantity of the tear film gets
worse. Ectropion and entropion are common defects of position of the eyelids caused by
age. Ectropion causes that the lower eyelid protrudes from the bulbus, the most common
reason is age-induced tissue weakness. Senile ectropion is manifested by tearing and
epiphora. The condition can be partially corrected surgically. At entropion the edge of the
eyelid turns against the bulbus. The senile entropion occurs on the lower eyelid, the skin
is flabby, the orbicularis oculi muscle shrinks. Turning against the bulbus promotes the
formation of trichiasis, which further irritates and spasms the muscle. The treatment is
either suture fixation of the lower edge of the eyelid or plastic reconstruction of the lower

eyelid. 256
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Figure 1- Senile ectropion

Lower lid angle measurement

The measurement of the size of the lower eyelid angle is possible for example by
corneal topography, which has the measurement of this angle as the part of the software
offer. Another option is to measure the angle of the lower lid on the slit lamp. The angle of

the lid is measured by a narrow beam of rays, which is rotated to the desired angle.

Schirmer’s test

The Schirmer’s test is used to determine the aqueous component of the tear film.
It is created by filter paper and its size is 5x35 mm, which folds at the end by 5 mm.
We place the folded part into the patient's lower fornix, then leave the patient with eyes
open for % minutes, and then remove the paper and measure the moist part of the paper.
We will repeat the same procedure for the other eye and compare the results. For people
under 40, the length of the wet part should be 15 mm and for people over 40 at least
10 mm. [ will perform the measurements using the Schirmer’s test without anaesthetic

which measures both basal and reflex tear secretion. 1.6

Figure 2-Schirmer’s test
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Research methodology

This research will focus on measuring the size of the lower eyelid angle in patients
of different ages. Patients will first be examined for anamnestic data such as year of birth,
sex, injuries, or eyelid surgery. Subsequently, the angle of the lower eyelid on the right
and left eyes will be measured using a slit lamp. Then, the images of the right and left eyes
will be taken, and the captured images will be inserted into a computer, where the angle
of the lower eyelid will be measured again, and the results of the slit lamp measurement
will be compared with the results measured by the photographs. Finally, the tear test will
be performed on each patient using the Schirmer test. Patients will be divided into three
groups: patients over 20 years, over 40 years and over 60 years. This age distribution is
not accidental, as patients after the age of 40 have eyelid sagging and tear point eversion,
and thus tear pump degradation. The purpose of this measurement is to determine the
dependence of the lower eyelid angle on tear. Finally, the results measured for each age

group will be compared.®

The following 3 hypotheses are established for the research:

1. The size of the lower eyelid angle will increase with age.

(Patients in the age group over 40 will have a higher increase in lower eyelid angle than
other age groups.)

2. As the value of the size of the lower lid angle increases, the tear value will decrease.

3. As the angle of the lower lid increases, its length will increase.

Research
Brazilian study-Involutional entropion and ectropion of the lower eyelid:

prevalence and associated risk factors in the elderly population

Eye examination was performed on 24,565 elderly people. The study participants
underwent an examination by a general ophthalmologist to determinate the current state
of ectropion or entropion. Axial projection of the eyeball was measured in patients with
involutional ectropion and entropion. 8

Measurement results:

The prevalence of involutional entropion was 2,1 %, 1,9 % for men and 2,4 % for
women. The prevalence involutional ectropion was 2,9 %, 5,1 %for men and 1,5 % for

women. Dry eye syndrome, lower retractor laxity and superficial punctate keratopathy
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were observed significantly more frequently in patients with involutional entropion than
in patients with involutional ectropion (p < 0,001). Axial projection of the eyeball was
significantly smaller in patients with involutional entropion than in patients with

involution ectropion (p < 0,001).8

American study- Lower eyelid length

Women in the age groups from 20 to 99 years were measured, each group differing
by 10 years. There were measured 20 patients in each group, 160 patients in total. The
average length of the lower eyelid was measured in the given age group. Multiple values
were always measured from which the average value was calculated. 7
Measurement results:

The average length of the lower eyelid ranged from 10,4 mm in the age group 20-29 to
18,6 mm in the age group 90-99. The increase in the length of the lower eyelid was almost
linear with increasing age, the largest increase was in the age group 40-49 years. The

measurement confirmed that the length of the lower eyelid increases with age. 7

Conclusion

In this document I recapitulated the most important terms concerning the changes
in the size of the lower eyelid angle with age and the effect of the size of this angle on the
tear film. The theoretical part will be further elaborated in my diploma thesis.
Subsequently, I introduced a methodology for the research part, which I will measure. Due
to the fact that the measurement of the research part of my diploma thesis is not yet in

progress, it is possible that this methodology will be additionally modified in the future.
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Vyvoj v kontaktologii po roce 2000, komparace
pfinosu novych materialt

Bc. et Bc. Sabina Olsarova, Mgr. Petr Vesely, DiS., Ph.D.
Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity v Brné

Anotace

Clanek je zaméien na srovnani novodobych silikonhydrogelovych a hydrogelovych
materiald kontaktnich Cocek.
Uvodni ¢ast pojednava o teoretickém rozdéleni vySe uvedenych materiald, jejich
vlastnostech, vyCtu vyhod, nevyhod a vhodném vyuziti. Dale je predstavena cast
vyzkumnd, vcetné stanovenych pracovnich hypotéz a cili vyzkumu. Zminéna je taktéz

metodika vyzkumu a priibézné vysledky prace.

Klicova slova
kontaktni ¢ocky, silikonhydrogel, hydrogel, Schirmeriv test, push-up test, zrakova

ostrost

Uvod

Kontaktni ¢ocky jsou oblibenou moznosti korekce zraku u pacienti s refrak¢nimi
a ofnimi vadami, kterym brylova korekce z dlouhodobého hlediska nevyhovuje,
popiipadé vidéni sni neni stoprocentné kvalitni. Mnoho pacienti je pouziva
ke kaZdodennimu noSeni, mensi ¢ast obcasné ke sportu nebo zvlaStnim ptilezitostem.

V dnes$ni dobé lze kontaktnimi ¢ockami vykorigovat lehci i téZzsi sférické vady,
rizné stupné astigmatismu, anizometropii, aniseikonii a oc¢ni patologie predniho
segmentu. Oblibené jsou i multifokdlni kontaktni cocky urcené presbyopickym
pacientim.

Pred aplikaci je nutné provést anamnestické a refrakcni vySetreni pro urceni
spravnych dioptrii, poloméru zakriveni, priméru kontaktni co¢ky a vhodného materialu.
Pravé vlastnosti a charakteristika materiali mtize hrat velmi dtlezitou roli pro volbu

spravného typu kontaktni coCky.
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Historie materialii kontaktnich ¢ocek

Prvnim materialem, ze kterého byly kontaktni cocky vyrabény, bylo sklo.
Ve 40. letech 20. stoleti byl vynalezen novy material, termoplasticky
polymer - polymethylmethakrylat (PMMA). V 60. letech 20. stoleti byl profesorem Ottou
Wichtrlem objeven hydrofilni gel, sitovany polyhydroxyethylmethakrylat (HEMA).
Hydrofilni gel v dalSich letech prochazel mnoha modifikacemi k dosaZeni tidsi
molekuldrni struktury s cilem zvysit obsah vody a kysliku v kontaktni ¢occe. Diilezitym
objevem je kombinace vySebobtnavych hydrogeli se silikony, fluorosilikony, které maji
vlastnosti mékkych i pevnych kontaktnich cocek. V roce 1999 byla na trh uvedena nova

generace kontaktnich ¢ocek - silikonhydrogely. 1.2 3

Hydrogelové kontaktni cocky

Hydrogely, tvorené hydroxyethylmethakryldtem jsou polymerni struktury,
nabobtnané vodou do formy geld, které jsou spojeny pomoci vodikovych a kovalentnich
vazeb, iontovych sil a pomoci polymernich retézcti. Jsou propustné pro nizkomolekularni
vliv na latkovou vyménu rohovky.

Hydrogel vynikd svou vysokou biokompatibilitou slidskym okem, proto je
vhodnéjsi pro pacienty s citlivéjSima oCima. Spojeni makromolekul umoziuje jejich
nerozpustnost, netavitelnost a staly tvar. Nevyhodou je nizsi propustnost pro kyslik, nizsi
komfort po del$i dobu noSeni a mensi elasticita materialu.

Kromé pouziti jako korekce refrakéni vady jsou hojné vyuZzivany jako kontaktni

¢ocky terapeutické, pooperacni kryti nebo jako nosic 1éciva. 245

Silikonhydrogelové kontaktni ¢ocky

Silikonhydrogel, hybridni material, je v dneSni dobé znam jako nejmoderné;jsi
material, ze kterého jsou kontaktni CoCky vyrabény. Material je opticky homogenni
a vzajemné propojuje hydrofilni a hydrofobni strukturu.

Silikonhydrogel je vyznaCovan nizSim obsahem vody a tim padem wvyssi
propustnosti pro Kyslik, ktera je dulezitd pro pravidelné okyslicovani rohovky.
Ve srovnani se silikonhydrogelem je tuzsi, manipulace s nim je snazsi. Nevyhodou je

nutnost pouzivani zvlhcujici kapek z diivodu horsi smacivosti, vétsi mechanické abraze
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a vysSi tendence k usazovani necistot. Kontaktolog by taktéZ nemél silikonhydrogely
aplikovat pacientiim s precitlivélosti na silikon a lidem s vyrazné citlivyma oc¢ima.

Pouzivaji se jak ke kazdodennimu noSeni, tak ke kontinualnimu a prodlouZenému
reZimu nosSent.

Na ¢eském trhu jsou k dostani 3 generace silikonhydrogelovych kontaktnich cocek.
Silikonhydrogely 1. generace jsou vyrabény z materialu balafilcon A a lotrafilcon A, jez
prezentuji firmy Bausch&Lomb a Alcon. Silikonhydrogely II. generace propaguji material
lotrafilcon B a galyfilcon A firmami Johnson&Johnson a Alcon. Silikonhydrogely III
generace vyuZzivaji material comfilcon A a senofilcon A, ktery prezentuji firmy Cooper

Vision a Alcon. 624

Metodika vyzkumu

Pro vyzkumnou c¢ast byly zvoleny kontaktni cocky od firmy Cooper Vision,
Schirmeriv test pro urceni slzivosti, Stérbinova lampa Haag-Streit pro urceni push-up
testu a digitalni optotyp. Kazdy pacient, ktery dobrovolné s vyzkumem souhlasil, byl
pozvan na dvé aplikace kontaktnich Cocek. Z vyzkumu byli vylouceni pacienti s ocni
patologii a s kontraindikaci k aplikaci urcitého materialu.

Z anamnézy a vySetreni pred aplikaci kontaktni Cocky jsou ziskany informace
o véku, pohlavi, naturalnim vizu a testu slzivosti dle Schirmera. Postupné po kazdé
aplikaci jsou ziskavana dalsi data - vizus s hydrogelem nebo silikonhydrogelem, test
slzivosti s nasazenou hydrogelovou nebo silikonhydrogelovou cockou, push-up test
s danou kontaktni cockou zkoumany na Stérbinové lampé a subjektivni vnimani kontaktn{
¢oc¢ky z pohledu pacienta pomoci dotazniku.

Namérend data jsou sbirdna od srpna 2021 a zpracovana pomoci tabulek a grafti
v programu Microsoft Excel.

Priibézna data jsou méfena u 22 respondentti (Graf 2), z toho 16 probandt testuje
mési¢ni kontaktni cocky (73 %) a 6 probandii jednodenni kontaktni ¢ocky (27 %). Vzorek
(Graf 1) je tvoren z 15 Zen (68 %) a 7 muzi (32 %). Primérny vék skupiny je 28,5+4,36
let.

Soucasti vyzkumu je 5 subjektivné zamérenych dotaznikovych otazek, které jsou
probandovi predkladany pri kontrole u optometristy. Maximalni skére dotazniku je 15

bodii a dokazuje, Ze proband nema s danym materidlem kontaktni cocky problém. 7
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Pohlavi

= muzi = Zeny
Graf 1 - Pomér muZii a Zen ve vzorku

Pomér probandu testujicich mésiéni a
jednodenni KC

m mésiéni KC = jednodenni KC

Graf 2 - Pomér probandii testujicich mési¢ni a jednodenni KC

Vysledky

Prvni hypotéza - U respondentti testujicich hydrogelové KC se po del$i dobé
vyskytnou problémy s komfortem nosSeni, byla potvrzena. Dle subjektivniho vnimani
probandtli testujicich silikonhydrogelové kontaktni ¢ocky dosahovalo bodové skore
dotaznikd priimérnych hodnot 10,23 bodi. Statisticky rozdil s hodnotou P = 0,65 nebyl
zatim prokazatelné vyznamny. V procentudlnim zastoupeni byl z51 % lépe snasen

silikonhydrogelovy material (Graf 3).
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Dotaznik

m Body z dotazniku - hydrogel = Body z dotazniku - silikonhydrogel

Graf 3 - Subjektivni vyvhodnoceni dotazniku

Objektivné pri posouzeni aplikace metodou push-up (Graf 4) vykazoval hydrogel mirné

tésnéjsi aplikaci ve srovnani se silikonhydrogelem (Tab. 1).

Tabulka 1 - Kategorizace push-up testu

Push-up
0 bez pohybu
1 1 mm vertikalné
2 1 mm vertikalné a horizontalné
3 pohyb vétsinez 1 mm

Push-up test

0.02

2,09

0.02
0.02
0.02
0.02
1,91
0.02

0.02

0.02
push-up kategorie hydrogel primér ODS push-up kategorie silikonhydrogel primér
0oDS

Graf 4 - Porovndni push-up testu
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Druha hypotéza - Schirmeriiv test bude v pfipadé silikonhydrogelovych KC
dosahovat vyssi slzivosti, nez v pripadé hydrogelovych KC, byla v piipadé kompletniho
vzorku potvrzena. Pri rozdéleni skupiny na nositele mésicnich a jednodennich
kontaktnich ¢ocek byly hodnoty u mési¢nich hydrogelovych ¢ocek v priméru o 1,09 mm

vyssi (Graf 5). Statisticky rozdil s hodnotou P = 0,52 nebyl zatim prokazatelné vyznamny.

Schirmerdv test
0.20
0.20 19,43
0.19
0.19 18,32
0.18
0.18 17,23
0.17

0.17

0.16
Schirmer naturalné primér Schirmer kontrola hydrogel Schirmer kontrola sihy
oDS prdmér ODS prdmér ODS

Graf 5 - Porovndni slzivosti dle Schirmerova testu

Treti hypotéza - Respondenti testujici silikonhydrogelové KC budou dosahovat
vyssich hodnot zrakové ostrosti nez respondenti testujici hydrogelové KC, byla potvrzena.
Zrakova ostrost (Graf 6) dosahovala u hydrogelovych kontaktnich ¢ocek primérnych
hodnot 1,0. U silikonhydrogelovych kontaktnich ¢ocek byl vizus roven hodnoté 1,05.
Statisticky rozdil s hodnotou P = 0,13 nebyl zatim prokazatelné vyznamny.

Vizus

0.01 1,00 1,05
0.01
0.01
0.01
0.00 0,36
020 -
0.00

vizus bino naturdlné vizus bino s KC hydrogel vizus bino s KC sihy

Graf 6 - Rozdéleni zrakové ostrosti
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Priibézné vysledky mé prace spolu se stanovenymi pracovnimi hypotézami jsou
umérné mému ocekavani. Ve vyzkumu pouzivalo 5 respondenti dlouhodobé hydrogelové
kontaktni Cocky, se kterymi byli spokojeni. Pri testovani slzivosti dle Schirmera
vykazovaly jejich vysledky niZsi hodnoty (5-13,5 mm/5 min.), ve srovnani s testovanim
silikonhydrogelovych kontaktnich cocek (6,5-14,5 mm/5 min.). U dvou probanda nebyl
zaznamenan statisticky vyznamny rozdil v slzivosti (0-0,5 mm/5 min.).

Zrakova ostrost byla z 22 probandi u 73 % stejnd jak s hydrogelovou, tak
silikonhydrogelovou kontaktni ¢o¢kou, u 4 % dosahoval vizus s hydrogelovou kontaktni
¢ockou vyssich hodnot, u 23 % byl vizus lepsi se silikonhydrogelovou kontaktni ¢oc¢kou.

Z dotaznikového Setfeni bylo patrné, Ze hydrogelové kontaktni coc¢ky subjektivné
vyhovovaly 5 Zendm a 1 muzi, silikonhydrogelové kontaktni ¢oCky vyhovovaly 6 Zendm
a 2 muzim, u 4 Zen a 4 muZzi nebyly zaznamenany rozdily v komfortu noseni.

Dle rozdéleni véku na kategorie nebyl v kategorii do 23 let preferovan ani jeden
typ kontaktni ¢ocky. Ze 7 probandii dvéma vyhovoval vice silikonhydrogel, dvéma
hydrogel a tfi respondenti nevidéli v komfortu noSeni rozdil. Ze skupiny do 34 let si 5
probandt vybralo jako lepsi material kontaktni cocku silikonhydrogelovou, ¢tyri z nich
nevidéli v komfortu noSeni rozdil a tfi respondenti zvolili jako lepsi typ kontaktni ¢oc¢ku

hydrogelovou. Kategorie do 49 let a nad 50 let nejsou prozatim dostatecné doplnény.

Diskuse

Cilem vyzkumu bylo posoudit rozdil mezi materidly kontaktnich cocek.

Vroce 2017 probéhl vyzkum vedeny Diecem ]. B., Tilii D. M., Thomasem V. M. 7
zaméfreny na materidly kontaktnich ¢ocek s ndzvem Comparison of Silicone Hydrogel and
Hydrogel Daily Disposable Contact Lenses, s cilem zjistit rozdily v komfortu noSeni, délce
nosSeni, piripadné zjisténi problému s rohovkou a celkové s prednim segmentem oka.
Ve studii bylo testovano 5 typl kontaktnich cocek, vzdy 3 typy ze silikonhydrogelu
a 2 typy z hydrogelu. Po dvou mésicich testovani nebyly vlivem délky noSeni, pohlavi ani
véku zjistény prokazatelné velké rozdily v materidlech kontaktnich ¢ocek.

Vétsi mnozstvi typl kontaktnich Cocek miize kladné ovlivnit kvalitu vysledkd,
avSak mnozstvi navstév respondentli u optometristy je zde vice nez dvojnasobné ve
srovnani s mou studii. Vétsi rozdily v objektivnim a subjektivnim zkoumdani mezi

jednotlivymi typy materidli kontaktnich ¢ocek jsou prozatim minimalni.
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Podobnym tématem prace se zabyvala i absolventka Masarykovy univerzity
Mgr. Marie Navarova . Cilem prace snazvem Srovndni hydrogelovych a
silikonhydrogelovych materidlii kontaktnich cocek bylo zjistit, jak budou respondenti
reagovat na zménu z hydrogelovych na silikonhydrogelové kontaktni ocky.

Vysledky podtrhuji fakt mé zkoumané prace, kdy vice respondentti projevilo zajem
o zménu materialu kontaktni cocky, méné pak nepocitovalo Zadné subjektivni rozdily
a minimum striktné odmitlo prechod na silikonhydrogelové kontaktni ¢oCky. V pripadé

vizu musela kolegyné 16 % probandt dokorigovat o zhruba -0,25 D.

Zavér

Clanek s nazvem Vyvoj v kontaktologii po roce 2000, komparace prinosu novych
materidlti vavodni c¢asti pojednava o historii, rozdéleni, vlastnostech material
charakteristice kontaktnich cocek. Z vétsi ¢asti je zaméren na priibéZnou vyzkumnou ¢ast.

V praktické ¢asti jsou predstaveny tii dilci hypotézy. Prvni hypotéza je zamérena
na subjektivni vnimani komfortu noSeni ze strany respondenta. Z pribéznych vysledkti je
potvrzena teorie, Ze hydrogelové kontaktni cocky nejsou komfortni pri del$i dobé noseni.
Druhd hypotéza je zaméfena na srovnani slzivosti dle Schirmerova testu u
silikonhydrogelovych a hydrogelovych kontaktnich cocek. Vysledky ukazuji na fakt, Ze
v pripadé silikonhydrogelovych kontaktnich cocek je v priméru dosazeno o 1,09 mm
vétsi slzivosti, neZ u hydrogelovych kontaktnich ¢ocek. Treti hypotéza zkouma rozdil ve
zrakové ostrosti. Prozatim je vizus lepsi s naaplikovanou silikonhydrogelovou kontaktni

¢ockou.
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Development in contactology since 2000,
comparison of the contribution of new
materials

Bc. et Bc. Sabina Olsarova, Mgr. Petr Vesely, DiS., Ph.D.

Department of Optometry and Orthoptics, Medical Faculty, Masaryk University Brno

Annotation

This work is focused on comparing modern silicone hydrogel and hydrogel

materials of contact lenses.

The intro speaks about theoretical dividing of the already mentioned materials,
their properties, pro and cons and ideal use. Furthermore, there's presented research
part, including given work hypothesis and the goals of the research. There's also

mentioned the method of research and the ongoing results of the work.
Key words

Contact lens, silicone hydrogel, hydrogel, Schirmer test, push-up test, sight

sharpness
Introduction

Contact lens are the favourite option of sight correction upon the clients with
refraction and sight problems, to which glasses aren't a long-time solution, in case seeing
with them isn't 100 % ideal. Majority uses them for everyday use, minority for sports or

special occasions.

Nowadays it's possible to correct rather subtle to extreme spherical defects,
different levels of astigmatism, anisometropia, aniseikonia and front segment eye

pathology. Favourites are also multifocal contact lenses meant for presbyopia patients.

Before applying it's mandatory to do an anamnestic and refraction examination
in order to find the right dioptre, curve radius, average of the contact lens and ideal
material. Properties and characteristics of a material in particular play very important

role in choosing the type of contact lens.
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History of materials for contact lens

First material used for manufacturing contact lens was glass. New material was
developed in the 1940s - thermoplastic polymer - poly methyl acrylate (PMMA). In the
1960s, Otto Wichtrle has discovered hydrophilic gel netted by poly hydroxyethyl
methacrylate (HEMA). Hydrophilic gel has been modified many times in the upcoming
years to achieve a thinner molecular structure with goal of increasing the volume of water
and oxygen in the contactlens. Very important discovery was combination of high-pitched
hydrogels with silicon, fluor silicon, which have properties of both soft and hard contact
lenses. New generation of contact lens with brought to the market in 1999 - silicone

hydrogel. 123
Hydrogel contact lens

Hydrogel, consisting of hydroxyethyl methacrylate are polymer structures, inflated
by water to the form of gel, which are connected using oxygen and covalent joints, ionic
strengths, and polymer chains. They're permeable for substances with lower molecular
weight dissolvable in water, for example oxygen, carbon dioxide or lactic acid. They've

more pleasing for corneal metabolism.

Hydrogel is made using its high biocompatibility with the human eye, for that
reason it's more ideal for patients with rather sensitive eyesight. Combination of
macromolecules enables their insolubility, infusibility, and permanent shape. The main
disadvantage is lower solubility in water, lower comfort for long time uses and lower

elasticity of the material.

Outside using it as correction of refraction defect, they're also widely used as

therapeutic contact lenses, past-operation cover or as medicine carrier. 245
Silicone hydrogels contact lens

Silicone hydrogel is a hybrid material, known as the most advanced material
nowadays, contact lenses are made of. Material is optically homogeneous and connects

hydrophile and hydrophobic structure. 624

Silicone hydrogel is defined by lower percent of water. In that case it's more soluble
for air, which is important for regular oxygenation of cornea. In comparison with silicone
hydrogel, it's stiffer, working with it is easier. The disadvantage is the need of moisturizing

drops, higher mechanical abrasion, and higher tension for collecting debris.
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Contactologist also shouldn't apply silicone hydrogels to patients sensitive to silicon or to

people with highly sensitive eyesight.

They're also used for everyday use, for both continual and extended wearing

regime.

There are 3 generations of silicone hydrogel contact lenses available on the Czech
market. First generation is made from balafilcon A and lotrafilcon A, which are presented
by the Bausch Lomb and Alcon brands. Second generation of silicone hydrogels promotes
lotrafilcon B and galyfilcon A by Johnson&Johnsons and Alcon brands. Third generation
silicone hydrogels use comfilcon A and seconfilcon A, presented by Cooper Vision and

Alcon.
Research methods

For the development part were chosen lenses by the brands from Cooper Vision,
Schirmer test for determination of tearing, slit lamp Haag-Streit for determining push-up
test and digital optotype. Every patient that volunteering agreed with the research was
invited for application of 2 pairs of contact lenses. Patients with eyesight pathology and

contraindication for application of given material were discarded from the research.

From anamnesis and examination before the application, were obtained
information about age, gender, natural sight and Schirmer tearing test. Accordingly, after
each application there's additional data collected - sight with hydrogel or silicone
hydrogel lens, tearing test with both hydrogel and silicone hydrogel lens on, push-up test
with given contact lens examined on slit lamp and information given by each patient based

on subjective perception to each contact lens using form.

Recorded data is being collected since the August of 2021 and edited using tabs

and graphs in Microsoft Excel.

The continuous data was gathered among 22 patients (Graph 2), from which 16
participants test monthly contact lens (73 %) and 6 tests daily contactlens (27 %). Sample
(Graph 1) je made of 15 women (68 %) and 7 men (32 %). Average age of the group is
28.5 +- 4.36.

Part of the research is 5 subjectively focused form questions, which are presented
to patient while on check-up at optometrist. Maximum score of the form is 15 points a that

means, that patient has no problem with the given material of the contact lens. 7
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Gender

Emen = women

Graph 1 - The ratio of men to women in the sample

Ratio of probands testing monthly and one-day
CL

= monthly CL = 1-day CL

Graph 2 - Ratio of probands testing monthly and one-day CL

Results

First hypothesis - patient testing hydrogel CL have noticed comfort problems
after long-time use was confirmed. The average score of probands testing silicone
hydrogel CL was 10.23. Statistical difference with the value P = 0.65 wasn't too significant.

51% of the patients had better experience with silicone hydrogel material (Graph 3)
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Questionnaire

m Points from the questionnaire - hydrogel

= Points from the questionnaire - silicone hydrogel

Graph 3 - Subjective evaluation of the questionnaire

Objective assessment of application using the push-up method (Graph 4) has shown

slightly tighter application of hydrogel compared to silicone hydrogel (Tab. 1).

Table 1-push up test categorization

Push-up test
0 without movement
1 1 mm vertically
2 1 mm vertically and horizontally
3 movement greater than 1 mm
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Push-up test

0.02

2.09

0.02

0.02

0.02

0.02
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0.02

0.02
push-up category hydrogel diameter ODS  push-up category cilicone hydrogel diameter
ODS

Graph 4 - Push up test comparison

Second hypothesis - Schirmer test in case of silicone hydrogel CL is going to
achieve higher tearing over hydrogel CL - was confirmed. When dividing the group to
carriers of monthly and daily CL, we can see the values for monthly hydrogel CL were in
average higher by 1.09 mm (Graph 5). Statistical difference with value P = 0.52 wasn't too

significant so far.

Schirmer test
0.20
0.20 19.43
0.19
0.19 18.32
0.18
0.18 17.23
0.17
0.17

0.16
Schirmer naturally average Schirmer control hydrogel  Schirmer control silicone
OoDs diameter ODS hydrogel diameter ODS

Graph 5-Comparison of tear according to the Schirmer's test

Third hypothesis - Respondents resting silicone hydrogel CL are going to achieve

higher values of sight sharpness, over respondents testing hydrogel CL, was confirmed.
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Sight sharpness (Graph 6) has achieved average value of 1.0 for hydrogel CL. The sight
was equal to 1.05 for silicone hydrogel CL. Statistical difference with value P = 0.13 hasn't

been verifiable so far.

Visual acuity

0.01
1.05
1.00

0.01

0.01

0.01

0.00 0.36

O‘OO .
0.00

vizus bino naturalné vizus bino s KC hydrogel vizus bino s KC sihy

Graph 6 - Distribution of visual acuity

Ongoing results of my work with given work hypothesis are like my expectations.
In the research, 5 respondents have used hydrogel CL long-time that they were pleased
with. Schirmer tearing test has shown results with lower values (5-13.5mm/5 min.) in
comparison with testing silicone hydrogel CL (6.5-14.5mm/5 min.). I haven't recorded

any statistically significant difference in tearing (0-0.5mm/5 min.) at two probands.

Sight sharpness was for 73 % out of 22 probands similar for both hydrogel and
silicone hydrogel CL, for 4 % has sight achieved higher values with hydrogel CL, for 23 %
the same applied for silicone hydrogel CL.

From form investigation was clear, that hydrogel CL were more pleasing the wear
for 5 women and 1 man, 6 women and 2 males would choose silicone hydrogel CL and for

4 women and men the difference in wearing comfort weren't significant enough.

Group 23 and younger didn't prefer any CL, out of 7 probands 2 preferred silicone
hydrogel, 2 hydrogel and last 3 didn't notice any difference in the comfort. Out of group
34 and younger 5 probands chose silicone hydrogel CL as the preferred one, 4 didn't
notice any difference and 3 chose hydrogel CL. Category 49 and younger and over 50 isn't

rich enough.
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Discussion

The goal of this research was to find the difference between materials of contact

lenses.

A research lead by Diece ]. B, Tilii D. M., Thomasem V. M. 7 focused on materials of
CL named Comparison of Silicone Hydrogel and Hydrogel Daily Disposable Contact Lenses
with the goal of finding the difference between the comfort of wearing, the period of
wearing, eventual finding of incompatibility with cornea and overall segment of the front
of the eye. They've tested 5 different types of CL in the study, 3 types of silicone hydrogel
and 2 types of hydrogels. After two months of testing regardless the period of wearing,

gender, or age, they haven't found any significant difference between the materials of CL.

Higher number of types of CL can positively affect the quality of the results,
although the quantity of the respondent visits at optometrist is near double than in my
work for comparison. Bigger differences in objective and subjective investigation

between each type of material of CL are, as of now, minimal.

Student at Masaryk’s University Mgr. Marie Navratilova 5 has dealt with similar
topic. The goal of her work Comparison of hydrogel and silicone hydrogel materials of
contact lenses were to find out how would respondents react to the change of hydrogel to

silicon hydrogel CL.

Results underline the fact of my work, where more respondents got interested in
changing the material of their CL, less then didn't feel any subjective difference and
minimum strictly refused the transition to silicone hydrogel CL. In case of sight,

a colleague had to tweak 16 % of the probands by approximately -0.25D.
Conclusion

Article called Development in contactology since 2000, comparison of benefits of new
materials in the introduction talks about history, categorization, properties of materials,

characteristics of CL. The majority is focused on the research.

In the practical part there are introduced 3 sub-hypotheses. First hypothesis is
focused on subjective perception of comfort from the side of respondent. Out of
continuous results we've confirmed a theory that hydrogel CL aren't as comfortable for
long time use. Second hypothesis is focused on comparing the tearing based on Schirmer

test for silicone hydrogel and hydrogel CL. Results show the fact, that the silicone hydrogel
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CL have achieved on average 1.09 mm more tearing over hydrogel CL. Third hypothesis
examines the difference in sight sharpness. So far, the vision is better with silicone

hydrogel CL applied.
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Vliv nekorigovaného astigmatismu na
viceohniskové nitroo¢ni ¢ocky

Bc. Kristyna Reholova, Mgr. Ondfej Vlasak, Ph.D.

Katedra optometrie a ortoptiky Lékarské fakulty Masarykovy univerzity v Brné

Anotace

Prispévek se zabyva vlivem nekorigovaného astigmatismu na viceohniskové
nitroo¢ni Cocky (dale IOL) implantované pri operaci katarakty, refrakcni vady
¢i presbyopie. Uvodni slova jsou vénovana rozdéleni nitroo¢nich ¢o¢ek a situacim, p¥i
kterych je implantace téchto ¢ocCek indikovana. V dalsi ¢asti je predstavena metodika a cile
vyzkumu. Na zavér jsou prezentovany dosavadni vysledky vlivu astigmatismu

na jednotlivé typy nitroocnich cocek a jejich porovnani.

Klicova slova

Viceohniskové nitrooc¢ni ¢ocky, astigmatismus, korekce presbyopie, katarakta

Teoreticka cast

Béhem Zivota dochazi u kazdého clovéka k nékolika o¢nim fyziologickym zménam,
jednou z nich je presbyopie, kdy dochazi ke sniZeni elasticity ¢ocky a zonularnich vlaken,
pricemZ klesa schopnost akomodace. Presbyopii lze fesit nékolika zplisoby, nejcastéji
je fesena brylovou korekci jednoohniskovymi nebo viceohniskovymi cockami, dale
kontaktnimi ¢oc¢kami.l2

Mezi invazivni reSeni presbyopie je fazena také implantace nitrooCnich cocek.
DalSich diivodem aplikace IOL je také vysokd refrakéni vada ¢i afakie neboli uplna
nepritomnost o¢ni cocky v onim aparatu. Nejcastéjsi pri¢inou vyuziti nitrooc¢nich ¢ocek
zlstava katarakta, pii které dochazi ke zkaleni Cocky, sniZeni prihlednosti ¢ocky
a zhorseni prichodnosti svétlenych paprski na sitnici, nasledkem je zhorsené vidéni,
v extrémnich piipadech také slepota.l2

V poslednich letech lze vidét velky posun v pristupu k operaci s vyménnou o¢ni
cocky. Zdrive pouzivanych tvrdych nitrooc¢nich cocek se s postupem casu preslo

na mékké nitroo¢ni Cocky, které lze diky jejich vlastnostem sloZit. Zména materialu
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umozni pri operaci mensi primér rezu, rohovka je tedy poSkozena minimalné a vznika
tak minimalni rohovkovy astigmatismus.3

Podle typu uchyceni IOL jsou rozliSeny IOL prednékomorové a zadnékomorové.
Existuji dva typy uchyceni prednékomorovych IOL, fixace do komorového uhlu a fixace
na duhovku. Vzhledem k ¢astym komplikacim a Spatnému upevnéni IOL se tyto typy
fixace vyuzivaji minimalné. Zadnékomorové IOL jsou umistény do zadni komory oka
do prostoru mezi zadni plochu duhovky a predni plochu ¢ocky.*

IOL lze rozdélit dle zakriveni na sférické, asférické a torické. Dnes vice vyuzivany
asféricky typ cocky, oproti sférickému typu, 1épe odpovida tvaru a vlastnostem naturalni
cocky, vykazuje vyssi kontrastni citlivost a zajiSt'uje lepsi vidéni za Sera. Térické nitroo¢ni
¢ocky slouzi ke korekci astigmatismu.3

P vyjmuti naturalni cocky dochazi ke ztraté akomodacni schopnosti oka, oko tedy
od této chvile nedokaze samo zaostrit na rtizné vzdalenosti. Pii pouZiti jednoohniskovych
IOL je korigovan refrakéni stav oka na jednu zvolenou vzdalenost, dalsi vzdalenosti jsou
korigovany piidatnymi brylemi ¢i kontaktnimi ¢ockami.>

Dal$i moZnosti je vyuZziti multifokalnich IOL, které poskytuji ostré vidéni na vice
vzdalenosti diky specidlnim designtim nahrazujicim akomodaci. Mezi pouzivané designy
je zarazen design refrakcni, difrakéni a jejich kombinaci zaujima design refrakéné-
difrakendi.

Refrakéni design je zalozen na principu soustfednych Kkruhi s postupné
se zvySujici dioptrickou hodnotou ke stiedu ¢ocky, velkou roli zde hraje primér zornice,
ktery se s prisunem svétla méni.>?

Difrakéni design vyuziva fyzikdlntho jevu difrakce, kdy vedlejsi soustredné
usporddané kruhy maji rozdilnou postupné se snizujici tloustku, tzv. schody, kde vznikaji
ohniska pro rtizné vinové délky, které do oka vstupuji.>?

Specialnim typem difrak¢niho designu IOL jsou dnes vice vyuZivané nitroocni
cocky EDoF (extended depth of focus) s rozsirenou hloubkou ostrosti, ktera je podporena
minimalni vzdalenosti mezi jednotlivymi ohnisky. Da se tedy rici, Ze prechod

je kontinualni. K prodlouZeni ohniska se pouZivaji designy multifokalni a pinhole.®7”

Metodika prace

Ve svém vyzkumu se vénuji vlivu nekorigovaného astigmatismu na zrakovou

ostrost u jednotlivych typl viceohniskovych nitroo¢nich cocek v porovnani
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s jednoohniskovymi nitroo¢nimi c¢oc¢kami. Probandi, ktefi jsou do vyzkumu zahrnuti
podstoupili implantaci jednoohniskové, viceohniskové nebo specidlni EDoF nitroo¢ni

v v

¢ocky na o¢ni klinice Lexum v Brné. Vyzkum prozatim probéhl u 16 o¢i v poméru pravého

v 7

a levého oka 6:10. Pracovni soubor je rozloZen dle pohlavi na 8 Zen a 8 muz{, primérny

e

vék pacientli je 58 let. Z hlediska typu aplikovanych nitroo¢nich cocek bylo méreni
provedeno u 2 o¢i s aplikovanou jednoohniskovou nitroo¢ni ¢ockou, 4 oc¢i s torickou
nitroo¢ni Cockou, 6 oc¢i sviceohniskovou nitroo¢ni cCockou Panoptix a 4 odi
s viceohniskovou nitroo¢ni ¢ockou s rozsirenou hloubkou ostrosti Vivity.

K zaznamendni namérenych vysledkii dochazi pti kontrole po chirurgickém
zakroku, kdy se stav oka povazuje za stabilni. Nejprve dochazi ke zméfeni naturalniho
vizu, poté k plnému subjektivnimu dokorigovani. Zaznamendana je refrak¢ni hodnota plné
korekce a dosazZeny vykorigovany vizus. Poté je provedena korekce sférickym

ekvivalentem, hodnoty dosazeného vizu jsou opét zaznamenany do tabulky. Mezi sbirana

data patfri také ptivodni refrak¢ni stav oka.

Pro sviij vyzkum jsem stavila 2 hypotézy.

Hypotéza 1:

e Nekorigovany astigmatismus bude mit u viceohniskovych nitroo¢nich ¢ocek
vyssi vliv na zrakovou ostrost neZ u jednoohniskovych nitroo¢nich cocek.

Hypotéza 2:

¢ Vliv nekorigovaného astigmatismu na zrakovou ostrost po implantaci klasickych

multifokalnich nitrooc¢nich ¢ocek bude vyssi neZ po implantaci multifokalnich

¢ocek EDoF.

Tabulka 6: Namérené hodnoty probandii s jednoohniskovou IOL

Korekce Plvodni korekce Visus s plvodni
1D Pohlavi | Vék Oko UDVA sph cyl ax CDVA SphE Visus se SphE sph cyl ax korekei
1 jena 51 oD 0,98 0,75 0,75 35 1,20 plan 1,00 6,50 -0,50 55 1,02
2 iena 51 0s 0,90 -0,50 1,00 -0,50 1,00 6,25 -0,50 130 0,98
3 mus 71 0s 0,60 0,25 -1,00 105 0,92 0,25 0,70 4,75 -4,00 173 0,68
4 mu? 61 05 0,30 -1,25 1,25 58 0,94 2,25 0,66 12,50 2,75 30 0,46
5 iena 70 0s 0,80 -0,25 -1,00 67 1,16 -0,75 1,00 -1,00 0,50
6 Yena 63 oD 0,14 0,25 0,25 95 0,20 0,25 0,16 0,00

139



Graf 1: Porovndni ZO s plnou korekci a ZO s pouZitym sférickym ekvivalentem u jednoohniskové 10L
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Tabulka 7: Namérené hodnoty probandii s viceohniskovou nitroocni cockou
Korekce Phvodni korekce Visus s pavodni
ID | Pohlavi | Vék Oko UDVA sph cyl ax CDVA SphE | Visus se SphE sph cyl ax korekei
1 | ena s8 | op | 1,00 025 | -0550 125 1,48 -0,50 1,20 1,75 -0,75 124 1,20
2 | ena s8 | os | 1,00 0,25 -0,50 40 148 plan 1,00 1,50 -0,75 78 1,18
3 | mu 60 | os | og0 1,00 -0,50 90 1,18 0,75 0,94 4,75 0,75 100 1,00
4 | zena s8 | op | o0 0,75 0,94 0,75 0,94 075 | -025 90 0,72
5 | muz 50 | op | 120 0,25 1,24 -0,25 1,24 1,50 0,75 100 1,00
6 | muz 50 | os | oga 025 | -025 175 1,04 -0,25 1,00 1,50 0,75 95 1,00
Graf 2: Porovndni ZO s plnou korekci a ZO s pouZitym sférickym ekvivalentem u viceohniskovych IOL
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Tabulka 8: Namérené hodnoty probandii s viceohniskovou EDoF nitrooocni cockou
Korekce Pavodni korekce Visus s pavodni
ID | Pohlavi| Vék | Oko UDVA sph cyl ax CDVA SphE |Visus se SphE sph cyl ax korekci
1 muz | 62 | OD 0,80 plan -0,50 5 0,84 -0,25 0,80 1,00 -0,50 60 0,96
2 muz | 62 | 05 0,80 plan -0,25 15 0,90 plan 0,80 0,50 0,98
3 | dena | 49 | o5 0,70 025 -0,50 70 092 plan 0,70 2,75 -0,25 70 1,00
4 mu¥ 63 0s 1,00 0,50 1,04 -0,50 1,00 -2,00 0,25 145 0,40
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Zaveér

Graf 3: Porovndni ZO s plnou korekci a ZO s pouZitym sférickym ekvivalentem u viceohniskové EDoF I0OL
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Zrakova ostrost

o

Dle dosavadnich vysledkii lze odvodit, Ze nekorigovany astigmatismus ma vliv

na zrakovou ostrost pacientd. Pfi dokorigovani astigmatické refrakéni vady prozatim

dochazi u vétSiny probandl ke zlepSeni zrakové ostrosti. Vzhledem k dosavadnimu

mensimu poctu zucastnénych probandd na tomto vyzkumu zatim nelze vyznamné

porovnat vliv nekorigovaného astigmatismu na jednotlivé typy IOL.
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Effect of uncorrected astigmatism on multifocal
Intraocular lenses

Bc. Kristyna Reholova, Mgr. Ondfej Vlasak, Ph.D.
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Annotation

The article deals with the influence of uncorrected astigmatism on multifocal
intraocular lenses (IOL) implanted during cataract surgery, refractive defects
or presbyopia. The introductory words are devoted to the division of intraocular lenses
and the situations when the implantation of these lenses is indicated. The next part
presents the methodology and research goals. Finally, the current results of the influence
of astigmatism on individual types of intraocular lenses and their comparison

are presented.
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The theoretical part

During the life of each person, there are several physiological ocular changes, one
of them is presbyopia, which reduces the elasticity of the lens and zonular fibers, while
reducing the ability to accommodate. Presbyopia can be solved in several ways, most
commonly it is solved by spectacle correction of monofocal or multifocal lenses, then
contact lenses.12

Implantation of intraocular lenses is also one of the invasive solutions
for presbyopia. Another reason for the application of IOL is also a high refractive defect
or aphakia which means the complete absence of an ocular lens in the ocular system.
The most common cause of intraocular lenses remains cataract, which obscures the lens,
reduces the transparency of the lens and worsens the transmission of light rays on the
retina, resulting in impaired vision and, in extreme cases, blindness.12

In recent years, we can see a big shift in the approach to eye lens replacement
surgery. From the previously used hard intraocular lenses, over time, they have switched

to soft intraocular lenses, which can be folded due to their properties. The change
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of material will allow a smaller diameter of the incision during the operation, so the
cornea is minimally damaged and also causes minimal corneal astigmatism.3

Depending on the type of IOL fixation, IOLs are divided to before ventricular and
posterior ventricular. There are two types of attachments to previously used anterior
chamber IOLs, ventricular angle fixation and iris fixation. These types of fixations are used
minimally beacuse of frequent complications and poor IOL mounting. The posterior
chamber IOLs are placed in the posterior chamber of the eye in the space between the
posterior surface of the iris and the anterior surface of the lens.*

IOLs can be divided according to curvature into spherical, aspherical and toric.
Today, the aspherical type of lens, which is more widely used than the spherical type,
better matches the shape and properties of the natural lens, has a higher contrast
sensitivity and provides better vision at dusk. Toric intraocular lenses are used to correct
astigmatism.3

When the natural lens is removed, the accommodation ability of the eye is lost, so
from now on the eye cannot focus on different distances. When monofocal IOL are used,
the refractive state of the eye is corrected to one selected distance, other distances are
corrected by additional glasses or contact lenses.>

Another option is to use multifocal I0Ls, which provide sharp vision at multiple
distances at once thanks to special designs that replace accommodation. The used designs
include refractive and diffractive design, and their combination is known as refractive-
diffractive design.

The refractive design is based on the principle of concentric circles with a gradually
increasing dioptric value towards the center of the lens, the diameter of the pupil, which
changes with the supply of entering light to the eye.>7

Diffraction designs use the physical phenomenon of diffraction, where the side
concentrically arranged circles have different, gradually decreasing thickness, so-called
stairs, where focuses are created for different wavelengths that enter the eye.>?

The more widenly used is a special type of IOL diffractive design EDoF (extended
depth of focus) intraocular lenses with extended depth of field, which is supported by the
minimum distance between focal points, so it can be said that the transition is continuous.

Multifocal and pinhole designs are used to extend the focus.®”
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Work methodology

In my research I deal with the influence of uncorrected astigmatism on visual
acuity in individual types of multifocal intraocular lenses in comparison with monofocal
intraocular lenses. Probands who are included in the research underwent implantation of
a monofocal, multifocal or special multifocal EDoF intraocular lens at the Lexum Eye Clinic
in Brno. The research has been conducted in 16 eyes with a right and left eye ratio of 6:10.
The work group is divided by sex into 8 women and 8 men, the average age of patients is
58 years. In terms of the type of applied intraocular lenses, the measurement was
performed on 2 eyes with applied monofocal intraocular lens, 4 eyes with toric
intraocular lens, 6 eyes with multifocal intraocular lens Panoptix and 4 eyes with
multifocal intraocular lens with extended depth of focus Vivity.

The measured results are recorded during postsurgical check up, when the eye
condition is considered stable. First, the natural visus is measured, then the full subjective
correction is performed. The refractive value of the full correction and the corrected visa
achieved are recorded. Then the correction is made by spherical equivalent, the values of
the achieved vision acuity are again recorded in the table. The collected data also include

the original refractive state of the eye.

[ have established 2 hypotheses for my research.

Hypothesis 1:

e Uncorrected astigmatism will have a higher effect on visual acuity with
multifocal intraocular lenses than with monofocal intraocular lenses.

Hypothesis 2:

e The effect of uncorrected astigmatism on visual acuity after implantation of
conventional multifocal intraocular lenses will be higher than after

implantation of EDoF multifocal lenses.
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Table 1: Measured values of probands with monofocal I0L

Correction Original correction VA with original
1D Gender | Age | Eye UDVA sph cyl ax CDVA | SphE |VA withSphE sph cyl ax correction
1 | female | 51 | oD 0,98 075 | 075 35 1,20 | plan 1,00 6,50 -0,50 55 1,02
2 | female | 51 | ©OS 0,50 -0,50 1,00 | -050 1,00 6,25 -0,50 130 0,98
3 male | 71 | 05 0,60 025 | -1,00 | 105 092 | -0,25 0,70 475 -4,00 173 0,68
4 male | 61 | 05 0,30 -1,25 | -1,25 58 094 | -2,25 0,66 -12,50 | -2,75 30 0,46
5 | female | 70 | ©Os 0,80 025 | 1,00 | &7 1,16 | -0,75 1,00 -1,00 0,50
6 | female | 63 | OD 0,14 -025 | -0,25 95 020 | -0,25 0,16 0,00

Graph 1: Comparison of visual acuity with full correction and visual acuity with used spherical equivalent
for monofocal I0L
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Table 2: Measured values of probands with multifocal IOL
Correction Original correction VA with original
[»] Gender | Age Eye | UDVA sph cyl ax CDVA | SphE |VA withSphE| sph cyl ax correction
1 fena 58 oD | 1,00 | -025 | -050 | 125 | 148 | -0,50 1,20 1,75 | 075 | 124 1,20
2 fena 58 0s | 1,00 025 | 050 | 40 1,48 | plan 1,00 150 | 075 | 78 1,18
3 mui 60 0s | 090 1,00 | -050 | 90 1,18 | 0,75 0,94 475 | -0,75 | 100 1,00
4 %ena 58 oD | 0,60 0,75 094 | 075 0,94 -075 | -025 | 90 0,72
5 muj 50 oD | 1,20 | -0,25 1,24 | -0,.25 1,24 1,50 | -0,75 | 100 1,00
6 mu3 50 os | 08 | -025 | 025 | 175 | 104 | -0,25 1,00 150 | 075 | 95 1,00
Graph 2: Comparison of visual acuity with full correction and visual acuity with used spherical equivalent

Visual Acuity

1,60
1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00

for multifocal IOL

1 2 3 4 5 6

D

146

mCDVA
B VA withSphE




Table 3: Measured values of probands with multifocal EDoF IOL

Gender

Age

Eye
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cyl

ax

CDVA

SphE

VA withSphE

Original correction

sph

cyl

ax

VA with originall
correction

62

oD

0,80

plan

-0,50

0,84

-0,25

0,80

1,00

-0,50

60

0,96

62

05

0,80

plan

-0,25

15

0,90

plan

0,80

0,50

0,98

49

05

0,70

0,25

-0,50

70

0,92

plan

0,70

2,75

-0,25

70

1,00

63

05

1,00

-0,50

1,04

-0,50

1,00

-2,00

-0,25

145

0,40

Graph 3:

Conclusion

affects the visual acuity of patients. Most probands have improved their visual acuity
when their astigmatism was fully corrected. Due to the lower number of propands

involved in this research so far, it is not yet possible to significantly compare the effect of

According to the results so far, it can be deduced that uncorrected astigmatism

Comparison of visual acuity with full correction and visual acuity with used spherical equivalent
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uncorrected astigmatism on individual types of IOLs.
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Myopia control
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Anotace
Piispévek se zabyva tématem myopia control ve smyslu seznameni se s myopii, jejim
vyskytem, komplikacemi a také moZnostmi myopia kontrol. Zaroven piedstavim

metodiku a prozatimni vysledky vyzkumu.

Klicova slova
myopie, myopia control, ortokeratologie, refrak¢ni vady, déti a mladistvi, progrese

Uvod

Po celém svété v soucasné dobé dochazi k narustu kratkozrakosti. Nejvétsi boom
zazivaji na vychodu Asie, kde v nékterych oblastech najdeme kratkozrakych az 90 %
mladistvych.! A jak jsem jiz naznacila nejedna se jen o problém Asie. I v ramci Evropy
a Severni Ameriky sahaji ¢isla po¢tu myopt v populaci mladistvych pies 40 %.2

Pravé proto je myopia control stile aktualnéjsim tématem. Co mizeme se touto
situaci délat? Proc je viibec dobré kontrolovat progresi myopie? Jak moc je toto téma
aktualni v podminkach naseho mésta? A ma viibec o této problematice néjaké povédomi

béZna verejnost?

Myopie

Myopie, jinym slovem kratkozrakost, je stav, kdy se rovnobézné paprsky jdouci
znekonecna pfi prichodu optickym systémem oka lamou do ohniska, které lezi
na optické ose pred sitnici. To znamenda, Ze na sitnici dopada neostry obraz. Jedna
se o refrakcni vadu oka, pri které se daleky bod oka nachazi v kone¢né vzdalenosti. Pro
daného clovéka do znamenad, Ze je schopen vidét ostie pouze do vzdalenosti tohoto
dalekého bodu a vSe, co se nachazi od néj dale, neZ tento jeho daleky bod se mu jevi
rozostiené. Myopie se tak subjektivné vyznacuje rozmazanym vidénim do dalky,
mzouranim, mnutim oci, obtiZnym vidénim za Sera a mnohdy i bolesti hlavy. Myopii neni
u kazdého Clovéka stejnd, lze ji délit podle raznych kritérii jako je etiologie, stuper, nebo
jeji rist. Myopii lze korigovat béZnymi brylovymi, nebo kontaktnimi cockami

s minusovymi dioptriemi.34
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Obr. 1: Myopies ,prekresleno autorem*

Na refrakci, a tedy i na vznik refrakéni vady maji nejvétsi vliv tyto faktory: lomivost
rohovky, lomivost cocky, hloubka piedni komory a délka oka. Vyvoj a riist oka
je dokoncovan az po narozeni a je slozitou souhrou déji, které se neustdle snaZzi
o emetropizaci oka. Ze statistickych udaji vyplyva, Ze pokud uvazujeme populaci naseho
statu ve vSech vékovych kategoriich, tak lze za emetropy povaZovat priblizné 75 %
populace. Vidime tedy, Ze emetropizacni proces je velmi efektivni. Myopie se v nasi
populaci vyskytuje do 20 % populace.*67

Na vzniku refrakénich vad, a to veetné myopie, se nepochybné podili genetika. Pan
doc. MUDr. Milan Anton, CSc. publikoval ¢lanek, ve kterém napsal: ,Pri zjisténi Skolni
myopie maji ve 40 - 60 % myopii oba rodice, v 23 - 40 % jeden z rodicliajenv 6 - 15 %
nemda myopii Zddny z rodici.“> Genetika vSak neni jedinym faktorem. Dnes jiZ vime,
Ze duleZity vliv na vznik myopie ma i prostiedi. Mnohé studie se shoduji, Ze existuje
spojitost mezi dobou prace na blizko a prevalenci myopie. Jedna z téchto studii ukazuje,
Ze na kazdou hodinu tydné stravenou venku doslo k poklesu prevalence myopie o 2 %. Pri
praci na blizko tomu bylo naopak a s kazdou dals$i hodinou stravenou uvniti se zvysuje
riziko vzniku myopie. Dalsi z téchto studii odkazuje k tomu, Ze divodem by mohly byt
i zdroje svétla, nebo doba spanku. 68-11

Myopie, obzvlasté ta vysoka (> - 6 D), nebo progresivni, miiZe byt pro clovéka vaznou
komplikaci. Je to z toho divodu, Ze myopie je Casto zplisobena vétsi axialni délkou oka.
Takovéto ,velké” oko pak ovliviiuje okolni organy a zptisobuje zmény hlavné na zadnim
segmentu. Jedna se o morfologické zmény optického nervu a o¢niho pozadi - protenceni
sitnice, zmény zorného pole. Ale i o glaukom, nebo kataraktu.12-14
Myopia control

»,Myopia control“ je termin pouZivany k popisu specifickych zplsobi 1écby

zpomalujicich progresi kratkozrakosti u déti. Termin myopia control zahrnuje vice nez
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jednu metodu kontroly kratkozrakosti. Je dilezité kontrolovat narlst kratkozrakosti,
zejména u té vysoké, kviili komplikacim, které jsme probirali diive.

Existuji Ctyti hlavni zpiisoby 1é¢by kratkozrakosti. Jedna se o o¢ni kapky s atropinem,
multifokalni kontaktni ¢oc¢ky, ortokeratologie a multifokalni brylové ¢oc¢ky. Zadna z téchto
metod neprobiha operativné. NejinvazivnéjSi metodou jsou atropinové kapky do odj,
protoZe se jedna o farmakologické léky. ,K dneSnimu dni je atropin jedinym lékem,
u kterého bylo prokazano, Ze je trvale uCinny pri zpomaleni progrese refrakcni vady
u myopi.“14 Je prokazano, Ze k tomuto zpomaleni riistu myopie dochazi pti pouziti o¢nich
kapek s 0.01 % atropinu. Toto mnoZstvi je rovnéZz vhodné i zdlvodu eliminace
systémovych vedlejSich uc¢inki. Léc¢ba atropinem neni v Evropé prilis bézna.1>16

Jednou z moZnosti je ortokeratologie. Jednd se o specidlné tvarovanou kontaktni
¢ocku. Kontaktni ¢oc¢ky pouzivané na ortokeratologii jsou tvrdé RGP ¢ocky, které se nosi
v noci. Jejich tvar je designovan tak, aby doslo k oplosténi rohovky, ¢imZ dojde ke zméné
dioptrické hodnoty oka. Rano po vytaZeni kontaktni cocky z oka, tak je doty¢ny pacient
schopny vidét i bez bryli. Nejedna se o trvalou metodu. Pokud c¢oc¢ky delsi dobu, nebude
pacient nosit, rohovka se vrati do plivodniho stavu. Ortokeratologie je oproti 1écbé

atropinem bezpecnéjsi. Problém zde ptsobi hlavné infekce oka zptisobené nevhodnou

22D

hygienou pacienta.1?

Myopia With After Daytime
eye profile Ortho-K overnight lens
without lens lens fitted adjustment removed

Obr. 2: Piisobeni orto-k kontaktni ¢o¢ky na oko18

DalSi mozZnosti je korekce viceohniskovymi CoCkami. Pouzivaji se multifokalni
kontaktni, nebo brylové coCky. U kontaktnich multifokalnich cocek bylo prokazano,
Ze u déti doSlo aZ u 50 % z nich béhem 2 let jejich noSeni ke zpomaleni progrese myopie.
U kontaktnich c¢oCek se pouziva asféricky design se stfedovou zoénou do dalky.
Dosahujeme zde tak periferniho rozostreni. Periferni rozostreni je pro oko signalem
ke zpomalovani riistu myopie a zaroveil nechdvame ostry obraz na ose vidéni.19-21

U brylovych cocek lze pouZzit tri varianty. Jsou to bifokalni brylové cocky, klasické

multifokdlni ¢oCky, nebo relativné nové multifokdlni CocCky s perifernim
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rozostrenim - DIMS (MiYOSMART Hoya), periferni asféricky design (MioVision Pro Zeiss)

... Vyhodou brylovych cocek je jejich snadna aplikace a malé komplikace.20. 21

Vyzkum
Metodika vyzkumu

Pro studii byli vybrani studenti strednich $kol a méfeni bylo provedeno se svolenim
Skoly primo ve budové Skoly béhem vyuky. Méreni probiha objektivné piistrojem Welch
Allyn ® Spot ® Vision Screener. Do skupiny jsou zarezovani studenti se vSemi druhy
refrak¢nich vad. Zaroven s méfenim probiha vyplnéni dotaznikli s dopliujicimi
informacemi. Studenti budou nasledné méreni s rocnim rozestupem pro zjisténi nartstu
dioptrii.

Vzhledem k tomu, Ze vyzkum ke dni psani tohoto ¢lanku stale probih3, je vyzkumna
skupina prozatim pouze predbézna. Jedna se o skupinu 30 studenti stiedni zdravotnické

Skoly ve véku 17 let. Kazdy z téchto studentl byl prozatim zméren 1x.

Vysledky vyzkumu

Prvni hypotéza - vétSina studentli bude mit myopii, byla vyvracena. Ve zkoumaném
vzorku je nejvice studentli emetropickych. To znamena, Ze jejich refrakéni vada
je vrozmezi <0.00 D; + 0.75 D>.

RozloZeni refrakénich vad
14

1z

10

: -l

fyziologicka myopie fyziologicka...
wysoka myopis emetropie wysoka...

Obr. 3: RozloZeni refrakénich vad

Druha hypotéza - u studentti, u kterych je kladen diiraz na vyssi vzdélavaci vykon,
bude myopie nartistat ve vétsim procentu, prozatim nebyla z diivodu velikosti zkoumané

skupiny a doby trvani vyzkumu vyvracena, ani potvrzena.
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Treti hypotéza - vétSina myopickych studentti (= 95 %) nikdy neslySela o myopia
control a jejich moZnostech byla vyvracena. Mezi studenty se naslo 11 %, ktefi védéli,
co to myopia control je. Myslim si, Ze k vyvraceni doslo z diivodu zarazeni do zkoumané

kontroly velkého procenta studentii stiednich zdravotnickych $kol.

Slyzelfa jsi néekdy o myopia control?

11%

Bqlé

Anc = Me

Obr. 4: Rozdéleni studentii podle toho, jestli slySeli o myopia control

Diskuse

Pri stanovovani hypotéz jsem vychazela ze zahrani¢nich studii. Jednou z nich byl
¢lanek The myopia boom, ktery uvadi, Ze za poslednich 60 let doslo v Ciné ke zvy$eni
incidence myopie z20 % na 90 %. Tato skuteCnost se tyka hlavné adolescentl a je
pomérné Uzce navazadna na moderni zpisob Zivota. V Ceské studii Myopia Progression
Risk: Seasonal and Lifestyle Variations in Axial Length Growth in Czech Children byly
vySetrovany déti ve véku 11-17 let a kritériem byly 3 hodiny denné travené u pocitace.
Tato studie jasné prokazala negativni vliv prace na blizko. Ac¢koli mnohé studie ukazuji
ktomu, Ze rozloZeni refrakénich vad v populaci zhruba odpovida Gaussové krivce
s vrcholem v emetropickych hodnotach tj. <0.00 D; + 0.75 D>. Tato Gaussova kiivka
nicméné zahrnuje lidi vSech vékovych kategorii. Diky studiim vSak vime, Ze prevalence
vzniku myopie u mladych lidi je vétsi nez u starSich. Tato skutec¢nost prirozené souvisi
s vyvojem oka v priibéhu Zivota. Tyto skutecnosti byly predpokladem ke stanoveni prvni
a druhé hypotézy. Ani jedna z téchto hypotéz zatim nebyla v mém vyzkumu potvrzena.
Prvni hypotéza byla navic vyvracena ve prospéch Gaussovy krivky tejné s tou pro souhrn
vSech vékovych kategorii.122 23

U druhé hypotézy jsem vychazela z faktu, Ze ortokeratologie se v Cesku v sou¢asnosti
prakticky nepouZziva. LéCba atropinem je trochu rozsirené;jsi, ale také se nejedna o béZznou

metodu. V soucasné dobé probiha vyzkum, ktery ukaZze efektivitu zpomaleni progrese
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myopie atropinem u stiedoevropské populace. Co se tyka moZnosti korekce brylovymi,
nebo kontaktnimi ¢o¢kami v Cesku je nejvice pouzivana podkorekce. Tato metoda se pro
sporné vysledky ve svété prilis nepouziva. Tyto skutecnosti mé vedly k poloZeni hypotézy,
Ze 2 95 % nikdy neslySela o myopia control a jejich moZnostech. Tato hypotéza byla v této

skupiné probandi vyvracena.242526

Zaveér

Cilem tohoto ¢lanku je pribliZit vefejnosti skutecnost, Ze ve svété dochazi na mnohem
mistech k vyraznému naristu myopie, a Ze tato skute¢nost by neméla byt piehliZzena ani
u nas. Zaroven tato prace reaguje na velké mnozstvi informacnich bludli a pomaha tak
informovat verejnost o tom, jak myopie vznika a jakymi metodami lze nariist myopie

ucinné zpomalit.
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Myopia control
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Abstract

This article deals with the topic myopia control. I am going to get you to know what
myopia is and what its occurrence is. [ am going to tell you the complications of myopia
and at the possibilities for treatment of myopia. At the same time, I will present the

methodology and provisional research results.

Keywords
myopia, myopia control, orthokeratology, refractive errors, children and

adolescents, progression

Introduction

There is currently an increase in myopia around the world. South-eastern and
Eastern Asia is experiencing the biggest boom in the east, with up to 90% of teens in some
areas short-sighted.! And as I have already indicated, this is not just an Asian problem.
Even within Europe and North America, the number of myopes in the juvenile population
is over 40%.2

Therefore, myopia control is an increasingly topical issue. What can we do about this
situation? Why is it even good to control the progression of myopia? Is it also problem

at our city? And does the public have any awareness of this issue?

Myopia

Myopia, another word for myopia, is a condition in which parallel rays are focused
front of the retina. That means a blurred image hits the retina. It is just a refractive error
in the eye where the punctum remotum is located at a finite distance in front of the eye.
For a given man do means that he is able to see clearly only to the distance of this punctum
remotum and all objects that lies further than punctum remotum appears to him
unfocused. Myopia is subjectively characterised by blurred vision into the distance, eye

rubbing, squinting, difficulty seeing in gloomy and often headaches. Myopia is not the
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same in each person, it can be divided by different criteria such as etiology or growth.

Myopia can be corrected by glasses or contact lenses with minuscule dioptres.34

cornea lens retina

Pic. 1: Myopia5 "redrawn by author "

The following factors have the greatest influence on refraction and on the formation
of refraction defects: corneal refraction, lens refraction, anterior chamber depth and
length of the eye. The development and growth of the eye is completed after birth and is
a complex harmony of events that constantly attempt to emmetrope the eye. Statistics
show that if we think of our nation's population at all ages, about 75% of the population
can be considered emmetropic. So, we see that the emmetropization process is very
efficient. Myopia is found in up to 20% of the population in our population.+67

Genetics are undoubtedly involved in the development of refractive defects,
including myopia. Mr. doc. MUDr. Milan Anton, CSc. published an article in which he was
even more accurate. He literally wrote: "When school myopia is found, at 40-60% both
parents have myopia, at 23-40% one parent and only at 6-15% neither parent has
myopia."> However, genetics is not the only factor. We now know that the environment
also has an important influence on the emergence of myopia. Many studies agree that
there is an association between near-term work and the prevalence of myopia. One of
these studies shows that for every hour spent outdoors weekly, the prevalence of myopia
decreased by 2%. Working at near distance was the opposite, and with each additional
hour indoors the risk of developing myopia increases. Another of these studies refers to
the fact that light sources, or sleep time, could also be a reason.68-11

Myopia, especially the high myopia (> - 6 D), or progressive myopia, can be a serious
complication for human beings. This is because myopia is often caused by elongation of
axial length. Such a "large" eye then affects the surrounding organs, causing changes

mainly in the posterior segment. These are morphological changes in the optic nerve and
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the fundus - retinal thickness, visual field defects. But also, it can cause glaucoma,

or cataract.12-14

Myopia control

"Myopia control” is the term used to describe specific treatments to slow the
progression of nearsightedness in children. The term myopia control includes more than
one method of controlling nearsightness. It is important to control myopia especially
in high myopia because of complication we discussed before.

There are four primary categories of myopia control treatments. It is atropine eye
drops, multifocal contact lenses, orthokeratology, and multifocal eyeglasses. All these
methods are surgery-free. The most invasive method is atropine eyedrops because they
are drugs "To date atropine is the only drug that has been shown to be consistently
effective at slowing the progression of refractive defects in myopes."1> This slowing of
myopia growth is shown to be effective when there are used eye drops with 0.01%
atropine. This this concentration is also appropriate for the elimination of systemic side
effects. Treatment with atropine is not very common in Europe.1516

One of the possibilities is orthokeratology (also known as ortho-k). It is a special
fitted contact lens. Contact lenses used for orthokeratology are rigid, gas-permeable
lenses worn at night. Their shape is designed to flatten the cornea. It is changing the
dioptric value of the eye. The morning after pulling the contact lens out of the eye the
patient can see without the glasses. This is not a permanent method. If the lenses are not
worn for a long period of time, the cornea will return to its original shape.
Orthokeratology is safer than atropine treatment. The problem here is mainly with the

eye infections caused by improper hygiene of the patients.1”

22D

Myopia With After Daytime
eye profile Ortho-K overnight lens
without lens lens fitted adjustment removed

Pic. 2: Effect of ortho-k contact lenses on the eyel8

Other possibility is treatment by multifocal lenses. It can be multifocal contact lenses

or multifocal spectacle lenses. There is a proof that using multifocal contact lens helps
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reduce myopia progress in children. Up to 50 % of all the children in study. There are use
contact lenses with an aspherical design in myopia control. These multifocal contacts have
a primary viewing zone in the centre of the lens. The primary viewing zone is for distance,
and it is surrounded by concentric rings of near powers. This achieves peripheral defocus.
Peripheral defocus is a signal to the eye to slow the growth of myopia, while leaving
a sharp image on the axis of vision.19-21

Three variants can be used for spectacle lenses. These variants are bifocal lenses,
multifocal lenses, or multifocal lenses with peripheral blur - DIMS (MiYOSMART Hoya),
peripheral aspherical design (MioVision Pro Zeiss) ... The advantage of spectacle lenses

is their easy application and a lack of complications.20.21

Research

Methodology of research

High school students were selected for the study. The measurement is taken
objectively with the Welch Allyn® Spot® Vision Screener. Students with all kinds of
refractive defects are cut into the group. Completion of questionnaires with additional
information is carried out at the same time as the measurement. Students will then be
measured with a yearly spacing to detect an increase in dioptres.

As the research is still ongoing, the research group is only preliminary for now. It is
a group of 30 high school medical students aged 17. Each of these students has been

measured once for the time being.
Results of research

The first hypothesis - most students will have myopia - has been disproved. In this
study the most students are emmetropic. This means that their refractive error is within

<0.00D; + 0.75 D>.

Distribution of refractive errors

1z

10

: -

mild/moderate. . mild/mederate. .
high myopia emmetropia high hypercpiz

Pic. 3: Distribution of refractive errors in the population
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The second hypothesis - for students who emphasise higher educational
performance, myopia will increase in a larger percentage - so far has not been disproved
or confirmed due to the size of the study group and the duration of the research.

The third hypothesis - most myopia students (= 95%) have never heard of myopia
control and its possibilities - have been disproved. 11% of students knew what myopia
control is. I think the disprovement was due to the large percentage of secondary medical

school students in the sample.

Have you ever heard of myopia control?

11%

Solb

Yes m No

Pic. 4: Classification of students according to whether they heard about myopia control

Discussion

[ based my hypotheses on international studies. One of them was the article The
myopia boom. It describes that over the past 60 years there has been an increase in the
incidence of myopia in China from 20% to 90%. This trend mainly concerns adolescents
and is relatively closely linked to the modern way of life. In the Czech study called Myopia
Progression Risk: Seasonal and Lifestyle Variations in Axial Length Growth in Czech
Children were investigated children aged 11-17 and the criterion examined was spending
3 hours a day on a computer. This study clearly demonstrated the negative effect of near
work. Although many studies show that the distribution of refractive errors in
a population is roughly equivalent to the Gaussian function with a peak in emmetropic
values i.e., <0.00 D; + 0.75 D>. Nonetheless, this Gaussian function includes people of all
ages. However, thanks to studies, we know that the prevalence of myopia in young people
is greater than in the elderly. These facts were a prerequisite for establishing the first
hypotheses and the second hypotheses. Neither of these hypotheses has yet been

confirmed in my research. Furthermore, the first hypothesis was disproved.1.22.23
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The second hypothesis was based on the fact that orthokeratology is currently barely
used in the Czech Republic. Treatment with atropine is a little more prevalent, butit's also
not a common method. Research is currently underway to show the effectiveness of
slowing the progression of myopia by atropine in the Central European population.
Regarding the possibility of correction by spectacled or contact lenses in the Czech
Republic is the most used undercorrection. This method is not widely used for
contentious results in the world. These facts led me to hypothesize that = 95% had never
heard of myopia control and its possibilities. This hypothesis has been disproved in this
group of probands.242526
Conclusion

The aim of this article is to bring to public attention the fact that there is an increase
in myopia in the world, and that this fact is important also for us. At the same time, this
work responds to many information delusions, helping to inform the public about myopia

and the methods of myopia control.
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Anotace

V této praci se zabyvam vztahem mezi refrakénimi vadami a moznymi bolestmi
hlavy pripadné migren6znimi stavy. V teoretické ¢asti jsou popsany refrakcni vady a jejich
korekce. Déale se prace vénuje méreni objektivni a subjektivni refrakce. Nasledny celek
popisuje bolesti hlavy a migrény, jejich vznik a mozZné pric¢iny. Vyzkumna ¢ast si klade
za cil zjistit vztah mezi bolesti hlavy/migrénou a refrak¢ni vadou. Vyzkum je v zavéru

srovnan s publikovanymi ¢lanky na totéz téma.

Klicova slova
refrakéni vady, bolesti hlavy, migréna, aura, dotaznik MIDAS, astigmatismus,

anizometropie

Uvod

Bolesti hlavy byvaji jednou z nejcastéjSich pticin, které maji mnohé dopady na nase
zdravi. Zivot ovliviiuji od zhor$eni nalady pres deprese aZ s nékdej$im nasledkem
navozeni pocitu strachu. Migrény jsou popisovany jako opakujici se bolesti hlavy s riiznou
délkou trvani v rozmezi 4-72 hodin. Spolu s vlastni bolesti se objevuji cetné doprovodné
priznaky, mezi které patii naptiklad nauzea, zvraceni, precitlivélost na svétlo (fotofobie),
pak méné casta precitlivélost na hluk (fonofobie) a ojedinéla precitlivélost na pachy nebo
viné (osmofobie). Bolest vétSinou zacina jako tupa a s nabyvajici intenzitou méni svij
charakter na pulsujici az ostrou, ktera se zhorsuje béZnou pohybovou aktivitou ¢i zatézi.
Stredni aZ silna intenzita bolesti hlavy vede casto k vylouceni jedince zjakéhokoli
zapojeni v osobnim, spolecenském ¢i pracovnim Zivoté. 1.2

U migreniki miiZe nastat sniZeni intenzity a frekvence vyskytd zachvatii prave
v obdobi klidu, kdy je pacient hospitalizovan, pobyva na dovolené, po prvnim trimestru

nebo po jiném obdobi klidu. Zde se da hovorit o pomysiné remisi.12
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Spolu s bolesti hlavy se kromé doprovodnych priznaki vyskytuje také aura. Jedna
se o svételné zablesky zvané fosfény, které se pohybuji napri¢ zornym polem jako bilé
nebo i barevné scintilujici skotomy. Zminéné vjemy se postupné odsouvaji smérem

k periferii jednoho hemipole s naslednym vybavenim skotomu.!

Metodika vyzkumu

Cilem teoretické casti bylo co nejsrozumitelnéji pribliZit problematiku
migrendznich zachvatil a dale nalézt jejich mozné ovlivnéni zavedenim spravné korekce.
Cile empirické ¢asti prace

* Cilem studie je zjistit, zda pouZivani spravné korekce miiZe néjakym zplisobem
ovlivnit priibéh migrény a jeji intenzitu.

* Nazakladé vyzkumu se ocekava, Ze u pacientti trpicich bolestmi hlavy a migrénami
dojde ke sniZeni frekvence obtiZi. Jedinci s obtiZemi budou mit vyssi stupné
astigmatismu a u pacienti s castymi bolestmi hlavy bude pfitomna
anizometropie.345

Stanovené hypotézy

* Po zavedeni spravné (nové) korekce dojde ke sniZeni frekvence migren6znich
obtiZzi.

* Pacienti s bolestmi hlavy a migrénami mivaji pritomen astigmatismu (=0,5D).

» U pacientli s migrénou je zjisténa anizometropie (=0,75D).

V rdmci anamnézy jsou pacientovi kladeny otazky, které se také tykaji bolesti hlavy
ajeji intenzity. Pokud se obtiZe potvrdi, klient je pozadan o vyplnéni piedloZzeného
dotazniku MIDAS (Migraine Disability Assessment Scale). Poté se prechazi ke klasickému
zméreni refrakce na autorefraktometru a stanoveni vhodné subjektivné korekce. Pokud
pacient néjaké bryle jiz vlastni, prejde se kjejimu ovéreni. Po 3 mésicich je pacient
pozadan o opétovné vyplnéni dotazniku tak, aby bylo moZné posoudit ucinek nové
korekce.

Béhem stanoveni subjektivni korekce je dilezité ponechat pacienta adaptovat
na jednotlivé hodnoty koreké¢nich clenti. Ptame se, zda jej korekce néjak ,,netadhne” ¢i neni
nijak nepohodlna a dbame, aby byla binokularné dobie snasena. Témto dotaziim je kladen
velky diraz, protoze praveé u citlivéjsich jedinct jsou drobné rozdily v korekci vhimany
vyraznéji a mohly by mit za nasledek vybaveni migrény. Kazdému pacientovi

je doporucena navstéva neurologa ¢i obvodniho 1ékare.
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Zavedeny dotazniku MIDAS ma za kol kvantifikovat postiZeni souvisejici s bolesti
hlavy z hlediska 3 mésicti. Dle dosaZeného skdre se migréna déli na 4 stupné, kdy I. znaci
lehkou formu a IV. téZké omezeni. Dotaznik sestava z celkovych 7 otazek. Prvnich 5 otazek
se tyka frekvence obtiZi, nasledujici 2 otazky pak hodnoti intenzitu bolesti. Ze ziskanych
hodnot pak dostavame orientacni skére migrén. Existuje rada studii, které se zabyvaji
spolehlivosti a ucinnosti dotazniku. Dotaznik oznacovan zkratkou MIDAS je nejcastéji
pouzivanym dotaznikem, ma své limity, proto jeho pouZiti u pacientti je pouze orientacni
a nelze nahradit klasickym neurologickym vySetrenim. Z néj ziskané hodnoty se vétSinou
shoduji sdaty ziskanych zdenikovych zdznami pacientli. Samotné vyplnéni spolu

s vyhodnocenim dotazniku je vzdy subjektivni. 1.6

Do studie se zapojilo (k 19.4.2022) celkem 20 jedinct s primérnym vékem 24,8 let
pricemz nejmladsSimu je 20 a nejstarSimu 40 let. V této skupiné probandi je 15 myopl
a 5 hypermetropi. Vétsi zastoupeni tvoii Zeny k muzim v poméru 17:3. VSichni €astnici

se do vyzkumu zapojili dobrovolné a s pisemnym souhlasem.

Vysledky

Vyzkum zapocal vlednu roku 2022 a stile pokracuje. Z tohoto divodu budou
uvedeny dil¢i vysledky. Z celkového poctu 20 jedinct korekci aktivné uziva 16 avsak
vysledky s tfimési¢nim odstupem jsou znamy pouze u 10 z nich.

Hypotéza 1
Prvni stanovena hypotéza se zaméruje na zavedeni spravné korekce a jeji vliv na frekvenci
migrendznich obtiZi. V nasledujici ¢asti se zabyvame ucinkem u 10 klient u kterych
je zndm vysledek vlivu korekce s odstupem 3 mésict.

Utinek korekce je zaznamenan na grafu 1. V grafu je zaneseno priimérné skére
téchto deseti jedincti ziskané pii prvnim vyplnéni dotazniku a po opétovném zodpovézeni
otazek. Na zakladé téchto hodnot doslo k poklesu vyskytu migrenéznich stavi. Doslo
ke zlepSeni frekvence bolesti hlavy u vSech 10 pacientl. V priiméru se obtize zlepsily

0 48,11t7,84 %.
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Srovnani hodnot z dotazniku MIDAS

Graf 1: Vliv korekce na frekvenci migrendéznich obtiZzi

Intenzita bolesti je vnimana vZdy velmi subjektivné. Na nasledujicim grafu jsou
opét zaznamenany hodnoty z prvniho a nasledné opétovného vyplnéni dotazniku MIDAS.
V tomto pripadé dosSlo k zmirnéni intenzity bolesti u 6 pacienti z 10 coz odpovida
13,144 %. U nékterych zlistala hodnota stejna. Tento piredpoklad pojednavajici o zavedeni

rv s

nové korekce a jejim vlivu na frekvenci obtiZi se u tohoto vzorku pacientii potvrdil.

Intenzita bolesti
5,6
5,4

5,2

Intenzita
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4,4

4,2
Intenzita | Intenzita Il

Srovnani hodnot z dotazniku MIDAS

Graf 2: Ovlivnéni intenzity bolesti po zavedeni nové korekce

Hypotéza 2

Nasledujici oblast vyzkumu je zaméfena na Kkorekci astigmatismu, ktery

ma nabyvat hodnot vétsSich nebo rovno 0,5 dioptrii. Ten je pritomen u 11 pacientd, tj. u 55
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%. Ocekavani tykajici se pritomnosti vys$Siho stupné astigmatismu bylo na zakladé

ziskanych dat potvrzeno.

Pritomen astigmatismus >0,5D

T
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Astigmatismus

Graf 3: Pritomnost astigmatismu vétsi nebo rovno 0,5 D

Hypotéza 3
Posledni stanovena hypotéza sleduje rozdilny refrak¢ni stav mezi pravym a levym
okem neboli anizometropii. Ta byla stanovena na hodnotu 0,75 D a vétsi. Takto stanovena

anizometropie je piitomna u 5 jedinct z celkového poctu 20 ¢ili u 25 %. Ze ziskanych dat

je patrné, Ze se tieti pracovni hypotéza u této skupiny probandl nepotvrdila.

Pfitomna anizometropie 20,75D

15
10 -

Pocet pacientl

ano ne

Anizometropie

Graf 4: Pritomnost anizometropie vétsi nebo rovno 0,75 D

Diskuse

’

Migréna je jedna z nejcastéjSich vycCerpavajicich onemocnéni. Charakteristicky
trva nékolik hodin aZ dni s typickym pulzujicim projevem spolu s fadou doprovodnych
jevi. Celosvétové touto nemoci trpi 14% populace. V soucasné dobé lze migrénu
povaZovat zareakci podminénou primarni poruchou mozkového limbu v kombinaci
s riznymi vnéjsSimi faktory. Je znamo, Ze se zachvaty migrény jsou spojeny zrakové

s

ptiznaky. Ackoli drobné refrakéni vady nevyvolavaji Zadné vyrazné bolesti hlavy, zato
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podstatné refrak¢ni vady mohou tyto problémy zplisobovat. Ackoli bylo provedeno
nékolik studii ohledné mozného vztahu mezi refrakénimi vadami a bolestmi hlavy, jejich
vzajemna souvislost je nejednoznacna.*

Publikace zroku 2016 snazvem ,Refractive errors in patients with migraine
headache” aautory Alime Gunes et al. se zaméfuje na hodnoceni refrak¢nich vad
u pacientli s migrénou. Navzdory intenzivnimu vyzkumu se souvislost mezi refrak¢ni
vadou a migrénou z této studie nepodarilo zjistit.

Studie uvadéji, Ze nizka refrakcni vada, zejména astigmatismus, jsou spojeny
s migrénami. Turville tvrdil, Ze nekorigovana refrakéni vada je hlavni pri¢inou, nebo
alespoii diilezitym spoustécim faktorem migrény. Dale Hartle a kol. uvedli, Ze pacienti
s migrénou méli vyssi stupen astigmatismu a anizometropii. 4

Naproti tomu Wilmut zjistil podobny vyskyt refrakénich vad u migrény a kontrolni
skupiny a zaméfil se na vliv binokuldrniho vidéni na migrénu. Rozdilna refrakéni sila
miiZze mit vliv na fazi a poruchy binokularniho vidéni. Holopainen a kol. zaznamenali
uplnou absenci migrény po refrak¢ni operaci u pacientli s migrénou a anizometropii.
Naznacili, ze pravé anizometropie muize vyvolat funkéni zmény ve zrakovych drahach,
které jsou stimula¢ni pro migrénu. 4

Zavérem studie Alime Gunes et al. ukazala, Ze pacienti s migrénou mohou mit vyssi
stupen astigmatismu, SE a anizometropii. Méli by pravidelné absolvovat oftalmologické
vySetreni, aby se zajistila vhodna korekce jejich refrakénich vad, protoZe cetnost

a zavaznost migrenéznich bolesti hlavy mize byt snizena korekci refrakcénich vad. 4
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Annotation

The research deals with the correlation between refractive errors and potential
headaches or migraine attacks. The theoretical part describes refractive errors and their
correction. The thesis also includes the measurement of objective and subjective
refraction. The following section describes headaches and migraines, their origin and
possible causes. The research section aims to establish the correlation between
headache/migraine and refractive error. Finally, the study is compared with published

articles on the same topic.

Keywords
refractive errors, migraine, headache, aura, MIDAS questionnaire, astigmatism,

anisometropia

Introduction

Headaches are usually one of the most common causes that have many effects
on our health. They affect life from mood deterioration to depression and can lead
to feelings of fear. Migraines are described as recurrent headaches with a duration
ranging from 4-72 hours. Along with the pain itself, there are numerous accompanying
symptoms, including nausea, vomiting, hypersensitivity to light (photophobia), then less
frequently hypersensitivity to noise (phonophobia) and sporadic hypersensitivity
to smells (osmophobia). The pain usually starts as a dull ache and changes in intensity
to a throbbing or sharp pain that is made worse by normal physical activity or exertion.

Moderate to severe headache intensity avoids any involvement in personal and social

life.1.2
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Migraine patients may have a reduction in the intensity and frequency of seizures
during periods of rest when the patient is hospitalized, on vacation, after the first
trimester, or after another period of rest. Here we can speak of an imaginary remission.12

In addition to headaches and accompanying symptoms, an aura also occurs. These
are flashes of light called phosphenes that move across the field of vision as white or even
coloured scintillating scotomas. The mentioned perceptions gradually move towards the

periphery of one hemifield with following scotoma furnishing.!

Methods

The aim of the theoretical part of the thesis was to present the problem of migraine
attacks in the most comprehensible way and to find their possible influence
by introducing the correct correction.

The aims of the empirical part of the thesis:

e The aim of the study is to find out whether using the right correction can in any
way influence the duration and intensity of a migraine.
Based on the research, it is expected that patients suffering from headaches and
migraines will experience a reduction in the frequency of their complaints.
Individuals with difficulties will have higher degrees of astigmatism and
anisometropia will be present in patients with frequent headaches.345
Hypotheses established:

e After the introduction of the correct (new) correction, the frequency of migraine

problems will be reduced.

e Patients with headaches and migraines tend to have astigmatism (=0,5D).

e Anisometropia (20,75D) is detected in migraine patients.

As part of the anamnesis, the patient is asked questions that also relate to the
headache and its intensity. If the symptoms are confirmed, the client is asked to complete
the MIDAS (Migraine Disability Assessment Scale) questionnaire provided. Refraction
is then measured on an autorefractometer, and the appropriate subjective correction
is determined. If the patient already owns some glasses, this is then checked. After
3 months, the client is asked to complete the questionnaire again so that the effect of the
new correction can be assessed.

During the determination of the subjective correction, it is important to let the

patient adapt to the individual values of the correction elements. We ask if the correction
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is "pulling" or uncomfortable and make sure that it is well tolerated binocularly. These
questions are very important, because it is in more sensitive individuals that small
differences in correction are perceived more strongly and could lead to a migraine. Each
patient is advised to see a neurologist or a general practitioner.

The MIDAS questionnaire was introduced to quantify headache-related disability
in terms of 3 months. According to the score achieved, migraine is divided into 4 grades,
with [ indicating a mild form and IV a severe limitation. The questionnaire consists
of a total of 7 questions. The first 5 questions relate to the frequency of complaints, the
next 2 questions measure the intensity of the pain. The values are then used to obtain
an orientation score for migraine. There are a number of studies that look at the validity
and reliability of the questionnaire. The questionnaire known by the initials MIDAS is the
most commonly used questionnaire, but it has its limitations, so its use in patients is only
illustrative and cannot be substituted for a conventional neurological examination. The
values obtained from the questionnaire usually correlate with the data obtained from the
patients' diary records. The completion and evaluation of the questionnaire is always

subjective.16

The study involved (as of 19 April 2022) a total of 20 individuals with an average
age of 24.8 years with the youngest being 20 years old and the oldest 40 years old. There
are 15 myopes and 5 hypermetropes in this group of probands. Females are more
represented to males with a ratio of 17:3. All participants participated in the research

voluntarily and with written consent.

Results

The research began in January 2022 and is still ongoing. For this reason, partial
results will be presented. Of the 20 individuals, 16 are actively using the correction, but
results with a three-month interval are known for only 10 of them.

Hypothesis 1

The first hypothesis focuses on the implementation of the correct correction and
its effect on the frequency of migraine headaches. In the following section, we examine
the effect in 10 clients for whom the effect of the correction is known with a 3-month

follow-up.
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The effect of the correction is recorded in Figure 1. The graph shows the average
score of these ten individuals obtained when they first completed the questionnaire
and after answering the questions again. Based on these scores, there was a decrease
in the incidence of migraine conditions. There was an improvement in headache

frequency in all 10 patients. On average, the complaints improved by 48,1+7,84%.
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Figure 3: Effect of correction on the frequency of migraine headaches

Pain intensity is always perceived very subjectively. The following graph again shows the
values from the first and repeat filling of the MIDAS questionnaire. In this case, pain
intensity was reduced in 6 out of 10 patients, which corresponds to 13,1+4%. In some
patients the value remained the same. This expectation about the introduction of a new

correction and its effect on the frequency of complaints was confirmed in this group

of patients.
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Figure 4: Effect of pain intensity after the application of the new correction
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Hypothesis 2

The following area of research focuses on the correction of astigmatism, which
should take on levels higher than or equal to 0,5 D. This is present in 11 patients, i.e. 55%.
The expectation of the presence of a higher degree of astigmatism was confirmed on the

basis of the data obtained.

Occurance of astigmatism 20,5 D

12 11

Number of patients

o N B O
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Astigmatism

Figure 5: Presence of astigmatism levels higher than or equal to 0,5 D

Hypothesis 3

The last hypothesis investigates the difference in refractive error between the right
and left eye which is called anisometropia. This was set to a value of 0,75 D or higher. The
anisometropia is present in 5 subjects out of 20 or about 25%. The data shows that the

third working hypothesis was not confirmed in this group of subjects.
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Figure 6: Presence of anisometropia value of 0,75 D or higher
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Discussion

Migraine is one of the most common exhausting diseases. It characteristically lasts
several hours to days with a typical throbbing manifestation along with a number
of accompanying effects. Worldwide, 14% of the population suffers from this disease.
Currently, migraine can be considered as a reaction conditioned by a primary disorder
of the cerebral limbus in combination with various external factors. It is known that visual
symptoms are associated with migraine attacks. Although minor refractive errors do not
cause any significant headaches, substantial refractive errors may cause these problems.
Although several studies have been conducted regarding the possible relationship
between refractive errors and headaches, the correlation is ambiguous.*

A 2016 publication entitled "Refractive errors in patients with migraine headache"
by Alime Gunes et al. focuses on the evaluation of refractive errors in patients with
migraine. Despite intensive research, an association between refractive error and
migraine could not be established from this study.*

Studies have reported that low refractive error, especially astigmatism,
are associated with migraines. Turville argued that uncorrected refractive error is a major
cause, or at least an important triggering factor, of migraine. Furthermore, Hartle et al.
reported that migraine patients had a higher degree of astigmatism and anisometropia.*

In contrast, Wilmut found a similar incidence of refractive errors in the migraine
and control groups and focused on the effect of binocular vision on migraine. Differences
in refractive power may affect fusion and binocular vision defects. Holopainen et al.
reported a complete absence of migraine after refractive surgery in patients with
migraine and anisometropia. They suggested that it is anisometropia that may induce
functional changes in the visual pathways that are stimulating for migraine.*

In conclusion, the study by Alime Gunes et al. showed that patients with migraine
may have a higher degree of astigmatism, SE, and anisometropia. They should undergo
regular ophthalmological examinations to ensure appropriate correction of their
refractive errors, because the frequency and severity of migraine headaches can

be reduced by correction of refractive errors.*
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Anotacia

Vyskum sa venuje problematike diabetu 1. typu a jeho vplyvu na denzitu ocnej
SoSovky. Prva kapitola opisuje anatémiu, fyzioldgiu a embryolégiu ocnej SoSovky. Druha
kapitola sa zaobera rozdelenim, patofyzioldgiou, o¢nymi a systémovymi komplikaciami a
terapiou ochorenia diabetes mellitus 1. typu. Posledna kapitola teoretickej casti prace
rozdel'uje a vysvetl'uje sp6soby merania denzity o¢nej SoSovky, s najvacsim dérazom na
meranie denzity SoSovky pomocou pristroja Pentacam HR. Empirickd c¢ast prace
interpretuje Statisticky spracované vysledky merania denzity o¢nej SoSovky pomocou

pristroja Pentacam HR u skiimanej a kontrolnej vzorky probandov.

KI'acové slova
o¢na SoSovka, denzitometria, denzita o¢nej SoSovky, diabetes mellitus 1. typu,

Pentacam HR

Uvod

Diabetes mellitus 1. typu (dalej T1DM), je jednym z celosvetovo najviac
rozSirenych autoimunitnych ochoreni v detskej populacii. Postupné zniZovanie
inzulinovej sekrécie v B-bunkach v pankrease, vedie u pacientovs T1DM k hyperglykémii.
Manifestacia T1DM moéZe nastat kedykolvek v priebehu Zivota, ale k diagnostike
ochorenia najcastejSie dochadza v detstve a mladsej dospelosti. Medzi mikrovaskuldrne
komplikacie T1DM patri diabetickd nefropatia, neuropatia a retinopatia. U pacientov
s TIDM je najcastejSou ocnou komplikaciou diabetickd retinopatia, ktora u detskych
pacientov vedie k slepote len vel'mi vzacne. V suvislosti s diabetickou retinopatiou moze
dochadzat aj k zmenam na prednom segmente oka. K najc¢astejSim zmenam na prednom
segmente oka radime refrakéné zmeny, syndrom suchého oka, strabizmus a pociatok

procesu kataraktogenézy.
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Pristroj Pentacam HR, ktory kzobrazeniu predného segmentu oka vyuZiva
Schiempflugovu kameru, umoZznuje objektivne meranie transparencie SoSovky a rohovky.
Sucastou pristroja Pentacam HR je software pre denzitometricki analyzu, ktory
umoznuje meranie intenzity spdtne rozptyleného svetla zrozlicnych casti SoSovky

a rohovky. Vysledkom denzitometrickej analyzy si hodnoty denzity SoSovky a rohovky.12

Metody
Ciel'om teoretickej casti vyskumu je objasnit vplyv T1DM na denzitu o¢nej SoSovky.

Ciele empirickej casti prace:

1. Objektivne odmeranie denzity ocnej SoSovky na oboch ociach v skimanej
(probandi s T1DM) a kontrolnej (probandi bez T1DM) skupine pacientov.

2. Statistické spracovanie denzitometrickych hodnét $o$ovky u pacientov s T1DM
a u pacientov bez T1DM.

3. Stanovenie Statistickej odchylky v hodnotach denzity SoSovky medzi vyskumnymi
skupinami.

Pracovné hypotézy:

1. Priemerné denzitometrické hodnoty ocCnej SoSovky su vskimanej skupine
probandov vyssie ako v kontrolnej skupine.

2. Priemerna  denzitometrickd  hodnota  ocnej SoSovky  uprobandov
s ochorenim diabetes mellitus 1. typu rastie s diZkou trvania ochorenia.

3. Priemernd  denzitometrickd @ hodnota  oc¢nej SoSovky  uprobandov
sochorenim diabetes mellitus 1. typu rastie shodnotou glykovaného
hemoglobinu.

Vyskum prebiehal od oktébra 2021 do februdra 2022 na Oddeleni o¢nych choréb

a optometrie (ONOO) vo Fakultnej nemocnici u sv. Anny v Brne (FNUSA). Do vyskumu
bolo zapojenych celkovo 40 probandov, ktori boli rozdeleni do dvoch skupin. Skimana
skupina pozostavala z 20 probandov s T1DM, bez ocnych patolégii, ktori navStevuju
FNUSA. Kontrolny skupinu tvorilo 20 probandov bez T1DM a bez o¢nych patoldgii. VSetci
Ucastnici sa do vyskumu zapojili dobrovolne. Vekovy priemer skiimanej skupiny bol 39,4
(min = 23 ; max = 56) rokov a v kontrolnej skupine 22,8 (min = 21 ; max = 27) rokov.
V skiimanej skupine bolo zastipenych 12 muZov a 8 Zien a kontrolna skupina pozostavala
z9 muzov a 11 Zien. Najmladsi ucastnik vyskumu mal 21 rokov a najstars$i 56 rokov.

VySetrenie bolo vykondvané na oboch ociach pacientov.
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Objektivne namerané hodnoty denzitometrickej analyzy oc¢nej SoSovky boli nasledne
Statisticky spracované. Denzitometricky software poskytuje meranie denzity ocnej
SoSovky v Skale od 0% do 100 % (0 % - uplne priehl'adna SoSovka, 100 % - Uplne
nepriehl'adna SoSovka). O¢i pacientov boli na pristroji vySetrované v nedilatovanom
stave, ¢o moOZe viest ku skresleniu vysledkov. PNS systém poskytuje data priemernej
hodnoty denzity, hodnotu smerodatnej odchylky a maximalnu hodnotu nuklearnej
denzity. 3 Plocha, z ktorej bola denzita pristrojom Pentacam HR hodnotend, bola
pristrojom generovana automaticky. Priemer generovanej plochy bol 0,6 mm a jej objem

0,4 mm3. 2

Vysledky

1. Hypotéza

Prva pracovna hypotéza sa zameriava na urcenie odchylky medzi priemernou
hodnotou denzity o¢nej SoSovky u probandov s TIDM a kontrolnej skupiny probandov
bez T1DM. Priemer hodnot denzity o¢nej SoSovky u probandov s T1IDM na pravom oku
bol 10,10 + 0,79 % a nal'avom oku 10,15 + 0,79 %. Priemer hodndét denzity o¢nej SoSovky
v kontrolnej skupine probandov dosahoval hodnotu na pravom oku 8,46 + 0,36 %
analavom oku 8,43 + 0,41 % . Na zaklade spracovania nameranych dat moZzno tvrdit
Ze existuje Statisticky vyznamna odchylka v hodnotdch denzity SoSovky v skimanej
a kontrolnej skupine probandov (P < 0,001 na pravom aj I'avom oku). Pri analyze dat
jevSak dolezité brat do uvahyvyrazny rozdiel vo vekovych priemeroch oboch
vyskumnych skupin a na skutocnost, Ze vySetrenia boli vykonavané bez dilatacie zornic

pacientov. 2

Priemerna hodnota denzity o¢nej SoSovky u skiimanej a kontrolnej
skupiny

ky (%)
(=)
o

Sosov!
(2]
o

Denzita

Pravé oko Lavé oko

B Skiimana skupina Kontrolna skupina

Fig. 1: Porovnanie priemernych hodnét denzity Sosovky v skiimanej a kontrolnej skupiny
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2. Hypotéza

Druhad pracovna hypotéza skumala potencialnu suvislost hodnoty denzity ocnej
$o%ovky s dizkou trvania ochorenia T1DM. Maximalna hodnota denzity pravého oka
v skimanej skupine bola 12,20 % alavého oka 11,90 % . Minimalna hodnota denzity
pravého a I'avého oka boli 8,90 % . Priemer hodndét denzity SoSovky pravych oci pacientov
bol 10,10 % 0,791 %, priemer hodn6t na l'avych ociach bol 10,15 * 0,789 % . Priemerna
diZka trvania T1IDM u probandov skiimanej skupiny bola 24,4 + 7,69 rokov, maximalna
hodnota bola 39,0 rokov a minimalna 13,0 rokov. Hodnota R (korela¢ny koeficient) na

pravom oku bola 0,2 a na 'avom oku sa R = 0,19. Korelacia medzi diZkou trvania T1DM

a denzitou oc¢nej SoSovky bola slaba.

Zavislost denzity $o$ovky na dizke trvania TIDM
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Fig. 2 : Vplyv dlZky T1DM na denzitu oénej $oSovky

3. Hypotéza

Tretia pracovna hypotéza skimala suvislost hodnoty denzity SoSovky u pacientov
s T1IDM s hodnotou glykovaného hemoglobinu (HbA1lc). Hodnoty HbAlc, dosadzované
do tabuliek a grafov, boli spriemerovanymi hodnotami HbAlc z poslednych 3 kontrol,
ktoré pacient absolvoval. Priemerna hodnota HbAlc skumanej skupiny bola
61,6 mmol/mol. HbAlc (max) = 95 mmol/mol ; HbAlc (min) = 42 mmol/mol. Korela¢ny
koeficient R (pravé oko) = 0,15 ; R (I'avé oko) = 0,07. Korelacia medzi hodnotou denzity

ocnej SoSovky a HbA1c bola slaba.
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Zavislost denzity $oSovky na hodnote HbA1c
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Fig. 3 : Vplyv hodnoty HbA1c na denzitu ocnej Sosovky
Diskusia

Napriek tomu, Ze zmeny transparencie SoSovky patria do klinického obrazu o¢nych
prejavov T1DM, nie su zakladom problematiky ocnej patolégie T1DM. Vzhl'adom
k zdravej populécii, si u pacientov s TIDM preukazané vysSie hodnoty denzity oCnej
SoSovky. ZvySené hodnoty denzity SoSovky s Casto v spojitosti s TIDM spajané aj
s hladinou glykémie v krvi a dizkou trvania ochorenia. 4 Zmeny v hustote $o$ovky mézu
u diabetikov 1. typu viest kiniciacii procesu kataraktogenézy. Vysledky Studie z roku
2001, ktora bola publikovana v ¢asopise American Journal of Ophthalmology autormi
Kato et al, tvrdia, Ze existuje korelacia medzi hladinou HbAlc a hodnotami denzity
SoSovky upacientov s TIDM. Do Studie bolo zapojenych 30 pacientov sT1DM
a 30 kontrolnych subjektov. V zavere autori tvrdia, Ze zniZena transparencia SoSovky
u pacientov s T1DM sa mézZe pripisovat produktom neskorej reakcie, pri ktorej lyzinové
zvySky SoSovkovych proteinov reaguju s glukézou v procese glykacie alebo
neenzymatickej glykozylacie, pri trvalo zvysSenej koncentracii glukdzy v sére.

Vysledky $tudie Tekina et al. poukazuji na vyznamnu koreldciu medzi dizkou
trvania T1DM ahodnotami denzity SoSovky. Hodnoty HbAlc v suvislosti
s denzitometrickymi hodnotami u pacientov s T1DM, na rozdiel od predoslej Studie,
nepreukazali silnu korelaciu. 1 Vysledky Studie preukazali vyznamnu Statistickd odchylku

v hodnotach denzity SoSovky medzi pacientami s T1DM a zdravou populaciou.
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Medzi diZkou trvania T1DM a denzitometrickymi hodnotami o¢nej $o$ovky nebola
preukazana vyznamna korelacia. TaktieZ nebol preukazana korelacia medzi hodnotami
HbA1lc a denzitou ocnej SoSovky. Limitujucimi faktormi pri vyhodnocovani vysledkov
hypotéz je nizky pocet respondentov, vyrazny rozdiel vo vekovych priemeroch

vyskumnych skupin a meraniu o¢i v nedilatovanom stave. 26

Leioye

|/®

OCULUS - PENTACAM

Fig. 4 : Denzitometrickd analyza ocnej Sosovky na pristroji Pentacam

Zaver
Vyskumom bol potvrdeny vplyv T1DM na denzitu o¢nej $o$ovky. DiZka trvania
T1DM a hodnota HbA1c, podl'a nasho vyskumu nema na denzitu o¢nej SoSovky

u pacientov s T1DM vyrazny vplyv.
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Annotation

The thesis deals with problems of type I diabetes and its impact on the lens density
of the human eye. The first chapter describes the anatomy, physiology, and embryology
of the ocular lens. The second chapter deals with the classification, pathophysiology,
ocular and systemic complications, and therapy of type 1 diabetes mellitus. The last
chapter of the theoretical part of the thesis divides and explains the methods of measuring
the ocular lens density. The most attention is paid to the measurement of the ocular lens
density using the Pentacam HR. The research part of the thesis presents the statistically
processed results of the measurement of the ocular lens density using the Pentacam HR

device in the study and control group of patients.

Keywords
ocular lens, densitometry, ocular lens density, type 1 diabetes mellitus,

Pentacam HR

Introduction

Type 1 diabetes mellitus (T1DM) is one of the most prevalent autoimmune
diseases in the paediatric population worldwide. A progressive reduction of insulin
secretion in B-cells in the pancreas, leads to hyperglycaemia in patients with T1DM. The
manifestation of T1DM can occur at any time during life, but the diagnosis of the disease
most often occurs in childhood and young adulthood. Microvascular complications of
T1DM include nephropathy, neuropathy, and diabetic retinopathy. The most common
ocular complication in T1DM patients is diabetic retinopathy, which in paediatric patients,

leads to blindness very rarely. In addition to diabetic retinopathy, anterior ocular segment
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changes, such as refractive changes, cataract, dry eye syndrome and strabismus, may also
occur in T1DM.

The Pentacam HR device provides an objective measurement of the lens and
cornea transparency, by using a Scheimpflug camera to image the anterior segment of the
eye. The Pentacam HR includes software for densitometry analysis, allowing the intensity
of backscattered light from different regions of the cornea and lens to be measured. 1.2
Methods

The aim of the theoretical part of the research was to explain the effect of T1IDM on
the ocular lens density.

The aims of the empirical part of the work:

1. To objectively measure the ocular lens density in both eyes, in the study (T1DM

patients) and control (non-T1DM patients) groups of patients.

2. Statistical analysis of ocular lens densitometric values in patients with T1DM

and in patients without T1DM.

3. Determination of statistical variation in ocular lens densitometry values

between the study and control groups of patients.

Hypothesis:

1. The average densitometric values of the ocular lens are higher in the studied

group of patients than in the control group.

2. The average value of the ocular lens density in patients with type 1 diabetes

mellitus increases with the duration of the disease.

3. The average value of the ocular lens density in patients with type 1 diabetes

mellitus increases with the glycated haemoglobin value.

The research was conducted from October 2021 to February 2022 at the Department
of Ophthalmology and Optometry (ONOO) at St. Anne's University Hospital in Brno
(FNUSA). A total of 40 patients were involved in the research and were divided into two
research groups. The study group consisted of 20 patients with T1DM, without ocular
pathologies, attending FNUSA. The control group consisted of 20 patients without T1DM
and without ocular pathologies. All the patients participated in the research voluntarily.
The average patients age in the study group was 39.4 (range, 23-56 years) and the average
patients age in the control group was 22.8 (range, 21-27 years). The study group consisted
of 12 males and 8 females, and the control group consisted of 9 males and 11 females.

Examinations was performed in both eyes of the patients.
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The objectively measured values of the ocular lens density were then statistically
analysed. The densitometry software provides measurement of the ocular lens density on
a scale from 0% to 100% (0% - completely transparent lens, 100% - completely opaque
lens). Patients' eyes were examined on the device in undilated state, which may lead to
distortion of the results. The PNS system provides data of the mean value of the density,
the standard deviation value, and the maximum value of the nuclear density. 3 The area
from which the density was assessed by the Pentacam HR was automatically generated
by the device. The diameter of the generated area was 0.6 mm and its volume was 0.4
mm?3 .2
Results

1. Hypothesis

The first hypothesis focuses on the determination of the deviation between the mean
value of the ocular lens density in the study group and the control group of patients. The
mean values of ocular lens density in study group were 10.10 + 0.79 % (right eye) and
10.15 £ 0.79 % (left eye). The mean values of the lens density in the control group of
patients were 8.46 * 0.36 % (right eye) and 8.43 + 0.41 % (left eye). Based on the
statistical analysis of the measured data, there is a statistically significant deviation in the
values of the mean lens density in the study and control group of patients (P < 0.001 in
both the right and left eye). However, when analysing the data, it is important to consider
the significant disparity in the mean age of the two research groups and the fact that the

examinations were performed without dilatation of the pupils of the patients.

The average values od ocular lens density in study a control
group of subjects
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Fig. 1: A Comparison of the mean values of the ocular lens density in the study and control group
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2. Hypothesis

The second hypothesis studied the potential association between the lens
densitometry values and the duration of T1DM. The maximum densitometry values of
the ocular lens were 12.2 % (right eye) and 11.9 % (left eye). The minimum
densitometry values of the ocular lens were 8.9 % (both eyes). The mean densitometry
values of the ocular lens were 10.10 = 0.79 % (right eye) and 10.15 = 0.79 % (left eye).
The average duration of T1DM in the patients of the study group was 24.4 years (range,
13 - 39 years). There was not found statistically significant correlation between lens
densitometry values and duration of T1DM (right eye : r = 0.198, left eye : r = 0.194).

The relationship of the ocular lens densitometry values to the duration
of TIDM
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Fig. 2 : The Impact of Duration of T1DM on The Lens Density

3. Hypothesis

The aim of the third hypothesis was testing the association of lens densitometry values
with glycosylated haemoglobin levels (HbA1lc) in patients with TIDM. The HbA1c levels
were obtained from the last 3 controls that the patient had attended in FNUSA. I used
these averaged HbA1c levels for further data analysis. The mean HbA1lc level of the study
group (individuals with T1DM) was 61.6 mmol/mol (range, 42 - 95 mmol/mol). There

was not statistically significant correlation between the lens densitometry values and

HbA1c levels (right eye : r = 0.154, left eye : r = 0.074).
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The relationship of the ocular lens densitometry values to the HbA1lc
levels
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Fig. 3 : The Impact of the HbA1c levels on the Ocular Lens Density
Discussion

Although changes in lens transparency are part of the clinical picture of the
ocular manifestations of T1DM, they are not central problem of T1DM ocular pathology.
In relation to the healthy population, patients with T1DM are shown to have higher
values of ocular lens opacity. Increased ocular lens density values are also often
associated with blood glucose levels and duration of TIDM. # The changes in ocular lens
density can lead to the initiation of cataractogenesis in patients with T1DM. The results
of a 2001 study published in the American Journal of Ophthalmology by Kato et al.
suggest that there is a correlation between HbA1c levels and lens densitometry values in
patients with T1DM. The study included 30 patients with T1DM and 30 control subjects.
In conclusion, the authors suggest that the decreased lens clarity in patients with T1DM
has been attributed to the products of a late reaction in which lysine residues of lens
proteins react with glucose in a process of glycation or non-enzymatic glycosylation,
under a persistently elevated serum glucose concentration. >

The results of the study, by Tekina et al., show a significant correlation between
the duration of T1DM and lens density values. HbA1c values in relation to lens
densitometric values in T1DM patients, in contrast to the previous study, did not show a
significant correlation. 1 The results of our study showed a significant statistical
difference in lens density values between patients with T1DM and the healthy

population. No significant correlation was found between the duration of T1DM and lens
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densitometric values. Also, no correlation was found between HbA1c values and ocular
lens densitometry. The limiting factors in evaluating the results of the hypotheses are
the small number of research group, the significant difference in the age averages of the

research groups, and the measurement of the eyes in the undilated state. 2.6
OCULUS - PENTACAM

ko 1z Zoom+
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Fig. 4 : Analysis of the Ocular Lens Density on Pentacam HR.

Conclusion
Research has confirmed the impact of T1IDM on ocular lens density in diabetic
patients. According to our research, the duration of TIDM and the HbA1c levels have no

significant impact on the lens density in patients with T1DM.
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Termografie pri diagnostice syndromu suchého

oka
Bc. Simona Holanova, Mgr. Petr Vesely, DiS., Ph.D.

Katedra optometrie a ortoptiky Lékaiské fakulty Masarykovy univerzity v Brné

Anotace

Tento odborny ¢lanek pojednava o termografii povrchu oka a jeji mozZné uZiti pri
diagnostice a screeningu syndromu suchého oka. Uvodni kapitoly informuji o slzném
filmu a daném onemocnéni. Druhd polovina je vénovana vyzkumné casti. Jsou zde
popsany stanovené hypotézy, metodika sbéru dat a vyhodnoceni dosud namérenych

pacientd.

Klicova slova

Syndrom suchého oka, termografie, teplota, diagnostika, BUT, break - up time
test

Uvod
Slzny film

Slzny film je specializovana o¢ni struktura, ktera se nachazi na rozhrani rohovky
a konjunktivy. Tato télni tekutina vyplnuje drobné nepravidelnosti na rohovkovém
povrchu a tim zlepSuje opticky systém oka, vyZivuje avaskularni kornealni tkan, lubrikuje
zminéné rozhrani a vneposledni fadé pulsobi jako ochrana oc¢niho povrchu pired
vniknutim infekce. !

Kvantitativni ¢i kvalitativni vykyvy od normy zpusobuji nepriznivé subjektivni
piiznaky a pozdéji i zavazné oc¢ni patologie. Z tohoto dlivodu je fyziologie slzného filmu

povaZovana za podstatny atribut zdravého o¢niho aparatu. 1.2

Syndrom suchého oka
Syndrom suchého oka (SSO) je multifaktoridlni onemocnéni o¢niho povrchu, které
vznika v disledku abnormalit objemu ¢i funkce slzného filmu. 3 Jeho symptomy mohou

podstatné ovlivnit zrakové pohodli a celkovou kvalitu Zivota. Mezi typické pretrvavajici
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subjektivni priznaky tohoto chronického onemocnéni se radi pocit paleni a drazdéni,
pocit ciziho télesa, pocit unavenych oc¢i aj. 45

S rostoucim vékem se vyskyt SSO, stejné jako dalSich chronickych onemocnéni,
piimo imérné zvysuje. Kromé véku je se SSO spojovana tada rizikovych faktort, kde
jeden z nejvyznamnéjSich je Zenské pohlavi, a to predevSim po menopauze. Mezi dalsi
rizikové faktory se radi etnikum, prace v klimatizovanych mistnostech, dlouhodobé

uzivani obrazovek ¢i nékteré autoimunitni onemocnéni.4

Vyzkum
Ve svém clanku se zaméruji na pouZiti termografie pri diagnostice syndromu
suchého oka. Cilem vyzkumu je nejprve u kazdého probanda zjistit skére v dotazniku DEQ
-5 a dale pak pomoci bezkontaktniho teploméru zjistit teplotu na pravém a levém oku.
Konec¢nym cilem je zméreni break up time testu (BUT) na Stérbinové lampé.
Na zacatku vyzkumu jsem si stanovila dvé hypotézy:
Hypotéza 1
Oc¢i u pacientli s podezienim na syndrom suchého oka budou vykazovat vyssi
teplotu.
Hypotéza 2
Vysledky BUT testu budou korelovat s namérenymi teplotnimi hodnotami slzného

filmu.

Metodika vyzkumu

Jako prvni je uCastnikovi vyzkumu predloZen dotaznik DEQ - 5, pomoci néhoZ
je zjiSténo skore, které se pohybuje od 0 do 20. Dle ziskaného skére jsou probandi
rozdéleni do dvou skupin, symptomaticka (DEQ skére = 6) a asymptomaticka (DEQ
skére < 6). Dale bylo ucastnikovi vyzkumu za pomoci bezkontaktniho teploméru Maxxo
IRT02 zmérena trikrat teplota na pravém a poté levém oku. Hodnoty jsou nasledné
zprimeérovany zvlast pro jednotlivé oko a dohromady. V neposledni radé je na Stérbinové
lampé za pomoci fluoresceinu zjiStovana doba rozpadu slzného filmu na pravém a levém
prednim o¢nim segmentu. Vysledky jsou zapsany jednotlivé pro kazdé oko a rovnéz

zprimeérovany.
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Méreny vzorek

VySetrovany soubor mého vyzkumu jsou zejména zakaznici ocni optiky O¢ni studio
Pavlina Drahotsk4 ve Zd'aru nad Sazavou a dale pak moji spoluZaci. Soubor proband
se knynéjSimu dni sklada z 22 Zen a 11 muzi. Celkové se vySetreni zatim zucastnilo

33 probandt. Primérny vék vyzkumného vzorku ¢ini 32,30 let + 12,33 let.

Vysledky
Hypotéza 1: Oc¢i u pacientd s podezienim na syndrom suchého oka budou vykazovat vyssi
teplotu.

Dle dosud namérenych vysledki nebyla prvni hypotéza zcela potvrzena. Primérné
teplotni hodnoty o¢i prokazuji rozdil v fadech setin (viz Tab. 1).V nynéjsi dobé dosahuje
statisticky rozdil mezi primérnou teplotou symptomatickych a asymptomatickych
probandi p =0,287. Nejedna se tedy o statisticky vyznamnou hodnotu, kterd by hypotézu
potvrdila.

Tab. 1: Vysledné hodnoty dosud namérenych probandi.

Asymptomaticka | Symptomaticka
skupina skupina

Kritérium DEQskére<6 | DEQskore=6
Primérny vék 31,40+ 12,85 33,00 £11,88
Primérna hodnota skére
DEQ- 5 3,60 8,67
Priimérna teplota P oka 36,72 36,85
BUT P oka 13,30 10,54
Priimérna teplota L oka 36,73 36,85
BUT L oka 12,20 9,34
zgtlljmerna teplota obou 36,77 36,84
BUT obou oci 12,69 9,94

Hypotéza 2: Vysledky BUT testu budou korelovat s namérenymi teplotnimi hodnotami
slzného filmu.

Druha ¢ast vyzkumu byla zamérena na korelaci teplotnich hodnot a hodnot doby
rozpadu slzného filmu. Vyhodnoceni jednotlivych respondenti z obou skupin bylo
zaneseno do spole¢ného grafu pro lepsi porovnani.

Spojnice trendu grafu (Graf 3) vykazuje korelaci R= - 0,21, tedy slabé negativni
korelaci. S rostouci teplotou klesaji hodnoty BUT testu. Druha stanovena hypotéza byla

potvrzena.
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Graf 3: Vliv break up time testu na teplotu predniho o¢niho segmentu - primér pravého a levého oka

Diskuse

Cilem tohoto vyzkumu je prokazat moZnosti pouZiti termografie pro diagnostiku
syndromu suchého oka. Prvni stanovena hypotéza nebyla na nynéjSich 33 probandech
zcela potvrzena. Porovnavané teplotni hodnoty nevykazuji vyznamny statisticky rozdil.
Druhd hypotéza byla potvrzena. Namérené hodnoty vykazuji slabé nepiimou korelaci.

Této problematice se napriklad zabyvala studie Tan a kol.6, ktera zkoumala
ucinnost infracervené o¢ni termografie pri screeningu onemocnéni suchého oka. Vyzkum
byl provadén na 62 symptomatickych oc¢i a 63 kontrolnich subjektech stejného pohlavi
i véku. Méreni bylo provadéno pomoci infraCerveného termosledovace NEC TH9420
a na o¢nim povrchu se mérilo na péti ur¢enych anatomickych bodech. Zavérem tato studie
potvrzuje urcitou uZiteCnost infraCervené oc¢ni termografie pro hodnoceni pacienti
se suchy okem. Uvadi, Ze test byl srovnatelny sjinymi zavedenymi metodami pro
testovanti stability slzného filmu. Pro rozliseni lehké a stredni formy SSO od zdravych oci
je nejlepSi mérit teplotu na nazalni spojivce.®

Studie od Zhang a kol.” se zamérila na screening pomoci infracervené ocni
termografie suchého oka zptisobeného nadmérnym odparovanim. Vyzkumu se zucastnilo
46 zdravych a 138 oci se SSO. U probandii byl méren neinvazivni BUT test, teplota o¢niho
povrchu pomoci rucni IR kamery na bazi smartphonu na osmi urcenych mistech a skére

v dotazniku C-OSDI. Studie vyhodnotila, Ze pouZity pristroj s infracervenou kamerou
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je vhodny spiSe jako screeningovy nez diagnosticky nastroj pro rozliSeni SSO a zdravého

oka. Vyhodou je neinvazivnost, rychlost a hygiena.”

Zavér

Vyskyt syndromu suchého oka se v poslednich letech zvysSuje. 5 Proto je dileZité,
aby zdravotnici dokazali co nejlépe a nejrychleji diagnostikovat toto onemocnéni a dle
potieby vcéas zahajili nutnou 1é¢bu. Existuje fada diagnostickych testt, které urcuji kvalitu

a kvantitu slzného filmu a usnadnuji diagnostiku a screening SSO.
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Thermography in the diagnosis of dry eye
syndrome

Bc. Simona Holanova, Mgr. Petr Vesely, DiS., Ph.D.
Department of Optometry and Orthoptics, Medical Faculty, Masaryk University Brno

Annotation

This professional article deals with the thermography of the eye surface and its
possible use in the diagnosis and screening of dry eye syndrome. The introductory
chapters inform about the tear film and the disease. The second half of this article
is devoted to the research part. This section describes the established hypotheses, data

collection methodology and evaluation of patients measured so far.

Keywords
Dry eye syndrome, thermography, temperature, diagnostics, BUT, break - up time

test

Introduction
Tear film

Tear film is a specialized ocular structure located at the interface of the cornea and
conjunctiva. This body fluid fills in small irregularities on the corneal surface and thus
improves the optical system of the eye, nourishes the avascular corneal tissue, lubricates
this interface and, last but not least, acts as a protection of the eye surface against
infection. 1

Quantitative or qualitative fluctuations from the norm cause unfavourable
subjective symptoms and later also serious eye pathologies. For this reason, tear film

physiology is considered an essential attribute of a healthy ocular system. 1.2

Dry eye disease
Dry eye disease (DED) is a multifactorial disease of the ocular surface that results
from abnormalities in the volume or function of the tear film. 3 Its symptoms can

significantly affect visual comfort and overall quality of life. Typical persistent subjective
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symptoms of this chronic disease include a feeling of burning and irritation, a feeling of a
foreign object, a feeling of tired eyes, etc. 4>

With increasing age, the occurrence of DED, as well as other chronic diseases,
increases in direct proportion. In addition to age, DED is associated with a number of risk
factors, one of the most important of which is the female gender, especially after
menopause. Other risk factors include ethnicity, working in air-conditioned rooms, long-

term use of screens or some autoimmune diseases.*

Research

In my article I focus on the use of thermography in the diagnosis of dry eye
syndrome. The aim of the research is to first find out the score in the DEQ -5 questionnaire
for each proband and then to measure the temperature on the right and left eye using
a non-contact thermometer. The final goal is to measure the break up time test (BUT) on
a slit lamp.

At the beginning of the research, I set two hypotheses:
Hypothesis 1

Eyes in patients with suspected dry eye syndrome will have a higher temperature.
Hypothesis 2

The results of the BUT test will correlate with the measured tear film temperature

values.

Methodology

The first participant is presented with the DEQ - 5 questionnaire, which is used to
determine the score, which ranges from 0 to 20. According to the obtained score, the
probands are divided into two groups, symptomatic (DEQ score = 6) and asymptomatic
(DEQ score <6). Furthermore, the temperature of the participant was measured three
times on the right eye and then on the left eye using a non-contact thermometer Maxxo
IRTO02. The values are then averaged separately for each eye and together. Finally, the tear
film disintegration time on the right and left anterior segments is determined on a slit
lamp using fluorescein. The results are recorded individually for each eye and also

averaged.
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Probands

The investigated set of my research is mainly customers of ophthalmic optics
O¢ni studio Pavlina Drahotska in Zd'ar nad Sazavou and then my classmates. The set
of probands currently consists of 22 women and 11 men. A total of 33 probands have
participated in the examination so far. The average age of the research sample is 32.30

years + 12.33 years.

Results
Hypothesis 1: The eyes of patients with suspected dry eye syndrome will show
a higher temperature.

According to the results measured so far, the first hypothesis has not been fully
confirmed. The average temperature values of the eyes show a difference in the order
of hundredths (see Chyba! Nenalezen zdroj odkazii.Tab. 2). At present, the statistical
ifference between the average temperature of symptomatic and asymptomatic probands
reaches p = 0.287. It is therefore not a statistically significant value that would confirm

the hypothesis.

Tab. 2: The resulting values of probands measured so far.

Asymptomatic | Symptomatic
group group

Criterion DEQscore<6 | DEQscore>6
Average age 31.40+12.85 33.00+11.88
The average value of the
DEQ-5 score 3.60 8.67
Average R eye 36.72 36.85
temperature
BUT D eye 13.30 10.54
Average L eye 36.73 36.85
temperature
BUT L eye 12.20 9.34
Average temperature of 36.77 36.84
both eyes
BUT both eyes 12.69 9.94

Hypothesis 2: The results of the BUT test will correlate with the measured tear film

temperature values.
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The second part of the research was focused on the correlation of temperature
values and tear film disintegration time values. The evaluation of individual respondents
from both groups was entered into a common graph for better comparison.

The trend line of the graph (Graph 1) shows a correlation R = - 0.21 i.e,, a slightly
negative correlation. The BUT test values decrease with increasing temperature. The

second established hypothesis was confirmed.
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Graf 4: Influence of break up time test on the temperature of the anterior eye segment - diameter of the right and left
eye

Discussion

The aim of this research is to demonstrate the possibilities of using thermography
for the diagnosis of dry eye syndrome. The first hypothesis was not fully confirmed in the
current 33 probands. The compared temperature values do not show a significant
statistical difference. The second hypothesis was confirmed. The measured values show
a weakly indirect correlation.

This issue has been addressed, for example, by the study of Tan et al.6, which
examined the effectiveness of infrared ocular thermography in screening for dry eye
disease. The research was performed on 62 symptomatic eyes and 63 control subjects
of the same sex and age. The measurement was performed using an NEC TH9420 infrared
thermo-tracer and measured on the ocular surface at five designated anatomical points.
In conclusion, this study confirms some usefulness of infrared ocular thermography for

the evaluation of patients with dry eye. He states that the test was comparable to other
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established methods for testing the stability of the tear film. To distinguish the mild and
moderate forms of SSO from healthy eyes, it is best to measure the temperature on the
nasal conjunctiva.t

A study by Zhang et al.” focused on screening using infrared ocular thermography
of the dry eye caused by excessive evaporation. The study involved 46 healthy and 138
eyes with SSO. The probands were measured for a non-invasive BUT test, eye surface
temperature using a handheld IR camera based on a smartphone at eight designated
locations, and a score in the C-OSDI questionnaire. The study evaluated that the used
device with an infrared camera is suitable as a screening rather than a diagnostic tool for
distinguishing SSO and a healthy eye. The advantage is non-invasiveness, speed and

hygiene.”

Conclusion

The occurrence of dry eye syndrome has been increasing in recent years.>
It is therefore important for healthcare professionals to be able to diagnose this disease
as quickly and as quickly as possible and to start the necessary treatment in good time
as needed. There are a number of diagnostic tests that determine the quality and quantity

of tear film and facilitate the diagnosis and screening of SSO.

Resources
1. Korb D, Craing ], Doughty M, Guillon JP, Smith G, Tomlinson A. The Tear
Film: Structure, Function and Clinical Examination. Butterworth-Heinemann; 2002.
2. Willcox MDP, Arglieso P, Georgiev GA, et al. TFOS DEWS II Tear Film
Report. The Ocular Surface. 2017;15(3):366-403. doi:10.1016/j.jtos.2017.03.006
3. Craig JP, Nichols KK, Akpek EK, et al. TFOS DEWS II Definition and

Classification Report. The Ocular  Surface. 2017;15(3):276-283.
doi:10.1016/j.jt0s.2017.05.008

4, Rouen PA, White ML. Dry Eye Disease: Prevalence, Assessment, and
Management. Home Healthcare Now. 2018;36(2):74-83.
doi:10.1097/NHH.0000000000000652

5. Rozsival P a kol. O¢ni Lékarstvi. Galén; 2006.

202



6. Tan LL, Sanjay S, Morgan PB. Screening for dry eye disease using
infrared ocular thermography. Cont Lens Anterior Eye. 2016;39(6):442-449.
doi:10.1016/j.clae.2016.08.004

7. Zhang Q, Wu Y, Song Y, et al. Screening Evaporative Dry Eyes Severity
Using an  Infrared Image. |  Ophthalmol. 2021;2021:8396503.
doi:10.1155/2021/8396503

203



Srovnani vysledkl méreni kontrastni citlivosti
na frekvencénich a pismennych testech
u ruznych typu oc¢nich patologii
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Anotace

Piispévek se v teoretické Casti zaméruje na objasnéni pojmu kontrastni citlivost.
Dale je zde zminéno, jak se kontrastni citlivost miize mérit, jak ji mohou ovlivnit rizna
o¢ni onemocnéni, a jaky je jeji vyznam. Druhou cast prispévku tvoii vyzkum, ktery
se zabyva porovnanim kontrastni citlivosti u vybranych ocnich onemocnéni

na frekvenénim a pismenném testu.

Klic¢ova slova
Kontrastni citlivost, frekvenc¢ni test, pismenny test, VPMD (vékem podminéna

makularni degenerace), glaukom, katarakta, Fuchsova dystrofie

Uvod

Prestoze je vySetreni zrakové ostrosti velice dtlezité, z praktického hlediska nam
nefekne, jak bude pacient vidét v béZnych situacich. A proto je prinosné provadét
i vySetfeni kontrastni citlivosti, které ndm miiZe napovédét, jak bude pacient schopen
rozeznavat objekty v béZném Zivoté. Rozdilem mezi témito dvéma zrakovymi funkcemi
je, Ze zrakova ostrost se vySetfuje pii vysokém kontrastu mezi pismenem a jeho
podkladem, zatimco kontrastni citlivost provéruje vidéni i pri nizSich kontrastech,
se kterymi se spiSe béZné setkavame.l

Pojem kontrastni citlivost bychom mohli vysvétlit jako prevracenou hodnotu
kontrastniho prahu. Priemz kontrastni prah je udavan nejmenSim viditelnym
kontrastem, ktery je oko schopné zaznamenat mezi dvéma riazné osvétlenymi ¢astmi
predmeétu. S kontrastni citlivosti je Uzce spjata prostorova frekvence, kterd se udava
v cyklech na stupen (c/st). Nizké prostorové frekvence lze charakterizovat Sirokymi
cernobilymi pruhy, diky kterym je oko schopné rozlisit tvar a velikost objektu. Naopak

vysoké prostorové frekvence slouzi krozeznani drobnych detail, a proto jsou

204



popisovany uzkymi vice nahusténymi pruhy vedle sebe. Nazorny rozdil mezi frekvencemi

Low SF High SF

zobrazuje obr. 1.2

Obr. 1: Prostorové frekvence?
SF = spatial frequency
Low SF = nizka prostorova frekvence

High SF = vysoka prostorova frekvence

VySetfeni kontrastni citlivosti je moZné provadét na dvou zakladnich typech
testll - frekvencnich a pismennych. Testy frekvenc¢ni funguji na principu Michelsonova
souctem. Patfi mezi né napriklad FACT (Functional Acuity Contrast Test), SWCT (Sine
Wave Contrast Test) nebo CSV-1000. Podstatou testii pismennych je Webertiv kontrast
definovany jako rozdil jasu pozadi a pismene déleny jasem samotného pozadi. Mezi
zastupce pismennych testt se radi napriklad Pelli-Robson Contrast Sensitivity Chart.2

Vysledky méreni kontrastni citlivosti mohou byt uZitecné k brzkému odhaleni
riznych o¢nich onemocnéni. Jeji sniZeni se totiz ¢asto projevuje drive nez samotny pokles
zrakové ostrosti. Mezi typickd o¢ni onemocnéni, kterd zplisobuji pokles kontrastni
citlivosti patii katarakta, VPMD, diabeticka retinopatie, glaukom, keratokonus, opticka
neuritida a mnoho dalSich. Kazdé onemocnéni se ale mize projevovat odliSnymi
problémy s kontrastni citlivosti, néktera mivaji pokles v nizkych prostorovych
frekvencich, néktera ve strednich, a jina zase ve vysokych. V pripadé pokrocilejsich stadii
se pokles kontrastni citlivosti miliZe projevit postupné ve vSech prostorovych

frekvencich.24

Metodika
Ve vyzkumné Casti prispévku se zaméiuji na porovnani dil¢ich vysledkt
kontrastni citlivosti u jednotlivych o¢nich onemocnéni. Vybrana o¢ni onemocnéni jsem

vybirala tak, abych méla moZnost prozkoumat onemocnéni postihujici jak rohovku,
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tak ofni ¢oCku €i samotnou sitnici. Rozhodla jsem se tedy zkoumat 4 o¢ni onemocnéni:
Fuchsovu dystrofii, kataraktu, VPMD a glaukom.

V souvislosti s touto ¢asti vyzkumu jsem si stanovila jednu z mych hypotéz, kterou
kontrastni citlivosti na pismenném i frekven¢nim testé budou naméreny u pacientt
s kataraktou.

Pfed samotnym zacatkem vyzkumu bylo zajiSténo, aby byly v mistnosti, kde
bude vyzkum probihat stalé svételné podminky. Pomoci luxmetru CEM DT-8809A byla
nameérena intenzita osvétleni, jejiZ priimérna hodnota by méla odpovidat 360 Ix.

Méreni kontrastni citlivosti probiha za pomoci foropteru a LCD optotypu Topcon
CC-100. Vysetiovaci vzdalenost je 5,1 m. Pro vyzkum pouzivdm 2 typy testli. Prvnim
typem je modifikovany pismenny test fungujici na principu postupného sniZovani
kontrastu na nejmensSim pacientem cteném optotypovém radku. Test ma celkem
24stupiiovou Skalu s hodnotami od 0,1 do 2,4 logKC. Druhym typem testu je test
frekvencni, u kterého vysetieni probiha ve 4 rtiznych prostorovych frekvencich (3; 6; 12;
18 ¢/st), pricemz v kazdé této frekvenci pacient vyhodnocuje pozice 5 terci. Mozné pozice
tercd jsou znazornény na obr. 2. Vysledek testu ma podobu grafu tvoreného kiivkou

kontrastni citlivosti.

Ww dv a

Obr. 2: Pozice teréu u frekvenéniho testu®

Pro vyzkum bylo doposud zméfeno 85 oci, z toho 8 oci zastupuje kontrolni
skupinu. Pohlavi jsou zastoupena v poméru 47 Zen a 38 muzi. Priimérny vék mérenych
pacienti je 72 + 8 let, v pripadé kontrolni skupiny 33 + 11 let.

Hodnoticim Kkritériem pro zatfazeni pacienta do vyzkumu u obou typa testl
je minimalni monokularni vizus 0,6.
Zastoupeni jednotlivych ocnich patologii je znazornéno na grafu 1, z néhoz

je patrné vysoké zastoupeni katarakty ve srovnani s ostatnimi onemocnénimi. Cilem
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je tedy vyrovnat poméry mezi jednotlivymi patologiemi, a soucasné navysit vzorek

kontrolni skupiny.

Fuchsova dystrofie = katarakta ® VPMD = glaukom = kontrolni skupina

Graf 1: Zastoupeni zkoumaného vzorku
Vysledky

Hypotéza - nejnizsi hodnoty kontrastni citlivosti na pismenném i frekvencnim
testé budou naméfeny u pacientli s kataraktou, byla doposud castecné potvrzena,
Castecné vyvracena. Vysledky frekvencniho testu hypotézu potvrzuji, zatimco vysledky
testu pismenného nikoli.

Z grafu 2 je patrné, Ze vysledky kontrastni citlivosti na pismenném testu pfi
diagnostikované katarakté vychazi oproti ostatnim patologiim nejlépe. Pfi porovnani
vysledki s kontrolni skupinou byl prokazan vyrazny pokles kontrastni citlivosti u vSech
vybranych o¢nich onemocnénti. Test tedy potvrzuje, Ze vybrana o¢ni onemocnéni maji vliv

na snizeni kontrastni citlivosti.
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Graf 2: Vysledky pismenného testu
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Vysledky frekvenéniho testu zobrazuje graf 3. Jednotlivé krivky kontrastni
citlivosti zobrazuji zprimérované hodnoty pro kazdou prostorovou frekvenci daného
onemocnéni. Ac¢koli vSechna onemocnéni stale spadaji do zelené oblasti odpovidajici
normé kontrastni citlivosti, u vSech oc¢nich patologii byl prokazan pokles kontrastni
citlivosti oproti kontrolni skupiné. Pokles mimo normovanou oblast alespon v jedné
prostorové frekvenci byl prokazan u 15 oci.
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Prostorova frekvence (cykly na stupei)!

Graf 3: Vysledky frekvenéniho testu

Diskuse

Cilem vyzkumu pro tento prispévek bylo prokazat vliv vybranych ocnich
onemocnéni na kontrastni citlivost a porovnat vysledky kontrastni citlivosti mezi témito
onemocnénimi.

Tématem kontrastni citlivosti v souvislosti s o¢nim onemocnénim, konkrétné
kataraktou, se také zabyvala ve své diplomové praci kolegyné Tajchmanova. Cilem jedné
jeji hypotézy bylo ovérit, zda katarakta ovliviiuje vnimani kontrastu pacienta. Pro
vySetreni kontrastni citlivosti pouzivala pismenny Pelli-Robson test. Vyzkumu
se zucastnilo celkem 21 probandi. Pro vyhodnoceni porovnavala naméiené vysledky
kontrastni citlivosti mezi kontrolnim okem a okem s kataraktou pred operaci. Vysledkem
bylo, Ze katarakta skute¢né ovliviiuje vnimani kontrastni citlivosti, ¢imz se tedy potvrdila

jejil hypotéza. Vysledek jeji hypotézy je v souladu s mymi vysledky, kdy se i na mych
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testech, a¢ typové odliSnych, téZ potvrdilo, Ze katarakta znaCné ovliviiuje kontrastni
citlivost.®

Kontrastni citlivosti u ofnich patologii se také zabyvali ve své studii Popescu
a Boisjoly et al. Jejich kanadska studie nesla nazev Age-related eye disease and mobility
limitations in older adults a zabyvala se zkoumanim rozsahu omezeni mobility u pacientti
s diagnostikovanym glaukomem, VPMD nebo Fuchsovou dystrofii. Mimo jiné zrakové
funkce se pravé zamérili i na ovlivnéni kontrastni citlivosti, jejiZ hodnotu mérili pomoci
Pelli-Robson testu. Studie se zucastnilo 272 probandi. Dil¢im vysledkem bylo, Ze nejhorsi
kontrastni citlivost maji pacienti s diagnostikovanou VPMD (0,61 logKC). Poté
nasledovala Fuchsova dystrofie (0,69 logKC), o trochu lépe na tom byli pacienti
s glaukomem (0,85 logKC). Vysledky mého vyzkumu u obou typl testi jsou témér
v souladu s vysledky této studie. V pripadé mého vyzkumu jsou ale mezi jednotlivymi
onemocnénimi mensi rozdily. Pricinou bude pravdépodobné mensi mnoZzstvi probandt

v mém vyzkumu.”

Zavér

VysSetieni kontrastni citlivosti je ptinosné pro odhaleni riiznych ocnich
onemocnéni. Casto se miZeme setkat s pacienty, ktefi si budou stéZovat na zhorsené
vidéni, prestoZe budou mit jeSté normalni zrakovou ostrost. Pravdépodobnou pticinou
zhorSeného vidéni bude vtomto pripadé samotna kontrastni citlivost, coZz se mize
projevit predevsim za snizeného osvétleni, nebo v noci. Na rozdil od zrakové ostrosti,
se vySetifeni kontrastni citlivosti zabyva riiznymi stupni kontrasti. Diky tomu jsme
schopni lépe odhadnout pacientovo vidéni v béZzném Zivote, kdy se setkdvame s riznymi

svételnymi a kontrastnimi podminkami.8
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Comparison of contrast sensitivity
measurements on sine-wave grating and letter
charts in various types of eye pathologies

Bc. Aneta Ressova, Mgr. Ondrej Vlasak Ph.D.
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Annotation

The theoretical part of the article focuses on clarification of the term contrast
sensitivity. It also mentions, how contrast sensitivity can be measured, how it can
be affected by various types of eye pathologies, and what its significance is. The second
part of the article consists of research which deals with the comparison of contrast

sensitivity in various eye pathologies on sine-wave grating and letter chart.

Key words
Contrast sensitivity, sine-wave grating chart, letter chart, AMD (age-related

macular degeneration), glaucoma, cataract, Fuchs' dystrophy

Introduction

Although the examination of visual acuity is very important, from practical point
of view it does not tell us how the patient will see in ordinary situations. Therefore,
it is beneficial to perform examination of contrast sensitivity, which can tell us, how the
patient will be able to distinguish objects in everyday life. The difference between these
two visual functions is that visual acuity is examined at high contrast between the letter
and its background, whereas the contrast sensitivity examines vision even at lower
contrasts which are more commonly for everyday life.1

The term contrast sensitivity we can explain as the reciprocal of contrast
threshold. The contrast threshold is defined by the lowest visible contrast that the eye is
able to detect between two differently lit parts of the object. Contrast sensitivity is closely
related to the spatial frequency. The units of spatial frequency are cycles per degree (cpd).
Low spatial frequencies can be characterised by wide black and white stripes. Then the

eye is able to distinguish shape ane size of the object. On the contrary, high spatial
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frequencies are used to detect small details. Therefore, they are described by narrow,

more inflated stripes next to each other. An illustrative difference between frequencies

Low SF High SF

is shown in fig. 1.2

Fig. 1: Spatial frequencies?
Low SF = low spatial frequency

High SF = high spatial frequency

Examination of contrast sensitivity can be performed on two basic types of
tests - sine-wave grating charts and letter charts. The sine-wave grating charts are based
on the principle of Michelson's contrast which is defined as the difference between the
highest and the lowest brightness divided by their sum. These tests include, for instance,
FACT (Functional Acuity Contrast Test), SWCT (Sine Wave Contrast Test) or CSV-1000.
The letter charts are based on Weber's contrast that is defined as the difference between
brightness of the background and the letter divided by brightness of the background itself.
It is, for example, the Pelli-Robson Contrast Sensitivity Chart.2

The results of contrast sensitivity measurements can be useful for early
detection of various eye pathologies. Its decrease often manifests itself earlier than
a decrease in visual acuity. The typical eye pathologies affecting contrast sensitivity are
cataract, AMD, diabetic retinopathy, glaucoma, keratoconus, optic neuritis and many
others. These pathologies can affect different areaes of the contrast sensitivity. It can be
decrease in low, medium or high spatial frequencies. In more advanced stages of the

pathologies, a decrease of contrast sensitivity may occur at all spatial frequencies.2#

Methodology
In the research part of the article I focus on comparing partial results of contrast
sensitivity in selected eye pathologies. I chose the eye pathologies affecting the cornea,

lens and retina - Fuchs' dystrophy, cataract, AMD and glaucoma.

212



In connection with this part of the research I have established one of my
hypotheses that l would like to focus on in this article. My hypothesis is: The lowest values
of contrast sensitivity will be measured, on both the letter and sine-wave grating charts,
in patients with cataracts.

Before the start of the research, constant lighting conditions were ensured in the
room where the research was carried out. The illuminance was measured with the lux
meter CEM DT-8809A. The average value should be 360 Ix.

Contrast sensitivity is measured by phoropter and LCD optotype Topcon CC-100.
The examination distance is 5.1 meters. For the research I use 2 types of tests. The first
type is modified letter chart. Its principle is gradually reduce the contrast on the smallest
optotype line that the patient is able to read. The test has a scale with values from
0.1 to 2.4 1ogCS. The second type of the test is sine-wave grating chart. This test measures
in 4 spatial frequencies (3; 6; 12; 18 cpd). For each frequency, there are 5 targets
to evaluate their position. The possible positions of the targets are shown in fig. 2.

The result of the test is a graph with a contrast sensitivity curve.

Ww d a

Fig. 2: Positions of targets in sine-wave grating chart®

So far, 85 eyes have been measured for this research. The control group
is represented by 8 eyes. There were 47 women and 38 men. The average age of patients
is 72 £ 8 years, in the control group 33 + 11 years.

The criterion for inclusion in the research is the minimum monocular visus 0.6
for both types of tests.

The representation of the eye pathologies is shown in graph 1. It is noticeable
that the biggest group is represented by patients with cataracts. The aim is to increase the

representation of other pathologies and control group.
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= Fuchs’ dystrophy = cataract = AMD glaucoma = control group

Graph 1: Representation of probands

Results

Hypothesis - the lowest values of contrast sensitivity will be measured, on both
the letter and sine-wave grating charts, in patients with cataracts, was partially
confirmed, partially refuted. The results of the sine-wave grating chart confirm my
hypothesis but the results of the letter chart do not confirm the hypothesis.

Graph 2 shows that the results of cataracts on the letter chart have the highest
values compared to other pathologies. In comparison with the control group, a significant
decrease in contrast sensitivity was proved in all pathologies. The letter chart confirms

that selected eye pathologies affect the decrease in contrast sensitivity.
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Graph 2: Results of the letter chart
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Results of the sine-wave grating chart are shown in graph 3. The contrast
sensitivity curves show averaged values for each spatial frequency of the eye pathology.
Although all pathologies are still in green area corresponding to the standard contrast
sensitivity, in all pathologies a decrease of contrast sensitivity was proved compared to
the control group. A decrease out of the green area in one spatial frequency and more was

proved in 15 eyes.
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Graph 3: Results of the sine-wave grating chart

Discussion

The aim of the research for this article was to prove that selected eye pathologies
can affect contrast sensitivity, and to compare the results of contrast sensitivity between
these pathologies.

Tajchmanova in her master’s thesis also dealt with the topic of contrast
sensitivity in connection with eye pathologies, specifically cataracts. The aim of her
hypothesis was to verify if cataract affects the patient’s perception of contrast. She used
the Pelli-Robson chart to examine contrast sensitivity. A total of 21 probands took part in
the research. She compared the measured results of contrast sensitivity between the
control eye and the cataract eye before surgery. Her hypothesis was confirmed, the

cataract affects the perception of contrast sensitivity. Although I used different types of
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tests, her results correspond to my results. Cataracts significantly affect the contrast
sensitivity.°

Another study, which deals with contrast sensitivity and eye pathologies, was
conducted by Popescu and Boisjoly et al. Their Canadian study, named Age-related eye
disease and mobility limitations in older adults, examined the extent of mobility
limitations in patients with glaucoma, AMD, or Fuchs' dystrophy. Except for the other
visual functions, they focused on the contrast sensitivity which was measured on the Pelli-
Robson chart. The study involved 272 probands. The results revealed that patients with
AMD have the worst contrast sensitivity (0,61 1ogCS). The next is Fuchs' dystrophy
(0,69 1ogCS). Patients with glaucoma had slightly better results in contrast sensitivity
(0,85 1ogCS). The results of my research on both types of tests are almost in keeping with
the results of this study. Nevertheless, in my research, the results have smaller differences
between the pathologies. The reason could probably be the lower number of probands in

my research.”

Conclusion

Examination of contrast sensitivity is beneficial for detection of various eye
pathologies. We can often have patients who have impaired vision even though they have
normal visual acuity. Contrast sensitivity could be the possible cause of impaired vision
in this case. This can occur especially in low light or at night. Examination of contrast
sensitivity deals with varying degrees of contrasts while visual acuity does not. After
measuring the contrast sensitivity, we are able to better estimate the patient's vision

in everyday life, when we encounter different light and contrast conditions.8
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Korelace zrakové ostrosti na ETDRS a LCD
optotypech se Sloanovymi znaky u pacientti
s anti-VEGF lécbou
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Anotace

Studie bude vySetfovat zrakovou ostrost, presnéji korelaci zrakové ostrosti
vySetrené na ETDRS a LCD optotypech se Sloanovymi znaky, u pacienti s urcitym
patologickym onemocnénim (vékem podminéna makuldrni degenerace, diabeticka
retinopatie, myopicka makularni degenerace, Zilni okluze), podstupujici anti-VEGF l1écbu.
Cilem studie je urcit miru korelace namérenych vysledki a potvrdit, Ze pro klinické studie

je presnéjsi méreni na ETDRS optotypech nez na LCD.

Klic¢ova slova
Zrakova ostrost, korelace, LCD optotyp, ETDRS optotyp, anti-VEGF 1é¢ba, VPMD,

diabeticka retinopatie, Zilni okluze, myopicka makularni degenerace

Zrakova ostrost

Nejbéznéjsim meérenim zrakovych funkci je zrakova ostrost. Testovani zrakové
ostrosti lze provadét pomoci jednoduchych vybaveni a bez sloZitych pristroji. Zrakova
ostrost je definovana jako prostorova rozliSovaci schopnost oka, jinak receno, velikost
predmétu, ktery lze okem rozlisit. V praxi se méreni zrakové ostrosti provadi pomoci
specializovanych o¢nich tabulek neboli optotypt.1 Pro studie se vySetieni zrakové ostrosti
provadi nejcastéji na logaritmickych ETDRS (early treatment diabetic retinopathy study)
optotypech. Tyto optotypy jsou standardizované a obsahuji nasledujici znaky:

- Pouzita pismena maji témér stejnou citelnost. VétSinou jsou pouZity Sloanovy

znaky nebo Landoltovy obrazce.
- Radky jsou po 5 znacich, celkové ma optotyp 14 Fadki (70 znakd).

- Zména zrakové ostrosti o jednu fadu odpovida 0,1 logMAR
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- Hodnota jednoho znaku je 0,02 logMAR, jeli na radku 5 pismen. Pacient precte
radek 0,2 a jesté jeden znak z dalSiho radku, vysledna hodnota zrakové ostrosti je

0,18 logMAR. 1.2

Vékem podminéna makularni degenerace - VPMD

Neurodegenerativni onemocnéni starnouci sitnice, pri kterém pacienti trpi téZkou
ztratou zraku. 3 Za klicovy faktor patologie vékem podminéné makularni degenerace je
brano poskozeni retindlniho pigmentového epitelu (RPE) vyvolané oxidacnim stresem.
RPE burnky jsou neustale vystaveny oxidativnimu stresu, ktery miiZze vést k akumulaci
lipidi, nukleovych Kkyselin, poSkozenych bunécnych proteinii a bunécnych organel.
Dodnes neni zndma presna pricina degenerace RPE a nastup a progrese. 4 Onemocnéni
délime na dvé formy, suchou a vlhkou. Charakteristické znaky ¢asnych stadii suché formy
jsou loziska nazyvana druzy. Tvorba draz je bézna v perifernich oblastech s vékem, avSak
u c¢asné suché VPMD se tyto druzy zvétsSuji a nachazeji se v makule. DalSimi indikatory
suché VPMD jsou abnormality RPE, hyperpigmentace a atrofie. Vlhka forma VPMD je
charakterizovdana vaskuldrnim prorGstanim z cévnatky skrz Bruchovu membranu,
oznacované jako choroidalni neovaskularizace, do makuly. Vlhka forma je mnohem
vyskytovanéjsi nez sussi. NejdileZzitéjsi je v€asna a ucCinna terapie, VPMD je zodpovédna

za 90 % akutni slepoty. 56

Diabeticka retinopatie - DR

Nejcastéjsi mikrovaskularni komplikace, ktera je spojena s onemocnénim diabetes
mellitus, postihuje cévy zasobujici sitnici oka. Hyperglykemické stavy u DR zplsobuji
ztraty pericytl a endotelidlnich bunék. K poskozeni krevnich cév dochazi bud’ ve formé
zvySené vaskularni permeability (mirna neproliferativni retinopatie), cévniho uzavéru
(stfedni a zavazna neproliferativni DR) nebo rlistu novych krevnich cév na sitnici
a zadnim povrchu sklivce (proliferativni DR). Onemocnéni je na pocatku bezpriznakové,
proto je dulezity screening. Neproliferativni diabeticka retinopatie (NDPR) se od
té proliferativni (PDR) vyrazné odliSuje. NDPR je charakterizovana mikroaneuryzmaty,
intraretinalnimi mikrovaskuldrnimi abnormalitami a retindlnimi hemoragiemi, zatimco
PDR ma4 patologickou retinalni neovaskularizaci. Pokud diabeticka retinopatie postihne
také makulu, nazyvame onemocnéni diabetickda makulopatie. Tu dale mizZeme délit

na centrdlni, ktera postihuje foveu, a necentrdlni. Je-li sitnice vystavena
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hyperglykemickym staviim po delsi dobu, progres DR je urychlenéjsi. Zanét, angiogeneze,
oxidaCni stres aapoptdéza jsou hlavnimi fyziologickymi mechanismy ve vyvoji DR,

zejména pri hyperglykémii. 78

Myopicka makularni degenerace - MMD

Makularni degenerace charakterizovana také jako exsudativni nebo neovaskularni
je v mnoha castech svéta vyznamnou pric¢inou slepoty a zrakového postiZeni. Klinické
rizikové faktory pro MMD zahrnuji dlouhou axialni délku v rozsahu vysoké axidlni
myopie, Zenské pohlavi, vyssi vék a potencidlné dalsi axidlni elongaci. Zcela neobjasnéné
jsou i dalsi znaky, napriklad zvétSeni Bruchovy membrany, ztenceni cévnatky, otevireni

nebo zvétSeni terce zrakového nervu. °

OKluze retinalni zily - RVO

Jedna z hlavnich pticin ztraty zraku je také Zilni okluze. RozliSujeme dva typy
okluzi, prvni je okluze vétvené retinalni Zily (BRVO), u které se udava, Ze je 4-6x castéjsi
nez druhy typ, kterym je okluze centralni retinalni zily (CRVO). Zakladnim rizikovym
faktorem vSech typl okluzi je pokrocily vék. Jako dalsi rizikové faktory uvadime
hypertenzi, arteriosklerézu, diabetes mellitus, cévni mozkovou prihodu a trombofilie.
Jedinci s poskozenim koncovych organi zplisobenym diabetes mellitus a hypertenzi maji

vyrazné zvySené riziko RVO. 10

VEGF a Anti-VEGF

Vaskularni endotelidlni rlstovy faktor (VEGF) je homodimericky glykoprotein.
U lidi se skupina VEGF sklada z nékolika ¢lenti: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-
E, VEGF-F, faktor pro rist placenty (PIGF) a nedavno do této rodiny pribyl endokrinni
zlazovy vaskularni endotelidlni riistovy faktor (EG-VEGF). VEGF-A se uplatiiuje se béhem
angiogeneze, diky zvysené vazbé na povrch endotelidlnich bunék pomoci receptori
VEGFR1 a VEGFR2 zapricinuje tvorbu novych cév, lymfangiogenezi a produkci cytokint.
Tyto procesy jsou jak fyziologické (hojeni ran a obnova endometria béhem menstrua¢niho
cyklu), tak patologické (riist nador, retinopatie nedonosenych a dalsi). Retinalni hypoxie
zapricinuje zvySenou tvorbu VEGF faktoru a dalSich latek. Tvorba novych cév predstavuje
pokus o vaskularizaci ischemickych oblasti, bohuZel nové cévy maji tendenci vice krvacet

a jsou mnohem vice nebezpecné. 11-13
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Antagonisté vaskularniho endotelového faktoru neboli Anti-VEGF 1écba spociva

v aplikaci intravitrealni injekci do sklivce, k 1é¢bé o¢nich patologii vyvolané nadmérnym
vyskytem VEGF faktoru. Anti-VEGF preparaty se navazou na faktor VEGF-A, zabranuji tak
krvaceni a zaroven zpomaluji riist novotvorenych cév. Nyni existuje 5 typl anti-VEGF
injekci:

- pegaptanib (Macugen®)

- ranibizumab (Lucentis®)

- bevacizumab (Avastin®)

- aflibercept (Eylea®)

- brolucizumab (Beovu®) 13,14

Metodika vyzkumu

Vyzkum bude probihat na o¢ni klinice Lexum v Brné. Vysledky budou statisticky
zpracovany a bude vyhodnocena korelace mezi namérenymi hodnotami.
VySetrovana bude naturalni zrakova ostrost na dalku (UDVA) a zrakova ostrost na dalku
s nejlepsi korekci (CDVA) za podminek standartniho osvétleni (dle normy CSN EN ISO
8596) stridavé na LCD s ETDRS optotypech ze vzdalenosti 4 m. Ostrost bude mérena
u pacientli s patologickym onemocnénim sitnice (vékem podminénd makularni
degenerace, diabetickd retinopatie, Zilni okluze a myopickd makularni degenerace),

u kterych probiha anti-VEGF 1éc¢ba.

Pri testovani na LCD pismenném optotypu budou promitany Sloanovy znaky. Vizus
zapsany decimalné bude preveden na hodnoty logMAR a pocet prectenych pismen bude
dopocitan. Testovani bude probihat pomoci interpolacni metody. Napriklad pokud
vySetrovany precte 2 znaky z 5, bude zapsan vizus minulého radku, preveden na logMAR
hodnotu a pocet znakl bude pirepocten podle vztahu 1 znak = 0,02logMAR.

Druhé testovani probéhne na logMAR ETDRS optotypech. Metoda ETDRS-fast -
vySetrovany Cte znaky odshora vertikdlné, zastavi se na radku, kde znak neni spravné
identifikovan, vrati se o jeden radek vys, kde jiZ ¢te znak po znaku interpola¢ni metodou,
za kazdy precteny znak se odecte 0,02 logMAR. U obou metod bude vizus zapsan metodou

logMAR i poCtem znakad.
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Hypotézy

1. Hodnoty nejlepsi zrakové ostrosti na dalku (CDVA) namérené na ETDRS a LCD

optotypu spolu budou korelovat.

2. Namérena zrakova ostrost bude v priméru lepsi u pacientli s diabetickou retinopatii

a zilnimi okluzemi, nez u pacienti s VPMD a myopickou degeneraci.
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Correlation of visual acuity on ETDRS and LCD
optotypes with Sloan letters in patients with
anti-VEGF treatment
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Annotation

The study will investigate visual acuity, more specifically the correlation of visual
acuity examined on ETDRS and LCD optotypes with Sloan's signs, in patients with certain
pathologies (age-related macular degeneration, diabetic retinopathy, myopic macular
degeneration, venous occlusion) undergoing anti-VEGF treatment. The aim of the study is
to determine the degree of correlation of the measured results and to confirm that for

clinical trials, measurements on ETDRS optotypes are more accurate than on LCDs.

Keywords
Visual acuity, correlation, LCD optotype, ETDRS optotype, anti-VEGF treatment,

AMD, diabetic retinopathy, venous occlusion, myopic macular degeneration.

Visual acuity

The most common measurement of visual function is visual acuity. Visual acuity
testing can be performed with simple equipment and without complex instruments.
Visual acuity is defined as the spatial resolving power of the eye, in other words, the size
of an object that can be resolved by the eye. In practice, visual acuity measurements are
performed using specialized eye charts or optotypes.! For studies, visual acuity testing
is performed on logarithmic ETDRS (early treatment diabetic retinopathy study)
optotypes. These optotypes are standardized and contain the following features:
- The letters have almost the same legibility. Usually, Sloan's letters or Landolt patterns
are used.
- There are 5 letters on each line, in total, there are 14 lines (70 characters).

- A change in visual acuity of one line corresponds to 0.1 logMAR
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- The value of one character is 0.02 logMAR if there are 5 letters on the line. The patient
reads the line 0.2 and one more character from the next line, the resulting visual acuity

value is 0.18 logMAR.12

Age-related macular degeneration - AMD

A neurodegenerative disease of the ageing retina in which patients suffer severe
vision loss.? Oxidative stress-induced damage to the retinal pigment epithelium (RPE)
is considered a key factor in the pathology of age-related macular degeneration. RPE cells
are constantly exposed to oxidative stress, which can lead to accumulation of lipids,
nucleic acids, damaged cellular proteins, and cellular organelles. To date, the exact cause
of RPE degeneration and the onset and progression are unknown.4 The disease is divided
into two forms, dry and wet. The hallmarks of the early stages of the dry form are deposits
called drusen. The formation of drusen is common in peripheral areas with age, but
in early dry AMD these drusen enlarge and are located in the macula. Other indicators
of dry AMD are RPE abnormalities, hyperpigmentation, and atrophy. The wet form of AMD
is characterized by vascular ingrowth from the choroid through Bruch's membrane,
referred to as choroidal neovascularization, into the macula. The moist form is much more
common than the drier form. Early and effective therapy is most important because AMD

is responsible for 90% of acute blindness.>¢

Diabetic retinopathy - DR

The most common microvascular complication associated with diabetes mellitus,
it affects the blood vessels supplying the retina of the eye. Hyperglycemic states in DR
cause loss of pericytes and endothelial cells. Blood vessel damage occurs either in the form
of increased vascular permeability (mild non-proliferative retinopathy), vascular
occlusion (moderate and severe non-proliferative DR) or growth of new blood vessels on
the retina and posterior vitreous surface (proliferative DR). The disease is asymptomatic
at the outset, so screening is important. Non-proliferative diabetic retinopathy (NDPR)
is distinctly different from proliferative diabetic retinopathy (PDR). NDPR
is characterized by microaneurysms, intraretinal microvascular abnormalities, and
retinal hemorrhages, whereas PDR has pathologic retinal neovascularization. If diabetic
retinopathy also affects the macula, the disease is called diabetic maculopathy. This can

be further divided into central, which affects the fovea, and non-central. If the retina
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is exposed to hyperglycemic conditions for a prolonged time, the progression of DR
is more accelerated. Inflammation, angiogenesis, oxidative stress, and apoptosis are the
main physiological mechanisms in the development of DR, especially during

hyperglycemia. 78

Myopic macular degeneration - MMD

Macular degeneration also characterized as exudative or neovascular
is a significant cause of blindness and visual impairment in many parts of the world.
Clinical risk factors for MMD include long axial length in the range of high axial myopia,
female gender, older age and potentially additional axial elongation. Other features such
as enlargement of Bruch's membrane, choroidal thinning, and opening or enlargement

of the optic nerve target are also completely unexplained. °

Retinal vein occlusion - RVO

Venous occlusion is also one of the major causes of vision loss. There are two types
of occlusions, the first is branch retinal vein occlusion (BRVO) which is reported to be 4-
6 times more common than the second type which is central retinal vein occlusion
(CRVO). The primary risk factor for all types of occlusions is advanced age. Other risk
factors include hypertension, arteriosclerosis, diabetes mellitus, stroke and
thrombophilia. Individuals with end-organ damage caused by diabetes mellitus and

hypertension have a significantly increased risk of RVO. 10

VEGF and Anti-VEGF

Vascular endothelial growth factor (VEGF) is a homodimeric glycoprotein.
In humans, the VEGF family is composed of several members: VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E, VEGF-F, placental growth factor (PIGF), and the recently added
endocrine gland vascular endothelial growth factor (EG-VEGF). VEGF-A is exerted during
angiogenesis, and through increased binding to the surface of endothelial cells by VEGFR1
and VEGFR2 receptors, it causes new vessel formation, lymphangiogenesis and cytokine
production. These processes are both physiological (wound healing and endometrial
repair during the menstrual cycle) and pathological (tumor growth, retinopathy
of prematurity, and others). Retinal hypoxia causes increased production of VEGF factor

and other substances. The formation of new blood vessels represents an attempt
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to vascularise ischaemic areas; unfortunately, new vessels tend to bleed more and are
much more dangerous. 11-13

Vascular endothelial growth factor antagonists or Anti-VEGF therapy consists
of intravitreal injection into the vitreous, to treat ocular pathologies induced by excessive
VEGF factor. Anti-VEGF agents bind to the VEGF-A factor, preventing bleeding while
slowing the growth of newly formed blood vessels. There are now 5 types of anti-VEGF
injections:

- pegaptanib (Macugen®)

- ranibizumab (Lucentis®)

- bevacizumab (Avastin®)

- aflibercept (Eylea®)

- brolucizumab (Beovu®) 1314

Research methodology

The research will take place at the Lexum Eye Clinic in Brno. The results will
be statistically processed and the correlation between the measured values will
be evaluated.
Natural distance visual acuity (UDVA) and best-corrected distance visual acuity (CDVA)
will be examined under standard lighting conditions (according to CSN EN ISO 8596)
alternately on LCDs with ETDRS optotypes from a distance of 4 m. Acuity will be measured
in patients with retinal pathology (age-related macular degeneration, diabetic
retinopathy, venous occlusion and myopic macular degeneration) undergoing anti-VEGF

treatment.

Sloan letters will be projected during testing on the LCD letter optotype. The vision
written in decimal will be converted to logMAR values and the number of letters read will
be counted. Testing will be performed using the interpolation method. For example, if the
examinee reads 2 characters out of 5, the previous line's verse will be written, converted
to logMAR values, and the number of characters will be recalculated using the relationship
1 character = 0.02logMAR.

The second testing will be performed on logMAR ETDRS optotypes. The ETDRS-fast
method - the subject reads the characters vertically from the top, stops on the line where

the character is not correctly identified, returns one line higher, where he/she reads
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character by character using the interpolation method, for each character read 0.02
logMAR is deducted. For both methods, the message will be written by both the logMAR

method and the number of characters.

Hypotheses

1. The values of the best distance visual acuity (CDVA) measured on the ETDRS and the LCD
optotype will be correlated.

2. Measured visual acuity will be better on average in patients with diabetic retinopathy and

venous occlusions than in patients with AMD and myopic degeneration.
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Zmeny kontrastni citlivosti vlivem sedého
zakalu
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Anotace

Prispévek pojednava o kontrastni citlivosti, kterd mulze byt sniZena vlivem
raznych patologickych onemocnéni, vcetné Sedého zdkalu. Jak uZ bylo dokazano
v nékolika studiich, kontrastni citlivost je prvnim ukazatelem piitomnosti Sedého zakalu.
SniZenou kontrastni citlivost je mozné odhalit jesté drive, neZ se za¢ne zhorsovat zrakova
ostrost. Proto bylo cilem tohoto prispévku vysvétlit nejen zakladni definice souvisejici

s kontrastni citlivosti a testy k vySetieni, ale i strucné popsat Sedy zakal a jeho typy.

Klicova slova

Kontrastni citlivost, kontrast, zrakova ostrost, Sedy zakal, prostorova frekvence

Kontrastni citlivost
K vysetreni zrakovych funkci se kromé béznych testi pro zrakovou ostrost

vyuziva i méreni kontrastnich citlivosti, poskytujici obsahlejsi informace pro posouzeni
moznych patologickych onemocnéni oka. Zrakova ostrost poskytuje pouze informace o
zrakovych funkci za vysokého kontrastu (¢teni cerného mensiho pisma o nizkém jasu na
bilém pozadi s mnohem vys$sim jasem). Pro zjisténi rozliSovaci schopnosti oka pii niZsich
kontrastech se vyuZivaji testy kontrastni citlivosti. Tyto testy pomahaji zjiStovat vidéni
za podminek vbéznych Zivotnich situacich, napfr. rozeznavani tvari lidi a objekty
v okolnim prostredi. Urcuji tak schopnosti pacientli se vtéchto suboptimalnich
podminkach chovat.1-4

Citlivost na kontrast se definuje jako prevracena hodnota kontrastniho prahu, coz
je nejmensi viditelny kontrast. Je to pravé ten kontrast, kdy jesté lze rozlisit dva rtizné
svételné Casti objektu. 4°

Kromé kontrastni citlivosti je pro analyzu jemnych prostorovych detaild nutna

i prostorova frekvence udavana jako pocet cykll na dhlovy stupen (c/st). Definice cyklu
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je uhlova Sirka jednoho tmavého a jednoho svétlého pruhu (napf. u sinusové mrizky).
Nizké prostorové frekvence jsou vyjadieny mens$im poctem Sirokych pruht, zatimco
vysoké prostorové frekvence vétSim poctem uzsich pruht. Kontrastni prahy pro rtizné
prostorové frekvence se vyhodnocuji pomoci kiivky, ktera je za fyziologickych podminek
zvonovitého tvaru. Nejvyssi citlivost ma oko mezi 3 - 6 c/st, ve vySSich a niZzsich

prostorovych frekvencich je citlivost nizsi (viz obrazek 1). 4°
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Obrdzek 1: Krivka kontrastni citlivosti

Méreni kontrastni citlivosti

Pro zjistovani poklest zrakovych funkci se vyuziva nékolik typl vysSetiovacich
tabuli (pismenové a vyuzivajici sinusovou mfizku), systémy pro testovani citlivosti
na kontrast na monitoru ¢i na LCD panelu. 2°

Pfi pozorovani napriklad optotypovych pismen na pozadi jsou kontrasty objektu
a pozadi odlisné. U vySetiovacich tabuli 1ze tento kontrast matematicky vypocitat pomoci

Weberova nebo Michelsonova vzorce.

1. Sinusova mrizka
Michelsoniiv kontrast, typicky pro vypocet kontrastu u sinusové mfizky, je roven
rozdilu nejvyssiho (Lmax) a nejniZ$tho (Lmin) jasu déleného jejich souCtem. Jedna

se o veli¢inu bez jednotek, kterd se pohybuje od 0 do 1 nebo je vyjadiena v procentech.>7
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_ (Lmax — Lmin)

~ (Lmax + Lmin)

P vySetreni pomoci sinusové miizky se vyuziva metoda urcovani sméru prouzki, kdy
vySetrovany stanovuje, zda miizku vidi a jakym smérem jsou prouzky mrizKky orientovany
(svisle, naklonéné doleva ¢i doprava). Mezi testy vyuZivajici sinusovou mrizku patrily
nejstarsi tabule Ardenovy, které se jiz dnes nevyuzivaji. Tabule od firmy Vistech
Consultants se nazyva VCTS (Visual Contrast Test System). KvySetreni kontrastni
citlivosti se vyuZivaji i jeji modifikace: (Functional Acuity Contrast Test - FACT, Sine-
wave Contrast Test, CSV1000). VCTS je test pouZivany na dalku i blizko, obsahuje
kruhové podnétové terce, které jsou usporadané v 5 radcich a 9 sloupcich. Kazdy radek
obsahuje 9 terct o urcité prostorové frekvenci svétlych a tmavych stejné Sirokych pruhi.

Kontrast klesa v kazdém radku. Jas tabule se pohybuje od 69 cd.m? do 240 cd.m? 245

VISION CONTRAST TEST SYSTEM

XYYYYXXXXX
GOOHOO ;‘-Q
«\\\\ M’ "W T (ﬁé g
0..@@
X X X X

LEFT  RIGHT

Obrazek 2: VCTS

CSV-1000 test je tabule zasazena do svételného boxu. Testovani probiha ve 4

prostorovych frekvenci - 3,6,12,18 c¢/st.

2. Pismenové testy
Pro vypocet kontrastu u pismennych optotypt plati Webertv vzorec. Jedna se o rozdil

mezi jasem pozadi (Lp) a objektem (Lo), ktery je déleny jasem pozadi. >6
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Piikladem pismenovych testli je Pelli-Robson Contrast Sensitivity Chart obsahujici
pismena sefazena po dvou trojicich pismen vjedné radé. Celkem je na tabuli 8 rad
(16 trojic), kazda trojice ma stejny kontrast, ktery se v dalSich trojicich snizuje, vzdy
o 0,15 logKC. Hodnota logKC ma rozsah 0 - 2,25, kde 0 logKC odpovida nejvice
kontrastnim pismentim a 2,25 logKC nejméné kontrastnim. VySetreni probiha na 1 m,
za spravné prectenou trojici je povazovana ta, kdy pacient precte 2 ze 3 pismen. Mezi dalsi
pismenové optotypy patii testy spodobnym principem jako tabule Pelli-Robson:
Hamilton-Veale Contrast Sensitivity Test, Mars Letter Contrast Sensitivity Test,

Regan Low Contrast Letter Acuity Chart. >

= ==t
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Obrazek 3: Pelli-Robson test

3. Digitalni systémy
K méreni kontrastni citlivosti jsou nejcastéji vyuzivany digitalni systémy tvorené LCD
panelem se zabudovanym pocitacem. Patii sem LCD systém SmartChart, ktery zahrnuje

soubor nékolika testili pro vySetifeni zraku. Kontrastni citlivost je pomoci tohoto systému
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moZné testovat v 5 prostorovych frekvencich (1,5; 3; 6; 12; 18 c¢/st). Kromé SmartChartu

patif mezi digitalni systémy i TCP-2000, CC-100P, Vision Monitor a dalsi. 4>

Obrdzek 4: LCD optotyp

Zmény kontrastni citlivosti vlivem véku a patologii
Ve vSech prostorovych frekvenci se kontrastni citlivost méni s vékem, nejvétsi
zmény jsou patrné u stars$i vékové kategorie ve stifednich a vySSich prostorovych
frekvencich. Testovani Kkontrastni citlivosti ma mnohostranné Kklinické vyuziti. Pfi
patologickych onemocnénich (napi. katarakta, artefakie, neuritida, glaukom, ...) miizeme
zjistit snizenou kontrastni citlivost. Pomoci téchto testli odhalime skrytou ztratu
zrakovych funkci, kdy si pacienti i pfes dobry vizus stézuji na Spatné vidéni. 2>
U riznych typt Sedého zakalu dochazi k odliSnym subjektivnim piiznakim.
KaZdy typ ma jiny vliv na zrakovou ostrost na zakladé intenzity svétla, velikosti zornice a

typu refrakéni vady.

Katarakta

Katarakta zptlisobuje zkaleni ofni ¢oCky a tim zhorSeni jeji prihlednosti a
rozptylu svételného paprsku na sitnici. Zakal v cocce je nejCastéji zplisoben procesy
starnuti, avsak na rozvoji se podili mnoho jinych pricin, jako je uzivani 1éks, mechanické
nebo chemické poranéni oka, zasah elektrickym proudem, elektromagnetické vinéni ci
metabolické pri¢iny. Pro zabranéni vzniku a progrese Sedého zakalu nejsou dostatecné
znalosti a jsou vysvétleny pouze nékteré rizikové faktory, které se na rozvoji katarakty

podili. Mezi né patfi koureni, alkohol, UV-B zareni, diabetes, oxidativni poruchy a

prijmova onemocnéni.18
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Kataraktu vzniklou procesem starnuti ozna¢ujeme jako senilni. Co¢ka vékem ztraci
elasticitu, zvétSuje se hmotnost i objem. Dochazi k chemické preméné proteint ¢ocky
(krystalinii) na protein vysokomolekularni, zvySuje se koncentrace sodiku
a vapniku a snizuji se hladiny antioxida¢nich enzymu. Podle zkaleni se rozliSuji 4 typy
ajejich vzajemné kombinace: nuklearni, kortikadlni, zadni subkapsularni, predni
subkapsularni. 1.8

U nuklearniho typu postihuje zakal v odstinech hnédé (cataracta brunescens)
centralni vrstvy cocky. Oko je vlivem chemickych zmén myopizovano. Pacienti tak maji

obtiZe pri vidéni do dalky a vidéni do blizka je naopak zlepseno.

Obrdzek 5: Nukledrni typ katarakty

Vznik kortikalni katarakty je spojen s poruchou iontové rovnovahy, vlivem které
se v Co¢ce mlze hromadit voda. Zkaleni klinovitého tvaru s bazi v periferii a smétujici

do centra postihuje kortex cocky.

Obrdzek 6: Kortikdlni typ katarakty
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Zadni subkapsularni katarakta ma zakal lokalizovany v zadni vrstvé kortexu.
ObtiZe jsou pocitovany pri vidéni do blizka a pri vySsi intenzité svétla. Zakal v zadni
kortikdlni vrstvé se objevuje nejen u senilni katarakty, ale i disledkem uzivani
kortikosteroid{i, po traumatu nebo vlivem ionizujiciho zateni.

VzacnéjSim typem u senilni katarakty je predni subkapsularni, kdy je zkaleni

lokalizovano pod prednim pouzdrem. 18

Obrazek 7: Zadni subkapsuldrni typ katarakty
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Changes in contrast sensitivity due to cataract
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Annotation

The paper deals with contrast sensitivity, which can be reduced due to various
pathologies, including cataracts. As has already been proven in several studies, contrast
sensitivity is the first indicator of the presence of cataracts. Reduced contrast sensitivity
can be detected even before visual acuity starts to get worse. Therefore, the aim of this
paper was to explain not only the basic definitions related to contrast sensitivity and tests

to be examined, but also to briefly describe cataracts.
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Contrast sensitivity
In addition to the usual tests for visual acuity, contrast sensitivity measurements

are also used to examine visual functions, providing more comprehensive information for
assessing eye pathologies. Visual acuity provides only high contrast information (reading
a low-brightness black smaller font on a white background with much higher brightness).
Contrast sensitivity tests are used to determine the resolution of the eye at lower
contrasts. These tests help to detect vision under conditions in everyday life situations,
e.g. recognizing people's faces and objects. According to these tests, it can be determined
the ability of patients to behave in these suboptimal conditions. 1-4

Contrast sensitivity is defined as the inverse of the contrast threshold, which is the
smallest visible contrast. It is precisely this contrast that it is still possible to distinguish
two different light parts of an object. 4>

In addition to contrast sensitivity, a spatial frequency given as the number of cycles
per angular degree (cycles/degree) is also required for the analysis of fine spatial details.
The definition of the cycle is the angular width of one dark and one light stripe (e.g. for a
sine-wave grating). Low spatial frequencies are expressed by a smaller number of wide

stripes, while high spatial frequencies are expressed by a larger number of narrow stripes.
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Contrast thresholds for different spatial frequencies are evaluated using a curve that
is bell-shaped under physiological conditions. The highest sensitivity is between 3 - 6
cycles/degree, in higher and lower spatial frequencies the sensitivity is lower (see Figure

1). 45
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Figure 1: Contrast sensitivity curve

Contrast sensitivity measurement

Several types of examination boards (letter and using a sine-wave grating),
systems for testing sensitivity to contrast on a monitor or LCD panel are used to detect
decreases in visual functions. 2°

When observing, for example, optotypic letters in the background, the contrasts
of the object and the background are different. This contrast can be mathematically

calculated using Weber's or Michelson's formula for examination boards.

1. A sine-wave grating

The Michelson contrast, typical for the calculation of contrast in a sine-wave grating,
is equal to the difference between the highest (Lmax) and lowest (Lmin) luminance
divided by their sum. This is a value without units, which ranges from 0 to 1 or

is expressed as a percentage. 5-7

_ (Lmax — Lmin)
~ (Lmax + Lmin)
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When examining the sine-wave grating, the method of determining the direction of the
strips is used, when the examinee determines whether he sees the grid and in which
direction the strips of the grid are oriented (vertically, tilted to the left or right). Among
the tests using the sine-wave grating were the oldest Arden boards, which are no longer
used today. The whiteboard from Vistech Consultants is called VCTS (Visual Contrast Test
System). Modifications are also used to examine contrast sensitivity: (Functional Acuity
Contrast Test - FACT, Sine-wave Contrast Test, CSV1000). The VCTS test is used for
long and short distances, it contains circular stimulus targets that are arranged in 5 rows
and 9 columns. Each row contains 9 targets of a certain spatial frequency of light and dark
equally wide stripes. Contrast decreases in each row. The luminance of the board ranges

from 69 cd/m? to 240 cd/m?2 245
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Figure 2: VCTS

CSV-1000 testis a board set in a light box. Testing is performed in 4 spatial frequencies -
3,6,12,18 cycle/degree.

1. Letter charts
Weber's formula applies to calculate the contrast for letter optotypes. This is the
difference between the luminance of the background (Lp) and the object (Lo), which

is divided by the luminance of the background. 56

(Lp — Lo)

= (Lp)
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An example of letter tests is the Pelli-Robson Contrast Sensitivity Chart containing
letters sorted by two triplets of letters in one row. In total, there are 8 rows on the board
and therefore 16 triples, each triple has the same contrast, which decreases in the next
triples, always by 0.15 logKC. The logKC value has a range of 0 - 2.25, where 0 logKC
corresponds to the most contrasting letters and 2.25 1ogKC to the least contrasting letters.
The examination is performed at 1 m. The correctly read triplet is considered to be the
one when the patient reads 2 of the 3 letters. Other letter optotypes include tests with
a similar principle to the Pelli-Robson board: Hamilton-Veale Contrast Sensitivity Test,

Mars Letter Contrast Sensitivity Test, Regan Low Contrast Letter Acuity Chart. >

NHCSOK
S CN

Figure 3: Pelli-Robson test

1. Digital systems

Digital systems consisting of an LCD panel with a built-in computer are most often
used to measure contrast sensitivity. This includes the SmartChart LCD system, which
includes a set of several tests for eye examination. Contrast sensitivity can be tested using
this system at 5 spatial frequencies (1.5, 3, 6, 12, 18 cycles/degree). In addition
to SmartChart, digital systems include TCP-2000, CC-100P, Vision Monitor and

others.4>
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Figure 4: LCD optotype

Changes in contrast sensitivity due to age and pathologies
In all spatial frequencies, contrast sensitivity changes with age, the greatest
changes are noticeable in the older age category in the middle and higher spatial
frequencies. Contrast sensitivity testing has multiple clinical applications. In pathological
diseases (e.g. cataracts, artefakia, neuritis, glaucoma, ...) we can detect reduced contrast
sensitivity. With the help of these tests, we reveal a hidden loss of visual functions, when
patients complain of poor vision despite good vision. 2>
There are different subjective symptoms of different types of cataracts. Each type
has a different effect on visual acuity based on the intensity of light, the size of the pupil

and the type of refractive defect.

Cataract

Cataracts cause clouding of the lens of the eye and, a deterioration in its
transparency and scattering of the light beam on the retina. Opacity in the lens is most
often caused by aging processes, but there are other causes of cataract, such as taking
medications, mechanical or chemical injuries to the eye, electric shock, electromagnetic
waves or metabolic causes. There is insufficient knowledge to prevent the development
and progression of cataracts and only some of the risk factors are explained. These include

smoking, alcohol, UV-B radiation, diabetes, oxidative disorders and diarrheal diseases. 1.8

Cataracts, formed by the aging process, are referred to as senile. With age, the lens loses
elasticity, both weight and volume increase. There is a chemical transformation of lens
proteins (crystallines) into high molecular weight protein, the concentration of sodium

and calcium increases, and the levels of antioxidant enzymes decrease. According to
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opacity, 4 types and their combinations with each other are distinguished: nuclear,
cortical, posterior subcapsular, anterior subcapsular. 1.8

In the nuclear type, the opacity in shades of brown (cataract brunescens) affects
the central layer of the lens. The eye is myopized due to chemical changes. Patients have

poor vision at a distance, while near vision is improved.

Figure 5: Nuclear type of cataract

Cortical cataract is associated with a disorder of ionic balance, water can
accumulate in the lens due to this imbalance. The clouding with wedge-shaped shape and

a base in the periphery point to the center and affect the cortex of the lens.

Figure 6: Cortical type of cataract

The posterior subcapsular cataract has an cloudy lens localized in the posterior
layer of the cortex. Difficulties are felt to near vision and at a higher intensity of light. The
opacity in the posterior cortical layer occurs not only with senile cataracts, but also as a

result of taking corticosteroids, after trauma or under the influence of ionizing radiation.
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A rarer type in senile cataracts is the anterior subcapsular, when the opaqueness

is localized under the anterior capsule. 18

Figure 7: Posterior subcapsular type of cataract
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Pribéh kontaktnich €¢ocek MiSight

Bc. Tomas Dobfensky

Coopervision

Piibéh, ktery Vam chci vypravét, zacal v roce 2005 na univerzité v Aucklandu na Novém
Zélandu, kde si vyzkumnik John Phillips precetl o pokusech na zviratech, které prokazaly,
Ze periferni rozostreni obrazu na sitnici zpomalilo riist jejich oci. John zacal se studiemi
na lidech a dokazal, Ze periferni rozostreni obrazu miize zpomalit také rychlost progrese
kratkozrakosti u déti. Postupné prevedl ranné experimentalni optické navrhy do podoby
kontaktnich ¢ocek s dvojim ohniskem. A véril v iiCinek své technologie v dobé, kdy se svét
teprve zacal probouzet do rostouciho vyskytu kratkozrakosti. Technologii od Johna
Phillipse ziskala spolecnost Ocular Sciences a ta se nasledné stala soucasti spolecnosti
CooperVision. John Phillips je dnes mezindrodné uznavanym prikopnikem ve vyvoji
optickych konstrukci a technologii pro zpomaleni progrese kratkozrakosti a nadale v této
oblasti pracuje.

Podivame-li se dnes zpét o priblizné patnact let, pak kratkozrakost byla stale vnimana
spiSe jako neptijemnost nez jako nemoc s vyznamnym rizikem poskozeni zraku. Navic
byla povazovana spiSe za Asijsky problém, ktery se zapadniho svéta vlastné netyka.
Panovala obecnd shoda, Ze mnoho studii zaméfenych na zpomaleni progrese
kratkozrakosti prokazalo vyznamny pokles ti¢inku po prvnim roce terapie. Akademicka
obec se dal zajimala o myslenku kontroly progrese kratkozrakosti, ale Sirsi komunita
oc¢nich specialisti tento problém nevnimala jako aktualni.

Za takové situace zacala spole¢nost CooperVision pripravovat klinickou studii na ovéreni
ucinku meékkych kontaktnich coc¢ek s dvojim ohniskem pro kontrolu progrese
kratkozrakosti.

Dva roky trvalo dokonceni protokolu ke studii za uzké spoluprace s regulacnimi organy,
aby byla jistota, Ze navrh a pribéh studie bude diivéryhodny. Bylo jasné, Ze studie by méla
probihat na riiznych mistech svéta, aby prokazala ucinnost na lidské populaci v globalnim
méritku. A také, Ze by méla trvat alespon tri roky, pokud se v prvnim roce prokaze uc¢inek
zvoleného pristupu. Cil byl stanoven na sniZeni progrese kratkozrakosti sledovanych oci
ve sférickém dioptrickém ekvivalentu o 0,75 D béhem 3 let. Soucasné bylo rozhodnuto

monitorovat axialni délku oka, aCkoliv nikdo netusil, co se v tomto parametru bude dit.
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Trochu nyni odbo¢me a podivejme se na produkt, ktery byl pripraveny pro studii. MiSight
1 day je mékka hydrogelova kontaktni cocka na jednodenni pouziti, ktera se vyznacuje
velmi unikatnim optickym designem, oznacovanym jako ActivControl. V optické z6né ma
4 soustredné kruhové oblasti, z nichZ dvé maji predpisovou hodnotu korekce do dalky,
takze déti vidi ostfe bez dal$i nutné korekce brylemi. Dvé dalsi kruhové oblasti
predstavuji terapeutické zony a v obou je dioptricky pridavek +2 dioptrie oproti
korek¢énim zonam. Cilem je vytvorit periferni defocus, tedy posunout obraz z terapeutické
zony pred sitnici oka. VSechny ostatni parametry cocky byly prevzaty z existujicich cocek
Proclear 1 day, tedy stejné rozméry Cocky i pouzity material. To davalo dobrou mozZnost
pouzit Proclear 1 day jako referencni kontaktni ¢ocku pro kontrolni skupinu.

Nabor déti do studie zacal v roce 2012, tésné pired olympijskymi hrami v Londyné a to ve
4 Klinickych pracovistich: dvou v Evropé, konkrétné Velké Britanii a Portugalsku, jednom
v Singapuru reprezentujicim Asii a jednom v Kanadé za Severni Ameriku. Do 1. ¢asti studie
bylo na dobu 3 let ptijato 144 déti ve véku od 8 do 12 let, které nové zacaly nosit kontaktni
cocky. Déti byly zcela ndhodné rozdéleny do dvou skupin:

74 déti bylo zarazeno do kontrolni skupiny a zacalo nosit kontaktni ocky Proclear 1 day
a 70 déti bylo zatrazeno do testovaci skupiny a zacalo s pouzivanim dvouohniskovych
kontaktnich ¢ocek MiSight 1 day.

V roce 2015 vSechny déti ve studii ukoncily minimalné jeden rok sledovani a pribézna
data ukazovala, Ze technologie opravdu funguje. Ale soucCasné nékteré déti, které
vstoupily do studie v jejim zacatku, se blizily konci tfetiho roku pouZivani ¢ocek a nastal
Cas resit, jak pokracovat dal. Predevsim se oteviela eticka otazka, co s kontrolni skupinou.
Opravdu ma smysl v ni pokracovat pri vedomi negativniho vysledku? ProtoZe bylo pfijato
rozhodnuti pokracovat ve studii dalsi tfi roky s cilem prokazat, jak dlouho bude pitinos
terapie trvat, bylo soucasné rozhodnuto po prvnich trech letech studii odkryt a vSechny
déti prevést na kontaktni cocky MiSight 1 day.

V praxi to znamenalo, Ze déti ve studii budou na konci Sestiletého cyklu ve véku 14 az 18
let. Pak se pridal jesté jeden dalsi rok sledovani, ktery jiZ pti pouziti béZné korekce mél

pomoci odpovédét na otazku, co se stane nasledné po ukonceni terapie.
V 1. trileté Casti studie byly tedy déti ve véku od 8 do 12 let, nahodné rozdélené do skupin

pro testovaci ¢ocky (MiSight) nebo pro kontrolni ¢o¢ky (Proclear 1 day). Obé skupiny byly

vybrany tak, aby byly dobie porovnatelné a nebyly mezi nimi Zadné vyznamné rozdily ve
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vychozim stavu. Prirazeni do jednotlivych skupin bylo utajeno jak pred vyzkumnymi
optometristy, provadéjicimi vSechna méreni, tak i pred rodici a détmi. VSechny kontaktni
¢oCky pro studii byly identicky oznaceny, aby se eliminovalo zkresleni vysledki. Celkem
bylo do 1. ¢asti studie prijato 144 déti, které nové zacaly nosit kontaktni cocky a v
minulosti nepodstoupily Zadnou jinou terapii ke zpomaleni progrese kratkozrakosti. 74
déti bylo zarazeno do kontrolni skupiny s Proclear 1 day a 70 déti do skupiny s MiSight 1
day. Prvni ¢ast pak dokoncilo 56 déti v kontrolni skupiné a 52 v testovaci skupiné.
Klicovym cilem 1. faze bylo potvrdit uc¢innost optického designu s dvojim ohniskem u
jednodenni kontaktni co¢ky MiSight na zpomalovani rychlosti progrese juvenilni myopie.
Jinymi slovy, zhodnotit rozdil v progresi kratkozrakosti mérené sférickym ekvivalentem
refrak¢ni vady nebo zménou axiadlni délky oka mezi témito dvéma skupinami, obvykle
vyjadirovanou v procentech.

Déti zarazené do studie zacinaly s rliznymi tirovnémi refrakénich vad v rozmezi mezi -
0,75 a -4,00 dioptriemi. Po prvnim roce kontrolni skupina vykazovala zhorseni o -0,50 az
-0,75 dioptrie, jak by se typicky dalo ofekavat u populace, ktera neni 1é¢ena. Skupina s
MiSight v prvnim roce vykazala zhorSeni kratkozrakosti o zhruba -0,2 dioptrie. Rozdil
mezi témito dvéma hodnotami udava tcinek kontroly kratkozrakosti v 1. roce, tedy 0,4 D,
coz vyjadreno v procentech je 69 %. Jinak feceno, oc¢i nosici MiSIght 1 day se béhem
prvniho roku zhorsily 0 69 % méné neZ ocCi u kontrolni skupiny.

Ve 2. roce skupina s Proclear 1 day vykazala celkovou progresi tésné pod jednou dioptrif
za dva roky, zatimco skupina s MiSight se zhorSovala prilizné stejné rychle jako v prvnim
roce. A stejné to bylo i ve tfetim roce studie. Na konci tohoto tfiletého cyklu je je skupina
coz lze také vyjadrit jako ucinek kontroly myopie o 59 % za 3 roky.

Dnes vime, Ze patologie spojené s kratkozrakosti jsou dlisledkem abnormalni délky
ocniho bulbu, a tak jakykoli uc¢inek kontroly progrese kratkozrakosti, ktery zaznamename
u refrakéni vady, musi byt spojeny také se zménou v rlistu oka. Jinymi slovy, oci ve studii
nosici MiSight 1 day musi mit krat${ axialni délku neZ oci nosici Proclear 1 day. Jaké byly
vysledky v tomto parametru?

Na konci 1. roku skupina s MiSight vykazala rist oka v axialni délce o néco mensinez 0,1
mm, coZ také odpovida priblizné zméné v korekci o -0,25 dioptrie. Zména axiadlni délky

oka tedy odpovida zméné refrakéni vady v tomto ¢asovém bodé.
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Rozdil zmény axialni délky oka mezi skupinami na konci 1. roku je 0,15 mm, neboli efekt
kontroly progrese myopie na axialni délku je 63 %. Také to mliZeme rict tak, Ze oci nosici
MiSight 1 day rostly v priibéhu 1. roku studie o 63 % méné neZ oc€i nosici Proclear 1 day.
Podobné vypadaji data za dalsi dva roky studie, kdy na konci triletého cyklu byl rast
axialni délky oka ve skupiné s MiSight v priiméru okolo 0,3 mm a v kontrolni skupiné s
Proclear 1 day pres 0,6 mm. Rozdil v riistu axilani délky pak ¢inil za tfi roky 0,32 mm, tedy
odpovidal 52% ucinku terapie na kontrolu progrese kratkozrakosti u skupiny s cockou
MiSight.

Alternativnim zpusobem, jak se podivat na vysledky, je prezkoumat rozlozeni zmén ve
sledované populaci. Z tohoto hodnoceni vyplyva, Ze za dobu tii let studie, 41% oci s
MiSight 1 day zlstalo refrakéné stabilnich, tedy jejich zhorSeni za sledované obdobi je
maximalné o -0,25 dioptrie. V kontrolni skupiné takto stabilnich zlistala jen 4%
day se za toto tiileté obdobi zhorsilo o -0,75 dioptrie a vice, zatimco s MiSight 1 day se
takto zhorsila jen pribliZzné jedna tretina oc¢i.

Jak jiz bylo receno, po prvnich trech letech byla také kontrolni skupina prevedena z
kontaktnich ¢ocek Proclear 1 day na MiSight a bylo zahajena druha trileta faze studie, jiz
bez nutnosti maskovani. Ukolem bylo ovéfit dlouhodoby vliv terapie na progresi
kratkozrakosti. U skupiny déti, ktera po celych Sest let pouZivala kontaktni cocky MiSight
byly I v dalSich trech letech zmény v korekci a axidlni délce podobné jako v prvni fazi
studie. Po Sesti letech pouZzivani kontaktnich ¢ocek MiSight doslo v priméru ke zhroseni
kratkozrakosti o 0,92 dioptrie. Axidlni délka oka v této skupiné za Sest let dosahla
primérného ristu o 0,5 mm. Procento refrakéné stabilnich o¢i se zménou maximalné o
0,25 dioptrie po celych Sesti letech bylo 23%. Také ve skupiné, ktera po tfech letech byla
prevedena na MiSight 1 day vysledky ukazaly zpomaleni ristu v dioptrické hodnoté |
axialni délce. Axialni délka ocCi se v této skupiné za tri roky druhé faze studie zménila
pouze o0 0,2 mm.

Sedmy rok studie jiz vSechny déti misto MiSight pouzivaly jednodenni jednoohniskové
kontaktni ¢o¢ky Proclear 1 day. Ukolem bylo provéfit stabilitu dosaZenych vysledkd po
ukonceni terapie. Také v tomto pripadé jiz nedoslo k zddnému oZiveni rdstu oci ani v
dioptrické hodnoté, ani v axialni délce. Objektivné ale je nutné doplnit, Ze se jiZ bavime o

populaci déti ve véku 14 az 18 let.
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Dilezitym faktorem je také bezpecnost noSeni kontaktnich cocek u déti. Vzdyt zdravi je
vZzdy na prvnim misté. Za dobu Sesti let studie bylo provedeno 26 137 sledovani
zarazenych déti na Stérbinové lampé. 99 % vSech pozorovani na Stérbinové lampé bylo
hodnoceno stupném zmény (gradingu) fyziologie oka 1 nebo niZsi. Pouze pét zjisténi bylo
hodnoceno stupném 2. Nalezy pri biomikroskopii o¢i po dobu celych Sesti let tak byly
velmi podobné normalnim naleziim bez noSeni kontaktnich ¢ocek. Nebyly zaznamenany
hypoxické zmény stavu oci, jako jsou limbalni zarudnuti, neovaskularizace nebo edém. V
pribéhu studie byl zazanamenan jeden vazny pripad uveitidy zplisobeny herpes zoster,
hodnoceny jako nepodminény pouzivanim cocek. V tomto piipadé doslo k okamzitému
ukonéeni pouZivani ¢ocek ditétem. Zadny jiny vazZny stav podminény pouZivanim
kontaktnich ¢ocek se u sledovanych déti neobjevil.

Pifed zahdjenim studie predevSim rodic¢e vyjadrovali obavy z nasazovani a vyjimani
kontaktnich cocek. Kromé obav, Ze to jejich dité nezvladne, tu byla jesté jedna, mozZna jesté
dtlezitéjsi, a to obava z dalSiho ¢asu potrebného rano pred skolou na nasazeni ¢ocek. Ale
ani jedno se zasadné nepotvrdilo, kdyZ 95% déti zvladlo od zacatku manipulaci s co¢kami
velmi dobre. Déti pouzivaly kontaktni cocky podle planu stanoveného pro studii, tedy
minimalné 10 hodin denné po 6 dni v tydnu. Déti byly z noSeni cocek velmi nadsené,
nékteré predtim nenosily korekci zraku trvale, takze ted’ si uzivaly jasné a ostré vidéni po
celou dobu. Mnoho z nich také nepouZivalo korekci pri sportu a byly velmi nadSené, Ze

mohou vidét. U nékterych déti pak doslo i k viditelnému zvyseni sebevédomi.
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The story of MiSight contact lenses

Bc. Tomas Dobfensky

Coopervision

The story started 2005 at the University of Auckland, New Zealand where researcher John
Phillips became aware of early animal experiments demonstrating that myopic defocus
imposed on the retina slowed eye growth. John initiated human studies which
demonstrated that myopic defocus could also slow the rate of myopia progression in
children. John translated these early experimental optical designs into a dual-focus
contact lens: John’s firm belief in his technology as the world was starting to wake up to
the increasing prevalence of myopia around the globe led to the adoption of dual-focus
technology by Ocular Sciences and subsequently CooperVision. John is now
internationally recognised as an early pioneer in the development of optical designs to
slow the progression of myopia and continues to work in this field.

Looking back about fifteen years today, myopia was still seen as more of a inconvenience
than a disease with a significant risk of vision damage. In addition, it was considered more
of an Asian problem, which does not really concern the Western world. There was general
agreement that many studies aimed at slowing the progression of myopia and they
showed a significant decline in effect after the first year of therapy. Academia continued
to be interested in the idea of controlling the progression of myopia, but the wider
community of eye specialists did not see the issue as urgent.

In such a situation, CooperVision began to prepare a clinical trial to verify the effect of soft
dual focus contact lenses to control the progression of myopia.

It took two years to complete the study protocol in close collaboration with regulatory
authorities to ensure that the design and course of the study would be credible. It was
clear that the study should take place in different parts of the world to demonstrate the
effectiveness in the human population on a global scale. And also that it should last at least
three years, if the effect of the chosen approach is proven in the first year. The goal was to
reduce the progression of myopia in the monitored eyes in spherical dioptric equivalent
by 0.75 D over 3 years. At the same time, it was decided to monitor the axial length of the

eye, although no one knew what would happen in this parameter.
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The product that was prepared for the study - MiSight 1 day - is a soft hydrogel contact
lens for one-day use, which features a unique optical design, called ActivControl. In the
optical zone, it has 4 concentric circular areas, two of which have a prescribed distance
correction value, so that children can see clearly without additional correction with
glasses. The other two circular rings represent the therapeutic zones and in both there is
a +2 dioptre addition compared to the correction zones. The goal is to create peripheral
defocus, i.e. to move the image from the therapeutic zone in front of the retina. All other
lens parameters were taken from the existing Proclear 1 day lenses, the same lens
dimensions and used material. This gave a good opportunity to use Proclear 1 day as a
reference contact lens for the control group.

The recruitment of children for the study began in 2012, shortly before the Olympic
Games in London, in 4 clinical sites: two in Europe, specifically Great Britain and Portugal,
one in Singapore representing Asia and one in Canada for North America. In the Part 1 of
the study 144 children between the ages of 8 and 12, who had just started wearing contact
lenses, were recruited for a period of 3 years. The children were completely randomly
divided into two groups:

74 children were included in the control group and started wearing Proclear 1 day contact
lenses

and 70 children were assigned to the test group and started wearing MiSight 1 day contact
lenses with dual focus optical design.

By 2015, all children in the study had completed at least one year of follow-up, and interim
data showed that the technology was indeed working. But at the same time, some of the
children who entered the study at the beginning were nearing the end of their third year
of lens wear, and it was time to decide how to proceed. Above all, the ethical question of
what to do with the control group was raised. Does it really make sense to continue with
it knowing the negative result? As the decision was made to continue the study for another
three years to demonstrate how long the benefit of the therapy would last, it was
simultaneously decided to unmask the study after the first three years and switch all
children to MiSight 1 day contact lenses.

In practice, this meant that the children in the study would be between the ages of 14 and
18 at the end of the six-year cycle. Then one more year of follow-up was added, which
should already have helped to answer the question of what happens after the end of

therapy, even with the standard spherical correction.
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In the Part 1 (three-year) of the study, children in age 8 to 12 were randomly divided into
groups for test lenses (MiSight) or for control lenses (Proclear 1 day). The two groups
were selected to be well comparable and there were no significant differences between
them at baseline. Assignment to individual groups was kept masked as before the
research optometrists performing all measurements, and in front of parents and children.
All contact lenses for the study were identically labeled to eliminate bias in the results. A
total of 144 children who had newly started wearing contact lenses and had not
undergone any other therapy to slow the progression of myopia in the past were enrolled
in the part 1 of the study. 74 children were assigned to the control group with Proclear 1
day and 70 children to the group with MiSight 1 day. The first part was completed by 56
children in the control group and 52 in the test group.

The key objective of Part 1 was to confirm the effectiveness of the dual focus optical design
of the MiSight daily contact lens in slowing the rate of progression of juvenile myopia. In
other words, to evaluate the difference in the progression of myopia as measured by the
spherical equivalent of the refractive error or the change in the axial length of the eye
between the two groups, usually expressed as a percentage.

The children included in the study started with varying levels of refractive errors ranging
between -0.75 and -4.00 dioptres. After the first year, the control group showed a
worsening of -0.50 to -0.75 dioptre, as would typically be expected in an untreated
population. The MiSight group showed a worsening of myopia of about -0.2 dioptre in the
first year. The difference between these 2 values gives the myopia control effect in year 1
of 0.4D which when expressed as a percentage is 69%. In other words, the eyes wearing
MiSight 1 day progressed 69% less than the control group during that first year.

Into year 2, the Proclear 1 day group showed a total progression of just under a dioptre
for the first two years whereas the MiSight group progressed at about the same rate as
year 1. And it was the same in the third year of study. At the end of this 3-year cycle, the
Proclear 1 day group is on average almost 0.75 dioptre more myopic than the MiSight 1
day group, which can also be expressed as a 59% myopia control effect at 3 years.

We now know that the pathologies associated with myopia are the result of an abnormal
length of the eye, and so any effect of controlling the progression of myopia that we see in
refractive error must also be associated with a change in the growth of the eye. In other
words, eyes in the study wearing MiSight 1 day must have a shorter axial length than eyes

wearing Proclear 1 day. What were the results in this parameter?
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At the end of year 1, the MiSight group showed eye growth in axial length of slightly less
than 0.1 mm, which also corresponds to approximately a change in correction of -0.25
dioptre. The change in the axial length of the eye therefore corresponds to the change in
the refractive error.

The difference in change in axial eye length between groups at the end of year 1 is 0.15
mm, means the effect of controlling myopia progression on axial length is 63%. We can
also say that eyes wearing MiSight 1 day grew 63% less during the 1st year of the study
than eyes wearing Proclear 1 day. The data for the next two years of the study look similar,
when at the end of the three-year cycle, the growth of the axial length of the eye in the
group with MiSight was on average around 0.3 mm and in the control group with Proclear
1 day over 0.6 mm. The difference in axial length growth was then 0.32 mm over three
years, i.e. corresponding to 52% of the effect of the therapy in myopia control in the group
with the MiSight lens.

An alternative way to look at this is by reviewing the population distribution. This
evaluation shows that during the three-year study period, 41% of eyes with MiSight 1 day
remained refractively stable, i.e. their worsening during the monitored period is a
maximum of -0.25 dioptre or less. In the control group, only 4% of the monitored eyes
remained stable in this way. On the other hand, almost three-quarters of the eyes in the
control group with Proclear 1 day changed by -0.75 dioptre or more over this three-year
period, whereas with MiSight 1 day only about one-third of eyes changed this way.

As already mentioned, after the first three years, the control group was also switched from
Proclear 1 day contact lenses to MiSight and the second three-year phase of the study
began, no longer requiring masking. The task was to verify the long-term effect of therapy
on the progression of myopia. In the group of children who used MiSight contact lenses
for the entire six years, the changes in correction and axial length were similar to those in
the first phase of the study, even in the next three years. After six years of using MiSight
contact lenses, there was an average decrease in myopia of 0.92 dioptre. The axial length
of the eye in this group achieved an average growth of 0.5 mm over six years. The
percentage of refractively stable eyes with a change of no more than 0.25 dioptre after the
full six years was 23%. Also in the group that was converted to MiSight 1 day after three
years, the results showed a slowdown in growth in dioptric value and axial length. The
axial length of the eyes in this group changed by only 0.2 mm over the three years of the
second phase of the study.
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By the seventh year of the study, all children were using Proclear 1 day contact lenses
instead of MiSight. The task was to check the stability of the achieved results after the end
of the therapy. Also in this case, there was no revival of eye growth either in dioptric value
or in axial length. But objectively it is necessary to add that we are already talking about
the population of children between the ages of 14 and 18.

The safety of wearing contact lenses in children is also an important factor. After all, health
always comes first. During the six years of the study, 26,137 slit-lamp monitoring of
enrolled children was carried out. 99% of all slit-lamp observations were graded as an
eye physiology grading of 1 or lower. Only five findings were evaluated as grade 2. The
findings during the biomicroscopy of the eyes for the whole six years were thus very
similar to the normal findings without wearing contact lenses. No hypoxic changes in eye
status such as limbal redness, neovascularization, or edema were noted. One serious case
of uveitis due to herpes zoster was recorded during the study, judged to be unrelated to
lens wear. In this case, the child stopped using the lenses immediately. No other serious
condition caused by the use of contact lenses appeared in the observed children.

Before the start of the study, parents in particular expressed concerns about putting in
and taking out contact lenses. In addition to the fear that their child would not be able to
cope, there was another, perhaps even more important, fear of the additional time needed
in the morning before school to fit the lenses. But neither of them was fundamentally
confirmed, when 95% of the children managed to handle the lenses very well from the
beginning. The children wore contact lenses according to the schedule established for the
study, i.e. at least 10 hours a day, 6 days a week. The children were very excited to wear
the lenses, some of them had not worn vision correction permanently before, so now they
enjoyed clear and sharp vision all the time. Many of them also did not use correction in
sports and were very excited to be able to see. In some children, there was also a visible

increase in self-confidence.
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