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Bc. Anna Gregarova, doc. Mgr. Pavel Benes, Ph.D.

Anisoakomodace u ametropickych nositelti brylové korekce

Katedra optometrie a ortoptiky, Lékai'ska fakulta, Masarykova univerzita Brno

Anotace

Prispévek pojednava o anisoakomodaci vyskytujici se u ametrop, ktefi nosi brylovou korekci.
V tvodni €asti je definovana anisoakomodace a situace, za jakych fyziologickych i patologickych
podminek se s ni mizeme setkat. Dale jsou predstaveny cile vyzkumu a stanoveny hypotézy. Je
uvedena metodika sbéru dat vyzkumu a jednotlivé skupiny probandi. Nasledné jsou popsany
vysledky vyzkumu, v zavérecné €asti jsou v diskuzi srovnany se zavéry tuzemskych i zahrani¢nich

vyzkumt, které se zabyvaly obdobnym tématem.

Klicova slova

Anisoakomodace, akomodace, habituadlni korekce, brylova korekce, akomodacni Sirte,

puh-up test

Uvod

Akomodace je dynamicky proces zmény optické mohutnosti oka. Déje se predevsSim
prostiednictvim zmény v zakriveni predni a zadni plochy o¢ni ¢ocky. Je nezbytna pro udrzeni
ostrého obrazu na sitnici, pfi pozorovani predmétd nachazejicich se v riizné vzdalenosti pred
okem. Akomodacni obtiZe, mezi které se fadi i anisoakomodace, jsou velice aktudlnim tématem.

Vzhledem soucasnému obdobi, kdy je znatelnéjsi zvySena zatéz praci na blizkou vzdalenost,

dochazi vice nez kdy drive k rozvoji a manifestaci akomodacnich obtiZi.

Anisoakomodace

Anisoakomodace je nestejna akomodace pravého a levého oka. V roce 2006 byla doktorem
Ciuffreda definovana jako trvaly rozdil monokularnich akomodacnich $ifi obou o¢i minimalné
0,50 D. 1 Nékterymi autory je razena mezi insuficience akomodace 2, jini ji definuji jako
samostatnou akomodac¢ni anomalii. 3

Fyziologickd anisoakomodace slouzi k udrZzeni stereoskopického vidéni pii asymetrické
konvergenci. Pokud oc¢i fixuji predmét nachazejici se mimo stfedni sagitalni rovinu, ktery je

posunut stranou ve stejné frontoparalelni roving, je ve vysledku tento fixacni bod v riiznych
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vzdalenostech od pravého a levého oka. Vytvari se tak anisoakomodacni stimul. Takovy nestejny
akomodacni pozadavek pro pravé a levé oko je tim vétsi, ¢im bliZe (za zachovani lateralni odchylky
od stfedni sagitalni roviny) se fixa¢ni predmét nachazi k pozorovateli. Tento jev se vyskytuje
pomeérné Casto, napiiklad pii Cteni textu z obrazovky pocitace, ktery pozorujeme pouze pohybem
oc¢i bez natoceni hlavy. 4

Za fyziologickych podminek je také mozZné anisoakomodaci sledovat u pacientd
s anisometropii. Toto je jednim z dlivodi, pro¢ dbat na spravné stanoveni refrakce ametropu.
Nevhodnou korekci refrakéni vady jednoho nebo obou o¢i miiZe byt navozena anisometropie.

Dale je mozné se s anisoakomodaci setkat u pacienti s nerovnomérnou progresi presbyopie
v pravém a levém oku. Vtakovychto pripadech je moZné po individudlnim uvéaZeni zvolit
nestejnou adici pro pravé a levé oko.

Anisoakomodace miize také doprovazet unilateralni o¢ni onemocnéni. Lze ji pozorovat pri
jednostranné amblyopii, kdy se se sniZujici zrakovou ostrosti postizeného oka snizuje
i akomodacni sire. 5

Cilem tohoto sdéleni je porovnat akomodac¢ni $ifi pravého a levého oka bez korekce
a akomodacni $ifi pravého a levého oka pti habitualni korekci a zjistit vyskyt anisoakomodace
(hypotéza 1). Druha hypotéza ma za cil zjistit, zda ma velikost anizometropie korigované
habitudlni korekci vliv na velikost anisoakomodace. Tteti hypotézou zvazuji ovérit rozdil
akomodacni Sife pravého a levého oka pri prediazeni nejlepSi snasené korekce provedené
s binokularnim vyvaZenim akomodace.

Hypotézy vychazeji zcild, kdy stanoveny vyzkum ovéruje, zda brylova korekce snizuje
anisoakomodaci. ZjiStuji, zda budou rozdily mezi akomodacni Sifi pravého a levého oka
s habitudlni korekci vyznamnéjsi se zvySujici se anisometropii. A zkoumaji, zda po provedeni

binokularniho vyvaZeni dojde ke sniZeni anisoakomodace.

Metodika vyzkumu

V ramci odebiraného anamnestického obrazu je kladen dtliraz na pohlavi, vék, dobu stravenou
praci na blizko za den, korekci pouZivanou pii praci na blizkou vzdalenost, subjektivni
astenopické obtize (1 (Zadné obtize nikdy) - 5 (neustalé obtize)), typ ametropie, o¢ni dominanci
(hole-in-card test).

Vrcholova lamavost brylovych skel habitualni korekce probanda je zjiStovana pomoci
digitalniho fokometru TOPCON CL-300.

Je provedena nejlepsi mozna snasend korekce s binokularnim akomodac¢nim vyvazenim. Je
vyuzita zkusebni obruba OCULUS UB4, sada zkuSebnich skel, Jacksonovy zkiiZené cylindry, LCD
optotyp znacky TOPCON CC 100 XP a optotypova tabulka do blizka.
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Na zavér je provedeno samotné méreni akomodacni Siie. A to zvlast pro pravé a levé oko,
nejdrive s habitualni korekci, poté pri naturalnim vizu a poté s nejlepsi moznou korekci. Pro
méreni je vyuZito akomodacni pravitko typu RAF a pouZita metodu push-up a pull-away.

Namérena data jsou zpracovana v pocitacovém programu Microsoft Excel.

Data jsou naméfena u 21 probandd, z ¢ehoz 100 % jsou Zeny. Priimérny vék je 20,8+0,6 let.
Devét probandi ma myopickou refrakéni vadu, jeden hyprmetropickou a jedenact astigmatismus.
Maly pocet hypermetropl je dan predevSsim vékem skupiny probandi, ve tfetim decéniu
vzhledem k aktivni ¢innosti ¢ocky vétSinou jesté nedochazi k manifestaci hypermetropie. O¢ni
dominance je ve vzorku rozdélena rovnomérné, 11 probandi ma dominantni pravé oko, 9 levé
oko a u jednoho byla zjiSténa stfidava dominance.

Na zakladé dotazniku bylo zjisténo, Ze probandi denné travi primeérné praci na blizko (prace
na pocitaci, Cteni, hobby typické kratkou zrakovou vzdalenosti apod.) 7,52+0,87 h. Pricemz 12

popisuje pritomnost néjakych astenopickych obtiZi pti praci na blizko.

Vysledky

Prvni hypotéza - brylova korekce snizuje anisoakomodaci, byla potvrzena. Anisoakomodace
se po predrazeni habitualni korekce probanda sniZzila u 14 probandt z 21, tj. v 66, 7 % pripadi
(Graf 1).

Pomér pripadi, kdy prediazeni habitualni

brylové korekce zvysilo anisoakomodaci a kdy
ji snizilo

7;33%

® 14;67%

Zvyseni anisoakomodace = SniZeni anisoakomodace

Graf 1 Pomér pripadu a vlivu predrazent habitudIni korekce na anisoakomodaci

Druha hypotéza - rozdily mezi akomodacni Sifi pravého a levého oka s habitualni korekci

budou vyznamnéjsi se zvySujici se anisometropii, byla také potvrzena. Velikost anisoakomodace



ve vztahu k velikosti anisometropie znazortiuje nasledujici graf. Koeficient korelace R je 0,77, coZ

znaci vysokou miru linearni zavislosti téchto veli¢in (Graf 2).

Velikost anisoakomodace ve vztahu k velikosti
anizometropie

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

0,40

Anisoakomodace (D)

0,20

0,00
0,00-0,25 0,26-0,50 0,51-0,75 0,76-1,0

e primérna anisoakomodace 0,26 0,47 0,94 1,18

Anisometropie (D)

Graf 2 Vztah velikosti anisoakomodace a anizometropie

Tieti hypotéza - po provedeni binokuldrniho vyvazeni dojde ke sniZeni anisoakomodace, byla
také potvrzena. Ke sniZzeni anisoakomodace po provedeni korekce s binokularnim vyvazenim
oproti habitualni korekci doslo 13 pripadl, tj. 62%. U 6 piipadl, tj. 29 %, ke zméné
anisoakomodace nedoslo, to mize byt zpiisobeno tim, Ze méli probandi habitualni korekci
zahrnujici binokularni vyvazeni. U 2 pripad{, tj. 9 %, doslo k mirnému zvySeni anisoakomodace
(Graf 3).



Pocet piiipadu, kdy doslo po provedeni
binokularniho vyvazeni ke sniZeni
anisoakomodace a kdy ke sniZeni nedoslo

14 13
12
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2
2 I
0
Doslo ke snizeni Doslo ke zvysei Anisoakomodace
anisoakomodace anisoakomodace bezezmény
Graf 3 Srovndni jednotlivych skupin po binokuldrnim vyvdazZent
Diskuse

Cilem vyzkumu bylo jistit, jaky vliv ma stavajici brylova korekce na anisoakomodaci.

Tématem nestejné akomodace obou oci se zabyvala také kolegyné Kostkova ve své diplomové
praci. ¢ Jejim cilem bylo porovnat akomodacni $ifi pravého a levého oka a urcit vyskyt stavu
nestejné akomodace ve zkoumaném vzorku. K méreni akomodacni $ife vyuzivala monokularné
opakovany push-up test. Rozdil akomodac¢ni Sife pravého a levého oka, ktery pirekrocil 0,50 D,
nameérila u 9 ze 45 subjektt, tedy u 20 % probandii. V mém piipadé byla diferentni akomodace
zjiSténa u 11 z 21 subjekti, tedy u 52 % vySetirovanych. ¢ Tento vyznamny rozdil mezi vysledky je
pravdépodobné zptlisoben tim, Ze vice neZ polovina subjektl tcastnicich se mého vyzkumu byla
s anisometropii. Nestejna refrakcéni vada obou o¢i dle vysledki druhé hypotézy zvysuje incidenci
anisoakomodace.

Anisoakomodaci se ve své studii zaobirali také Vincent a Collins et al. 7, ve své praci nazvané
The short-term accommodation response to aniso-accommodative stimuli in isometropia
zkoumali vliv anisoakodacnich stimulG na akomodac¢ni odpovéd oci. Do jejich vyzkumu bylo
zapojeno 16 mladych isometropt. Priimérny rozdil v akomodacni $iti pravého a levého oka zjistili
0,47 D. 7V mém vyzkumu byl zjiStén priimérny rozdil v akomodacni $ifi obou o¢i 0,56 D. Rozdil
vysledkl obou vyzkumi je opét pravdépodobné zplisoben nestejnym zastoupenim isometropt

a anisometropi ve vySetfovaném vzorku.



Zaveér

Problematika anisoakomodace by neméla byt v optometrické praxi opomijena, predevsim
u anizometropickych pacienti mize byt zdrojem astenopickych obtizi. Ze zkoumaného vzorku
popisovalo 57 % probandl néjaky stupen astenopickych obtizi pti praci na blizkou a stiredni
vzdalenost. Vhodnym freSenim nestejné akomodace je predevSim predpis nejlepSi snaSené
korekce s provedenim binokularniho vyvazeni. Jak bylo dokazano v prvni a treti hypotéze,
predrazeni takovéto korekce refrak¢ni vady anisoakomodaci snizuje. Dalsi moznosti terapie
anisoakomodace je zrakovy tréning obdobny jako v pripadé insuficience akomodace. V ném je
kladen daraz na velikost akomodacni Site (push-up cviceni) a akomodacni facilitu (cviceni
s flippery), existuji i kombinovana cvic¢eni (near-far jump). 8

V praxi by také anisoakomodace neméla byt zapominana p¥i predpisu presbyopické korekce.
Pokud je podezreni na pritomnost anisoakomodace (napriklad pfi anisoametropii), je dobré
provést monokuldrni vySetifeni akomodacni Sife. Zjisténi diferentni akomodace miize byt
rozhodujici v urc¢ovani adice presbyopické korekce. V tomto pripadé neexistuje pomérné mnoho

studii zabyvajicich se predpisem rozdilné adice na zakladé zjisténé anisoakomodace. 8
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Anisoaccommodation in ametropic patients using spectacle
correction

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

Abstract

The paper deals with the topic of anisoaccomitation occurring in ametropes using spectacle
correction. In the introductory part, the anisoaccommodation is defined and it is described under
which conditions, physiological and pathological, it is possible to encounter it. Further, the
research goals are presented, and hypotheses are set. The methodology of research data collection
and individual groups of probands is presented. Then the results of the research are described, in
the final part, in the discussion they are compared with the conclusions of domestic and foreign

research, which dealt with a similar topic.

Keywords

Anisoaccommodation, accommodation, habitual correction, spectacle correction, amplitude of

accommodation, push-up test

Introduction

Accommodation is a dynamic process of changing the optical power of the eye. This is mainly
done through a change in the curvature of the anterior and posterior surfaces of the ocular lens.
It is necessary to maintain a sharp image on the retina, when observed objects are located at
different distances in front of the eye. Accommodation difficulties, including
anisoaccommodation, are a very timely topic. Due to the current time, when the increased
workload of short-distance work is more noticeable, accommodation difficulties are developing

more than ever before.

Anisoaccommodation

Anisoaccommodation is the unequal accommodation of the right and left eyes. In 2006,
Dr. Ciuffreda defined it as a persistent interocular difference in monocular accommodative
amplitude of at least 0.50 D. ! Some authors classify it as accommodative insufficiency 2, others

define it as a separate accommodative anomaly. 3
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Physiological anisoaccommodation is instrumental towards maintaining stereoscopic vision
during asymmetrical convergence. If the eyes fixate an object located outside the central sagittal
plane which is shifted sideways in the same frontoparallel plane, this results in said fixation point
being at different distances from the right and left eye. This creates an anisoaccommodative
stimulus. This unequal accommodation requirement for the right and left eye is greater the closer
(while maintaining the lateral deviation from the central sagittal plane) the fixation object is
located to the observer. This phenomenon can be observed routinely, for example when reading
text from a computer screen, which we observe only by moving the eyes without turning the
head.*

Under physiological conditions, it is also possible to observe anisoaccommodation in patients
with anisometropia. This is one of the reasons for paying attention to the correct determination
of the refraction of ametropes. An incorrect correction of the refractive error of one or both eyes
may induce anisometropia.

It is also possible to encounter anisoaccommodation in patients with uneven progression of
presbyopia in the right and left eye. In such cases, it is possible to choose unequal additions for
the right and left eye, only after individual consideration.

Anisoaccommodation can also occur with unilateral eye diseases. It can be observed in patients
with unilateral amblyopia, in which the amplitude of accommodation decreases with decreasing
visual acuity of the affected eye. 5

The aim of this paper is to compare amplitudes of accommodation of the right and left eye
without correction and amplitudes of accommodation of the right and left eye with habitual
correction and to find out the occurrence of anisoaccommodation (hypothesis 1). The second
hypothesis aims to determine whether the size of habitual correction-corrected anisometropia
influences the size of anisoaccommodation. In the third hypothesis, I aim to verify the difference
between the amplitudes of accommodation of the right and left eye when using the best tolerated
correction performed with binocular accommodative balance test.

The hypotheses are based on these goals. The research verifies that the spectacle correction
reduces anisoaccommodation. It sets to find out whether the differences between the amplitudes
of accommodation of the right and left eye with habitual correction will be more significant with
increasing anisometropia. And it is investigating whether there is a reduction in

anisoaccommodation after performing binocular balancing test.
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Research methodology

In collecting anamnesis, the focus is on gender, age, time spent working close-ups per day,
correction used when working close-up, subjective asthenopic difficulties (1 (no difficulties ever)
to 5 (constant difficulties)), type of ametropia and eye dominance (hole-in-card test).

The TOPCON CL-300 digital focimeter is used to determine the optical power of spectacle
lenses of habitual correction of probands.

The best possible tolerated correction with binocular accommodation balance is performed.
Doing so, the OCULUS UB4 test frame, a set of test glasses, Jackson's crossed cylinders, an LCD
optotype of the TOPCON CC 100 XP brand and an optotype table up close are used.

Lastly, the amplitudes of accommodation are measured - separately in the right and left eye,
first with habitual correction, then with natural vision and lastly with the best possible correction.
For measurement accommodative ruler of the RAF type is used, and the method of choice is the
push-up and pull-away method.

The measured data are processed in the computer program Microsoft Excel.

Data are measured in 21 probands, of which 100% are women. The mean age is
20.8 + 0.6 years. Nine probands have a myopic refractive error, one hyprometropic and eleven
astigmatism. The small number of hypermetropes is mainly due to the age of the group of
probands, in the third decade, due to the active involvement of the lens, there is usually no
manifestation of hypermetropia yet. Ocular dominance is evenly distributed in the sample, 11
probands have a dominant right eye, 9 left eye and one was found to have alternating dominance.

Based on the questionnaire, it was found that probands spend on average 7.52 + 0.87 h every
day doing close-up work (computer work, reading, hobbies typical of short-sighted distance etc.).

Twelve describe the presence of some degree of asthenopic difficulties when working close-up.

Results

The first hypothesis - spectacle correction reduces anisoaccommodation, was confirmed.
After putting on habitual correction of the proband, anisoaccommodation decreased in 14

probands out of 21, i.e., in 66.7% of cases (Graph 1).
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Proportion of cases when the prefix of habitual
spectacle correction increased
anisoacocomodation and when it decreased it

7;33%

14; 67%

= Increase in anisoaccommodation m Decrease in anisoaccommodation

Graph 1 The ratio of cases and the effect of habitual correction on anisoaccommodation

The second hypothesis - differences between the amplitudes of accommodation of the right
and left eye with habitual correction will be more significant with increasing anisometropia, was
also confirmed. The magnitude of anisoaccommodation in relation to the magnitude of
anisometropy is shown in the following graph. The correlation coefficient R is 0.77, which
indicates a high degree of linear dependence of these quantities (Graph 2).

The magnitude of anisocomodity in relation to the magnitude of
anisometropia

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

Anisoaccommodation (D)

0,00-0,25 0,26-0,50 0,51-0,75 0,76-1,0
Average anisoaccommodation 0,26 0,47 0,94 1,18

Anisometropia (D)

Graph 2 The relationship between the size of anisoaccommodation and anisometropia
The third hypothesis - after performing binocular balancing, there will be a reduction in
anisoaccommodation, was also confirmed. There were 13 cases, i.e., 62%, in which reduction of
anisoaccommodation after correction with binocular balance compared to habitual correction

occurred. In 6 cases, i.e., 29%, there was no change in anisoaccommodation, which may be due to
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the fact that the probands already had a habitual correction involving binocular balance. In 2

cases, i.e., 9%, there was a slight increase in anisoaccommodation (Graph 3).
Number of cases where anisoaccommodation

decreased after binocular balancing, and when
there was no reduction

14 13
12
10

8

6

4

2
2 ]
0
Anisoaccommodation Anisoaccommodation Anisoaccommodation
decreased increased unchanged
Graph 3 Comparison of individual groups after binocular balancing
Discussion

The aim of the research was to determine the effect of current spectacle correction on
anisoaccommodation.

Colleague Kostkova also pursued the topic of unequal accommodation of both eyes in her
diploma thesis. ¢ She aimed to compare the amplitudes of accommodation of the right and left eye
and to determine the occurrence of a state of unequal accommodation in the examined sample of
population. She used a monocular repeated push-up test to measure the amplitude of
accommodation. The difference between the amplitudes of accommodation of the right and left
eye, which exceeded 0.50 D, was measured in 9 of 45 subjects, ie in 20% of probands. In my case,
unequal accommodation was found in 11 of 21 subjects, ie in 52% of those examined. ¢ This
significant difference between the results is probably due to the fact, that more than half of
the subjects in my research were anisometropic. The unequal refractive error of both eyes,
according to the results of the second hypothesis, increases the incidence of anisoaccommodation.

Vincent and Collins and their team also dealt with anisoaccommodation in their study.” In their
thesis entitled The short-term accommodation response to aniso-accommodative stimuli in
isometropia, they examined the effect of aniso-accommodative stimuli on the accommodation
response of the eyes. 16 young isometropes were involved in their research. The average

difference in the amplitudes of accommodation of the right and left eyes was 0.47 D.7 In my
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research, the average difference in the amplitude of accommodation of both eyes was 0.56 D.
The difference between the results of both studies is again probably due to the unequal

representation of isometropes and anisometropes in the examined sample.

Conclusion

The issue of anisoacomodation should not be neglected in optometry practice, especially in
anisometropic patients it can be a source of asthenopic problems. From the examined sample,
57% of probands described some degree of asthenopic difficulties in working at close and medium
distances. A suitable solution for unequal accommodation is, above all, the prescription of the best
tolerated correction with the implementation of binocular balancing. As proved in the first and
third hypotheses, the prescription of such correction of refractive error reduces
anisoaccommodation. Another option for therapy of anisoaccommodation is visual training
similar to that of accommodative insufficiency. The emphasis is on the size of the amplitude of
accommodation (push-up exercise) and accommodative facility (exercise with flippers), there are
also combined exercises (near-far jump). 8

In practice, anisoaccommodation should not be forgotten when prescribing presbyopic
correction. If the presence of anisoaccommodation is suspected (for example in
anisoamethropes), it is advisable to perform a monocular examination of the amplitudes of
accommodation. The finding of unequal accommodation may be crucial in determining
the addition of presbyopic correction. In this case, there are quite few studies dealing with

the prescription of different additions based on the identified anisoaccommodation. 8
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Anotace

Tento prispévek pojednava o problémech s insuficienci konvergence, a to hlavné u studentd, u
kterych miiZe mit velmi negativni vliv na jejich studijni vysledky i psychickou pohodu, coz ukazalo
i nékolik studii. Proto cilem tohoto prispévku je podat obecné informace o konvergenci,

insuficienci konvergence a o moZnostech feseni.

Klicova slova

Konvergence, insuficience konvergence, blizky bod konvergence, zrakovy trénink

Insuficience konvergence je velmi ¢astym problémem zvlasté v dnesni dobé online vyuky. Je
popsana jako neschopnost ¢i nesnadnost o¢i udrzet konvergenci pii pohledu do blizka. Klienti-
studenti obvykle ptichazeji s astenopickymi problémy jako jsou frontalni bolesti hlavy, anava,
paleni o¢i, rozmazané vidéni, diplopie ¢i potiZe se ¢tenim v podobé ztraty koncentrace. Pravé tento
diskomfort zhorsuje praci do blizka a mizZe mit velmi negativni vliv na studijni vysledky,
vykonnost, celkovou kvalitu uceni i duSevni rozvoj. Vaughn a kol. se vlivem vizualnich problému
na akademické vysledky zabyvali ve své studii a ukazali, Ze déti s hor§im hodnocenim udavaji vice
priznaki nez déti s lepSimi studijnimi vysledky. U téchto déti mtze dojit ke zbytec¢né frustraci a
rozvoji nizstho sebevédomi, které mize vést k vyhybani se ¢i odporu k praci do blizka. Studie

Porcara a Martinez-Palomera odhalila vysoky vyskyt binokularnich dysfunkci (32,3 %) z nichz

7,7 % tvorila praveé insuficience konvergence u univerzitnich studentd. 123

Konvergence

0 konvergenci mluvime, dochazi-li k soumérnému staceni optickych os obou oc¢i pri pohledu
na blizky predmét tak, aby obraz dopadl do zluté skvrny. Tedy v ptipadé, Ze dochazi k oboustranné
o¢ni addukci. Stejné jako u akomodace rozeznavame blizky a daleky bod konvergence,
konvergencni oblast a Sitku konvergence, jejiz zadkladni jednotkou je metrovy uhel - thel, ktery

sviraji oci pti fixaci predmétu vzdaleného 1 metr. 4
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Obrdzek 1 Konvergentni, paralelni a divergentni postaveni o¢i

Pravé blizky bod konvergence je dilezitym parametrem pri zjiStovani insuficience
konvergence. Blizky bod (zkratka NPC - near point of convergence) vyjadiuje vykonnost
konvergence a je dan nejmensi vzdalenosti, na kterou jsou o¢i schopné konvergovat a pozorovat

blizky predmét jednoduse. V détstvi a rané dospélosti se tento bod nachazi cca 5 cm pred okem,

v pozdéjsim véku se bod posunuje do vzdalenosti cca 8 cm pred oko. Vzdalenost vétsi nez 8 cm
svéd¢i o snizené schopnosti konvergovat. NPC se v bézné praxi obvykle vySetfuje subjektivni
metodou pomoci tuzky ¢i svételného pera, kdy se tuzka/pero pomalu piiblizuje ze vzdalenosti cca

50 cm smérem k vySetrovanému, dokud se nerozdvoji (break point). Poté se opét oddaluje do

chvile opétovného spojeni (recovery point). V pripadé obtiZného urceni rozdvojeni 1ze tento test

provadét i s predsazenym Cervenym filtrem na jednom oku. 46

1. faze

Bod rozdvojeni
[/BOd rozosteni [ Bod opétovného spojeni

Obrazek 2 Vysetreni NPC 7
Daleky bod konvergence je virtualni bod za o¢ima, ve kterém se protnou osy pii maximalnim
divergentnim Uusili. Redlné se tento bod neobjevuje, protoZze i pti pohledu do dalky jsou oci

v soubézném ¢i mirné konvergujicim postaveni. Mezi dalekym a blizkym bodem se nachazi
konvergen¢ni oblast. 4
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Obrdzek 3 Konvergence u ditéte 8

Konvergenci lze rozdélit na reflexni a volni. Volni neboli védoma lze vyvolat vlastnim tsilim,
naopak reflexni je vyvolana reakci na podnét a je na nasi vili nezavisla. Reflexni konvergence se

sklada ze 4 slozek:

1. Tonicka konvergence udrzuje na zakladé impulzli z mozkové kiry klidové postaveni
o¢i v bdélém stavu. BEhem spanku dochazi k uvolnéni a stoceni bulbli smérem zevné
nahoru, tento stav je znam jako Belltiv fenomén.

2. Akomodacni konvergenci vyvolava akomodace o¢i na blizky predmét. Je oznac¢ovana
zkratkou AC a spole¢né s akomodaci vyjadruje vyznamny AC/A pomeér.

3. Fuzni konvergence doplnuje konvergenci akomodacni. Vede k mnohem jemnéjSimu
staceni os tak, aby se protaly ve fixovaném predmétu a byly tak vytvoreny
nejoptimalnéjsi podminky pro fazi.

4. Proximalni konvergence je psychicky podminéna na zakladé védomého blizkého
predmétu. Tento typ se projevuje pri praci s vySetiovacimi pristroji jako je naptiklad

troposkop/synoptofor. 9

Insuficience konvergence

Insuficience konvergence je uvadéna jako nejcastéjsi porucha binokularniho vidéni a zaroven
pricina o¢niho diskomfortu a astenopie. Vyskytuje se v kazdé vékové kategorii a velké procento
zastoupeni je pravé mezi studenty. Jedna se o nestrabickou binokularni anomalii, ktera je
charakterizovdna neschopnosti ¢i Spatnou udrzitelnosti konvergence po del$i dobu pti praci na

blizkou vzdalenost.
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Diagnostika je zaloZena na zjiSténi blizkého bodu konvergence a pozitivnich fiznich rezerv do
blizka, kdy vysledky obou méfeni budou vykazovat sniZené hodnoty. Dale se ¢asto projevuje vyssi
stupeii exoforie do blizka nez do dalky nebo exoforie pti ortoforii do dalky.

U Kklientd nemusi byt vzdy pritomné vSechny uvedené priznaky, za klinicky vyznamné se

obvykle povazuji minimalné dva. 19

Lécba insuficience konvergence

Lécba insuficience konvergence spocivd primarné ve zrakovém tréninku, kde se vénuje
pozornost blizkému bodu konvergence v abnormalni vzdalenosti. Tato metoda byva obvykle
uspésna i u starsich pacientli. U nekorigovanych myopd miiZze dojit ke zmirnéni insuficience po
spravném vykorigovani. U mladych lidi tedy i u studentli lze docasné upravit sférickou cast
korekce do minusovych hodnot. V urcitych pripadech zvlasté pokud se jedna o kombinaci poruchy
konvergence s oslabenou akomodaci se doporucuje prizmaticka korekce. Pti velkych odchylkach
se voli chirurgicky zakrok. 10.11
Zrakovy trénink

Zrakovy trénink je vhodny tehdy, pokud je pacient celkové zdravy a ma urcitou miru motivace
k1éc¢bé. Zrakovému tréninku by vzdy méla predchazet refrakce se spravné zvolenou korekci.

Pacient by mél byt také predem informovan, Ze symptomy se béhem nacviku mohou v prvni fazi

1é¢by zhorsit, ale odezni po zlepseni stavu konvergence.

Obrdzek 4 Brockova Stitira 12

Velmi oblibené a efektivni cviceni je pomoci Brockovy $iiliry. Jedna se o bavinénou $ndru se
tfemi barevnymi kulickami, které je mozné posunovat do riznych vzdalenosti a tim trénovat jak

konvergenci, tak akomodaci. Pfi tomto cviceni pacient pozoruje jednotlivé koralky a snazi se vidét
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v o v v

tvar X, ktery tvori $iilirka. Poté se nejblizsi koralek priblizuje bliZe k oku. Vysledkem tohoto cvi¢eni
by mélo byt, Ze fixovany koralek je vidén jednoduSe a dva zbyvajici dvojité. Je vidéno X ve
fixovaném koralku a nejblizsi koralek Ize posunout aZ do vzdalenosti cca 6 cm pred nos. ¢

Dalsi oblibenou, a navic na vybaveni nenaro¢na metoda, je pencil push-up. Jedna se o cviceni,
pfi kterém je tuzka drZena na délku paZe a pomalu se priblizuje smérem k nosu. Pacient sleduje
tuzku a snazi se ji udrzet v jednoduchém zaostieni. V okamzik, kdy se obraz rozdvoji, tuzka se opét

odtahne od nosu. Toto cviceni by se mélo opakovat nékolikrat za den. 13

Obrdzek 5 Pencil push - up 13

Prizmaticka korekce

Prizmaticka korekce neni zcela obvykl3, ale vyuziva se hlavné pri kombinaci insuficience
konvergence i akomodace nebo ptivaznych potizich. Prizmata se predepisuji bazi dovnitt. Opticka
mohutnost odpovidd nejslabs$i hodnoté, ktera privede pacientovi okamzitou a snadnou

konvergenci. 11

Zaver

Insuficience konvergence je v dneSni dobé velmi ¢astym problémem, ktery miize studentim
zplsobovat vazné problémy. Proto by vySetreni nemélo byt ani v béZné praxi opomijeno i za
predpokladu, Ze sféro-cylindrickd korekce muze tento stav vyrazné zlepsit. Lécba insuficience
konvergence ma velmi vysokou miru tispesnosti a miizeme tim nejen zlepsit studijni vysledky a
vztah k praci na blizko, ale pozvednout i celkovou kvalitu Zivota. Na zavér je ale nutno fict, Ze
reSeni insuficience konvergence lze pouze za predpokladu spravné motivace a dlouhodobé;jsi

spoluprace ze strany pacienta.
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Abstract

This paper deals with problems with insufficient convergence, especially for students, for
whom it can have a very strong effect on their learning outcomes and mental well-being, which
proves several studies. Therefore, the aim of this paper is to provide general information on

convergence, insufficient convergence, and possible solutions.

Key words

Convergence, convergence insufficiency, near convergence point

Insufficiency of convergence is a very common problem, especially in today's online learning.
It is described as the inability or difficulty of the eyes to maintain convergence when looking to a
close object. Student clients usually come with asthenopic problems such as frontal headaches,
fatigue, burning eyes, blurred vision, diplopia or reading difficulties in the form of loss of
concentration. It is this discomfort that worsens work at close distance and can have a major
negative effect on learning outcomes, performance, overall quality of learning and mental
development. Vaughn et al. dealt with the influence of visual problems on academic results in their
study and showed that children with poorer evaluation report more symptoms than children with
better study results. These children may experience unnecessary frustration and lower self-
esteem, which can lead to avoidance or resistance to work at close distance. A study by Porcar and
Martinez-Palomer revealed a high incidence of binocular dysfunctions (32.3%), of which 7.7%

were convergence insufficiency in university students..23

Convergence

We speak of convergence if there is a symmetrical displacement of the optical axes of both eyes
when looking at a nearby object so that the image falls into a fovea, so if there is bilateral eye
adduction. As with accommodation, we recognize the near and far point of convergence, the
convergence area and the width of convergence, the basic unit of which is the meter angle - the

angle that the eyes make when fixing an object 1 meter away. 4

24



convergence parailel divergence

Figure 2 Convergent, parallel, and divergent position of the eyes >

It is the near point of convergence that is an important parameter in determining the
insufficiency of convergence. The near point of convergence (NPC) expresses the performance of
convergence and is given by the smallest distance at which the eyes can converge and observe a
close object easily. In childhood and early adulthood, this point is located about 5 cm in front of
the eye, in later age, the point moves to a distance cca 8 cm in front of the eye. Distances greater
than 8 cm indicate a reduced ability to converge. In common practice, NPCs are usually measured
by a subjective method using a pencil or light pen, where the pencil / pen slowly approaches from
a distance cca 50 cm towards the subject until it breaks up (break point). Then it zooms out again
until the recovery point. in case of difficulty in determining the bifurcation, a red filter can be

inserted in front of the eye.*6

T
l Bod rozdvojeni
/BOd rozosteni [ Bod opétovného spojeni

Figure 2 NPC examination 7

Bod rozdvojeni - break point, bod rozostreni - blur point, bod opétovného spojeni - recovery point

The far point of convergence is the virtual point behind the eyes where the axes intersect at
maximum divergent effort. Actually, this point does not appear, because even when looking into
the distance, the eyes are in a parallel or slightly converging position. Between the far and near

point is a convergence area. 4
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Figure 3 Convergence in a child &

Convergence can be divided into reflexive and conscious. The conscious convergence can be
evoked by one's own efforts, while the reflexive is evoked by the reaction to a stimulus and is

independent of our will. Reflective convergence consists of 4 components:

1. Tonic convergence maintains the rest position of the eyes in the awake state based
on impulses from the cerebral cortex. During sleep, the bulbs are released and
twisted outwards and upwards, a condition known as the Bell phenomenon.

2. Accommodation convergence is caused by accommodation of eyes on a nearby
object. It is abbreviated AC and, together with accommodation, expresses a
significant AC / A ratio.

3. Fusion convergence complements accommodation convergence. It leads to a much
finer displacement of the axes so that they intersect in a fixed object and thus
create the most optimal conditions for fusion.

4. Proximal convergence is psychic conditioned based on a conscious close object.
This type manifests itself when working with examination devices such as the

toposcope / synoptophore. 9

Convergence insufficiency

Convergence insufficiency is reported as the most common binocular vision disorder and the
cause of ocular discomfort and asthenopia. It occurs in every age category and a large percentage
are students. This is a non-strabismic binocular anomaly, which is characterized by the inability
or poor sustainability of convergence for extended periods of time when working at close range.

The diagnostics is based on the detection of a near convergence point and positive fusion

reserves up close, the results of both measurements will show reduced values. Furthermore, there
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is often a higher exophoria at close range than into the distance or exophoria with orthophoria
into the distance.
Not all these symptoms may always be present in clients; at least two symptoms are usually

considered clinically significant.19

The treatment of convergence insufficiency

The treatment of convergence insufficiency consists primarily in visual training, where
attention is paid to the near point of convergence at an abnormal distance. This method is usually
successful in elderly patients too. In uncorrected myopes, the insufficiency may be alleviated after
proper correction. For young people as well as for students, the spherical part of the correction
can be temporarily adjusted to minus values. In certain cases, especially when combining a
convergence disorder with attenuated accommodation, prismatic correction is recommended. In
case of large deviations, surgery is chosen. 10.11
Visual training

Visual training is suitable if the patient is generally healthy and has a certain degree of
motivation for treatment. Visual training should always be preceded by refraction with the correct
choice of correction. The patient should also be informed in advance that symptoms may worsen
during the first phase of treatment during exercise but will resolve after the convergence
condition has improved.

A very popular and effective exercise is with the help of Brock string. It is a cotton string with
three coloured balls, which can be moved to different distances and thus train both convergence
and accommodation. During this exercise, the patient observes the individual beads and tries to
see the X shape that forms the string. Then the nearest bead moves closer to the eye. The result of
this exercise should be that the fixed bead is seen simply and the two remaining twice. An X is

seen in a fixed bead and the nearest bead can be shifted up to about 6 cm in front of the nose. 12

Figure 4 Brock string 12
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Another popular and a low-cost method is pencil push-up. This is an exercise in which the
pencil is held at arm's length and slowly approaches the nose. The patient watches the pencil and
tries to keep it simply in focus. The moment the image break ups, the pencil pulls away from the

nose again. This exercise should be repeated several times a day. 13

Figure 5 Pencil push — up 13

Prismatic correction

Prismatic correction is not entirely common but is mainly used for a combination of
convergence and accommodation insufficiency or in case of seriously problems. Prisms are
prescribed by the base inwards. The prism diopters corresponds to the weakest value, which will

bring the patient immediate and easy convergence. 11

Conclusion

The insufficiency of convergence is a very common problem today, which can cause serious
problems for students. Therefore, the examination should not be neglected even in common
practice, even if the sphero-cylindrical correction can significantly improve this condition. The
treatment of convergence insufficiency has a very high success rate, and we can not only improve
study results and the relationship to close work, but also improve the overall quality of life. In
conclusion, however, it must be said that the solution to the insufficiency of convergence is

possible only if the right motivation and long-term cooperation on the part of the patient.
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Anotace

Ptispévek se zabyva popisem rohovkového astigmatismu a jeho zménami béhem véku u obou
pohlavi. Na zac¢atku pirispévku zminuji definici a pfiznaky astigmatismu, dale popisuji rozdéleni
astigmatismu a jeho korekci. Na konci ptispévku nastinuji svlij vyzkum, kde porovnavam vysledné

hodnoty astigmatismu dle objektivnich hodnot zjiSténych pomoci DNEye scanneru.

Klicova slova

Definice astigmatismu, rozdéleni astigmatismu, vySetfeni astigmatismu, Kkorekce

astigmatismu, zmény oka béhem Zivota.

U kazdého clovéka dochazi v priibéhu zivota k mnohym zménam. Stejné tak dochazi k zménam
oc¢nich struktur i k funkénim zménam oka. Na mnohych Castech téla je proces starnuti viditelny,
avsak u oc¢i tomu tak neni. K nejvétsim refrakénim zménam dochézi v ramci ristu oka zejména
béhem détstvi a dospivani. BEhem Zivota nastavaji dvé faze hypermetropizujici a dvé faze
myopizujici. V obdobi od narozeni do 8. roku dochazi k fazi hypermetropizacni, tu strida mezi
8. a 20. rokem véku faze myopizacni. V poradi druha hypermetropizacni faze probiha kolem
50. aZ 65. roku a je nasledovana druhou myopizacni fazi. Kazdy clovék je jiny a stejné tak je
na tom i zaktiveni rohovky. Vzhledem k tlaku vi¢ek se u kazdého jedince vyskytuje tzv.
fyziologicky astigmatismus do hodnoty 0,5D, ktery je vétSinou vykompenzovan. Tlak vicek
zplsobuje vétsi lomivost a s nartistajicim vékem dochazi k ochabovani vickovych svalti, a tim
i ke zménam hodnot astigmatismu a také ke zméné z primého astigmatismu na neprimy. Ve

své vyzkumné ¢asti se pokusim toto tvrzeni potvrdit. 1.2

Definice astigmatismu

Astigmatismus radime mezi asférickou refrakéni vadu oka, jelikoz je optickd mohutnost oka
v jednotlivych meridianech odliSna. Prochazi-li svételny paprsek lidskym okem, dochazi nasledné

k tomu, Ze se paprsek nelame pouze do jednoho ohniska, ale vytvaii ohnisek vice. Prostor vznikly
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mezi jednotlivymi ohnisky se nazyva Sturmuv konoid nebo také Sturmiv interval. Dvé hlavni
roviny horizontalni a vertikalni tento prostor ohranicuji a ¢ast mezi nimi oznacujeme jako krouzek
nejmensiho rozptylu. Vyskyt astigmatismu muize byt z mnoha diivodu. Mezi ty hlavni se uvadi
zména indexu lomu o¢nich médii (katarakta), piipadné nepiesna centrace (subluxace o¢ni ¢ocky).
Avsak tou nejcastéjsi pri¢inou vzniku astigmatismu je nepravidelné zakiiveni rohovky nebo

Cocky. 23

Obr. ¢. 1: Zndzornéni lomu paprskii u astigmatického oka 7

Rozdéleni astigmatismu

Astigmatismus lidského oka se sklada z astigmatismu rohovkového, cockového a zbytkového,
ktery je zanedbatelny.

Na predni ploSe rohovky vznikd astigmatismus rohovkovy, jehoZ vliv na celkovy ocni
astigmatismus miiZzeme vypocitat pomoci Javalovy podminky, ktera je vyjadrena vzorcem:

ASTC=1,25xASTR+0,5

ASTC... astigmatismus celkovy

ASTR.... astigmatismus rohovkovy

- 0,5... dosazeni v ptipadé astigmatismu podle pravidla (ptimy astigmatismus)

+ 0,5... dosazeni v pripadé astigmatismu proti pravidlu (nepfimy astigmatismus)

Oproti rohovkovému astigmatismu je astigmatismus cockovy orientovan opacné, coZ znamena,

Ze polomér kiivosti horizontalni plochy rohovky je vétsi nez vertikalni polomér krivosti rohovky
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a optickd mohutnost rohovky v horizontalnim rezu je mensi nez optickd mohutnost ve vertikalnim
fezu. Zaroven je astigmatismu cockovy soucasti autokompenzacnich pochod. 123

S postupujicim vékem se zmensuje vertikalni tlak vicek na rohovku, tim se snizi hodnota
rohovkového astigmatismu a zacne prevaZovat astigmatismus cCockovy. Astigmatismus
zplsobeny o¢ni cockou se méni pii akomodaci.

ASTC = ASTR + ASTC + ASTZ

ASTC... astigmatismus celkovy, ASTR... astigmatismus rohovkovy

ASTC... astigmatismus ¢ockovy, ASTZ... astigmatismus zbytkovy

Nepravidelny astigmatismus (irregularis), ktery je zptisobeny deformaci ¢i degeneraci
rohovky nebo jiné optické plochy v optickém systému oka nebo napf. posunutim oc¢ni ¢ocky
(luxaci) ma v kazdém meridianu i v kazdém misté plochy jinou optickou mohutnost a z toho
diivodu nelze urcit hlavni fezy s minimalnim a maximalnim u¢inkem.

Tento astigmatismus nelze ve vétSiné pripadi korigovat brylemi, pokud jde o astigmatismus
zplsobeny deformaci predni plochy rohovky (vyklenuti, keratokonus) lze vétSinou uspésné
korigovat tvrdou kontaktni ¢oCkou. Dalsimi moZnostmi korekce jsou: corneal cross linking,
refrakeni chirurgické zakroky a keratoplastika. 23

Pravidelny astigmatismus (regularis) je definovin na sebe kolmymi hlavnimi meridiany
alomivost oka se mezi nimi méni monoténné a symetricky vzhledem k optické ose. Obvykle byvaji
hlavni meridiany ve svislé a horizontalni roviné. Podle toho, ktery meridian je vice lomivy,
rozdélujeme pravidelny astigmatismus na:

¢  Astigmatismus primy, podle pravidla - vertikalni hlavni ez je lamavéjsi (blize k rohovce)
nez horizontalni hlavni rez.

e  Astigmatismus neptimy, proti pravidlu - horizontalni hlavni fez je lamaveéjsi nez vertikalni
hlavni rez.

e Astigmatismus Sikmych os - na sebe kolmé ohniskové linie nejsou orientovany

v horizontalnim a vertikalnim sméru.

Rozdéleni astigmatismu podle polohy ohniskovych linii

¢ Jednoduchy (simplex) -nastava tehdy, jestlize lezi jedna z linii na sitnici (fez je
emetropicky) a druha ohniskova linie se nachazi pred (fez je myopicky) nebo za sitnici (fez je
hypermetropicky).

¢ Slozeny (compositus) - obé ohniskové linie lezi pred sitnici (oba rezy myopické) nebo obé
linie za sitnici (oba rezy hypermetropické).

¢ SmiSeny (mixtus) - jedna ohniskova linie lezi pied sitnici a druha za sitnici (jeden tez

myopicky a druhy hypermetropicky).

33



e Ryze smiSeny - hlavni fezy leZi ve stejné vzdalenosti pred a za sitnici. 235

Astigmatismus myopicus compositus Astigmatismus myopicus simplex Astigmatisnus mixtus
Astigmatismus mixtus symmetricus Astigmatismus hyperopicus simplex  Astigmatismus hyperopicus compositus

eleze]

Obr. ¢. 2: Rozdeéleni pravidelného astigmatismu dle polohy fokdl 4

Daéle lze astigmatismus délit na:
¢  Astigmatismus myopicky - ohniskova linie se nachazi pred sitnici.

¢  Astigmatismus hypermetropicky - ohniskova linie leZi za sitnici.

VySetreni astigmatismu

K vySetfeni astigmatismu vyuzivaime dva druhy metod, a to metody objektivni a metody
subjektivni. Mezi objektivni metody radime skiaskopii, Hartingertv koinciden¢ni refraktometr,
automaticky keratometr, rohovkovy topograf a dalsi. AvSak v optometristické praxi je

podstatnéjsi subjektivni dokorigovani pomoci Jacksonova zkfiZzeného cylindru nebo zamlzovaci
metodou.

Metoda Jacksonova zkrizeného cylindru

Vychozim stavem pro vySetfovani pomoci Jacksonovym cylindrem je ryze smiSeny
astigmatismus.

Jacksontiv cylindr je tvoren dvojici na sebe kolmych plan - cylindri v hodnotach 0,25 D; +0,5
D; nebo +1,0 D. Konstrukce plan - cylindri spociva v jejich zabrouseni v kulaté objimce
s drzatkem umisténym tak, Ze symetricky pili sméry os plan-cylindri. Spojnice kladnych,
respektive zapornych znamének predstavuje osu stejnojmenného cylindru (pripadné mohou byt

oznaceny barevnymi body). 12
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Obr. & 3: Pozice JZC pti urceni predbézné osy korekéniho cylindru pravého oka 1

Zamlzovaci metoda

Vychozim stavem pro vySetfovani pomoci astigmatického véjite je sloZeny myopicky

astigmatismus. ZamlZovaci metoda spociva v predlozeni spojné cocky v hodnoté +2,0 D nebo +3,0

D, diky které dosahneme fazi zamlZeni. 2

Korekce astigmatismu

Astigmatismus mtZeme Korigovat hned nékolika zptsoby. Pro korekci astigmatickych vad se

nejcastéji pouzivaji brylové ¢ocky. Bryle s astigmatickou korekci se nachazeji ve stalé poloze pred

okem a tim poskytuji stabilni korekci pro Siroké spektrum astigmatickych vad. Dnes se rozSituje

i moznost korekce pomoci torickych kontaktnich ¢ocek. Nejméné pouzivanym zpiisobem korekce

astigmatismu jsou refrakéni zakroky. 236
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Obr. & 4: Visus s nekorigovanym astigmatismem °
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VyzKumna cast

Hlavnimi cili vyzkumu je porovnani polohy hlavnich fezl dle objektivni refrakce a stanoveni,

zda existuje statisticky vyznamny rozdil vyskytu astigmatismu vzhledem k pohlavi a véku.

Hypotézy, které byli na zacatku stanoveny

e 1. hypotéza: Astigmatismus se ¢astéji vyskytuje u Zen nez u muzu.
e 2. hypotéza: V pribéhu zZivota se vzhledem k poklesu vicek méni piimy

astigmatismus na astigmatismus nepfimy.

Prubéh vyzkumu a piredbézné vysledky

Vyzkum probihal v nestatnim zdravotnickém zatizeni Optika M&V v Ceskych Budéjovicich a
v Trhovych Svinech. Pro ziskani objektivnich dat byl vyuzit automaticky refraktometru od firmy

Rodenstock DNEye Scanner 2.

Obr. & 5: DNEye Scanner 2 Rodenstock 8

Zatim bylo zméreno 80 respondentli (z toho 160 o¢i). Na zacatku kazdého méteni byl proveden
kratky rozhovor, kde byla zaznamenana osobni anamnéza, rodinna anamnéza a potize s vidénim.
Pomoci DNEye Scanneru byla zjiSténa hodnota objektivni refrakce a typ astigmatismu.

K vyhodnoceni typu astigmatismu bylo pouzito jako kritérium odchylky vétsi nez 20° od
horizontalnitho a vertikdlniho sméru dle Trottera. Za astigmatismus Sikmych os byly tedy

povaZovany vysledky, u kterych byla osa astigmatismu v rozmezi 21-69 ° anebo 111-159°.
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Ostatni vysledky byly vyhodnoceny dle lomivosti hlavnich fezli na astigmatismus piimy ci
neprimy.
Respondenti byli rozdéleni do 4 skupin dle véku, kde kazda skupina byla rozdélena i dle

pohlavi.

e 1.skupina (15-35 let) - zméreno 26 respondentti (52 oci), z toho 18 Zen a 8 muzi

Tabulka 1: Rozdeleni astigmatismu u prvni skupiny respondentii

Ptimy myopicky 22
Piimy hypermetropicky 8
Piimy smiSeny 4
Nepiimy myopicky 8
Neprimy hypermetropicky 4
Nepfrimy smiSeny 0
Sikmych os 6

Zastoupeni pifimého astigmatismu bylo u prvni skupiny u 34 oci (65,4 %), neprimého

astigmatismus u 12 o¢i (23,1 %) a astigmatismus Sikmych os byl naméten u 6 o¢i (11,5 %).
e 2.skupina (36-55 let) - zméreno 28 respondentt (56 oci), z toho 15 Zen a 13 muzi

Tabulka 2: Rozdéleni astigmatismu u druhé skupiny respondentii

Piimy myopicky 18
Piimy hypermetropicky 14
Ptimy smiSeny 4
Nepiimy myopicky 8
Nepiimy hypermetropicky 6
Neprimy smiSeny 2
Sikmych os 4
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Pfimy astigmatismus byl vtéto skupiné zastoupen u 36 oci (64,3 %), neprimy

astigmatismus u 16 oci (28,6 %) a astigmatismus Sikmych os u 4 o¢i (7,1 %).

e 3.skupina (56-75 let) - zméteno 21 respondentti (42 oci), z toho 13 Zen a 8 muzi

Tabulka 3: Rozdéleni astigmatismu u ti'eti skupiny respondentii

Piimy myopicky 12
Ptimy hypermetropicky 6
Piimy smiSeny 0
Neprimy myopicky 12
Neprimy hypermetropicky 4
Nepiimy smiSeny 2
Sikmych os 6

Zastoupeni pfimého astigmatismu u tfeti skupiny bylo u 18 oci (42,8 %), neprimého

astigmatismu u 18 o¢i (42,8 %) a astigmatismus Sikmych os, zde byl u 6 o¢i (14,4 %).

e 4. skupina (nad 76 let) - zméreno 5 respondentti (10 oc¢i), z toho 3 Zeny a 2 muzi

Tabulka 4: Rozdéleni astigmatismu u ¢tvrté skupiny respondentii

Ptimy myopicky 2
Ptimy hypermetropicky 0
Pirimy smiSeny 0
Neprimy myopicky 4
Neprimy hypermetropicky 0
Nepiimy smiSeny 2
Sikmych os 2
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Piimy astigmatismus byl u ¢tvrté skupiny namétren u 2 o¢i (20 %), nepifimy astigmatismus u 6
oci (60 %) a astigmatismus Sikmych os u 2 o¢i (20 %).

Podle priibéznych vysledki bylo statisticky prokazano, Ze s vekem dochazi ke zméné osy

Vv

povolenim vickovych svali a tlakem na rohovku.
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Abstract

The article deals with the description of corneal astigmatism and its changes during age in both
sexes. At the beginning of the article, | mention the definition and symptoms of astigmatism, I also
describe the division of astigmatism and its correction. At the end of the article, I outline my
research, where I compare the resulting values of astigmatism according to objective values found

using a DNEye scanner.

Keywords

Definition of astigmatism, distibution of astigmatism, examination of astigmatism, correction

of astigmatism, changes in the eye during life.

For each person, many changes occur over the course of their life. Similarly, there are changes
in the eye structures as well as functional changes in the eye. The ageing process is visible in many
parts of the body, but not in the eyes. The biggest refractive changes occur within the growth of
the eye especially during childhood and adolescence. During life, there are two phases of
hypermetropizing and two phases of myopizing. During the period from birth to year 8, there is a
phase of hypermetropization, alternating between the ages of 8 and 20. In order, the second
hypermetropization phase occurs around the ages of 50 to 65 and is followed by the second
myopization phase. Each person is different, and so is the curvature of the cornea. Due to eyelid
pressure, each individual has a physiological astigmatism up to 0.5D, which is mostly offset. The
pressure of the eyelids causes greater refraction and as we age, the lidded muscles become weak
and thus changes in the values of astigmatism and also change from direct astigmatism to indirect.

In my research section, [ will try to confirm this claim. 1.2

Definition of astigmatism

We classify astigmatism as an aspheric refractive defect of the eye, as the optical thickness of
the eye is different in individual meridians. When a ray of light passes through the human eye, it

then occurs that the ray does not just break into one focus, but creates more focal points. The
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space created between outbreaks is called the Sturm conoid or the Sturm interval. The two main
planes horizontal and vertical enclose this space, and we refer to the part between them as the
circle of least variance. Astigmatism can occur for many reasons. Among the main ones is a change
in the refractive index of the eye media (cataract), or an inaccurate centre (eye lens subluxation).

However, the most common cause of astigmatism is irregular curvature of the cornea or lens. 23

Fig.. 1: Refraction of the rays in the astigmatic eye 7

Distribution of astigmatism

The astigmatism of the human eye consists of corneal, lentil and residual astigmatism, which
is negligible.

Corneal astigmatism develops at the front of the cornea, the effect of which on the general
ocular astigmatism can be calculated using the Javal condition, which is expressed by the formula:

ASTC=1,25xASTR+0,5

ASTC... total astigmatism

ASTR.... corneal astigmatism

- 0,5... install in case of astigmatism by the rule (direct astigmatism)

+ 0,5... install in case of astigmatism against the rule (indirect astigmatism)

Contrary to corneal astigmatism, lens astigmatism is oriented in reverse, meaning that the
radius of curvature of the horizontal area of the cornea is greater than the vertical radius of
curvature of the cornea, and the optical heft of the cornea in the horizontal section is less than the
optical heft in the vertical section. At the same time, astigmatism is a lens part of self-

compensation marches. 123
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As age progresses, vertical pressure of the eyelids on the cornea decreases, reducing the value
of corneal astigmatism and starting to override lens astigmatism. Astigmatism caused by the lens
of the eye changes with acommodation.

ASTC = ASTR + ASTC + ASTZ

ASTC... total astigmatism, ASTR... corneal astigmatism

ASTC... lens astigmatism , ASTZ... residual astigmatism

Irregular astigmatism (irregularis), which is caused by deformation or degeneration of
the cornea or other optical surface in the optical system of the eye, or e.g. displacement of the lens
of the eye (luxation), has a different optical heft in each meridian and at each site of the surface,
and for this reason major incisions with minimal and maximum effect cannot be determined.

In most cases, this astigmatism cannot be corrected by glasses when it comes to astigmatism
caused by a deformation of the front surface of the cornea (spraining, keratoconus) can usually be
corrected successfully with a hard contact lens. Other correction options are: corneal cross
linking, refractive surgery and keratoplasty. 23

Regular astigmatism (regularis) is defined by the perpendicular main meridians and the
relevancy of the eye changes between them monotonously and symmetrically relative to the
optical axis. Usually the main meridians are in the vertical and horizontal plane. Depending on
which meridian is more refractory, we divide regular astigmatism into:

e Astigmatism direct, by the rule - the vertical main cut is more breakable (closer to the
cornea) than the horizontal main cut.

e Astigmatism indirect, against the rule - the horizontal main cut is more breakable than the
vertical main cut.

e Astigmatism of oblique axes - the perpendicular focal lines are not oriented in horizontal

and vertical directions.

Distribution of astigmatism by position of focal lines

¢ Simple (simplex) - occurs when one of the lines is located on the retina (the incision is
emtropic) and the other focal line is located in front (the incision is myopic) or behind the retina
(the incision is hypermetropic).

¢ Composite (compositus) - Both focal lines lie in front of the retina (both myopic incisions)
or both lines behind the retina (both hypermetropic incisions).

¢ Mixed (mixtus) - one focal line lies in front of the retina and the other behind the retina

(one myopic and the other hypermetropic).
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¢  Purely mixed - the main incisions lie at the same distance in front of and behind the retina.

2,3,5
Astigmatismus myopicus compositus Astigmatismus myopicus sunplex Astigmatismus mixtus
Astigmatismus mixtus symmetricus Astigmatismus hyperopicus simplex  Astigmatismus hyperopicus compositus

O O

Fig. 2: Distribution of astigmatism by position of focal lines #

Furthermore, astigmatism can be divided into:
e  Myopic astigmatism - the focal point is located in front of the retina.

¢  Astigmatism hypermetropic - the focal point lies behind the retina.

Examination of astigmatism

We use two types of methods to examinate astigmatism, namely objective methods and
subjective methods. We include skiascopy among objective methods, Hartinger co-incidence
refractometer, automatic keratometer, corneal topograph and more. However, in optometristic
practice, subjective finishing using Jackson's cross-hat or fogging method.

Jackson's crossed cylinders method

The starting point for Jackson's crossed cylinders method is purely mixed astigmatism.

Jackson's crossed cylinder is formed by a pair of perpendicular plan-hats in values of +0,25 D;
+0,5 D; or £1,0 D. The design of plan-hats consists of grinding them in a round socket with a holder
positioned so that they symmetrically halve the directions of plan-cylinders axes. The connector
of positive and negative marks represents the axis of the same top hat (or may be marked with

color points). 1.2
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Fig. 3: Position of the JZC in determining the preliminary axis of the correction cylinder of the right eye 1

Fogging method

Compound myopic astigmatism is the starting point for astigmatic fan investigations. The
misting method involves the presentation ofa +2,0 D or +3,0 D bonding lens to achieve the misting

phase... 2

Correction of astigmatism

Astigmatism can be corrected in several ways. Glass lenses are most commonly used to correct
astigmatic defects. Spectacles with astigmatic correction are located in a permanent position in
front of the eye and thus provide a stable correction for a wide range of astigmatic defects. Today,
the possibility of correction by means of toric contact lenses is being extended. The least used way

to correct astigmatism is through refraction procedures. 236

Spherical equivalent Uneorrected
wisual acuity astiginatic
(Dwecimal chart) (Cylindrical dicpsers, D)

10 025

0.9 050

L] 075

0.7 1.00

0.6 1.25

0.5 1.50

0.4 200

0.3 250

0.z 300

1 400

0.05 4.75

Fig. 4: Visus with uncorrected astigmatism °
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Research part

The main objectives of the research are to compare the position of the main sections according
to objective refraction and to determine whether there is a statistically significant difference in
the incidence of astigmatism due to gender and age.

Hypotheses that were initially established

e 1sthypothesis: Astigmatism is more common in women than in men.
e 2nd hypothesis: Over the course of a lifetime, due to a decrease in eyelids, direct

astigmatism changes to indirect astigmatism.

Research progress and preliminary results

The research took place at the Optika M&V non-governmental health facility in Ceské
Budéjovice and in Trhové Sviny. An automatic refractometer from Rodenstock DNEye Scanner 2

was used to obtain objective data.

Fig. 5: DNEye Scanner 2 Rodenstock 8

So far, 80 respondents have been measured (out of 160 eyes). At the beginning of each
measurement, a brief interview was conducted where personal history, family history and vision
problems were noted. Using DNEye Scanner, an objective refraction value and a type of
astigmatism were found. To evaluate the type of astigmatism, it was used as a criterion of
deviation greater than 20 #* from the horizontal and vertical direction according to Trotter. Thus,
results in which the astigmatism axis was in the range of 21-69° or 111-159° were considered
astigmatism of the oblique axes.

Other results were evaluated by the relevancy of the main cuts to astigmatism, direct or

indirect.
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Respondents were divided into 4 groups by age, where each group was also divided by gender.

e 1stgroup (15-35 years) - measured 26 respondents (52 eyes), of which 18 were

women and 8 were men

Table 2: Distribution of astigmatism in the first group of respondents

Direct myopic 22
Direct hypermetropic 8
Direct mixed 4
Indirect myopic 8
Indirect hypermetropic 4
Indirect mixed 0
Of oblique axes 6

Direct astigmatism representation in the first group was 34 eyes (65.4%), indirect astigmatism

in 12 eyes (23.1%) and oblique axis astigmatism in 6 eyes (11.5%)

e 2nd group (36-55 years) - measured 28 respondents (56 eyes), of which 15 were

women and 13 were men

Table 2: Distribution of astigmatism in the second group of respondents

Direct myopic 18
Direct hypermetropic 14
Direct mixed 4
Indirect myopic 8
Indirect hypermetropic 6
Indirect mixed 2
Of oblique axes 4
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Direct astigmatism was represented in 36 eyes (64.3%), indirect astigmatism in 16 eyes

(28.6%) and oblique axis astigmatism in 4 eyes (7.1%).

e 3rd group (56-75 years) - measured 21 respondents (42 eyes), of which 13 were

woman and 8 were men

Table 3: Distribution of astigmatism in third group of respondents

Direct myopic 12
Direct hypermetropic 6
Direct mixed 0
Indirect myopic 12
Indirect hypermetropic 4
Indirect mixed 2
Of oblique axes 6

The representation of direct astigmatism in the third group was in 18 eyes (42.8%), indirect

astigmatism in 18 eyes (42.8%) and oblique axis astigmatism in 6 eyes (14.4%).

e 4th group (over 76 years) - measured 5 respondents (10 eyes), of which 3 were

woman and 2 were men

Tablea4: Distribution of astigmatism in the fourth group of respondents

Direct myopic 2
Direct hypermetropic 0
Direct mixed 0
Indirect myopic 4
Indirect hypermetropic 0
Indirect mixed 2
Of oblique axes 2
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Direct astigmatism in the fourth group was measured in 2 eyes (20%), indirect astigmatism in

6 eyes (60%) and oblique axis astigmatism in 2 eyes (20%).
According to the interim results, it has been statistically demonstrated that there is a
change in the axis of the top hat with age, and therefore a change from direct astigmatism to

indirect, which could be due to the clearance of the eyelid muscles and pressure on the cornea.
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Analyza rohovkového AP poméru pomoci OCT
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Anotace

Studie se zabyva problematikou a analyzou AP poméru pomoci optické koheren¢ni tomografie
(OCT). Teoreticky Gvod a piijimané hodnoty z alternativnich schematickych modeli oka je
nasledovan objasnénim metodiky experimentalni ¢asti. Celkem 406 oci ze skupiny A a 20 oci pro
skupinu B bylo vySetfeno pomoci OCT RTVue XR a biometru Lenstaru LS 900. Zavérem jsou
vyhodnoceny namérené vysledky individualnich hodnot AP poméru, které jsou porovnany se
schematickymi modely oka. Nasleduje komparace naméienych dat primérné keratometrie Kav a
celkové optické mohutnosti rohovky Net power, hodnoceni vlivu Net power na vyslednou optickou

mohutnost nitroo¢ni sférické cocky a korelace AP poméru s biometrickymi daty.

Klicova slova

OCT predniho segmentu, keratometrie, net corneal power, AP pomér.

Uvod

prostiedim. V minulosti ale nebylo moZné méreni poloméru zaktiveni zadni plochy rohovky, a
proto se celkova optickda mohutnost rohovky pouze dopocitavala za predpokladu stalého poméru
mezi predni a zadni plochou rohovky neboli AP poméru. Ten je konventné uznavan
z Gullstrandova schematického modelu oka. V piipadé, Ze tento pomér neni platny, miiZe vytvaret
chyby ve vzorcich, které stimto predpokladem pocitaji a mit za nasledek chybné vysledky
napftiklad u optickych mohutnosti implantovanych nitroo¢nich ¢ocek.

Hlavnim cilem prace je ovéreni platnosti konven¢né uznavaného predpokladu poméru radid
rohovky, pomoci méreni na predné-segmentovém OCT. DalSim cilem je porovnat odlisné
teoreticky stanovené hodnoty AP poméru vychazejici z riznych schematickych modeld oka a
z nich nasledné vybrat nejvhodnéjsi model vzhledem k namérenym hodnotam. Dale ovéreni
potencialni korelace tohoto poméru s naméienymi biometrickymi daty z Lenstaru LS900. Dalsim
predmétem studie je porovnani primérné keratometrie a Net power jednotlivych oci a teoretické

ovéreni pripadného vlivu Net power na hypotetickou kalkulaci sférické nitroo¢ni cocky.
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AP pomér

AP pomeér je pomér zakriveni mezi predni a zadni plochou rohovky (anterior corneal
radius/posterior corneal radius). Konven¢né udavany AP pomér (1,132) vychazi z Gullstrandova
modelu oka. Jedna se o pomér hodnot 7,70 mm a 6,80 mm (viz. tabulka 1, ve které jsou uvedené

hodnoty AP poméru i z ostatnich schematickych modelt oka. 123

Tabulka 1: Porovnani hodnot jednotlivych schematickych modeld oka 4

Schematicky model oka I;?géﬁ;?:g?)l I;ziiﬁ; (Zr?]c:;l; AP pomér Inr(iixo\llir;u
Gullstrand 7,70 6,80 1,132 1,376
Le Grand, Lotmar, Kooijman 7,80 6,50 1,2 1,3771
Navarro 7,72 6,50 1,187 1,3771
Liou a Brennan 7,77 6,40 1,214 1,376

V nékterych ptipadech vsak tento pomér neplati. Napriklad u rohovky s ektatickymi
degeneracemi, ¢i po rohovkovych refrakénich zakrocich (LASIK, PRK). Ve vypoctech pak
neodpovida 88,3 % zadniho povrchu ku prednimu, se kterymi se pocitd. Tato hodnota se vyuziva

také pro vypocet optické mohutnosti transplantované IOL p¥i operaci katarakty. 123

Metodika

Studie zahrnuje dvé skupiny pacientl. Do skupiny A byly zarazeny pouze oci s fyziologickym
o¢nim nalezem bez patologii a relativnich kontraindikaci ovliviiujicich anatomické poméry oka. U
skupiny B se jednalo o pacienty po rohovkovych refrakénich zakrocich korigujicich myopii, u
kterych byla predpokladana extrémni hodnota AP poméru. Demografickd data jednotlivych

skupin jsou uvedena v tabulce 2.

Tabulka 2: Demograficka data

Skupina A Skupina B
Pocet o¢i 406 20
Pocet muzi 72 4
Pocet zen 133 6
Primérny veék | 44,76£16,48 | 51,1+10,81
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Vsechna oc¢ni vySetieni probihala v Privatni o¢ni Klinice JL v Praze, v obdobi od listopadu 2020
do dubna 2021. Kazdé vysetreni bylo provedeno autorkou bakalai'ské prace Lenkou Machatou a
Ing. Martinem Flisem za konstantnich podminek na stejnych pristrojich.

Prvnim pristrojem byl OCT RTVue XR, pomoci néhoz byly ziskavany hodnoty poloméru
zakriveni predni a zadni plochy rohovky. Pomérem mezi nimi byly ziskavany individualni
hodnoty AP pomeéru. Dalsi vystupni hodnotou byla net power, u které je celkova opticka
mohutnost rohovky vypoctena pomoci poloméru zakriveni predni a zadni plochy rohovky a jeji
tloustky. Druhym pristrojem byl biometr Lenstar LS 900 pomoci néhoZz byly ziskavany
biometricka data spolecné s daty keratometrie. Ta optickou mohutnost rohovky aproximuje
pouze pomoci méreni poloméru zakiiveni predni plochy rohovky, keratometrického indexu lomu
a pocita pravé s konstantnim AP pomérem.

V ramci vyhodnoceni teoretického vlivu net power na hypotetickou kalkulaci nitroo¢ni sférické
CocCky byly porovnavany dva vzorce. SRK/T2 vyuzivajici primérnou keratometrii z biometru a

OCT-based IOL formula, ktera pocita s net power z OCT.

Vysledky

Z vysledki bylo zjisténo, Ze primérna hodnota AP poméru pro skupinu A je rovna 1,17+0,02.
Nameérené hodnoty tohoto poméru se pohybuji v rozmezi od 1,085 do 1,273. Na grafu (viz obrazek

1) je zobrazena cetnost AP poméru skupiny A pro dil¢i intervaly.

1,250-1,274
1,226-1,250
1,203-1,226

1,179-1,203

AP pomér

1,156-1,179

1,132-1,156

1,109-1,132

0-1,109

0 20 40 60 80 100 120 140 160 180
Pocet oci

Obrazek 1: Graf cetnosti AP poméru.
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Z grafu lze vycist, Ze nejvyssi Cetnost AP poméru byla v intervalu 1,156-1,179 a tvotila 41 %
z 406 oci. Druhym nejpocetnéjsim intervalem, ktery se tykal 26 %, byl 1,179-1,203. Tieti rozmezi
1,132-1,156 se tykalo 16 %. Do intervalu 1,107-1,132 obsahujiciho konven¢né uznavany pomér
spadalo 2,9 % oci.

Na obrazku 2 je zobrazen boxplot vSech namérenych dat ri/r, skupiny A zaroven jsou na tomto
obrazku vynesené piimky, které odpovidaji jednotlivym AP pomérim alternativnich modelt oka.
Jsou znéj patrné oblasti mezi jednotlivymi teoretickymi hodnotami, ve kterych se nejvice

nameéiené hodnoty vyskytovaly.

1,300
—Le Grand (Lot&Koo)
Navaro
—Liou & Brennan
1.250 —Gullstrand
’ —Tento vyzkum
— 1,235
&? 1,214
o 1,200 1,2
i)
E 1,175 1,174
[}
(=3 1,158
o 1,150
<
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Obrazek 2: Boxplot namétenych dat AP poméru spolecné s teoretickymi hodnotami schematickych
modeld oka

Z grafu plyne, Ze nejvice pacientl spadalo do oblasti mezi modelem oka od Gullstranda (1,132)
a modelem od Navarra (1,187), ¢emuz odpovida i hodnota medianu ri/r; 1,174. V ramci
hodnoceni diference mezi namérenymi hodnotami AP poméru a hodnotami AP poméru
s odlisnych schematickych modelli oka byla zjiSténa nejmensi diference od schematického modelu
dle Navara. Na 5% hladiné vyznamnosti se namérena data statisticky vyznamné liSila od
teoretickych hodnot vSech uvedenych schematickych modelti oka.

U porovnani diference priimérné keratometrie Ka.z biometru a Net power z OCT byl zjiStén
pramérny rozdil hodnot 0,844+0,403 D. Vysledna hodnota (p-value) na 5% hladiné vyznamnosti
byla P<0,001. Z uvedené hodnoty plyne, Ze Kave a Net power se statisticky vyznamné lisi.

Primérny rozdil mezi hypotetickou kalkulaci optické mohutnosti nitroo¢ni ¢o¢ky vzorcem

SRK/T2 a OCT-based IOL formula pocitan v absolutni hodnoté byl roven 1,54+1,71 D. Minimalni
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rozdil byl 0,016 D a maximalni 6,525 D, s tim Ze procentualni ¢etnost rozdilu nad 1 D bylau 50 %
oCi. Prestoze byla odchylka rozdili velmi vysoka, statistickd vyznamnost diference nebyla
potvrzena pouZitim Wilcoxonova dvouvybérového testu. Hodnota p (p=0,25) nepotvrdila
statisticky vyznamny rozdil mezi hypotetickymi kalkulacemi pomoci uvedenych vzorc?.

Pro zhodnoceni vzajemného vztahu ri/r,, s biometrickymi daty byl vyuzit Pearsontiv korelacni
koeficient. Nejvyraznéjsi korelace ri/r; s biometrickymi daty byla s WTW, i tak se ale jednalo

pouze o slabou, negativni korelaci (-0,257).

Zaveér

Analyzou AP poméru byl na 406 o¢i zjistén signifikantni rozdil oproti jeho konven¢ni hodnoté.
Jednalo se o rozdil 0,051+0,023 a prtimérnou hodnotu 1,17+0,02. Z porovnani s ostatnimi
schematickymi modely na zakladé miry diference nejlépe vysel teoreticky model od Navarra
s odchylkou 0,021+0,016. Korelace AP poméru s biometrickymi daty byla zjiSténa pouze slaba
s WTW. Hodnota statisticky vyznamného rozdilu mezi hodnotami primérné keratometrie a Net
power byla 0,844+0,403 D. Na 20 ocich po rohovkové refrakéni chirurgii byl u pouziti Net power
na kalkulaci IOL prostirednictvim OCT-based IOL formula vyvracen piredpoklad rozdilnosti oproti
vzorci vyuzivajicimu primeérnou Kkeratometrii (SRK/T2) a tudiZ nebyl potvrzen statisticky
vyznamny vliv na hypotetickou kalkulaci sférické nitroo¢ni ¢ocky. Avsak zjisténa hodnota
rozptylu rozdilti mezi vzorci ukazuje vliv Net power na vyslednou hodnotu optické mohutnosti

nitrooc¢ni ¢ocky u individualnich pripadi.
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Abstract

The study deals with the issue and analysis of the AP ratio using optical coherence tomography
(OCT). The theoretical introduction and accepted values from alternative schematic models of the
eye is followed by an explanation of the methodology of the experimental part. A total of 406 eyes
from group A and 20 eyes for group B were examined using an OCT RTVue XR and a biometer
Lenstar LS 900. Furthermore, the measured values of individual AP ratio are evaluated and
compared with schematic eye models. This is followed by a comparison between the measured
data of the average keratometry Ka.v. and the total corneal optical power Net power. Finally, the
influence of Net power on the hypothetical calculation of the spherical intraocular lens and the

correlation of the AP ratio with biometric data are evaluated.

Keywords

Anterior segment OCT, keratometry, net corneal power, AP ratio.

Introduction

The cornea is the transparent part of the eye, which is optically the most important refractive
medium. However, in the past, it was not possible to measure the radius of curvature of the
posterior corneal surface, and therefore the total optical power of the cornea was only calculated
assuming a constant ratio between the anterior and posterior corneal surface (AP ratio). This is
conventionally recognized from Gullstrand's schematic model of the eye. If this ratio is not valid,
it can create errors in the samples that take this assumption into account and result in erroneous
results, for example, with the optical powers of implanted intraocular lenses.

The main goal of this work is to verify the validity of the conventionally recognized assumption
of the corneal radius ratio, using measurements on the anterior-segment OCT. Another goal is to
compare different theoretically determined values of the AP ratio based on different schematic
models of the eye and then select the most suitable model from them with respect to the measured
values. Furthermore, verification of the potential correlation of this ratio with the measured

biometric data from the Lenstar LS 900. Another subject of the study is the comparison of the
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average keratometry and Net power of individual eyes and the theoretical verification of the

possible influence of Net power on the hypothetical calculation of the spherical intraocular lens.

AP ratio

The AP ratio is the ratio of curvature between the anterior corneal radius and posterior corneal
radius. The conventionally given AP ratio (1,132) is based on Gullstrand's model of the eye. This
is a ratio of values 7.70 mm and 6.80 mm (Table 1, which shows the values of the AP ratio from

other schematic models of the eye). 1.23

Table 2: Comparison of values of schematic models of the eye 4

Anterior Posterior Corneal
Schematic model of the eye | corneal radius | corneal radius AP ratio refractive
(mm) (mm) index
Gullstrand 7,70 6,80 1,132 1,376
Le Grand, Lotmar, Kooijman 7,80 6,50 1,2 1,3771
Navarro 7,72 6,50 1,187 1,3771
Liou a Brennan 7,77 6,40 1,214 1,376

However, in some cases, this ratio does not apply. For example cornea with ectatic
degenerations, or after corneal refractive surgery (LASIK, PRK). In the calculations, 88.3 % of the
posterior surface does not correspond to anterior, which is taken into account. This value is also

used to calculate the optical power of the transplanted IOL after cataract surgery.!23

Methodology

The study includes two groups of patients. Only eyes with a physiological ocular finding
without pathologies and relative contraindications affecting the anatomical conditions of the eye
were included in group A. Group B included patients after myopic corneal refractive surgery who
were expected to have an extreme AP ratio. Demographic data of individual groups are shown in

Table 2.
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Table 2: Demographic data

Group A Group B
Number of eyes 406 20
Number of men 72 4
Number of women 133 6
Average age 44,76+16,48 | 51,1+10,81

All eye examinations took place in the Private Eye Clinic JL in Prague, in the period from
November 2020 to April 2021. Each examination was performed by the author of the bachelor's
thesis Lenka Machata and Ing. Martin Fiis under constant conditions on the same devices.

The first device was the OCT RTVue XR, which was used to obtain values of the anterior and
posterior radius of the cornea. Another output value was net power, for which the total optical
power of the cornea is calculated using the radius of curvature of the anterior and posterior
surfaces of the cornea and its thickness. The second device was a Lenstar LS 900 biometer, which
was used to obtain biometric data together with keratometry data. It approximates the optical
power of the cornea only by measuring the radius of curvature of the anterior surface of the
cornea, the keratometric refractive index and takes into account the constant AP ratio.

As part of the evaluation of the theoretical influence of net power on the hypothetical
calculation of the intraocular spherical lens, two formulas were compared. SRK/T2 which uses
average keratometry from a biometer and an OCT-based IOL formula which uses net power from

OCT.

Results

From the results, it was found that the average value of the AP ratio for group A is 1.17+0.02.
The measured values of this ratio range from 1.085 to 1.273. The graph (Figure 1) shows the

distribution of the AP ratio of group A for the sub-intervals.
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Figure 3: Distribution of AP ratio

It can be read from the graph that the highest frequency of the AP ratio was in the range of
1.156-1.179(41 % eyes). The second most numerous interval was 1.179-1.203 (26 % eyes). The
third range of 1.132-1.156 included 16 %. 2,9 % of eyes fell within the range of 1.107-1.132
containing the conventionally recognized ratio.

Figure 2 shows boxplot of all measured r1/r; ratios of group A together with the median and
contains lines that correspond to the individual AP ratios from alternative schematic eye models.
It shows the areas between the individual theoretical values in which the most measured values

occurred.
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Figure 2: Boxplot of measured AP ratio data together with theoretical values of schematic eye models

The graph shows that most patients fell in the area between the eye model from Gullstrand
(1.132) and the model from Navarro (1.187), which corresponds to the median value r1/r; 1.174.
The smallest difference from the measured values of the AP ratio was from Navarro’s eye model.
At the 5% level of significance, the measured data differed statistically significantly from the
theoretical values of all the above schematic models of the eye.

Comparing the difference between the average Kav. keratometry from the biometer and the Net
power from the OCT, an average difference was 0.844+0.403 D. The resulting value (p-value) at
the 5% level of significance was P <0.001. It follows from the p-value that Kav. and Net power differ
significantly.

The average difference between the hypothetical calculation of the intraocular lens optical
power with the formula SRK/T2 and the OCT-based IOL formula was 1.54+1.71 D (calculated in
absolute value). The minimum difference was 0.016 D and the maximum 6.525 D, with the
percentage frequency of the difference above 1 D being in 50 % of the eyes. Although the variance
of the differences was very high, the statistical significance of the difference was not confirmed
using Wilcoxon's two-tailed test. The value of p (p=0.25) did not confirm a statistically significant
difference between hypothetical calculations using the above formulas.

Pearson's correlation coefficient was used to evaluate the relationship between ri/r; and
biometric data. The most significant correlation r1 /r, with biometric data was with WTW, but even

so it was only a weak, negative correlation (-0.257).
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Conclusion

Analysis of the AP ratio in 406 eyes revealed a significant difference to its conventional value.
The difference was 0.051+0.023 and a mean value was 1.17+0.02. Based on the rate of difference,
the Navarro’s theoretical model with a deviation of 0.021+0.016 was the best in comparison with
other schematic eye models. The correlation of the AP ratio with biometric data was weak with
WTW. The value of the statistically significant difference between the values of average
keratometry and Net power was 0.844+0.403 D. In 20 eyes after corneal refractive surgery, the
presumption of difference between the OCT-based IOL formula (which uses net power) and
SRK/T2 (which uses average keratometry) was refuted. Thus a statistically significant effect using
net power on the hypothetical calculation of a spherical intraocular lens was not confirmed.
However, the observed value of the variance of the differences between the formulas shows the

effect of Net power on the resulting value of the optical power of the intraocular lens in individual

cases.
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Srovnani validity vysledku vySetieni zrakovych funkci
bichromatickymi a polarizacnimi testy

Katedra optometrie a ortoptiky, Lékai'ska fakulta, Masarykova univerzita Brno

Anotace

Tento prispévek pojednava o vySetieni binokularnich funkci v optometristické praxi, a to
piredevsim o vySetfeni a korekci heteroforii. Uvodni kapitoly se zabyvaiji rozdélenim heteroforii,
moznostech vySetreni a zptisobech terapie. Na konci ptispévku bude nastinén vyzkum tykajici se
srovnani vysledi vysetieni binokularniho vidéni za pouziti jednoho bichromatického a jednoho

polariza¢niho testu.

Klicova slova

Binokularni vidéni, heteroforie, bichromaticky test, polarizac¢ni test, kiizovy test

Jednoduché binokularni vidéni je popisovano jako koordinovana ¢innost o¢i, spojit pozorovany
predmét vjeden zrakovy vjem. Tato schopnost vsak u clovéka neni vrozend, vyviji se az po
narozeni, kdy souvisi s vyvojem zZluté skvrny. Tento vyvoj trva zhruba do jednoho roku véku ditéte
a do 6 let dochazi k upeviiovani binokularnich funkci. Pokud v tomto raném obdobi vyvoje zraku
ditéte vznikne néjaka patologie, dojde k porucham jednoduchého binokularniho vidéni. Mtze tak
vznikat napf. utlum, amblyopie, anomalni retindlni korespondence, heterotropie, nebo

heteroforie, ktera bude vice probrana v nasledujicich kapitolach.!

Heteroforie

K heteroforii, neboli skrytému S$ilhdni, dochazi pouze tehdy, pokud dojde k nerovnovaze
zevnich ocnich svali, a je patrna pouze pri zruSeni fize. Pokud pfi zruseni fize nedojde k zméné
postaveni oci, tak se bavime o stavu zvaném ortoforie. Podle vyzkumii ma naprostou ortoforii

pouze asi 10-20 % populace. 1.2

Rozdéleni heteroforii

Heteroforie miizeme rozdélovat podle nékolika kritérii, a to napt: podle etiologie, podle sméru

odchylky, podle fixa¢ni vzdalenosti a podle kompenzace.
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Rozdéleni podle etiologie

Heteroforie mohou vznikat z mnoha pric¢in. MiiZeme sem zaradit heterofore vznikajici kvtli
anomaliim oc¢nice nebo okohybnych svalg, které byvaji vétSinou vrozené. Tyto heteroforie byvaji
nékdy oznacCovany jako statické. Nervové heteroforie jsou zpisobeny nespravnou inervaci
okohybnych svalii. Mezi dalsi etiologii, ktera vede ke vzniku heteroforif, patii porucha akomodace.
Tyto poruchy mohou byt na zakladé nekorigované hypermetropie nebo nespravného AC/A

poméru. 3

Rozdéleni podle sméru uchylky

Dalsi déleni heteroforii je zaloZeno na urceni smeéru, kam se uchyli zakryté oko, kdyz dojde
k zruSeni fuze.

Vertikalni heteroforie - zakryté oko se uchyluje ve vertikdlnim sméru. Do této skupiny se
radi hyperforie a hypoforie. V pripadé hyperforie se zakryté oko uchyluje smérem nahoru, pokud
mluvime o hypoforii tak se zakryté oko uchyli dolti. Pokud je vertikalni tichylka na pravém i levém
oku priblizné stejna je zavedeno rozdéleni na pozitivni (pravou) hyperforii a negativni (levou)
hyperforii. Pfi pozitivni hyperforii se pravé oko posune smérem nahoru a levé smérem dold,
v pripadé negativni hyperforie je tomu naopak. !

Horizontalni heteroforie - do této skupiny se zarazuje exoforie a esoforie. Pfi exoforii se oko
uchyluje temporalné (zevné) a pri esoforii dojde k uchyleni nasalnim smérem (dovniti)?

Cykloforie - zde miizeme mluvit o incykloforii, kterd nastane v situaci, kdy se oko stoci

smérem dovnitt. Dale sem patii excykloforie, pti které se oko sto¢i smérem ven. 2

A B

Ortoforie
Hypoforie Hyperforie
Exofone Esofone
A6 Ak
Incykloforic Excvkloforie

Obrazek 1 Heteroforie 3
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Rozdéleni podle fixacni vzdalenosti

Toto déleni heteroforie je zaloZzeno na vzdalenosti pozorovaného predmétu od oka, a tim
padem rozliSujeme hetroforie do dalky a do blizka. Podobné jako u vySetfovani zrakové ostrosti,
je vySetrovaci vzdalenost pri vySetireni do dalky 6 m a pri vySetieni heteroforii do blizka 40 cm.

Velikost i smér tichylek mohou byt nékdy u pacienta rozdilné. 3

Rozdéleni podle kompenzace

Heteroforie se mohou déliti podle toho, zda jsou kompenzované nebo nikoliv. Nizsi heteroforie
nemusi byt kompenzovany, pokud necini pacientovi subjektivni potiZe. Pokud na o¢i neptiznivé
plsobi stresové faktory, jako nadmeérna prace do blizka, nedostatecné osvétleni nebo tiinava, mtze
dochazet u pacientt k pocitovani obtizi. Mezi nejcastéjsi priznaky dekompenzované heteroforie
patii atenopické potiZe, jako je bolest hlavy, Fezani oci, nevolnost, dile mtize u téchto pacientd
dochazet k diplopii nebo rozostireni daného pozorovaného predmétu nebo poruchy stereopse.

V nékterych ptipadech, zejména u nizSich heteroforii sta¢i kredukci symptoma spravné

nastavena korekce refrakéni vady. 3

Vyseticeni heteroforie

Vysetieni HTF muzZe byt provadéno, pouze za predpokladu, Ze dojde ke zruseni fize. Zruseni
faze muze byt realizovano riznymi metodami, které budou podrobnéji rozebrany v nasledujici

kapitole.

Zakryvaci test (Cover test)

Pri tomto testu dosahneme pozadovaného zruSeni fize zakrytim jednoho oka. Zakryvaci test
vSak neslouzi pouze k vySetieni HTF, ale také heterotropie. VySetfeni se miize provadét jak na
dalkuy, tak na blizko pfri fixaci testové znacky.

Intermitentni zakryvaci test - Dochazi k pomalému zakryvani a odkryvani jednoho oka,
pricemz vysetiujici pozoruje oko druhé. Pokud dojde k pohybu na pozorovaném (nezakrytém
oku), mize vysetrujici diagnostikovat heterotropii a stanovit smér odchylky. Test se provede
nejdrive na jednom oku a potom se pi‘ejde na druhé.*

Alternujici test - Pouziva se pri diagnostice heteroforii. Krytkou se nejdrive zakryje jedno oko,
potom se krytka rychlym pohybem presune pred oko druhé. Vysetiujici pozoruje odkryvané oko

a sleduje, jestli na ném nedojde k pohybu. Pokud k pohybu nedojde, jedna se o ortoforii. 4
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Obrdzek 2 Zakryvaci zkouska 2

Anaglyfni testy

Jsou znamé také jako testy bichromatické. Princip je zaloZen na substraktivnim skladani barev.
Pti vySetieni se pired oci predlozi ¢erveny a zeleny filtr. Obvykle se ¢erveny filtr predklada pred
pravé oko a zeleny pted oko levé. 4

Schoberuv test - Test je sloZzen z Cerveného kiiZe uprostired dvou soustfednych zelenych
kruznic obvykle na tmavém pozadi. Test vySetfovany pozoruje pies barevné filtry a posuzuje
vzajemnou polohu cerveného kiiZze a zelenych kruznic. Hodnota 1pD odpovida vzdalenosti od
stiedu kiiZe po konec ramene kiize, 1pD odpovida také vzdalenosti konce ramene od prvni zelené

kruznice i vzajemné vzdalenosti mezi kruznicemi. 5

0S se zelenym filtrem O_l_

34 Esoforie

0D s éervenym filtrem @

1A Pravostranna hyperforie

Obrdzek 3 Schobertiv test 4
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Worthiv test - Slouzi nejen k vySetreni binokularnich funkci, ale da se pouzit i pii stanoveni
dominance oka. Sklada se z Cerného pole, na kterém jsou v horizontalnim sméru umisténé dva
zelené kriZe, ve vertikdlnim sméru je nahof'e obrazce umistény ¢erveny kosoctverec a dole bily
kruh. Pro vySetreni heteroforii neni tiplné vhodny, protoze bily kruh ve spodni ¢asti muiZe plisobit

jako podnét pro fuzi. 4

Obrazek 4 Worthiiv test 4
Maddoxuyv test

Pfi tomto vySetieni je zruseni fize docileno pouzitim Maddoxova skla (cylindru) z ¢erveného
rubinového skla. Maddoxiiv kiiZ je potom sloZen z dvou ramen se stupnici, uprostied se nachazi
Maddoxovo svétlo. Diky vryptim na Maddoxoveé cylindru dojde ke zkresleni bodového Maddoxova
svétla v ¢aru, ktera je kolma na smér vrypt na skle. VySetrovaci vzdalenost je obvykle 5-6 m. Sklo
predkladame pred pravé oko, vrypy nejdrive horizontalné pak vertikalné, poté sklo predloZime i

pted levé oko. Pokud ¢ara prochazi sttredem Maddoxova svétla jde o ortoforii. 4

Obrdzek 5 Maddoxiiv kriZ 6 Obrdzek 6 Maddoxiiv cylindr ¢

Metoda von Graefe

Pro zrusSeni flze se v tomto pripadé pouzije sklo s prizmatickym tuc¢inkem 6-8 pD bazi dold pro
stanoveni vertikalni odchylky. Pfi urcovani horizontalni dchylky se predradi prizmatické sklo

s hodnotou 12-15 pD bazi k nosu. Toto sklo se obvykle piedklada pred pravé oko. Vysetirovany
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pozoruje bodovy zdroj svétla, ktery se rozdvoji diky sile prizmatické ¢ocky. Pokud vySetiovany

vidi obraz tohoto zdroje svétla nad sebou jedna se o ortoforii.4

Polarizacni testy

Diky témto testim se mohou vySetfovat nejen heteroforie, ale napf. také anizeikonie a
stereoskopické vidéni. Miizeme rozliSovat polarizaci pozitivni a negativni. Pfi pozitivni polarizaci
se zobrazi ¢erny znak na bilém pozadi. Této metody polarizace vyuZzivaji vétSina LCD optotypd,
polatestil a je na ni zaloZena MKH metodika pro méteni heteroforii. Pfi negativni polarizaci je
pozorovan bily znak na cerném pozadi. S timto typem polarizace se miizeme setkat u projek¢nich
optotyp. 4

Pti vySetieni potiebujeme jesté polarizatory, které jsou dnes nejcastéji pevné pripevnitelné na
zkuSebni obrubu, abychom zabranili rusivému efektu ve formé chvéni obrazu. Tyto polariza¢ni
filtry mohou byt predsazeny bud’ v poloze A, to znamena Ze na pravém oku bude osa polarizace
v 45°a nalevém v 135° podle TABO schématu. Nebo je miizeme pi‘edsadit v poloze V, kdy se pred
pravé oko predsadi filtr v ose 135°a pred levé oko ve 45°. 4

Krizovy test - Test je sloZzen z vodorovného a svislého ramene. Pfi zakladnim postaveni
polarizacnich filtri do polohy V pravé oko vidi vertikalni ¢ast kiize a levé oko horizontalni

rameno. Test je ve formé jak bez fizniho centralniho podnétu, tak s nim, ve formé cerného

mezikruzi. 45 “
a)
HE=.
O O

© O

Obrazek 7 KriZovy test ¢

Rucickovy test - Test je sloZen z dvoupdlové rucicky s cernym mezikruzim uprostred, pod a
nad ruci¢kou je umisténa stupnice. Pri postaveni polarizacnich filtrti do polohy V pravé oko vidi
rucicku a mezikruzi, které je nepolarizované, a levé oko vidi stupnici a mezikruzi. MezikruZzi u
tohoto testu slouzi jako centralni fizni podnét. Rucickovy test byl plivodné pouZzivan pro méieni
cykloforii, dnes se pouziva pri urCovani senzoricky kompenzovanych tichylek postaveni oci. 4

Dvojity rucickovy test - Je podobny jako test predchozi, jen je doplnén o horizontalné
umisténou rucicku. Tento test je vSak pomérné komplikovany a mohl by byt matouci pro

pacienta. *

69



Obrdzek 8: Rucickovy test 2 Obrdzek 9: Dvojity rucickovy test 2

Hakovy test - Mzeme ho najit jak v horizontalni, tak ve vertikalni orientaci. Uprostied je
umisténo mezikruzi, které plni funkci centralniho fizniho podnétu. Hakovy test se plivodné
pouzival pri vySetfeni anizeikonie, ale lze ho pouZzit i pro stanoveni jak vertikdlnich tak

horizontalnich heteroforii.5

Terapie heteroforie

K technikdm pro terapii heteroforii pristupujeme, pokud se u pacientii objevuji subjektivni
obtize. Zaklad terapie vétSinou spociva ve spravné korekci refrakéni vady. Dale mohou byt do
terapie zalazena ortopticka cviceni sitky fuze. Cviceni vede ke zmenseni Gsili o¢nich svald pro
udrzeni jednoduchého binokularniho vidéni. Vzdy se trénuje opacna Sirka flze, nez je smér
heteroforie. 1

Jako dalsi zptisob pfri terapii heteroforie se ¢asto pouzivaji prizmaticka skla. Nékdy byvaji také
oznacovany jako ulehcujici hranoly. Do brylové obruby se zasadji tato skla tak, ze baze prizmatické
Cocky jde proti sméru naméiené uchylky, 1

V krajnim pripadé lze také pouzit chirurgickou terapii. K chirurgickému zakroku se prejde

pouze v piipadé, nestaci-li zplisoby konzervativni terapie. !

Vyzkumna cast

Cilem vyzkumné ¢asti bude srovnat vysledky vySetireni bichromatickym a polarizacnim testem.
Jako bichromaticky test bude slouzit Schoberiv test a jako zastupce testi polarizac¢nich byl zvolen
test kiizovy bez centralniho fizniho podnétu. Dale se budu snazit urcit, ktery z vySe zminénych
testl je presnéjsi pri vySetrovani heteroforii, poptipadé zad-li jsou testy v praxi zaménitelné.
V neposledni fadé bude tato prace slouzit také jako struc¢ny prehled pro vyskyt heteroforii

v mérené populaci.
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Pracovni hypotézy:

Hypotéza 1: U vice nez 50 % vySetfovanych bude namérena heteroforie. Jaké bude rozlozeni
jednotlivych typt heteroforii a u kolika subjektti budou piitomny astenopické potize?

Hypotéza 2: Prizmaticka korekce namérena za pomoci Schoberova testu se bude liSit od té,
ktera bude namérena pomoci testu kifizového. Hodnoty naméiené pomoci bichromatického testu
budou nizsi.

Hypotéza 3: Hodnota korekce naméiena pomoci bichromatického testu bude subjekty lépe
snasena.

Hypotéza 4: Po opakovaném méreni bichromatickym testem se namérené hodnoty nebudou
liSit od predchoziho méreni. OdliSné nebudou ani hodnoty po opakovaném méreni pomoci

kriZového testu.

Metodika

Vyzkum bude probihat v O¢ni optice Sarky Kocandové v Brné. Klienti budou pted zacatkem
vySetfeni informovani o pribéhu méreni a podepisi informovany souhlas. Na zac¢atek vysetieni
bude provedena anamnéza, kde se budu vice zamérovat na astenopické potiZze a predchozi
zkuSenosti s prizmatickou korekci. Dale bude provedena objektivni a subjektivni refrakce. Po
monokuldrnim sférickém vyvazeni pristoupim k vySettfeni binokularniho vidént:

KriZovy test bez centralniho fizniho podmétu - Vzdy bude zarazen jako prvni. Bude pouzito
postaveni polarizac¢nich filtri v pozici V. Po naméreni hodnot necham subjekty zhodnotit i zrakové
pohodli.

Schoberuv test - Pri kazdém vySetieni bude cerveny filtr piredloZen pred pravé oko. Po
ptredloZeni prizmatické korekce o pozadované hodnoté, dojde opét k subjektivnimu zhodnoceni
danych hodnot.

Pokud budou naméreny rizné hodnoty, necham vybrat subjekty, ktera z hodnot je jim
piijemnéjsi.

Po 15-20 minutach, provedu méreni polarizatnim i bichromatickym meéreni u kazdého
subjektu jeSté jednou, pro ovéreni spolehlivosti testu. Pauza mezi vySetfenimi byla zavedena

z diivodu eliminace tinavy zrakového aparatu subjekt.

Diskuze

Cilem mého vyzkumu tedy bude srovnat spolehlivost vysledkl vySetfeni zrakovych funkci

pomoci bichromatickych a polarizacnich testi. Podobnym tématem se zabyvala Mgr. Iva
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Silhanova ve své diplomové praci na téma Srovnani vysledkd vySetfeni polarizaénimi a
bichromatickymi testy. Vyzkum probihal v ramci Masarykovi univerzity v roce 2012. Jedna jeji
hypotéza se tykala srovnani hodnot namérenych Schoberovym a kiiZovym testem. Vysledky
tohoto méreni vysly, Ze hodnoty métené polarizacnim testem byly ve vétsiné piipadi nizsi a tim
padem i pro subjekty 1épe snesitelné. Kolegyné se domniva, Ze by to mohlo byt zpiisobeno
akomodacni nerovnovahou zpisobenou predirazenim Cerveného a zeleného filtru. Pri nizkych
hodnotach prizmatickych dioptriich byl rozdil naméreny jednotlivymi metodami minimalni, vice
se vSak hodnoty lisili u vyssSich heteroforii a zejména u subjektdi, kteri trpéli i néjakymi
z astenopickymi obtiZzemi. Ja se budu v mém vyzkumu snazit prokazat pravy opak. A to Ze mensi
a lépe snasené hodnoty budou naméreny pomoci testu Schoberova. Miij vyzkum bude vsak
doplnén jesté o zjisténi, do jaké miry se budou dané vysledy vySetieni vySe zminénymi testy
shodovat pri opakovaném meéreni, a tim padem prokazat, ktery ztesti ma pfi vySetireni

binokularniho vidéni{ presnéjsi vysledky. 4
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Abstract

This article deals with examination of binocular functions in optometrist practise, especially
the examination and correction of heterophoria. Introductory chapters deal with the classification
of heterophoria, examination options and methods of therapy. At the end of the article, research
will be outlined concerning the comparison of the results of binocular vision examinations using

one bichromatic and one polarization test.
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Binocular vision is described as the coordinated action of the eyes to combine an observed
object into a single visual perception. This ability is not innate, it develops after birth and i tis
related to the development of macula. The development lasts until one year of the age of the child
and binocular function are fixed up to 6 years of age. If a pathology develops in this early period
of the child’s vision development, binocular vision disorders will occur. This can lead to, for
example, suppression, amblyopia, anomalous retinal correspondence, strabismus, or

heterophoria, which will be discussed more in the following chapters. !

Heterophoria

Heterophoria, or latent squint, occurs only when there is an imbalance of the external eye
muscles, and is only apparent when the fusion is canceled. If the position of the eyes does not
change when the fusion is canceled, we are talking about orthophoria. According to researchers,

only about 10-20 % of the population has a complete orthophoria. 1.2
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Classification of heterophoria

Heterophoria can be classified according to several criteria, for example: according to etiology,
according to the direction of deviation, according to the fixation distance and according to the

compensation.

Classification according to etiology

Heterophoria can be of different origins. We can include heterophoria arising due to anomalies
of the orbit or extraocular muscles, which are usually congenital. These heterophoria are
sometimes referred to as static heterophoria. Another type of heterophoria is caused by incorrect
innervation of the extraocular muscles. Another etiology that leads to heterophoria is
accommodation disorder. These accommodation disorders can be caused by uncorrected

hypermetropia or incorrect AC/A ratio. 3

Classification according to the direction of deviation

Another classification of heterophoria is based on determining the direction, where the
covered eye deviates after the fusion is canceled.

Vertical heterophoria - the covered eye is deviates in the vertical direction. This group
includes hyperphoria and hypophoria. In the case of hyperphoria, the covered eye deviates
upwards, if we talk about hypophoria, the covered eye deviates downwards. If the vertical
deviation on the right eye and left eye is approximately the same, a classification into positive
(right) and negative (left) hyperphoriais introduced. In case of positive hyperphoria, the right eye
moves upwards and left eye move downwards, in the case of negative hyperphoria, the opposite
is true. 1

Horizontal heterophoria - this group includes exophoria and esophoria. In case of exophoria,
the eye moves in the temporal direction (outwards) and in the case of esophoria, it moves in the
nasal direction (inwards). !

Cyclophoria - here we can talk about incyclophoria, which occurs in a situation, where eye

turns inwards. This group also includes excyclophoria, in which the eye turns outwards. 2
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Picture 1 Heterophoria 3
Classification according to fixation distance

This classification of heterophoria is based on distance of the observed object from the eye, and
therefore we distinguish between distance and near heterophoria. The size and direction of the

deviations to distance and near can be different for one patient. 3

Classification according to compensation

Heterophoria can also be divided according to whether they are compensated or not. Lower
heterophoria does not have to be compensated unless it causes subjective difficulties to the
patient. Patients may experience difficulty, if stress factors, such excessive work at close range,
insufficient lightning or fatigue, affect the eyes. The most common symptoms of decompensated
heterophoria include asthenopic problems such as headache, burning eyes, nausea, those patients
may experience diplopia or blurred vision or stereopsis disorder. In some cases, especially in

lower heterophoria, a correctly adjusted refractive error correction can reduce symptoms. 3

Examination of heterophoria

Examination of heterophoria can be performed if the fusion is canceled. Cancellation of the

fusion can be implemented by various methods, which will be discussed in the following chapter.

Cover Test

In this test, we achieve the fusion cancellation by covering one eye. However, the masking test
serves not only to examine HTF, but also strabismus. The examination can be performer both at
distance and at close range, while the patient fixes test mark.

The unilateral cover test - One eye is slowly covered and uncovered, while the examiner

observes the other eye. If movement of the eye occurs on the observed (uncovered eye), the
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examiner can diagnose strabismus and determine the direction of the deviation. The test is
performer on one eye first and then on the other. 4

The alternating cover test - This test is used to diagnose heterophoria. The one eye is covered
first, then the cover moves quickly in front of the other eye. The examiner observes the exposed

eye and watches movements. If there is no movement, we can talk about orthophoria. 4

Picture 2 Cover test 2

Bichromatic test

The principle is based on subtractive colour mixing. A red and green filter are used during the
examination. Usually, the red filter is insert in front of the right eye, and green filter in front of the
left eye. 4

Schober's test - The test consists of a red cross in the middle of two concentric green circles,
usually against a black background. The patient is looking at the test through red and green filters
and describing the relative position of the red cross and green circles. The value 1 pD corresponds
to the distance from the centre of the cross to the end of the arm of the cross, 1pD also corresponds
to the distance of the end of the arm from the first green circle and the distance between the

circles.

0S se zelenym filtrem 04_

34 Esoforie

0D s Eervenym filtrem @

1A Pravostranna hyperforie
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Picture 3: Schober’s test 4

Worth’s test - It is used not only to examine binocular functions, but it can be used to
determined dominance of the eye. It consists of a black background with two green crosses in the
horizontal direction, in the vertical direction there is a red diamond at the top and white circle at
the bottom. It is not entirely suitable for examination of heterophoria, as the white circle may act

as a stimulus for fusion. 4

Picture 4: Worth'’s test #

Maddox test

The fusion is canceled by using Maddox's cylinder made of red ruby glass. Maddox's cross is
composed of two arms with a scale, in the centre is Maddox’s light. Due to the scratches on the
Maddox cylinder, the spot Maddox's light is distorted in a line that is perpendicular to the direction
of the scratches on the glass. The examination distance is usually 5-6m. We insert the Maddox's
cylinder in front the right eye, the scratches first horizontally and then vertically, then the glass is
also insert in front of the left eye. If the line passes through the centre of Maddox’s lite, we talk

about orthophoria. 4

-------

Picture 5 Maddox's cross 6 Picture 6 Maddox’s cylinder ¢
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Von Graefe test

In this case, a glass with a prismatic effect of 6-8pD of base down is used to cancel the fusion to
determine the vertical deviation. When we are determining the horizontal deviation, a prismatic
glass with a value of 12-15 pD base to the nose. The glass is usually insert in front of the right eye.
The patient observes a point light, which splits due to the strengtht of the prismatic lens. If the

patient sees an image of this light above the light, i tis an orthophoria. 4

Polarized tests

Thanks to those tests, not only heterophoria can be examined, but also for example aniseikonia
and stereoscopic vision. Polarization can be divided into positive and negative polarization. If the
polarization is positive, a black sign will appear on a white background. This method of
polarization is used by most LSD optotypes, polatests and the MKH method for measuring
heterophoria is based on it. With negative polarization, we can see a white sign on a black
background. This type of polarization can be found in projection optotype.*

During the examination, we also need polarizing filters, which are most often attached to the
trial frame to prevent a disturbing effect in the form of image vibration. These polarizing filters
can be insert in A position. The axis of polarization is inserted at 45° and in front of the right eye
and 135° in front of the left eye according to TABO scheme. Or we can insert the polarizing filters

in the V position. 4

-
HE
X

Picture 7 Cross test ¢

Cross test - The test consists of a horizontal and vertical arm. When the polarizing filters are
in the V position, the right eye sees the vertical part of the cross and the left eye the horizontal
arm. The test comes in two forms, with or without central fusion stimulus, in the form of a black
annulus.*5

Pointer test - The test consists of two-pole hand with a black intermediate ring in the middle,
below and above the pointer is a scale. When the polarizing filters are placed in the V position the
right eye sees the pointer and an annulus that is non-polarized, the left eye sees a scale and
annulus. The annulus is used as central fusion stimulus. The pointer test was originally used to

diagnose cyclophorias, but now it used to determine sensory compensated eye position deviation.

4
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Double pointer test - It is similar to the previous test only horizontally placed pointer is

added. However, this test is quite complicated and could be confusing for the patient. 4

Picture 8: Pointer test 2 Picture 9: Double pointer test 2

Rectangle test - We can find this test in both horizontal and vertical orientation. In the middle
is an annulus, which serves as a central fusion stimulus. The rectangle test was originally used to
examine aniseikonia, but it can also be used to determine both vertical and horizontal

heterophoria. 5

Therapy of heterophoria

We approach techniques for the treatment of heterophoria if patients experience subjective
difficulties. The basis of therapy is usually based on the correct correction of the refractive error.
In addition, orthoptic fusion exercises may be included in the therapy. Exercise reduces the effort
of the eye muscles to maintain binocular vision. The opposite fusion to the direction of
heterophoria is trained. !

Prismatic glasses are often used as another method of treating. These glasses are inserted into
the frame that the base of the prismatic lens goes against the direction of the deviation. 1

In the extreme case, surgical therapy can be also used. Surgery will be considered only if

conservative therapy is not sufficient. !

Practical Part

The aim of this study will be to compare the results of examination by bichromatic and
polarization tests. The Schober’s test will be used as bichromatic and a cross test without central
fusion stimulus was chosen as a representative of the polarization tests. I will try to determine
which of the above tests is more accurate in the examination of heterophoria, or if the tests are
replaceable in practise. Last but not least this study will also serve a brief overview for the

occurrence of heterophoria in the measured population.
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Hypothesis

Hypothesis 1: Heterophoria will be measured in more than 50% of examined. What will be
distribution of types of heterophoria and how many subjects will have astenopic problems?

Hypothesis 2: The prismatic correction measured using the Schober test will be different from
that measured using the cross test. The values measured by the bichromatic test will be lower.

Hypothesis 3: The prismatic correction value measured by the bichromatic test will be better
tolerated by the subjects.

Hypothesis 4: After repeated measurement by bichromatic test, the measured values will not
differ from previous measurement. The values will not be different after repeated measurements

using a cross test.

Methodology

The research will take place at O¢ni optika Sarky Kocandové in Brno. Before the start of the
examination, patients will be informed about the course of the measurement, and they will sign
an informed consent. At the beginning of the examination the medical history of the patient will
be taken, where 1 will focus on astenopic problems and previous experience with prismatic
correction. Objective and subjective examination of refraction will be performer. I proceed to
examine binocular vision after monocular spherical balancing:

Cross test without central fusion stimulus - This test will be included first. The position of
the polarizing filters will be used in the V position. After measuring, I will let the patient evaluate
the visual comfort.

Schober’s test - Red filter will be inserted in front of the right eye at every examination. After
inserting of a prismatic correction there will be a subjective evaluation of the prismatic values
again.

If different values are measured, I will let the patients choose which of the values is more
comfortable for them.

After 15-20 minutes, [ will perform polarization and bichromatic test measurement on each
patient one more time to verify the reliability of the test. A pause between examinations was

included to eliminate patient’s visual fatigue.

Discussion

The aim of the study will be to compare reliability of the results of visual function tests using

bichromatic and polarization tests. A similar topic was dealt with by Mgr. Iva Silhanova in her
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diploma thesis. The topic was Comparison of Examination results by polarization and bichromatic
tests. The research took place at Masaryk University in 2012. One of the hypotheses concerned
the comparison of values measured by the Schober’s test and cross test. The result of this
measurement showed that the values measured by the polarization test were in most cases lower
and therefore better tolerated for patients. She believes that this could be due to accommodation
imbalance caused by the insertion of red and green filter. At low values of prismatic correction,
the difference measures by these two methods was minimal, but the values differed in higher
heterophoria and especially in patients who suffered from the astenopic difficulties.

[ will try to prove the exact opposite in my research. I suppose that smaller and better tolerated
values will be measured by using the Schober’s test. However, my study will be supplemented by
finding out if the test results will match after repeated measurement, and which of the tests has

more accurate results for examination of binocular vision.*
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Anotace

Oftalmologové si vS$imaji dobré UNVA u nékterych pacientl po kataraktové operaci
s implantovanou monofokalni nitroo¢ni ¢oc¢kou. V praci je rozebran proces pseudoakomodace,
ktery mohl tomuto jevu napomoci. Cilem prace bylo posoudit moZnost korekce presbyopie
pomoci jednoohniskové IOL u hypermetropt. Dale také posouzeni a porovnani jednotlivych

faktorti u hypermetropti a emetropti, které mohli k dobré UNVA prispét.

Klicova slova

Chirurgicka korekce presbyopie, akomodace oka, pseudoakomodace oka, druhy nitroo¢nich

¢ocek, defokusacni krivka

Uvod

Presbyopii, jakoZto nevyhnutelnou, fyziologickou, stafim podminénou ztratu schopnosti
akomodovat, 1ze korigovat nékolika zpisoby. Patfi mezi né invazivni ¢i neinvazivni metody. Mezi
neinvazivni metody patii korekce brylova ¢i pomoci kontaktnich ¢ocek. Invazivnimi metodami
mohou byt uzivani farmak (miotika) ¢i chirurgické zakroky, mezi které mimo jiné také radime
implantaci nejriznéjSich druht nitroo¢nich cocek. Mohou to byt viceohniskové 10L, EDoF cocky,
akomodativni IOL (AIOL) ¢i uziti jednoduchych monofokalnich ¢ofek metodou monovision. V této
praci je vSak uvazovana mozZnost Kkorigovat presbyopii nékterym pacientim pomoci
jednoohniskovych IOL.1-4

Pfi implantaci nitroo¢ni Cocky se vyradi prirozena schopnost akomodace a oko se stane
»opticky pevné“ bez schopnosti zaostfovat na jednotlivé vzdalenosti. Proto je dnes moZnost
implantace jiz vySe zminénych specidlnich ¢ocek, poskytujicich vidéni na vice vzdalenosti.
Pseudoakomodace je jev, ktery vsak miiZe zptisobit dobrou zrakovou ostrost do dalky i do blizka
u nékterych pseudofakickych pacienti simplantovanymi jednoohniskovymi IOL.
Psedukoakomodace je oproti akomodaci statickym procesem, ktery akomodaci napodobuje nebo
ji napomahd, aktivita cilidarniho svalu nema na tento proces zadny vliv. Pseudoakomodace
u monofokalnich 10L, jak jiZ bylo zminéno, mize byt pii¢inou dobré UNVA a zaroven UDVA.

Na miru pseudoakomodace maji vliv rizné faktory. Témito faktory mohou byt Sife zornice
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¢i axialni posun nitroo¢ni ¢ocky, tyto vlivy se fadi mezi dynamickou slozku pseudoakomodace.
Dale to mohou byt faktory tvorici statickou slozku pseudoakomodace, kterymi jsou zbytkovy
astigmastismus, hloubka ostrosti, aberace HOA a LOA, potencial vizualniho vjemu ¢i vék.5-8

Bylo prokazano, Ze dobrd UNVA u pseudofakickych pacientli klesd timérné s vékem.
U velikosti pupily a pseudoakomodace byla dokazana nepiima iméra. Dlivodem je jeji vyznamny
ucinek na zrakovou ostrost. (19,64) Dalsim dilezitym parametrem je zbytkovy astigmatismus,
studie prokazuji, Ze se jedna zejména o astigmatismus ,proti pravidlu® (ATR). Ten na rozdil
od astigmatismu ,podle pravidla“ (WTR) nabizi lepsi zrakovou ostrost do blizka (zrakova ostrost

na dalku se v podstaté nelisi). 810

Metodika prace

Predmétem této studie byly 2 skupiny pacientii, hypermetropové a emetropové. Protoze
refrakce byla pred operaci zkreslena kataraktou, hyperopové a emetropové byli definovani dle
hodnoty implantované nitroo¢ni ¢ocky. Zméteno bylo celkem 21 o¢i u 13 pacientti, z toho 15
hyperopickych a 6 emetropickych oci, které byly do vyzkumu zapojeny pro porovnani
defokusacnich kfivek. Pro zarazeni oka do vyzkumu byla stanovena podminka minimalni
dosazené zrakova ostrost 0,8 pri meéreni defokusacnich krivek. Nebyly hodnoceny oci
s patologickymi zménami zhorsujicimi zrakovou ostrost (amblyopie, makularni degenerace, atd.)

Soucasti pooperacni kontroly, ktera probihala vétSinou v rozmezi od 2 do 3 mésicti po operaci
druhého oka, byla tvorba defokusacni krivky a vySetifeni na pristroji iTrace. Defokusacni kiivka
byla provadéna monokularné pomoci ndhodného piedkladani spojnych a rozptylnych ¢ocek (po
0,5 dpt) kimitaci rozdilné vzdalenosti optotypu od oka. Spodni hranice pfijatelné hodnoty
dosazené zrakové ostrosti pro nas byla 0,3. Z rekonstruovanych defokusacnich krivek byla urcena
hloubka ostrosti pacientli. Hranice vizu, pro ktery se hloubka ostrosti urcovala, byl vizus 0,6. O¢i,
které tohoto vizu nedosahovaly, byly z vyzkumu vyrazeny. Pro tucely této prace byl termin
yhloubka ostrosti“ definovan jako rozmezi dioptrické korekce, pro které pacient dosahne hodnoty
vizu 0,6 a vice. Termin hloubka ostrosti je vtomto smyslu ¢asto pouzivan oftalmology, (spiSe by
se vSak mohlo u pevného optického systému jednat o ,pseudoakomodacni $iFi“). VSechny
defokusacni krivky byly pro ucely této prace zarovnany podle sférického ekvivalentu nejlepsi
nejlepsi korigované zrakové ostrosti.

Nasledné bylo pacientlim provedeno kompletni vySetfeni na piistroji iTrace. K vyzkumu byla
potrebna data o aberacich oka, predevsim tedy o astigmatismu, sférické aberaci a komé. Dale také

byly posuzovany hodnoty $ifky zornice.
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Vysledky

V tabulce 1 jsou shrnuty informace o skupiné hypermetropi vcetné primeérnych hodnot

uvedenych v poslednim fadku. Vtabulce 2 jsou analogicky ktabulce 1 uvedeny informace

o pacientech skupiny emetropt.

Tabulka 1: Namérend data- hypermetropové

Hypermetropové
axidlni hodnota optimalni | astigmatism typ koma - HOA sféricka pramér
pohlavi |vék (roky)| oko [délka AL [implantované |model IOL| refrakce po us -LOA | astigmatis (um) aberace - | zornice
(mm) 0L SE (dpt) operaci SE (D) (um) mu M HOA (um) | (mm)
Pacient £.1 mus 6 oP 21,49 +30,5 SAG60AT +0,05 0,2 x 29° OB 0,08 x 240° +0,08 5,5
i oL 21,19 +32,0 SAG60AT +0,25 0,43 x 104° ATR 0,29 x 282° +0,11 4,7
I . oP 20,59 +33,0 SAG60AT +0,47 0,24 x 58° OB 0,32 x 259° +0,07 4,9
Pacient &.2 muz 52 oL
pacient &3] sena 77 oP 20,93 +30,0 AABOO -0,42 0,23 x 105° ATR 0,1x 164° +0,06 4,3
) oL 20,88 +30,0 AABOO -0,47 0,62 x 101° ATR 0,15 x317° +0,07 4,3
Pacient £.4 mus 49 oP 21,57 +29,0 AABOO +0,02 0,22 x 81° ATR 0,1 x 202° +0,06 4,5
} oL 20,92 +31,0 SA60AT -0,59 0,31 x99° ATR 0,06 x 338° +0,08 4,7
oP
Pacient £.5 7
acient&s)  muz 35 oL | 20,57 +31,0 SAGOAT -0,24 031x167° | WTR |0,044x 214°| +0,02 46
pacient&.6|  sena 28 oP 19,55 +34,0 SA60AT -0,05 0,15 x 67° ATR 0,03 x 273° 0 3,0
) oL 19,44 +34,0 SAG0AT -0,17 0,19 x 159° WTR 0,04 x 277° -0,01 3,5
Pacient £.7 sena 49 oP 20,66 +32,0 SAG60AT -0,28 0,32 x27° OB 0,11 x 203° +0,07 4,8
) oL 20,81 +31,0 SAG60AT -0,06 0,11 x 137° OB 0,02 x 38° +0,04 4,5
pacient £.8 sena 56 oP 21,31 +31,0 SAG60AT -0,53 0,17 x 87° ATR 0,16 x 263° +0,06 5,0
) oL 21,53 +31,0 SAG60AT
- s oP 21,04 +29,5 AABOO -0,60 0,24 x 53° OB 0,21 x 216° +0,08 4,9
Pacient&.9| Zena 46 oL
pramér 51 20,83 +31,3 -0,19 0,27 x 91° 0,12 x 235° +0,06 4,5
Tabulka 2: Namérend data- emetropové
Emetropové
) vek a’X|aIn| ' hodnota ] optimalni  [astigmatism .typ | koma - HOA sféricka prun‘1er
pohlavi (roky) oko | délka AL [implantované |model IOL| refrakce po | us - LOA |astigmatis (m) aberace - | zornice
¥ (mm) 10L SE (dpt) operaci SE (D) (um) mu " HOA (um)| (mm)
o . op
Pacient£.10] ~ zena 68 oL 22,79 +23,0 AABOO 0,01 |0,261x123°| 0B |0,038x167°| +0,023 3,7
pacient &.11 mus 68 oP 23,96 +21,5 AABOO +0,05 0,119 x 54° OB 0,041 x 157°| +0,050 4,1
. oL 23,95 +22,0 AABOO +0,23 0,238 x 15° WTR 0,092 x 206°| +0,046 4,5
pacient 12|  Jena 75 oP 23,63 +21,0 AABOO +0,21 0,042 x 151° OB 0,201 x 272°| +0,082 4,7
i oL 23,61 +21,0 AABOO +0,21 0,185 x 9° WTR 0,075 x 253°| +0,024 4,4
Pacient&.13|  Zena 88 op
oL 23,26 +22,5 SAG60AT -0,23 0,226 x 137° OB 0,253 x 305°| +0,050 3,8
pramér 75 23,53 +21,83 +0,08 0,18 x 82° 0,12 x 227° +0,05 4,2

V nasledujicim grafu 1 jsou shrnuty namérené defokusacni krivky u pacienti skupiny

hypermetropl. Primérnd maximalni dosazena hodnota zrakové ostrosti, podle které byly

defokusacni krivky zarovnany, je vtomto grafu (stejné i v nasledujicich grafech) znazornéna

zlutou primkou. Graf 2 analogicky zobrazuje defokusacni kiivky pacientd skupiny emetropi.
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Graf 2: Defokusacni kiivky- emetropové

Nasledujici graf 3 znazornuje dvé defokusacni kiivky, jez jsou vysledky zpriimérovani vsech
defokusacnich krivek hyperopickych a emetropickych pacientd. Modra krivka znazornuje
hypermetropy, oranzova krivka emetropy. Z téchto defokusacnich krivek Ize stanovit primérnou
hloubku ostrosti jednotlicych skupin. Rozsahy primeérnych hloubek ostrosti jsou v grafu
zvyraznény modrou (hyperm.) ¢i oranzovou (emetr.) iseckou na ose x. Primérna maximalni
dosazenda hodnota zrakové ostrosti je v grafu taktéz znazornéna vertikalni zlutou primkou.

Dle chovani jednotlivych krivek Ize rici, Ze krivka pro primérné hodnoty zrakovych ostrosti
hypermetropti ma pozvolnéjsi charakter nez primérna defokusac¢ni krivka emetropt.

Vv

Emetropicka kiivka dosahuje vyssich hodnot zrakové ostrosti nez hyperopicka. Hloubka ostrosti

je vSak u hyperopti vyssi.
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Graf 3: Defokusacni krivky- priimérné hodnoty

Jednotlivé hloubky ostrosti u hypermetropti a emetropi véetné jejich priméri jsou uvedeny
v nasledujicim grafu 4. U hypermetropli vysla primérnd hloubka ostrosti 293 D

(£ 0,73 D), u emetropii vysla 2,0 D (+0,5 D).
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Graf 4: Hloubky ostrosti- hypermetropové a emetropové

V nasledujicich grafech 4 a 5 jsou porovnany primeérné hodnoty sférické aberace
a primeéru zornic hypermetropti a emetropt. Tyto hodnoty byly ziskany z pristroje iTrace.
U hyperopt vysla priimérna sféricka aberace +0,055 um * 0,032 um a $ifka zornice 4,5 mm +
0,6 mm. U emetropd vysla priimérna sféricka aberace +0,046 pm + 0,020 um a $ifka zornice

4,2 mm * 0,4 mm.
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Graf 5: Priimér zornice- primérné hodnoty

Obrazek 1 vyobrazuje primeérné hodnoty astigmatismu. Délka Sipky znazornuje velikost

(hodnotu) a smér udava uhel. Modra Sipka znaci hodnoty hypermetropd, oranzova hodnoty

emetropd. Primérna hodnota astigmatismu (podle vysledkt iTrace) byla u hypermetropi

0,266 um x 91°(+0,120 pum), u emetropt 0,179 pm x 82° (+0,070 um). U hypermetropd byl

naméfen astigmatismus proti pravidlu (ATR) u 7 odi, podle pravidla (WTR) u 2 o&i a Sikmy

astigmatismus (OB) pouze u 2 o¢i. U emetropi byl naméren astigmatismus podle pravidla u 2 odi,

Sikmy astigmatismus u 4 oc¢i. Astigmatismus proti pravidlu u emetrop naméien viibec nebyl.

0,266 pm x91°
',.--""_____ 1K_ T

90°

-> hypermetropové

~ -» emetropové

| 0,179 um x82°

0um 0,150 um 0,300 um

Obrazek 1: Astigmatismus- emetropové, hyperopove

Obrazek 2 vyobrazuje primérné hodnoty komy na stejném principu, jako obrazek 1. Primérna

hodnota komy (téZ zvysledki iTrace) byla u hypermetropi 0,121 pum x 235°
(£0,090 pm) a u emetropti 0,117 um x 227° (+0,080 pm).
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Zaver

Z namérenych defokusacnich krivek lze zjistit, Ze primérna hloubka ostrosti u hypermetropt
vysla oproti emetroptim vyssi. U hypermetropi vysla 2,93 D (+ 0,73 D), u emetropi vysla 2,0 D
(+0,5 D). Rozdily lze rozeznat i na priibéhu jednotlivych defokusacnich krivek. Krivky u emetropti
maji rychly a strmy pribéh do bodu nejvyssi zrakové ostrosti a poté opét rychly spad. Naopak
krivky hypermetropt maji pozvolnéjsi pribéh a vrchol z nich nenf tolik patrny.

Hypermetropové vykazuji lepsi vidéni na blizkou a stredni vzdalenost (nejméné 8/9 pacienti
nepouziva bryle na mobil, nejméné 6/9 pacientli nepouziva bryle na orientacni ¢teni) na rozdil od
emetropd, ktefi pro tyto piipady potiebuji bryle (vSichni z pacienti uvadéji pouzivani bryli na
mobil i na orientacni Cteni). Na tomto faktu by se mohly podilet nasledujici faktory.
Zbytkovy astigmatismus (predevsim ATR), ktery vysel u hypermetropd priimérné 0,266 um x 91°
(£0,120 um), u emetropti 0,179 pm x 82° (0,070 um). U hypermetropt prevazoval zbytkovy
astigmatismus proti pravidlu (ATR), u emetropt Sikmy astigmatismus (OB). Ke stejnému zavéru
ohledné vlivu astigmatismu ATR dosly i dalsi studie, zabyvajici se stejnou problematikou, napf.
vyzkum z roku 2006 uskutecnény pod vedenim M. A. Nanavaty a spol.1!

Dale koma, ktera u hypermetropu vysla v pridméru 0,121 um x 235° (x0,090 um) a u emetropt
0,117 um x 227° (£0,080 pm). Dale mohla prispét sférickd aberace, primérna hodnota u
hypermetropd vysla +0,055 um (0,032 um), u emetropi +0,046 um (+0,020 um). Ale také
vékové slozeni zkoumanych skupin. Primérny vék u hypermetropickych pacienti byl 51 let, u
emetropickych 75 let. Je tedy mozné, Ze mladsi skupina pacientli (hypermetropové) dokaze pri
praci do blizka zuzit zornici. U hypermetropickych pacientli byla naméiena lehce myopicka

pooperacni refrakce, Ize ji tedy také radit mezi potencialni faktory ovlivnujici vidéni do blizka.
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Vysledné hodnoty Sifky zornice namérené na iTrace neodpovidaji nasim predpokladiim.
Zornice u hypermetropi vysla v priméru Sirsi nezli u emetropt. Byly vSak méreny za rozdilnych
svételnych podminek na iTrace a ne pfi vySetieni defokusacni krivky. V navazujicich vyzkumech
by bylo tedy vhodné posoudit Sifku zornice primo pri méteni defokusacni krivky.

Hlubsi statistické zpracovani této studie nebylo mozné vzhledem k omezenému poctu pacientti
predevsim ve skupiné emetropt a vyrazné vékové heterogenité. Bylo to dano omezenym chodem
o¢ni Kliniky OFTA zptisobenym protiepidemickymi opatrenimi (Covid-19).

Zda se tedy, Ze u hypermetropi lze do jisté miry korigovat monofokalni nitroo¢ni ¢ockou i
presbyopii, ale jednoznacné jsme neprokazali faktory, které to (v jaké mire) ovliviiuji. Vyzkum je
vsak tieba prohloubit a rozsitit. Je potieba prozkoumat vice pacientd a dodrzet idealni podminky
méreni (predevSim pii méreni Sifky zornice) tak, aby byly jasné definovany presné hodnoty
faktort. Pokud by naslednym vyzkumem byla zjiSténa konkrétni kombinace nékterych z vyse
uvedenych faktor(, ktera by jednoznacné zarucila dobry vysledek vidéni na stredni i blizkou
vzdalenost, o¢ni 1ékari by byli schopni jednoohniskovou IOL nabizet témto pacientim jako dalsi

moznou alternativu korekce presbyopie.
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Possibility of presbyopia correction in hyperopes using
monofocal intraocular lenses

CTU, Faculty of biomedical engineering, OFTA Pilsen

Abstract

Ophthalmologists note good UNVA in some patients after cataract surgery with an
implanted monofocal intraocular lens. The thesis discusses the process of pseudoaccommodation,
which could help this phenomenon. The aim of the study was to assess the possibility of correcting
presbyopia using a monofocal IOL in hypermetropes. Furthermore, the assessment and
comparison of individual factors in hypermetropes and emetropes that may have contributed to

good UNVA.

Keywords

Presbyopia surgical correction, eye accommodation, eye pseudoaccommodation, intraocular

lens types, defocus curve

Introduction

Presbyopia, as an inevitable, physiological, age-related loss of the ability to accommodate, can
be corrected in several ways. These include invasive or non-invasive methods. Non-invasive
methods include spectacle or contact lens correction. Invasive methods can be the use of drugs
(miotics) or surgery, which also include the implantation of various types of intraocular lenses.
These can be multifocal I0Ls, EDoF lenses, accommodative I0Ls (AIOLs) or the use of simple
monofocal lenses by monovision. However, in this work, the possibility of correcting presbyopia
for some patients using monofocal IOLs is considered.1-

When an intraocular lens is implanted, the natural ability to accommodate is eliminated and
the eye becomes "optically static" without the ability to focus at individual distances. Therefore,
today it is possible to implant the abovementioned special lenses, providing vision at multiple
distances. Pseudoaccommodation is a phenomenon that can cause good distance and near visual
acuity in some pseudophakic patients with implanted monofocal I0Ls. In contrast to
accommodation, pseducoaccommodation is a static process that imitates or helps
accommodation; ciliary muscle activity has no effect on this process. Pseudoaccommodation of

monofocal IOLs, as already mentioned, can be the cause of good UNVA and at the same time UDVA.
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The degree of pseudoaccommodation is influenced by various factors. These factors can be the
pupil diameter or axial displacement of the intraocular lens, these effects are among the dynamic
components of pseudoaccommodation. Furthermore, they may be factors forming the static
component of pseudoaccommodation, which are residual astigmastism, depth of field, aberrations
HOA and LOA, potential of visual perception or age.>8

Good UNVA in pseudophakic patients has been shown to decline with age. Indirect proportions
were demonstrated for pupil size and pseudoaccommodation. The reason is its significant effect
on visual acuity. Another important parameter is residual astigmatism, studies show that it is
mainly astigmatism "against the rule" (ATR). The difference it offers better "with the rule"

astigmatism for near visual acuity (distance visual acuity is essentially the same).8-10

Methodology

The subject of this study was 2 groups of patients, hypermetropic and emetropic. Because of
distorted refraction by cataract before surgery, hyperopic and emetropic were defined by the
implanted intraocular lens value. A total of 21 eyes were measured in 13 patients, of which 15
were hyperopic and 6 were emetropic, which were included in the study to compare defocus
curves. For the inclusion of the eye in the research, the condition of the minimum achieved visual
acuity was set at 0.8 when measuring defocusing curves. Eyes with pathological changes
deteriorating visual acuity (amblyopia, macular degeneration, etc.) were not evaluated.

The postoperative check-up, which usually took place between 2 and 3 months after the operation
of the other eye, included the creation of a defocus curve and a measurement on the iTrace device.
The defocus curve was performed monocularly by randomly presenting minus and plus lenses
(0.5 dpt each) to imitate the different distance of the optotype from the eye. The lower limit of the
acceptable value of achieved visual acuity for us was 0.3. The depth of field of patients was
determined from the reconstructed defocus curves. The limit of the VA for which the depth of field
was determined was 0.6. Eyes that did not reach this VA were excluded from the research. For the
purposes of this work, the term "depth of field" was defined as the range of dioptric correction for
which the patient reaches the visual acuity value of 0.6 or more. The term depth of field is often
used in this sense by ophthalmologists, (rather, a fixed optical system could be a "pseudo-
accommodation extent"). For the purposes of this work, all defocus curves were aligned according
to the spherical equivalent of the best corrected visual acuity.

Subsequently, the patients underwent a complete measurement on the iTrace device. The
research required data on eye aberrations, especially on astigmatism, spherical aberration and

coma. Pupil diameter values were also assessed.
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Results

Table 1 summarizes the information of the group of hypermetropes, including the average

values given (last line). Table 2 provides information analogous to table 1 about emetropes.

Table 1: Measured data- hypermetropes

Hypermetropes
ial |impl imal herical il
age axia implanted opt‘lma astigmatism { astigmatis |coma - HOA sp erltfa .pupl
sex eye |length AL| IOL value |IOL model |refraction after aberration { diameter
(years) LOA (um) m type (um)
(mm) SE (dpt) surgery SE (D) HOA (um)| (mm)
patient no.1 mus 46 oD 21,49 +30,5 SAG60AT +0,05 0,2 x29° OB 0,08 x 240° +0,08 5,5
) oS 21,19 +32,0 SA60AT +0,25 0,43 x 104° ATR 0,29 x 282° +0,11 4,7
. oD 20,59 +33,0 SAG60AT +0,47 0,24 x 58° OB 0,32 x 259° +0,07 4,9
Patient no.2 muz 52 0s
Patient no.3 sena 77 oD 20,93 +30,0 AABOO -0,42 0,23 x 105° ATR 0,1x 164° +0,06 4,3
) 0S 20,88 +30,0 AABOO -0,47 0,62 x 101° ATR 0,15x317° +0,07 4,3
Patient no.4 mus 29 oD 21,57 +29,0 AABOO +0,02 0,22 x 81° ATR 0,1x202° +0,06 4,5
) 0S 20,92 +31,0 SAG60AT -0,59 0,31 x 99° ATR 0,06 x 338° +0,08 4,7
. oD
Patientno.5 [ muz 35 0s | 2057 | +31,0 | SAGOAT 0,24 0,31x167° | WTR _ 0,044x 214°| +0,02 4,6
Patient no.6 sena 48 oD 19,55 +34,0 SAG60AT -0,05 0,15x 67° ATR 0,03 x 273° 0 3,0
) oS 19,44 +34,0 SA60AT -0,17 0,19 x 159° WTR 0,04 x 277° -0,01 3,5
Patient no.7 sena 49 oD 20,66 +32,0 SAG60AT -0,28 0,32 x 27° OB 0,11 x 203° +0,07 4,8
) 0S 20,81 +31,0 SA60AT -0,06 0,11 x 137° OB 0,02 x 38° +0,04 4,5
Patient no.8 sena 56 oD 21,31 +31,0 SAG60AT -0,53 0,17 x 87° ATR 0,16 x 263° +0,06 5,0
} 0os 21,53 +31,0 SAG60AT
. s oD 21,04 +29,5 AABOO -0,60 0,24 x 53° OB 0,21 x 216° +0,08 4,9
Patient no.9 Zena 46 0s
average 51 20,83 +31,3 0,19 0,27 x 91° 0,12 x 235° +0,06 4,5
Table 2: Measured data- emetropes
Emetropes
ial implanted timal herical il
age axia implante op '|ma astigmatism | astigmatis [coma - HOA 5P erlFa ,pum
sex eve |length AL| IOL value |IOL model |refraction after aberration-| diameter
(years) - LOA (um) m type (um)
(mm) SE (dpt) surgery SE (D) HOA (um) | (mm)
. Y oD
Patientno.10 | zena 68 os | 2279 | +230 | AABOO -0,01 0261x123°| 0B |0,038x167° +0,023 3,7
patient no.11 mus 68 oD 23,96 +21,5 AABOO +0,05 0,119 x 54° OB 0,041 x 157°| +0,050 4,1
i 0s 23,95 +22,0 AABOO +0,23 0,238 x 15° WTR 0,092 x 206°| +0,046 4,5
Patient no.12 sena 75 oD 23,63 +21,0 AABOO +0,21 0,042 x 151° OB 0,201 x 272°| +0,082 4,7
: 0s 23,61 +21,0 AABOO +0,21 0,185 x 9° WTR 0,075 x 253°| +0,024 4,4
- 9 oD
Patientno.13 | zena 88 os | 2326 | 4225 | SAGOAT -0,23 0,226x137°| 0B 10,253 x 305 _+0,050 38
average 75 23,53 +21,83 +0,08 0,18 x 82° 0,12 x 227° +0,05 4,2

The following graph 1 summarizes the measured defocus curves in hypermetropic patients.

The average maximum achieved value of visual acuity, according to which the defocusing curves

were aligned, is shown in this graph (as well as in the following graphs) by a yellow line. Graph 2

analogously shows the defocus curves of emetrope patients.
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Graph 2: Defocuse curves- emetropes

The following graph 3 shows two defocus curves, which are the results of averaging all defocus
curves of hyperopic and emetropic patients. The blue curve shows hypermetropes, the orange
curve emetropes. From these defocus curves, the average depth of field of individual groups can
be determined. The ranges of average depths of field are highlighted in the graph by a blue
(hyperm.) or orange (emetr.) line on the x-axis. The average maximum achieved value of visual
acuity is also shown in the graph by a vertical yellow line.

According to the behavior of individual curves, it can be said that the curve for the average
values of visual acuities of hypermetropes has a slower character than the average defocus curve
of emetropes. The emetropic curve reaches higher values of visual acuity than the hyperopic

curve. However, the depth of field is higher in hyperops.
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Graph 3: Defocuse curves- average values

The individual depths of field for hypermetropes and emetropes, including their average
values, are shown in the following graph 4. For hypermetropes, the average depth of field was

2.93 D (£ 0.73 D), emetropes gave 2.0 D (= 0.5 D).
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Graph 4: Depths of field- hypermetropes and emetropes

The following graphs 4 and 5 compare the average values of the spherical aberration
and the diameter of the pupils of hypermetropes and emetropes. These values were obtained from
an iTrace instrument. For hyperopes, the average spherical aberration was +0.055 um + 0.032 um
and the average pupil diameter was 4.5 mm * 0.6 mm. For emetropes, the average spherical

aberration was +0.046 pum #* 0.020 um and the pupil diameter was 4.2 mm * 0.4 mm.
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Graph 5: Spherical aberration- average values Graph 6: Pupil diameter- average values

Figure 1 shows the mean values of astigmatism. The length of the arrow indicates the size (value)
and the direction indicates the angle. The blue arrow indicates the values of the hypermetropes,
the orange ones the values of the emetropes. The mean value of astigmatism (according to iTrace
results) was 0.266 pm x 91° (+ 0.120 pm) for hypermetropes and 0.179 pm x 82° (+ 0.070 pm) for
emetropes. In hypermetropes, against-the-rule astigmatism (ATR) was measured in 7 eyes, with-
the-rule (WTR) in 2 eyes, and oblique astigmatism (OB) in only 2 eyes. In emetropes, astigmatism
was measured with-the-rule in 2 eyes, oblique astigmatism in 4 eyes. Astigmatism against the rule
of emetropes has not been measured at all.
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Figure 1: Astigmatism- emetropes, hypermetropes

Figure 2 shows the average values of coma on the same principle as Figure 1. The average value
of coma (also from iTrace results) was 0.121 um x 235° (+ 0.090 um) for hypermetropes and for

emetropes 0.117 um x 227° (+ 0.080 pm).
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Figure 2: Coma- emetropes, hypermetropes

Conclusion

From the measured defocus curves, it can be seen that the average depth of field for
hypermetropes was higher than for emetropes. For hypermetropes it was 2.93 D (+ 0.73 D), for
emetropes it was 2.0 D (* 0.5 D). The differences can also be recognized on the course of the
individual defocus curves. The curves at emetropes have a fast and steep course to the point of
highest visual acuity and then again a rapid slope. On the contrary, the curves of hypermetropes
have a slower course and the peak of them is not so obvious.

Hypermetropes show better near and medium vision (at least 8/9 patients do not wear cell
phone glasses, at least 6/9 patients do not use orientation reading glasses) in contrast to
emetropes who need glasses for these cases (all patients report using glasses on mobile phone
and for orientation reading). The following factors could contribute to this fact.

Residual astigmatism (especially ATR), which averaged 0.266 pm x 91° (+ 0.120 pm) in
hypermetropes and 0.179 pm x 82° (* 0.070 um) in emetropes. Residual astigmatism (ATR)
predominated in hypermetropes, and oblique astigmatism (OB) prevailed in emetropes. Other
studies dealing with the same issues came to the same conclusion regarding the influence of ATR
astigmatism, such as the 2006 research conducted under the leadership of M. A. Nanavata et al.11

Furthermore, coma, which came out with an average of 0.121 pm x 235° (¥ 0.090 pm) for
hypermetropes and 0.117 pm x 227° (+ 0.080 pm) for emetropes. Spherical aberration could also
have contributed, the average value for hypermetropes was +0.055 pm (* 0.032 pm), for
emetropes +0.046 pm (* 0.020 um). But also the age composition of the studied groups. The mean
age in hypermetropic patients was 51 years, in emetropic patients 75 years. It is therefore possible
that a younger group of patients (hypermetropic) may be able to narrow the pupil closely when
working. Slightly myopic postoperative refraction has been measured in hypermetropic patients,

so it can also be ranked among the potential factors affecting near vision.
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The resulting pupil diameter values measured on iTrace do not meet our assumptions. The
pupil of hypermetropes was on average wider than that of emetropes. However, they were
measured under different lighting conditions on the iTrace and not on the defocus curve. In
subsequent research, it would be appropriate to assess the pupil diameter directly when
measuring the defocus curve.

A deeper statistical processing of this study was not possible due to the limited number of
patients, especially in the group of emetropes and significant age heterogeneity. This was due to
the limited operation of the OFTA eye clinic due to anti-epidemic measures (Covid-19).

Thus, it seems that hypermetropes can be corrected to some extent with monofocal intraocular
lens and presbyopia, but we have not clearly demonstrated the factors that affect this (to what
extent). However, research needs to be deepened and expanded. It is necessary to examine more
patients and observe the ideal measurement conditions (especially when measuring the pupil
diameter) so that the exact values of the factors are clearly defined. If subsequent research
revealed a specific combination of some of the above factors that would clearly guarantee a good
near and medium vision result, ophthalmologists would be able to offer a monofocal IOL to these

patients as another possible alternative to correcting presbyopia.
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Korekce keratokonu
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Anotace

Tento ptispévek se zabyva zejména teoretickym podkladem k mé diplomové praci s nazvem
»,Komparace korekce brylemi a kontaktni ¢o¢kou u keratokonu v riiznych stadiich onemocnéni*.

Soucasti prispévku je popis onemocnéni, dale klasifikace keratokonu, jeho korekce a 1é¢ba.

Klicova slova

Keratokonus, kontaktni Cocky, rohovkova topografie, Amslerova stupnice, corneal cross

linking, keratoplastika

Keratokonus

Spole¢né s keratoglobem a pelucidni margindlni degeneraci jej radime mezi ektaticka
onemocnéni rohovky. U keratokonu dochazi k protencovani stromatu rohovky a jejimu
centralnimu ¢i  paracentrdlnimu  vyklenovani  stypickym  kuzelovitym  tvarem.l
Keratokonus nejcastéji manifestuje v druhé dekadé zivota a k dalsi progresi dochazi v dekadé
treti. Ve vétsiné pripadi byva pritomen na obou ocich.2

Mezi klinické priznaky radime zejména nariist myopie a vznik nepravidelného astigmatismu.
Pri vySetieni na Stérbinové lampé pozorujeme ztenceni rohovky vrcholu konu. Dale mizeme vidét
tzv. Fleischertv prstenec. Jedna se o depozitum Zeleza hnédavé barvy, které obkruzuje bazi konu.3
V pozdéjsich stadiich rozpoznavame Munsontiv priznak a Vogtovy strie. Munsoniiv priznak je
patrny pii sklopeni o¢i smérem dolti, kdy konus odtlacuje spodni vicko do tvaru pismene ,V*. Jako
Vogtovy strie nazyvame nafaseni stromatu rohovky ve vertikalnim sméru. Dals$i z piiznaki
onemocnéni jsou napt. Rizzutiho znameni, kdy lze pti osvitu oka z temporalni strany pozorovat
konicky reflex na nazalni strané rohovky ¢i Axenfeldliv priznak, kdy dochazi ke sniZeni citlivosti
rohovky na vrcholu konu. Pri akutnim zhorSeni c¢asto dochazi k rupture Descementovy

membrany. Ruptura miiZe vést k edému rohovky a jejimu zasednuti. 1.2

102



Obrdzek 2: Edém rohovky u keratokonu #

Keratokonus diagnostikujeme po komplexnim vySetfenim obsahujici anamnézu, vySetreni
vizu a stanoveni refrakce, vysSetieni Stérbinovou lampou a nejdtilezitéjsi vySetieni na rohovkovém
topografu.3 Rohovkovy topograf je zaloZen na principu projekce Placidovych kotoucii na rohovku
a naslednym nahranim obrazu CCD kamerou. Pristroj poté obraz vyhodnoti a miiZeme pozorovat

napft. eleva¢ni mapu, mapu poloméri kiivosti, mapu optické mohutnosti a dalsi.5

Obrdzek 3: Rohovkovy topograf >
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Obrdzek 4: Zobrazeni keratokonu na rohovkovém topografu 2

Klasifikace keratokonu

Keratokonus miiZeme Klasifikovat podle nékolika stupnic, z nich nejcastéji vyuzivanou je
Amslerova stupnice. Ta rozdéluje keratokonus celkem do ¢tyf stadii oznacenych Fimskymi
Cislicemi I-IV. Hlavnimi Kkritérii stupnice jsou poloméry krivosti rohovky, tloustka rohovky a
dosaZend zrakova ostrost.2

Prvni stadium - Amsler I - je charakterizovano polomérem krivosti rohovky, ktery nedosahuje
7,5 mm. Tloustka rohovky nebyva vyrazné sniZena a nabyva standardnich hodnot kolem 0,5 mm.
VySetfenim na topografu byva jiz v tomto stadiu patrny nepravidelny astigmatismus. Zrakové
ostrosti 1,0 Ize bez vétSich problémt dosahnout s brylemi i s kontaktni cockou.2

Ve druhém stadiu - Amsler II - jiZ dochazi k vyraznéjSimu ztenceni rohovky na hodnotu cca
0,4 mm. Polomér krivosti rohovky nabyva strméjsich hodnot, kdy se pohybuje v rozsahu 7,2 az
6,5 mm. Zrakova ostrost s brylemi jiz nedosahuje hodnot 1,0, ale pohybuje se v rozmezi 0,8 az
0,2. S RGP kontaktni ¢ockou lze dosahnout vizu 1,0. V tomto stadiu se také zacinaji projevovat
razné patologické ptiznaky onemocnéni jako Fleischertiv prstenec, drobné zakaly Ci ruptury
Descementovy membrany.2

Ve tretim stadiu - Amsler I1I - dochazi k dalSimu zmenSovani poloméru kiivosti rohovky, ktery
nyni dosahuje hodnot ptiblizné 6,5 az 5,8 mm. Zrakova ostrost s brylovou korekci dosahuje pouze
hodnot cca 0,2 - 0,1. Rohovka se ztencuje na cca 0,25 mm a jeji transparentnost byva snizena.
S korekci pomoci RGP kontaktni ¢ocky dosahuje vizus hodnot az 0,8. Jsou zde pritomny
patologické priznaky obdobné jako ve druhém stadiu, avSak nyni jsou jiz vice ztetelné.?

Posledni Ctvrté stadium - Amsler IV - je charakterizovano vyraznym sniZzenim poloméru
kfivosti rohovky pod hodnotu 5,8 mm. Tloustka rohovky je obdobné vyrazné mensi, kdy muze

nabyvat az hodnot pod 0,2 mm. Korekce brylemi je jiZ bez dspéchu a po aplikaci RGP kontaktni
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¢ocky dochazi na vylepseni vizu na hodnoty cca 0,4. Transparence rohovky se nadale snizuje.

Soucasné pribyva patologickych priznaku - projevuje se napiiklad Munsontv priznak.2

Korekce keratokonu

Keratokonus miizeme korigovat nékolika zptsoby. V pocatecnich stadiich lze onemocnéni
korigovat brylemi, ale v pokrocilejSich stadiich jiZ neni tato korekce optimalni, nebot vizus jiz vice
nezlepsi vzhledem k rozvijejicimu se nepravidelnému astigmatismu.2 Oproti brylové korekci je
pro pacienty s keratokonem vyhodnéjsi vyuzit korekci tvrdou kontaktni ¢ockou. Pri této korekci
dochazi k vyraznému zlepSeni vizu, a to i v pokrocilejSich stadiich.13 Ke korekci se vyuzivaji
zejména RGP cocky, tedy tvrdé kontaktni ¢ocky z plynopropustnych materialt. Dale je moZnost

vyuzit hybridni ¢ocky ¢i Piggyback systém.2

Lécba keratokonu

Pfi progresi onemocnéni se pristupuje k chirurgické 1écbé keratokonu. V dnesni dobé se
vyuZivaji zejména 3 techniky, a to Corneal cross linking, metoda Keraring a keratoplastika.¢

Metoda Corneal cross linking neboli CCL ¢i CXL se vyuZiva zejména k stabilizaci rohovky a
k zastaveni progrese onemocnéni. Pfi CCL dochazi k aplikaci roztoku riboflavinu do stromatu
rohovky a naslednému ozatovani rohovky paprsky ultrafialového zareni. Molekuly riboflavinu
v disledku ozareni vytvari jakési ,mustky“ mezi vlakny kolagenu v rohovce, ¢imz dochazi

k zpevnéni rohovky - tzv. zesitovani rohovkového kolagenu.26

oslabend rohovko zpevnéna rohovka
pred CCl po CCL

Obrdzek 5: Schéma zpevnéni rohovky po CCL 6
Dals$i moznosti 1écby je vkladani intrastromalnich prstencti neboli keraringd do rohovky.
Metoda slouZi zejména k oploSténi rohovky a zastaveni dalsi progrese onemocnéni. Keraring je

prstenec tvofen polymetylmetakrylatem. Nejcastéji byva polokruhovy a vklada se bud’ jeden kus
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samostatné nebo jsou vlozeny dva kusy. Implantace probihd tunelovou metodou za pouziti

CCC(

Obrdzek 6: Riizné typy intrastromdlnich prstencii 7

femtosekundového laseru.6

Posledni moZnosti 1é¢by keratokonu je keratoplastika neboli transplantace rohovky. VyuZivaji
se zejména dva typy, a to perforujici keratoplastika ¢i hluboka pfedni lamelarni keratoplastika.12
Pri perforujici keratoplastice je pacientova rohovka odstranéna v celé tlouStce a nahrazena
rohovkou darcovskou, velikost vyriznuté rohovKky je rizna. Nejcastéjsi komplikaci je rejekce Stépu
rohovkou hostitele, kdy mtze dojit ke zkaleni darcovské rohovky. Druhym typem provadéné
keratoplastiky je hlubokd predni lamelarni keratoplastika. Pii této operaci neni nahrazena
rohovka v celé tloustce, nybrz jsou nahrazeny pouze nékteré vrstvy, a to epitel, Bowmanova
membrana a ¢ast stromatu. Tato technika ma oproti perforujici keratoplastice lepsi prognézu

vzhledem k ptijeti darcovské rohovky.!

Obrdzek 7: Rohovka se stehy po perforujici keratoplastice 1
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Abstract

This paper deals mainly with the theoretical basis for my diploma thesis entitled ,,Comparison
of correction with glasses and contact lens in keratoconus at different stages of the disease.” Part
of the paper is a description of the disease, as well as classification of keratoconus, its correction

and treatment.
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keratoplasty

Keratoconus

Together with keratoglobe and pelucid marginal degeneration, it is classified as an ectatic
disease of the cornea. In keratoconus, the corneal stroma is thinned out and it creates central or
paracentral arching with a typical conical shape.! Keratoconus most often manifests in the second
decade of life, further progression occurs in the third decade. In most cases, it is present in both
eyes.2

Clinical symptoms include an increase in myopia and the development of irregular
astigmatism. When examined on a slit lamp, we observe a thinning of the cornea on the apex. We
can also see the so-called Fleischer ring. It is a brown coloured deposit of iron that surrounds the
base of the cone.3 In later stages, we recognize Munson's symptom and Vogt's striae. Munson's
symptom is evident when the eyes are lowered, with the cone pushing the lower lid into a "V"
shape. We call Vogt's striae the wrinkling of the corneal stroma in the vertical direction. Other
symptoms of the disease are, for example, Rizzuti's sign, when a conical reflex on the nasal side of
the cornea can be observed when the eye is exposed from the temporal side, or Axenfeld's sign,
when the sensitivity of the cornea at the apex is reduced. In acute deterioration, the Descement

membrane often ruptures. Rupture can lead to corneal oedema and its graying.12
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Figure 2: Corneal edema in keratoconus *

We diagnose keratoconus after a complex examination including anamnesis, vision and
refraction examination, slit lamp examination and the most important examination on the corneal
topograph.3 The corneal topograph is based on the principle of projection of Placid disks on the
cornea and subsequent image recording with a CCD camera. The device then evaluates the image,
and we can observe, for example, an elevation map, a map of radii of curvature, a map of optical

power and more.5

Figure 3: Corneal topograph >
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Figure 4: Depiction of a keratoconus on a corneal topograph 2

Keratoconus classification

Keratoconus can be classified according to several scales, the most commonly used of which is
the Amsler scale. It divides the keratoconus into a total of four stages marked by roman numerals
[-IV. The main criteria of the scale are the radii of curvature of the cornea, the thickness of the
cornea and the achieved visual acuity.?

The first stage - Amsler I - is characterized by a radius of curvature of the cornea, which does
not reach 7,5 mm. The thickness of the cornea is not significantly reduced and takes standard
values around 0,5 mm. Examination on a topograph usually reveals irregular astigmatism at this
stage. Visual acuity of 1,0 can be achieved without major problems with glasses and contact
lenses.2

In the second stage - Amsler II - there is already a more significant thinning of the cornea to a
value of about 0,4 mm. The radius of curvature of the cornea acquires steeper values, ranging from
7,2 to 6,5 mm. Visual acuity with glasses no longer reaches 1,0, but ranges from 0,8 to 0,2. With an
RGP contact lens, a vision of 1,0 can be achieved. At this stage, various pathological symptoms of
the disease also begin to appear, such as the Fleischer ring, mild clouding or ruptures of the
Descement membrane.2

In the third stage - Amsler III - there is a further reduction in the radius of curvature of the
cornea, which now reaches values of approximately 6,5 to 5,8 mm. Visual acuity with spectacle
correction reaches only values of about 0,2 - 0,1. The cornea thins to about 0,25 mm and its
transparency is usually reduced. With correction using an RGP contact lens, the vision reaches
values of up to 0,8. There are pathological symptoms similar to the second stage, but now they are
more obvious.2

The last fourth stage - Amsler IV - is characterized by a significant decrease in the radius of

curvature of the cornea below 5,8 mm. The thickness of the cornea is likewise significantly
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smaller, when it can take values below 0,2 mm. The correction with the glasses is already without
success and after the application of the RGP contact lens the vision is improved to values of
approximately 0,4. Corneal transparency continues to decrease. At the same time, pathological

symptoms are increasing - for example, Munson's symptom is manifesting.2

Keratoconus correction

Keratoconus can be corrected in several ways. In the initial stages, the disease can be corrected
with glasses, but in more advanced stages this correction is no longer optimal, as the vision will
no longer improve due to developing irregular astigmatism.2 Compared to spectacle correction, it
is more convenient for patients with keratoconus to use correction with a hard contact lens. This
correction significantly improves vision, even in more advanced stages.13 To correct keratoconus,
RGP lenses, i.e. lenses made of rigid gas-permeable materials are used. It is also possible to use a

hybrid lenses or Piggyback system.2

Keratoconus treatment

Surgical treatment of keratoconus is initiated as the disease progresses. Today, mainly 3
techniques are used, namely Corneal cross linking, Keraring method and keratoplasty.6

Corneal cross linking or CCL or CXL is mainly used to stabilize the cornea and stop disease
progression. In CCL, a solution of riboflavin is applied to the corneal stroma and subsequent
irradiation of the cornea with ultraviolet rays. Due to irradiation, riboflavin molecules form a kind
of ,bridges” between the collagen fibers in the cornea, which strengthens the cornea - the so-called

cross-linking of corneal collagen.26

oslabend rohovko zpevnéna rohovka
pred CCl po CCL

Figure 5: Scheme of corneal strengthening after CCL 6

Another treatment option is the insertion of intrastromal rings or kerarings into the cornea.

The method is mainly used to flatten the cornea and stop further disease progression. Keraring is
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a ring made of polymethyl methacrylate. It is most often semicircular and either one piece is
inserted separately, or two pieces are inserted. Implantation is performed by the tunnel method

using a femtosecond laser.6

C CCC(

Figure 6: Different types of intrastromal rings 7

The last treatment option for keratoconus is keratoplasty or corneal transplantation. In
particular, two types are used, namely perforating keratoplasty or deep anterior lamellar
keratoplasty.12 In perforating keratoplasty, the patient's cornea is removed in its entire thickness
and replaced by the donor cornea, the size of the excised cornea varies. The most common
complication is graft rejection of the host cornea, which can lead to clouding of the donor cornea.
The second type of performed keratoplasty is deep anterior lamellar keratoplasty. In this
operation, the whole thickness of the cornea is not replaced, but only some layers are replaced,
namely the epithelium, the Bowman's membrane and part of the stroma. This technique has a

better prognosis compared to perforating keratoplasty due to the acceptance of the donor cornea.l

Figure 7: Cornea with sutures after perforating keratoplasty 1
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Botnaci vlastnosti kontaktnich cocek a jejich méreni
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Anotace

Ptispévek je zaméren na materidlové parametry kontaktnich Cocek, zejména na botnaci
vlastnosti a jejich zmény béhem nosSeni CocCek. Vénuje se tedy i zdvazné problematice osychani
kontaktnich ¢ocek pifi noSeni a zdlraziiuje potenciadlni dasledky. V ramci experimentli byla
shromazdéna a aktualizovana data o vlastnostech kontaktnich ¢ocek na soucasném ceském trhu.
Zjisténé hodnoty indexu lomu a obsahu vody, tak jak je udavaji vyrobci, byly ovéreny vlastnim
méfenim a navzajem porovnany. Coéky byly dale podrobeny testovani rychlosti osychani na
vzduchu a na malém poctu nositeli bylo rovnéz hodnoceno osychani ¢ocek po nékolikahodinovém

nosSent.
Klicova slova

Mékké kontaktni cocky, hydrogely, silikonhydrogely, vlastnosti kontaktnich ¢ocek, obsah vody,

rychlost osychani

Uvod

Kontaktni ¢ocky jsou v dnesni dobé jednou z moznosti korekce ametropie. Mohou byt také
uzity jako terapeutické, nebo jako kosmetické. Jsou také oblibenou a tcinnou pomitckou
sportovci, kterym umoznuji bezpecné vykonavani jejich sportovnich aktivit na Spickové drovni.
Kontaktni ¢ocky prosly od pocatku svého vyvoje radou promén, které se projevily jak v jejich
materialovych vlastnostech, tak tvarovych parametrech nebo rezimech noSeni ¢i frekvenci
vymeény. Pravé na materialy kontaktnich ¢ocek a jejich vlastnosti je zaméren tento prispévek. 1-3

Klasifikace kontaktnich cocek z hlediska materiald je dnes zjednoduSovana pouze na RGP
¢ocky, hydrogely a silikonhydrogely. Uzsi déleni podle Asociace vyrobcti kontaktnich ¢ocek sice
zahrnuje vétSinu materialt a popisuje jejich chemické slozZeni, ale nepocita se silikonhydrogely a
polyvinylalkoholem. Americkd agentura FDA déli materialy podle dvou zakladnich kritérii:
obsahu ionogennich latek (neionogenni a ionogenni) a obsahu vody do, respektive nad 50 %. Tak

vznikly 4 zavedené skupiny, novéji byva prirazena i pata skupina pro silikonhydrogely. 1-5
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Vybér materialu kontaktni ¢o¢ky predznamenava i jeji fyzikalné-chemické vlastnosti. Radime
sem mechanické vlastnosti, které udavaji odezvu materialu na silové ptisobeni. Zpravidla se udava
modul pruznosti, zajima nas ovSem také pevnost, taznost, pripadné strukturni pevnost materialu.
Transportni vlastnosti jsou nejcastéji popisovany permeabilitou Dk a transmisibilitou Dk/t, udava
se i jejich hodnoceni pomoci kyslikového ekvivalentu (EOP) nebo toku kysliku k rohovce (flux).
Optické vlastnosti jsou charakterizovany indexem lomu, povrchové vlastnosti smacivosti, ktera
povrch smacivy. Botnaci vlastnosti udavaji schopnost materidlu pojmout urcité mnoZstvi
rozpoustédla, v pripadé hydrogelt a silikonhydrogeld je timto rozpoustédlem voda (fyziologicky
roztok). U kontaktnich Cocek se bézné uvadi rovnovazny obsah vody (equilibrium water content
- EWC(), definovany podle vzorce 1, kde m; je hmotnost materidlu ve zbotnalém stavu a my je

hmotnost materialu v suchém stavu. 1367
EWC [%] = 2" . 100 1)
my

EWC lze urcit gravimetricky, zjiSténim hmotnosti m, a m,. Dal$i moZnosti urceni obsahu vody
v ¢oCkach je méreni indexu lomu gelu a nasledné pouziti prepoctové tabulky, protoze index lomu
hydrogeli (a obdobneé silikonhydrogelii) zavisi na obsahu vody. 189 Na obsahu vody rovnéz zavisi
mechanické vlastnosti, transportni vlastnosti vodorozpustnych latek a iontli, u hydrogel
i propustnost pro kyslik. Obsah vody ovliviiuje i kompatibilitu s kontaktni tkani. 1367 Navic,
nejcastéjSimi stiznostmi nositeld kontaktnich cocek jsou pocity suchosti a nepohodli, které souvisi
se ztratou hydratace ¢ocky béhem jejiho noSeni. Pfiznaky suchosti nastupuji pomalu a zvysuji se
s pribyvajicim poc¢tem hodin noSeni. BEhem dehydratace se méni tvarové parametry Cocky,
dochazi i ke zménam v elasticité materialu a propustnosti pro kyslik. To v§e ma za nasledek horsi
kvalitu vidéni. 61011 Ze vSech uvedenych divodi jsem se ve svém vyzkumu zamérila na botnaci
vlastnosti kontaktnich ¢ocek, jejich zmény pfi manipulaci s cockami a jejich noSeni a diisledky

téchto zmén.

Metodika

Pro experimentalni Cast své prace jsem méla kdispozici 6 hydrogelovych materiald
v celkovém poctu 108 kust a 8 silikonhydrogelovych materialti v celkovém poctu 90 kusi. Pro
méreni indexu lomu jsem pouzila Abbeho refraktometr piipojeny k termostatu, aby se udrzovala
stala teplota méfeni 20°C. Index lomu byl méfen s presnosti na 3 desetinna mista. Urceni
hmotnosti pro zjisténi obsahu vody bylo provadéno na analytickych vahach Kern. Co¢ky byly
vSechny nejprve zméreny ve fyziologickém roztoku a po zbaveni povrchové ulpélych kapek vody

zvazeny (zjisténi hodnoty m;), poté byly uloZeny na 24 hodin do destilované vody a nasledné
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znovu zméreny a zvazeny. Nakonec jsem ¢ocky nechala susit na vzduchu poloZené na plastové
Petriho misce, a to az do konstantni hmotnosti.

Pro sledovani kinetiky osychani byly vybrany jen nékteré materidly kontaktnich €ocek, pro
kazdy material bylo vybrano 4-6 kusi ¢ocek. Kazda ¢ocka byla méiena v pravidelnych ¢asovych
intervalech. Nejprve byla kazda ¢ocka zvaZena v plné zbotnalém stavu. Poté byla odloZena na
plastovou Petriho misku a postupné vazena v case 1, 3 a 5 minut a dale po 5 minutach, od 30
minuty po 10 minutach, od 1 do 3 hodin po 30 minutach a dale po hodinach az do ¢asu 6 hodin.
Po této dobé byly Cocky zpravidla zcela vysuseny. Ze vSech zjiSténych hmotnosti byl vypocitan
obsah vody dle vzorce 1 a vysledky kinetiky osychani u vSech takto mérenych materiali byly
znazornény graficky.

Posledni Casti experimentii bylo porovnani ztraty vody v coc¢kdch po nékolikahodinovém
noSeni. VSechny vybrané cocky jsem zkoumala sama na sobé a nékteré znich na dalSich
4 nositelkach. VZdy byla zaznamenana hmotnost ¢oc¢ky v plné zbotnalém stavu pred samotnou
aplikaci, nasledné byla ¢ocka aplikovana a noSena po dobu 4, 5 ¢i 6 hodin. Po vyjmuti z oka byla
¢ocka ihned zvaZena.

Vramci experimentu jsem si stanovila 3 zakladni hypotézy, které jsem poté potvrdila i
vyvratila. Hypotéza 1 - Index lomu deklarovany vyrobci souhlasi s namérenym indexem lomu
(Tolerance odchylky + 0,003). Hypotéza 2 - Deklarovany obsah vody souhlasi s vypoctenym
obsahem vody (Tolerance odchylky do + 2 %). Hypotéza 3 - Kontaktni cocky s vy$§im obsahem

vody a vnitinim smacedlem osychaji déle nez ¢ocky s nizSim obsahem vody a bez smacedel.

Vysledky

Vysledky méreni indexu lomu

Pti porovnani namérenych hodnot lze fici, Ze hodnoty namérené ve fyziologickém roztoku jsou
mirné vy$$i neZ hodnoty namérené v destilované vodé. Rozdil mezi témito hodnotami se

pohyboval od 0,001 do 0,008.
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Tabulka 1: Vysledky méreni indexu lomu.

Material a nazev kontaktni ¢o¢ky Deklarovany index lomu | Naméieny index lomu ve Naméfeny index lomu
vyrobci fyziologickém roztoku V destilované vodé
Omafilcon B 1,400 1,391 1,390
(Proclear)
Etafilcon A 1,400 1,384 1,383
(Acuvue Moist)
Nesofilcon A 1,374 1,373 1,371
(BioTrue)
Bioxifilcon A - 1,400 1,392
(TopVue Elite +)
Nelfilcon A 1,380 1,383 1,381
(Dailies Aqua Comfort)
Omafilcon A 1,400 1,392 1,390
(Proclear)
Etafilcon A 1,400 1,382 1,376
(Acuvue Moist multifocal)
Somofilcon A 1,400 1,400 1,400
(Clariti)
Stenfilcon A 1,401 1,401 1,400
(MyDay)
Lotrafilcon A 1,430 1,428 1,426
(Air Optix N&D)
Lotrafilcon B 1,420 1,422 1,422
(Air Optix Plus Hydraglyde)
Delefilcon A 1,420 1,421 1,420
(Dailies Total 1)
Comfilcon A 1,400 1,405 1,404
(Biofinity)
Senofilcon A 1,420 1,419 1,418
(Acuvue Oasys with Hydraluxe)
Senofilcon A 1,420 1,411 1,411
(Acuvue Oasys with Hydraclear Plus)

Z tabulky je patrné, Ze naméiené hodnoty indext lomu velmi dobie korespondovaly
s indexy lomu deklarovanymi vyrobci, pficemZ shoda nebo velmi blizké hodnoty byly zjiStény
u materiali Somofilcon A, Stenfilcon A a Delefilcon A. Naopak nejvétsi rozdily se projevily
u materialti Omafilcon B, Etafilcon A a Senofilcon A (Hydraclear Plus). Pro nazornost jsou zjisténé
rozdily vizualizovany v grafech 1 a 2.

Porovnani index(i lomu u hydrogel(i

1,410
1,400

1,390
1,380
1,370
1,360 II
1,350

Omafilcon B Etafilcon A Nesofilcon A Bioxifilcon A Nelfilcon A Omafilcon A Etafilcon A
multifocal

Index lomu n

Materialy mérenych kontaktnich cocek
B Deklarovanyindex lomun M Naméreny index lomu ve FR Naméreny index lomu v DV

Graf 1: Porovndni indexii lomu u hydrogelu.
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Porovnani indext lomu u silikonhydrogel(i
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Materialy mérenych kontaktnich ¢ocek
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Graf 2: Porovndni indexti lomu u silikonhydrogelil.

Vysledky métreni EWC

Nejvétsi odchylky méreni EWC jsou pii porovnani vypoctenych hodnot s hodnotami
vychazejicimi z prepoctové tabulky. Nejvyssi byla u materidlu Comfilcon A. To odpovida
predpokladu, Ze prepoctova tabulka ,index lomu versus obsah vody“ bude presnéjsi pro
hydrogely nez pro silikonhydrogely, a to vzhledem k rozdilnému indexu lomu xerogelu pro
silikonhydrogely ahydrogely. Porovname-li vypoCtené hodnoty ve fyziologickém roztoku
a v destilované vodé, jsou patrné mensi odchylky. Mzeme rict, Ze u poloviny mérenych ¢ocek se
hodnota obsahu vody mirné zvysila poté, co byly uchovany v destilované vodé. Toto chovani by
meélo byt vyraznéjsi pro materialy obsahujici néjakou ionogenni slozku (napf. Etafilcon A).
Tabulka 2: Vysledky méreni EWC.

Material a nazev kontaktni ¢o¢ky Deklarovany Obsah vody Vypodteny obsah vody Vypocteny obsah vody
obsah vody piepocteny z indexu ve fyziologickém V destilované vodé [%]
vyrobci [%] lomu [%] roztoku [%]

Omafilcon B 62 57 62 63
(Proclear)
Etafilcon A 58 57 58 58

(Acuvue Moist)

Nesofilcon A 78 72 80 78
(BioTrue)
Bioxifilcon A 58 58 59 60

(TopVue Elite +)
Nelfilcon A 69 69 72 72

(Dailies Aqua Comfort)

Omafilcon A 60 57 61 63
(Proclear)
Etafilcon A 58 57 60 63

(Acuvue Moist multifocal)
Somofilcon A 56 57 59 58

(Clariti)
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Stenfilcon A 54 56 56 57

(MyDay)
Lotrafilcon A 24 40 33 32
(Air Optix N&D)
Lotrafilcon B 33 45 38 36
(Air Optix Plus Hydraglyde)
Delefilcon A 33 45 35 34

(Dailies Total 1)

Comfilcon A 48 57 49 50
(Biofinity)
Senofilcon A 38 45 43 43

(Acuvue Oasys with Hydraluxe)

Senofilcon A 38 45 43 42

(Acuvue Oasys with Hydraclear Plus)

Z tabulky 2 je patrné, Ze vypoctené hodnoty nejvice odpovidaly deklarovanym naptiklad u
materidli Omafilcon B, Etafilcon A a Comfilcon A. Naopak nejvétsi rozdil byl zaznamenan

u materialu Lotrafilcon A. Pro nazornost byly rozdily opét vizualizovany, a to v grafech 3 a 4.

Porovnani obsahu vody u hydrogel(

Omafilcon B Etafilcon A Nesofilcon A Bioxifilcon A Nelfilcon A Omafilcon A Etafilcon A
multifocal
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o o O o
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Materialy mérenych kontaktnich ¢ocek

M Deklarovany obsah vody M Vypocteny obsah vody ve FR B Vypocteny obsah vody v DV

Graf 3: Porovndni obsahu vody u hydrogelii.

Porovnani obsahu vody u silikonhydrogelt
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Graf 4: Porovndni obsahu vody u silikonhydrogelii.
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Vysledky méreni kinetiky osychani kontaktnich ¢ocek na vzduchu

Ze souhrnného grafu 5 vyplyva, Ze nejpomaleji osychaji ¢oCky BioTrue (Nesofilcon A) se
specialnim slozenim zabranujicim osychani. Dale Dailies Aqua Comfort (Nelfilcon A), které maiji
zvlhcujici prostredek v podobé PVA a Proclear (Omafilcon A), které vSak prekvapivé nemaji
Zadnou Upravu zabranujici osychani. U materialu Senofilcon A (Acuvue Oasys v prvnim ptipadé
s technologii Hydraclear a ve druhém s technologii Hydraluxe) je jako vnitini zvlh¢ovadlo pouzit
PVP. Obé kiivky maji podobné pribéhy. Prvnich 5 minut dochazi k pozvolnému ubytku obsahu
vody, poté dochazi ke zrychleni.

Nejrychleji osychaji cocky Air Optix Night&Day (Lotrafilcon A), podobny priibéh mtizeme vidét
i u ¢oCek Air Optix Hydraglyde (Lotrafilcon B), oba tyto materialy maji povrchovou dpravu -

plasmatické povlékani, ktera je vSak urcena pouze k zajisténi stejnomérné smacivosti.

Kinetika osychani vsech mérenych materiall ¢ocek
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< Delficon A Comicon A —senoficon A with Hydraluse —Senoficon A with Hydraclear
Graf 5: Kinetika osychdni vsech mérenych materidlii cocek.
Vysledky méreni osychani cocek po nékolikahodinovém noseni
Méreni bylo provadéno piredevsim pro 4 a 6 hodin, u nékterych materialti pro 5 hodin noSeni.

Sledovala jsem také rozdily u jednotlivych nositelek.

Z tabulky lze vycist, Ze Coc¢ky BioTrue s obsahem vody 78 % osychaji malo, pouze o 3,5 % za 6
hodin. Naopak ¢ocky materialu Lotrafilcon A s obsahem vody 24 % oschnou po Sesti hodinach
noSeni az o 12,5 %. Nékteré vysledky jsou vSak lehce zkreslené tim, Ze dvé z péti nositelek
(nositelka 2 a 5), které prodélaly virové onemocnéni Covid-19, trpi vétsi suchosti o¢i, coZ bylo i na

vysledcich patrné. Jejich ¢ocky osychaly vice nez u ostatnich.

Tabulka 3: Vysledky méreni osychdni cocek po nékolikahodinovém noSent.
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Zjistény | SniZeni obsahu vody po4 | SniZeni obsahu vody po 6 Povrchova
A e Deklarovany obsah hod noseni [%] hod noSeni [%] v V
Nazev Material obsah vody vody na R — R dprava
Cocky Cocky [%0] poatku Z(J)lbs:;ﬂy Procentudlni Zgl;;;ﬁy Procentuslni | K zaml:t:el'li
[%] vody snizeni vody snizeni osychani
Proclear Omaé"c"” 62 63,8 - - 59,4 4,39 NE
ACUVLE | £ yofilcon A 58 58,3 53,5 438 51,3 7 ANO
Moist
BioTrue | NNeSOHIeOn 78 79,1 : - 75,6 35 ANO
Dailies
Aqua Nelfilcon A 69 70,4 63,4 7 62,8 7,6 ANO
Comfort
Air Optix Lotrafilcon
N&D A 24 31,7 - - 19,2 12,5 NE
Dailies Delefilcon
Total 1 A 33 33,7 28,7 5 28,2 55 ANO
Biofinity | COmHIeon 48 49 451 39 446 44 NE
EDLE Senofilcon
Oasys with A 38 40 36,7 3,3 34,8 5.2 ANO
Hydraluxe
BT Senofilcon
Oasys with A 38 40,7 37 3,7 34,8 59 ANO
Hydraclear
Na grafu 6 je znazornéno osychani kontaktnich Cocek z materidlu Nelfilcon A u

jednotlivych nositelek. Primérny tibytek obsahu vody za 6 hodin byl u tohoto materialu 7,42 %,
za 4 hodiny 5,14 %. Nositelka 2 nosila ¢oc¢ky 5 hodin a doSlo u ni k tubytku obsahu vody o 7,37 %,

zatimco u nositelky 3 za stejnou dobu noSeni doslo k ubytku 4,47 %.
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Graf 6: Osychdni po nékolikahodinovém noseni u materidlu Nelfilcon A (Dailies Aqua Comfort).
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Ve svém prispévku jsem se zamérila na botnaci vlastnosti kontaktnich ¢ocek dostupnych v

soucasnosti na naSem trhu. V praktické casti jsem na souboru kontaktnich cocek porovnala

deklarované hodnoty indexti lomu a rovnovazného obsahu vody s hodnotami ziskanymi vlastnim
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mérenim. Byly zjiStény nevyznamné rozdily v namérenych hodnotéch ve fyziologickém roztoku
a v destilované vodé, kdy po uchovani v destilované vodé se u vétSiny cocek mirné snizil index
lomu, coZ odpovidalo mirnému zvySeni obsahu vody.

Pfedem stanovena zakladni hypotéza 1, Ze namérené indexy lomu odpovidaji deklarovanym
byla potvrzena u 8 ze 14 materialt. Vyssi odchylky byly predevsim u ionogennich materiald.

Pii vyhodnoceni vypoctenych hodnot obsahti vody byly zaznamenany rozdily, nejvyssi rozdil
byl u materialu Lotrafilcon A, a to 8,86 % pro rozdil mezi deklarovanym a vypoctenym obsahem
vody ve fyziologickém roztoku. Zde byla potvrzena zadkladni hypotéza, Ze vypoctené obsahy vody
odpovidaji deklarovanym, a to u 9 z 15 materialt.

Pfi méfeni kinetiky osychani na vzduchu byla potvrzena hypotéza 3, Ze kontaktni ¢ocky
s vy$Sim obsahem vody osychaji o néco déle nez Cocky s niz§im obsahem vody. Zaroven se
potvrdilo, Ze materialy s technologii vnitiniho smacedla nebo s ipravou proti osychani skutecné
1épe udrzuji pavodni hydrataci nez materialy ostatni.

Na malém vzorku nositeld bylo zjiSténo, Ze hydrogelové ¢ocky osychaji za 6 hodin noSeni v

prameéru o priblizné 6 %, zatimco silikonhydrogelové coc¢ky osychaji o zhruba 7 % za stejnou dobu

nosSent.
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Swelling properties of contact lenses and their measurement
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Abstract

The article focuses on the material parameters of contact lenses, especially on the swelling
properties and their changes while wearing lenses. It also deals with the serious issue of drying
contactlenses when worn and emphasizes the potential consequences. As part of the experiments,
data of the properties of contact lenses on the current Czech market were collected and updated.
The determined values of refractive index and water content, as stated by the manufacturers, were
verified by my own measurements and compared with each other. The lenses were further tested
for air-drying kinetics, and the drying of the lenses after wearing for several hours was also

evaluated on a small number of wearers.

Keywords

Soft contact lenses, hydrogels, silicone hydrogels, properties of contact lenses, water content,

drying speed

Introduction

Contact lenses are nowadays one of the options for the correction of ametropia. They can also
be used as therapeutic or as cosmetic. They are also a popular and effective tool for athletes,
enabling them to safely perform their sports activities at the highest level. Contact lenses have
undergone a number of changes since the beginning of their development, which have been
reflected in their material properties as well as shape parameters or wearing regimes or
frequency of replacement. This article focuses on the materials of contact lenses and their
properties. 1-3

The classification of contact lenses in terms of materials is now simplified only to RGP lenses,
hydrogels and silicone hydrogels. The narrower division according to the Association of Contact
Lens Manufacturers includes most materials and describes their chemical composition, but does
not include silicone hydrogels and polyvinyl alcohol. The American agency FDA divides materials

according to two basic criteria: ionic content (non-ionic and ionic) and water content (above or
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below 50%). Thus, 4 established groups were created, more recently, the fifth group for silicone
hydrogels is assigned. -5

The selection of contact lens material also presages its physico-chemical properties. We
include here the mechanical properties that indicate the response of the material to the force. As
a rule, the modulus of elasticity is given, but we are also interested in the strength, ductility, or
structural strength of the material. Transport properties are most often described by permeability
Dk and transmissibility Dk / t, their evaluation by oxygen equivalent (EOP) or oxygen flow to the
cornea (flux) is also given. Optical properties are characterized by the refractive index, the surface
properties by wettability, which is usually expressed by the contact angle. The lower the value of
the contact angle, the more the surface is wettable. Swelling properties indicate the ability of a
material to hold a certain amount of solvent, in the case of hydrogels and silicone hydrogels, this
solvent is water (saline). For contact lenses, equilibrium water content (EWC) is commonly
reported, defined according to formula 1, where my, is the weight of the material in the swollen

state and msis the weight of the material in the dry state. 1367

m,y, —m
EWC [%] = % -100 1)
b

The EWC can be determined gravimetrically, by determining the weight my and ms. Another
possibility to determine the water content in the lenses is to measure the refractive index of the
gel and then use a conversion table, because the refractive index of hydrogels (and similarly
silicone hydrogels) depends on water content. 189 The mechanical properties, the transport
properties of water-soluble substances and ions, and the permeability to oxygen for hydrogels
also depend on the water content. The water content also affects the compatibility with the
contact tissue. 1367 [n addition, the most common complaints of contact lens wearers are feelings
of dryness and discomfort associated with loss of lens hydration during wear. Symptoms of
dryness begin slowly and increase with increasing hours of wearing. During dehydration, the
shape parameters of the lens change, there are also changes in the elasticity of the material and
oxygen permeability. All this results in poorer vision quality. 61011 For all these reasons, in my
research I focused on the swelling properties of contact lenses, their changes in the handling of

lenses and their wearing and the consequences of these changes.

Methodology

For the experimental part of my work, [ had 6 hydrogel materials in a total of 108 pieces and 8
silicone hydrogel materials in a total of 90 pieces. To measure the refractive index, I used an Abbe
refractometer connected to a thermostat to maintain a constant measurement temperature of
20°C. The refractive index was measured to 3 decimal places. The determination of the weight for

the determination of the water content was performed on Kern analytical weighing-machine. The
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lenses were all first measured in saline and, after removing surface adherent water droplets,
weighed (determining the my value), then placed in distilled water for 24 hours and then
measured again and weighed. Finally, I let the lenses air dry on a plastic petri dish to constant
weight.

Only some contact lens materials were selected to monitor the drying kinetics, 4-6 pieces of
lenses were selected for each material. Each lens was measured at regular intervals. First, each
lens was weighed in a fully swollen state. It was then placed on a plastic petri dish and weighed
successively at 1, 3 and 5 minutes and then after 5 minutes, from 30 minutes to 10 minutes, from
1 to 3 hours after 30 minutes and further from hours to 6 hours. After this time, the lenses were
usually completely dried. From all determined weights, the water content was calculated
according to formula 1 and the results of the drying kinetics for all materials measured in this way
were shown graphically.

The last part of the experiments was a comparison of water loss in the lenses after wearing
them for several hours. | examined all selected lenses on myself and some of them on another 4
wearers. The weight of the lens was always recorded in a fully swollen state before the application
itself, then the lens was applied and worn for 4, 5 or 6 hours. After removal from the eye, the lens
was immediately weighed.

In the experiment, I set 3 basic hypotheses, which [ then confirmed or disproved. Hypothesis 1
- The refractive index declared by the manufacturer agrees with the measured refractive index
(Tolerance of deviation + 0.003). Hypothesis 2 - The declared water content agrees with the
calculated water content (Tolerance of deviation up to + 2%). Hypothesis 3 - Contact lenses with
a higher water content and an internal wetting agent dry longer than lenses with a lower water

content and without wetting agents.

Results

Refractive index measurement results

When comparing the measured values, it can be said that the values measured in physiological
saline are slightly higher than the values measured in distilled water. The difference between

these values ranged from 0.001 to 0.008.
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Table 1: Results of refractive index measurements.

Material and name of contact lens Declared refractive Measured refractive Measured refractive
index of the index in saline index in distilled water
manufacturer
Omafilcon B 1,400 1,391 1,390
(Proclear)
Etafilcon A 1,400 1,384 1,383
(Acuvue Moist)
Nesofilcon A 1,374 1,373 1,371
(BioTrue)
Bioxifilcon A - 1,400 1,392
(TopVue Elite +)
Nelfilcon A 1,380 1,383 1,381
(Dailies Aqua Comfort)
Omafilcon A 1,400 1,392 1,390
(Proclear)
Etafilcon A 1,400 1,382 1,376
(Acuvue Moist multifocal)
Somofilcon A 1,400 1,400 1,400
(Clariti)
Stenfilcon A 1,401 1,401 1,400
(MyDay)
Lotrafilcon A 1,430 1,428 1,426
(Air Optix N&D)
Lotrafilcon B 1,420 1,422 1,422
(Air Optix Plus Hydraglyde)
Delefilcon A 1,420 1,421 1,420
(Dailies Total 1)
Comfilcon A 1,400 1,405 1,404
(Biofinity)
Senofilcon A 1,420 1,419 1,418
(Acuvue Oasys with Hydraluxe)
Senofilcon A 1,420 1,411 1,411
(Acuvue Oasys with Hydraclear Plus)

The table shows that the measured values of refractive indices corresponded very well with
the refractive indices declared by the manufacturers, while the agreement or very close values
were found for Somofilcon A, Stenfilcon A and Delefilcon A. On the contrary, the biggest
differences were for Omafilcon B, Etafilcon A and Senofilcon A (Hydraclear Plus). For clarity, the

differences are visualized in graphs 1 and 2.

Comparison of refractive indices for hydrogels
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Graph 1: Comparison of refractive indices for hydrogels.
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Comparison of refractive indices for silicone hydrogels
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Graph 2: Comparison of refractive indices for silicone hydrogels.

EWC measurement results

The largest deviations of the EWC measurements are when comparing the calculated values
with the values based on the conversion table. The highest was for Comfilcon A. This corresponds
to the assumption that the conversion table "refractive index versus water content” will be more
accurate for hydrogels than for silicone hydrogels, due to the different xerogel refractive index for
silicone hydrogels and hydrogels. If we compare the calculated values in physiological saline and
distilled water, smaller deviations are noticeable. We can say that for half of the measured lenses,
the value of water content increased slightly after they were stored in distilled water. This
behavior should be more pronounced for materials containing an ionic component (eg. Etafilcon

A).
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Table 2: EWC measurement results.

Material and name of contact lens Declared water Water content Calculated water Calculated water
content of the calculated from the content in physiological content in distilled
manufacturer [%0] refractive index [%6] saline [%0] water [%]
Omafilcon B 62 57 62 63
(Proclear)
Etafilcon A 58 57 58 58

(Acuvue Moist)

Nesofilcon A 78 72 80 78
(BioTrue)
Bioxifilcon A 58 58 59 60

(TopVue Elite +)
Nelfilcon A 69 69 72 72

(Dailies Aqua Comfort)

Omafilcon A 60 57 61 63
(Proclear)
Etafilcon A 58 57 60 63

(Acuvue Moist multifocal)

Somofilcon A 56 57 59 58
(Clariti)
Stenfilcon A 54 56 56 57
(MyDay)
Lotrafilcon A 24 40 33 32
(Air Optix N&D)
Lotrafilcon B 33 45 38 36

(Air Optix Plus Hydraglyde)
Delefilcon A 33 45 35 34

(Dailies Total 1)

Comfilcon A 48 57 49 50
(Biofinity)
Senofilcon A 38 45 43 43

(Acuvue Oasys with Hydraluxe)
Senofilcon A 38 45 43 42

(Acuvue Oasys with Hydraclear Plus)
Table 2 shows that the calculated values corresponded most to the declared ones, for example,
for Omafilcon B, Etafilcon A and Comfilcon A. On the contrary, the largest difference was recorded

for Lotrafilcon A. For clarity, the differences were visualized again, in graphs 3 and 4.

129



Comparison of water contents for hydrogels
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Graph 3: Comparison of water contents of hydrogels.
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Graph 4: Comparison of water contents of silicone hydrogels.

Results of measuring the kinetics of drying of contact lenses in air

Summary graph 5 shows that BioTrue lenses (Nesofilcon A) with a special anti-drying
composition dry the slowest. Furthermore, Dailies Aqua Comfort (Nelfilcon A), which have a
moisturizing agent in the form of PVA and Proclear (Omafilcon A), which, however, surprisingly
have no treatment to prevent drying. For Senofilcon A (Acuvue Oasys in the first case with
Hydraclear technology and in the second with Hydraluxe technology) PVP is used as an internal
humidifier. Both curves have similar waveforms. For the first 5 minutes there is a gradual
decrease in water content, then acceleration.
Air Optix Night & Day lenses dry the fastest (Lotrafilcon A), a similar course can be seen with Air
Optix Hydraglyde lenses (Lotrafilcon B), both of these materials have a surface treatment - plasma

coating, which is intended only to ensure uniform wettability.
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Graph 5: Drying kinetics of all measured lens materials.

Results of measuring the drying of lenses after several hours of wearing

Measurements were performed mainly for 4 and 6 hours, for some materials for 5 hours of

wearing. | also observed differences in individual wearers.

It can be read from the table that BioTrue lenses with a water content of 78% dry little, only by

3.5% in 6 hours. On the other hand, Lotrafilcon A lenses with a water content of 24% dry by up to

12.5% after six hours of wearing. However, some results are slightly distorted by the fact that two

of the five wearers (wearers 2 and 5) who went throug the Covid-19 disease suffer from greater

dryness, which was also evident in the results. Their lenses dried more than the others.

Table 3: Results of lens drying measurements after wearing for several hours.

Detected Reduction of water Reduction of water
Declared water content after 4 hours of content after 6 hours of Surface
Lens name Lens water content wearing [%0] wearing [%0] treatment
material % at the Detected Detected to prevent
content [%6] beginning water Percentage water Percentage drying
- reduction reduction
[%6] content content
Procear | OMafilcon 62 63,8 - - 59,4 439 NO
Acuvue -
Moist Etafilcon A 58 58,3 53,5 4.8 51,3 7 YES
BioTrue | oS00 78 79.1 : : 75,6 35 YES
Dailies
Agua Nelfilcon A 69 70,4 63,4 7 62,8 7,6 YES
Comfort
Air Optix Lotrafilcon
N&D A 24 31,7 - - 19,2 12,5 NO
Dailies Delefilcon
Total 1 A 33 33,7 28,7 5 28,2 55 YES
Biofinity Comg'c"” 48 49 451 39 446 44 NO
Acuvue .
Oasys with 59”02'00” 38 40 36,7 33 348 5.2 YES
Hydraluxe
Acuvue .
Oasys with Se”OL"CO” 38 40,7 37 37 34,8 59 YES
Hydraclear
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Graph 6 shows the drying of Nelfilcon A contact lenses for individual wearers. The average
decrease in water content in 6 hours was 7.42% for this material, 5.14% in 4 hours. Wearer 2
wore lenses for 5 hours and had a 7.37% decrease in water content, while wearer 3 lost 4.47%

during the same wearing time.
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Graph 6: Drying after wearing for several hours with Nelfilcon A (Dailies Aqua Comfort).

Conclusion

In my article, I focused on the swelling properties of contact lenses currently available on our
market. In the practical part, | compared the declared values of refractive indices and equilibrium
water content on a set of contact lenses with the values obtained by my own measurement.
Insignificant differences were found in the measured values in physiological saline and in distilled
water, when after storage in distilled water, the refractive index of most lenses decreased slightly,
which corresponded to a slight increase in water content.

The predetermined basic hypothesis 1 that the measured refractive indices correspond to the
declared ones was confirmed in 8 out of 14 materials. Higher deviations were mainly for ionic
materials.

When evaluating the calculated values of water contents, differences were recorded, the
highest difference was in the material Lotrafilcon A, namely 8.86% for the difference between the
declared and calculated water content in physiological solution. Here, the basic hypothesis was
confirmed that the calculated water contents correspond to the declared ones, for 9 out of 15

materials.
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When measuring the kinetics of air drying, hypothesis 3 was confirmed that contact lenses with
a higher water content dry slightly longer than lenses with a lower water content. At the same
time, it was confirmed that materials with internal wetting agent technology or anti-drying
treatment actually maintain the original hydration better than other materials.

On a small sample of wearers, hydrogel lenses were found to dry by an average of about 6% in

6 hours of wear, while silicone hydrogel lenses dry by about 7% in the same wearing time.
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Povrchové upravy brylovych cocek

Ceské vysoké uceni technické v Praze, Fakulta biomedicinského inZenyrstvi, Katedra
piirodovédnych obori

Anotace

Tento prispévek se zabyva povrchovymi dpravami brylovych €ocek, zejména antireflexnimi,
absorp¢nimi, reflexnimi a samocisticimi vrstvami. Zaméruje se na jejich ddlezité vlastnosti a
principy pouZiti. V experimentu poté hodnotim vlastnosti komer¢né dostupnych brylovych ¢ocek
a jejich povrchovych tprav a ¢ocek s vrstvou oxidu titanicitého (TiO2). Konkrétné pomoci méreni

transmisivity a smacivosti brylovych cocek.

Klicova slova

Brylova ¢ocka, povrchové Upravy, transmisivita, smacivost, samocistici povrchy

Uvod

Znasich Sesti lidskych smysli je ten nejdilezitéjSi pravé zrak. Prostrednictvim zraku se
orientujeme v prostoru a komunikujeme, sledujeme okolni zivot, svétlo, tmu ¢i barvy. Prijimame
diky nému minimalné 80 % okolnich podnétii a dokud nezpozorujeme jeho vyrazné zhorseni, je
zrak bran jako naprosta samoziejmost. Ke zlepsSeni kvality zraku nam slouZzi pravé povrchové
upravy brylovych cocek, které hraji velkou roli jak ve kvalité zraku nositele, tak v jeho komfortu a
ochrané.

V tomto ¢lanku je v kratkosti shrnuta ma bakalarska prace, ve které se, jak jsem jiZ zmitiovala,
zabyvam predevSim povrchovymi uUpravami brylovych cocek. Okrajové se vénuji i tématu
materialti, které se k vyrobé brylovych ¢ocCek pouzivaly diive ¢i v soucasnosti. Na zakladé reSerse
téchto témat byl proveden experiment, ktery shrnuje posledni sekce — hodnoceni propustnosti a

smacivosti brylovych ¢ocek.

Materialy

Tato sekce pojednava o materialech pouZzivanych k vyrobé drivéjsich i nynéjsich brylovych

¢oCek, tedy o materidlech mineralnich a organickych. Pfedpoklada se, Ze poprvé byly brylové

135



Cocky pouzity do bryli na konci 13. stoleti. Ty byly ptivodné brouseny z kiemenného krystalu,
ktery byl relativné drahy. Od tohoto materialu se preslo k materialtim levnéj$im a modernéjsim.!

Existuje pét hlavnich materialt, ze kterych se bézné brylové cocky vyrabi - sklo (mineralni
material), polymethylmethakrylat (dale jen PMMA), polykarbonat (PC), Columbia Resin (CR-39)
a tzv. vysokoindex (organické materialy).

Sklo je mineralni (anorganicky) material. Do této skupiny radime sklo korunové neboli
draselnovapenaté, které ma Abbeovo Cislo vyssi nez 55 (nizkoindexové - n=1,52), a sklo flintové,
znamé také jako draselnoolovnaté, s Abbeovym cislem niz$im nez 50 (vysokoindexové - n=1,5 az
1,9).2 3. 4 Sklo je velmi odolné proti posSkrabani a vyznacuje se vysokou pruznosti, ktera ale
nezajistuje jeho pevnost. Nevyhodou je, Ze sklo je tézké a pri poskozeni mize ohrozit nositele.
Dalsi nevyhodou je i vyssi tepelna vodivost nez u plastii - tzn., Ze se sklo pri prechodu z chladného
prostiedi do teplejSiho orosi. Proti tomu dnes uz ale také jsou vyvinuty povrchové tpravy. Dnes
se pouziva k vyrobé brylovych cocek prevazné sklo korunové, které je opticky velmi podobné
CR-39.2.4

Organické materialy, nékdy oznacované jako plasty, 1ze rozdélit na termosety (po zahrati
je lze vytvarovat, po zchlazeni uz nelze ménit jejich tvar) a termoplasty (lze je zahrivat a tvarovat
opakované).

CR-39 je termosetova pryskyrice plivodné vyvinuta pro vojenské tcely (kokpity). Tento
material je lehky, odolny mechanicky i chemicky a chrani nositele 1épe neZ sklo - po roztristéni
jsou ,stirepy” vétsi a tupéjsi. Hodnoty indexu lomu toho materialu jsou 1,49 az 1,5 (standard je
1,498).1.25

Polykarbonat (PC) je velmi bézny termoplast, ktery byl opét vynalezen pro vojenské
ucely (prilby letectva). Nékdy je oznacCovan jako termoplasticky kov kviili jeho vysoké razové
je nachylnéjsi k poSkrabani.z s

PMMA, lidové nazyvany jako plexisklo, je vysoce odolny termoplast. Tento material je
levny a vysoce transparentni, ale je mékky, tudiZ nachylny k poskrabani. V dnesni dobé se pro
vyrobu brylovych ¢ocek nepouziva. Index lomu PMMA je 1,49.6

Trivex je Castecné zesitény polyuretanovy polymer, ktery disponuje nejlepSimi
vlastnostmi jak termosett, tak termoplastli. Ma vyborné optické vlastnosti (index lomu 1,532 a
Abbeovo cislo 43-45) a odolnost proti narazu. Brylové Cocky z trivexu jsou tenké, lehké a maji
100% UV ochranu.2.6.7

Vysokoindexové materialy jsou ty s vy$Sim indexem lomu nez 1,5 (nejvyssi hodnoty
indexu lomu jsou az 1,9). Vysokoindexovym materidlem miiZe byt sklo, polykarbonat ¢i trivex.

Brylové ¢ocky z vysokoindexu jsou velmi zten¢ené a maji 100% UV ochranu.é 8
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Povrchové upravy

Bézné brylové ¢ocky se dnes Casto zuslechtuji pomoci riznych povrchovych dprav za
ucelem zlepsSenti jejich optickych ¢i mechanickych vlastnosti - nebo obojitho zaroven. PouZivaji se

upravy od antireflexnich vrstev, pies barveni aZ po samocistici vrstvy - viz obrazek 1.

top coat ” }
antireflex 7/
‘mezivistva BRYLOVA COCKA
barveni

Obrazek 6: Systém povrchovych tprav®

Tvrzeni (HC) je dnes soucasti vSech plastovych brylovych ¢ocek (u sklenénych vétSinou
neni potreba). Kazdodennim nepritelem brylovych Cocek je tfeni, at uz o jiné materialy ci
prachové castice. PoSkrabané brylové Cocky rusi jak kvalitu vidéni, tak i kosmeticky vzhled.
Tvrzeni se nanasi na predni i zadni plochu brylové ¢ocky a zajiStuje vyssi odolnost proti
poskrabani i rozbiti. Tato povrchova tprava vsak nezajisti 100% ochranu proti vnéj$im vliviim. 2
9

Antireflexni vrstva (AR) ma za ukol zajistit co nejvyssi propustnost a minimalizovat
odlesky. Pri priichodu svétla predni a zadni plochou ¢ocky se odrazi asi 4 % svétla - tzn. Ze asi jen
92 % projde aZ do oka. Zbytek paprskl miiZe zplisobovat odlesky.6 Antireflex se sklada vétSinou
z péti a vice vrstev, kdy se sttidaji indexy lomu téchto jednotlivych vrstev - funguje na principu
destruktivni interference.6 9

Absorpcéni vrstva (barveni) se aplikuje na brylové cocky za icCelem sniZeni propustnosti
zvySenim absorpce. Tato Uprava se pouZziva Kk filtraci nadbytetného svétla a (nejen) pro oci
nebezpecného slune¢niho UV zareni. ProtoZe mineralni brylové cocky absorbuji veskeré UV-C

zareni, barvi se za ucelem prijemnéjSiho vidéni (mensi oslnéni).2 10 Propustnost Cocky lze
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regulovat a jeji propustnost v béZnych slunecnich brylich se nejcastéji pohybuje mezi 15 a 30 %.%
11Je nutné, aby slunec¢ni bryle meély UV filtr, protoze pak hrozi poskozeni o¢nich struktur - zornice
za ztmavenou ¢ockou bude dilatovang, a tudiZ do oka prostupuje véts$i mnoZstvi skodlivého zareni.

Reflexni vrstva (HR) funguje piesné naopak nez antireflexni. Jejim pridélem je zvysSeni
povrchové reflektance a sniZeni transmisivity a transparentnosti.l? Prevazna c¢ast zareni
dopadajiciho na ¢ocku se odrazi a zbytek se absorbuje a pfeméni na vnitini (tepelnou) energii.
Tyto vrstvy se obvykle aplikuji na sportovni (lyzovani, cyklistika, vodni sporty) a slunecni bryle ¢i
na bryle slouzici kochrané pred lasery. Propustnost reflexnich vrstev miize také byt
odstupiiovana - u mineralnich cocek lze docilit 25, 50, ale i 75% propustnosti, u organickych jen
25 a7z 35 %. Na rozdil od antireflexni vrstvy, funguje tato vrstva na principu konstruktivni
interference.l.2 6

Samodistici vrstva zajistuje, Ze je povrch cocky velmi hladky, ¢imz je méné
pravdépodobné usazeni prachu ¢i jakychkoli jinych necistot — tzn. ¢im hladsi povrch brylové cocky
je, tim 1épe. Zadna vrstva bohuZel nezajisti, Ze uZ si nositel bryli nikdy nebude muset bryle &istit,
ale velmi to péci o né zjednodusi. Nejcastéji se tato vrstva nanasi v kombinaci s AR vrstvou.10. 13
Tato vrstva funguje bud’ na principu hydrofobity ¢i hydrofility, respektive smacivosti.6 Povrch je
hydrofobni, je-li kontaktni thel prisedlé kapky vétsi nez 90°. Pokud je kontaktni thel vétsi nez
150°, jedna se o povrch superhydrofobni. Naopak je-li kapka prisedla pod thlem mensim nez 90°,
povrch je hydrofilni. Povrch je superhydrofilni v pripadé, je-li kontaktni tthel mensi nez 10°
(nékdy se udavai 5°).13

Hydrofobni neboli vodoodpudivy povlak, je povlak branici ulpivani necistot. Funguje na
principu indického lotusu (lotosovy efekt), kdy se kapicky vody odvali z povrchu i s necistotami.13
Principem této vrstvy je sniZeni adhezni sily mezi povrchem c¢ocky a kapkou vody. Obecné je
vnitini adheze kapky mensi nez adheze mezi povrchem ¢oc¢ky a kapkou, coZ znamen3, Ze je povrch
smacitelny - kapka se na povrch ¢ocky prilepi a zistane kulata. Tuto vnitini adhezi nelze zménit,
a proto se snazime o sniZeni prilnavosti mezi kapkou a povrchem cocky pravé pridanim
hydrofobni vrstvou. Kapka se poté na brylovou ¢ocku neprilepi, ale ihned po kontaktu se odkutali
- povrch bude nesmécitelny.10. 14

Hydrofilita je opakem hydrofobity. Hydrofilni povrchy maji vysokou povrchovou energii
a jsou tedy obvykle silné ptilnavé.6 14 V tomto piipadé kapka na ¢ocku dosedne a rozlije se. Tim

vytvori na brylové Cocce tenky film, ktery se rychle odpari.
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Experiment

Cilem experimentu bylo zjistit, zda jednotlivé povrchové dpravy maji vliv jak na
transmisivitu, tak na smacivost povrchu brylové cocky. ZjiStovala jsem také, zda jsou nami
pripravené vrstvy oxidu titanic¢itého dostatec¢né transparentni a zda nemaji samocistici vlastnosti.

Prvni ¢ast méfeni byla provedena na Fakulté biomedicinského inzenyrstvi CVUT
v laboratofi biomaterialdi a nanotechnologii druha ¢ast poté ve Fyzikalnim tstavu AV CR, kde byly
zminované vrstvy oxidu titanicCitého pripraveny metodou pulzni laserové depozice. Transmisivitu
jsem zjiStovala pomoci UV-VIS spektrofotometru UV-2600 (Shimadzu), kontaktni uhly jsem
zaznamenavala pomoci goniometru DSA100 od firmy Kriiss (metodou prisedlé kapky). K méreni
byly pouZzity komercné dostupné brylové cocky nejcastéji od firmy Zeiss a Omega Optix a skla
s TiO, vrstvami. Komerc¢né dostupné Cocky se lisi nejen typem povrchovych uprav, ale také
optickou mohutnosti, indexem lomu ¢i materidlem. Vrstvy oxidu titanicitého se liSi ,pouze”
depozié¢nimi podminkami. Viechny ¢o¢ky mi poskytla Fakulta biomedicinského inZenyrstvi CVUT

v Kladné.

Vrstvy TiO:

TiO2 neboli oxid titaniCity se bézné vyskytuje v prirodé, predevsim v zemské kiire. Tento
prirozené se vyskytujici oxid titanu ma tfi formy - rutil, anatas a brookit. Je soucasti mnoha nasich
kaZzdodennich potifeb v podobé bilého barviva napi. vzubni pasté, kosmetice, 1écich, ale i
v potravinach. Oxid titaniCity je biokompatibilni levny polovodi¢ s vybornou transmisivitou ve
viditelném a blizkém IR spektru, ma vynikajici povrchovou aktivitu viici UV zareni a je vysoce
chemicky stabilni. Znam je také diky svému vysokému indexu lomu s hodnotou 2,7.2.15.16

Vrstvy TiO; je moZzné deponovat mnoha riznymi metodami (tepelné, plazmaticky,
iontovym svazkem). Métené vzorky byly pfipraveny na substrat, v nasem piipadé podlozni sklo,
metodou PLD (Pulsni Laserova Depozice). Kazda zvrstev byla ptipravena zterCe oxidu
titani¢itého na substrat za pouziti excimerového laseru o vlnové délce 248 nm v kyslikové
atmosfére. Opakovaci frekvence laseru byla 10 Hz s délkou pulzu 20 ns, s velikosti stopy na terci
9,75 mm?2 a s hustotou energie na terci 2 az 3,6 J-cm-2. Ke zlepSeni kvality deponovanych vrstev
byl pti depozici pouzit i radiofrekvencni vyboj.

Pulsni laserova depozice je jedinecna depozicni technologie a je rozsirena pomérné kratce
- od konce 80. let. Metoda PLD byla popularizovana piedevsim diky stechiometrickému pienosu
a jednoduchosti pti pocatecnim nastaveni a pri vyzkumu jakychkoliv oxidovych sloucenin. PLD je
sice pomérné finan¢né narocna, ale lze pomoci ni nadeponovat mnoho povrchd. BohuZzel

neumoznuje jednoduse nadeponovat vrstvy na velké nebo tvarové slozité vzorky. Dnes se tato
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metoda pouziva kdepozici izolatord, polovodicli, kovi, polymert ¢i dokonce biologickych
materialti.17. 18 Jedna se o proces fyzické depozice par ve vakuovém systému. Laser, nejCastéji
excimerovy, je zaméfen na ter¢, ze kterého je kazdym pulzem vypareno ¢i ablaovano malé
mnozstvi urcité latky (napt. TiO2). Tim se vytvori plazmovy oblacek, ktery se poté zachyti na
substrat (napft. podloZni sklo) a vytvori tenkou vrstvu. Depozice je ovlivnéna mnoha faktory -
soubor téchto faktori Ize také nazvat depozi¢nimi podminkami. ZaleZi jak na teploté okoli, tak na

teploté substratu, tlaku plynu, na vzdalenosti substratu a terce, na energii laseru a jeho vlnové

délce i na materialovych vlastnostech.16.17, 18

Vysledky experimentu

Dnes nejbéznéji pouzivané brylové cocky maji index lomu pohybujici se v hodnotach od 1,45
do 1,60. Soucasti prakticky vSech dneSnich Cocek je tvrzeni ¢i antireflexni Gprava - €i oboji.
Antireflexni vrstvy mohou mit zbytkové reflexy at' uz v klasické zelené barvé nebo v modré i
fialové a mély by propoustét zareni aZ od vlnovych délek vy$sich nez 350 nm. Pripravené vrstvy
TiO, taktéz (jiz od vinové délky 340 nm).

Ocekavalo se, Ze nejlepsi, az 100% propustnost, budou mit brylové ¢oc¢ky s antireflexni vrstvou,
coZ se mym méienim potvrdilo. Co¢ky s AR, popiipadé superAR vrstvou a ¢oc¢ky s tipravou
LotuTec (HC + AR + clean coat) mély transmisivitu ve viditelném spektru opravdu bliZici se 100
% - obrazek 2. Uprava DuraVision s indexem lomu 1,5, ktera se sklada z tvrzeni a antireflexu, méla

také témér 100% transmisivitu - obrazek 2.
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Obrazek 7: Graf transmisivity ¢ocek s indexem lomu 1,50 2

Hned po téchto povrchovych upravach nasleduji brylové cocky s HMC upravou (AR +

hydrofobni vrstva), jejichZ propustnost se pohybovala kolem 98 % - obrazek 2. Mérené cocky
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s vrstvou HMC se sice liSily materidlem (polymethylmethakrylat, plast a Trivex), ale propustnost
meély témér stejnou. Jen u brylovych co¢ek z PMMA dochazelo k interferenci.

Mérené tvrzené brylové Cocky nemély antireflexni tipravu, ale i presto se jejich transmisivita
pohybovala relativné vysoko - okolo 90 % (obrazek 2). Na stejnych hodnotach byla propustnost i
Cocek s upravou DuraVision BlueProtect, DriveSafe a Silver. Pro porovnani byla do méteni pfidana
i absorpcni brylova ¢ocka DuraVision Sun, ktera ma Sedé zabarveni. Tato absorpc¢ni ¢ocka ma za
ukol absorbovat UV-C zareni (vinova délka 100-280 nm) a sniZovat transmisivitu a tim i oslnéni.
Brylova c¢ocka v tomto méreni obstdla vyborné s transmisivitou v rozmezi od 14 do 64 % ve
viditelném svételném spektru.

K dokdzani zavislosti transmisivity na materidlu cocky jsem provedla méreni cocek
z rozdilnych materialt (ale se stejnym indexem lomu). Plastova ¢oc¢ka méla transmisivitu vyssi
nez mineralni, ale mineralni propoustéla svétlo ve vétSim spektru vinovych délek.

Pripravené vrstvy TiO; vykazovaly velikou interferenci a jejich transmisivita (obrazek 3) se
pohybovala vrozpéti od 50 do 90 %. Jednotlivé vrstvy se liSily depozi¢nimi podminkami -
rozdilnym tlakem O pfi depozici (udava mnozstvi TiO; ve vrstvé), poctem pulzl laseru pii
depozici (udava tloustku vrstvy) a hustotou energie laseru na terci. Pokud by byly vrstvy silnéjsi,

interference by se sniZzila ¢i naprosto vymizela.
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Obrazek 8: Graf transmisivity vrstev TiOz liSicich se po¢tem pulzi pti depozici 2

Smacivost vrstev oxidu titanic¢itého kolisala na prechodu hydrofobniho a hydrofilnitho povrchu
- vétSina byla ale spiSe hydrofobni (kontaktni thel byl vétsi nez 90°). Byla snaha o pripravu vrstev
S co nejvetsi transparenci, to se ale pri méfeni bohuzel ukazalo v rozporu s nizkymi hodnotami
kontaktniho dhlu. Vrstvy s nizkym kontaktnim thlem (pod 10°) jsou témér nepriihledné, jako je

vidét v literature [16].
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Naopak smacivost bézné dostupnych cocek se navzajem velmi liSila, a to diky rozdilnym
povrchovym uUpravam. Brylové ¢ocky s AR a HMC vrstvou mély povrch hydrofobni, byl tedy
naméten kontaktni dhel vétsi nez 90°. Na druhé strané Cocky s tvrzenim ¢i Uplné bez povrchové
upravy mély povrch hydrofilni, tedy maji kontaktni thel mensi nez 90°.

Transmisivita brylovych ¢ocek tedy zavisi na typu povrchovych tprav, ale také na indexu lomu
daného materialu. Naopak se méienim potvrdilo, Ze propustnost nezavisi na optické mohutnosti

brylové ¢ocky. Smacivost, stejné jako transmisivita, hodné zavisi na povrchové upraveé cocky.

Zaveér

Cilem experimentu bylo zjistit, zda jednotlivé povrchové tpravy a parametry brylovych cocek
(index lomu, optickd mohutnost) ovliviiuji jejich transmisivitu a smacivost. Dal$im cilem bylo
zjistit, zda jsou pripravené vrstvy TiO; hydrofobni ¢i hydrofilni. Z mého méreni tedy vyplynulo, Ze
brylové ¢ocky s indexem lomu vy$$im nez 1,5 propoustéji zareni od vyssich vinovych délek - maji
transmisivitu mély cocky s tvrzenim Ci zcela bez Uprav. Transmisivita se liSila i u brylovych cocek
z rozdilnych materialt.

Experimentem jsem tedy dokazala, Ze transmisivita brylovych Cocek zavisi nejen na typu
zuslecht'ujici upravy, kterou je Cocka opatiena, ale také na indexu lomu a na materialu samotném,
coZ spolu uzce souvisi. Naopak jsem meérenim zjistila, Ze propustnost nezavisi na optické
mohutnosti brylové cocky. Smacivost, stejné jako transmisivita, hodné zavisi na povrchové tprave
¢oCky. Zjistila jsem, Ze nejvice smacivé jsou Cocky s tvrzenim ¢i naprosto bez uprav, naopak
nejmensi smacivost mély brylové ¢ocky s antireflexem. Vrstvy oxidu titanic¢itého oscilovaly na
piechodu hydrofobniho a hydrofilntho povrchu. Zadnd z méfenych ¢oéek neméla povrch
superhydrofobni (kontaktni tthel vétSi nez 150°) ani superhydrofilni (kontaktni thel mensi nez
10°). Je ale moZné na jiz hydrofilni povrch brylové cocky nanést tenkou vrstvu TiO; a zjiz
hydrofilniho povrchu tak vytvorit povrch superhydrofilni. Tyto vrstvy byvaji ale bilé a témér
neprihledné, a proto je nutno dale hledat idealni vlastnosti pro piipravu vrstev, u kterych by bylo
dosazeno obou vlastnosti zaroven - vysoké propustnosti (a tim prihlednosti) a dokonalé
smacivosti. NasSe pripravené vrstvy by sice zajistily lepsi samocistici ucinky, ale na ukor jejich

transmisivity, ktera byla bohuzel horsi.

142



Pouzita literatura

10.

11.

12.

13.

14.

15.

16.

17.
18.

MEISTER, D. a SHEEDY, J. E. Introduction to Ophthalmic Optics. 5. Carl Zeiss Vision, 2004.
REVAYOVA K. Povrchové tpravy brylovych ¢ocek. Praha, 2021. Bakalafské prace. CVUT v
Praze, FBML

JANCIK, P. Optické materialy pro vyrobu brylovych ¢o¢ek. Brno, 2006.

ZEISS, C. Handbook of Ophthalmic Optics. 2. Némecko, 1991.

RUBIN, M. L. Spectacles: Past, present, and future. Survey of Ophthalmology. 1986, 30(5),
321-327.1SSN 00396257.DO0I: 10.1016/0039-6257(86)90064-0.

VESELY, P., SIMOVIC, P, PETROVA, S. Konvenéni a Free-Form technologie vyroby
brylovych ¢ocek, ed. 1., NCONZO Brno, 2014, 141 s., ISBN 978-80-7013-566-2.
BHOOTRA, A. K. Ophthalmic lenses. Jaypee Brothers,Medical Publishers Pvt. Limited,
2009.ISBN 9788184486049.

Manufacturing: Materials selection. Open Learn [online]. 1999 [cit. 2020-11-9]. Dostupné
Z: https://www.open.edu/openlearn/science-maths-technology/design-
innovation/manufacturing/content-section-7.9

Essilor. Ophthalmic optics files. [online]. Coatings [online]. 2011 [cit. 2020-11-28]
Dostupné z: https://www.essiloracademy.eu/sites/default/files/10.Coatings.pdf
BUYUKYILDIZ, H. Z. Coatings and Tints of Spectacle Lenses. 2012, 11. DOI:
10.4274 /tjo.42.52724.

BROOKS, C. W, BORISH, I. M. System for Ophthalmic Dispensing. 3. Butterworth-
Heinemann, 2006, 688 s. ISBN 9780702038914.

Highly Reflective Coatings. Edmund Optics: Worldwide [online]. [cit. 2020-12-7].
Dostupné Z: https://www.edmundoptics.com/knowledge-
center/applicationnotes/optics/highly-reflective-coatings/

ALIOFKHAZRAEI, M., Wetting and Wettability, ed. 1, InTech, 2015, ISBN 978-953-51-
2215-9.

DAOUD, W. A. Self-Cleaning Materials and Surfaces: A Nanotechnology Approach. Spojené
Kralovstvi: Chichester: John Wiley, 2013, 368 s. ISBN 978-1-118-65236-7.

PARRINO, F., PALMISANO, L. Titanium Dioxide (TiO;) and Its Applications: A volume in
Metal Oxides. Elsevier, 2021. I[SBN 978-0-12-819960-2.

REMSA, ]. Priprava tenkych vrstev TiO2 pomoci PLD metody. Praha, 2009. Diplomova
prace. CVUT v Praze, FJFL

JELINEK, M. Laserova depozice tenkych vrstev pro biomedicinu. Praha, 2008. CVUT FJFI.
EASON, R. (Ed.). (2006). Pulsed Laser Deposition of Thin Films, DOI:10.1002/047005212.

143



Bc. Kamila Révayova, Ing. Petr Pisarik, PhD.

Surface treatment of spectacle lenses

Czech Technical University in Prague, Faculty of Biomedical Engineering, Department of Natural
Sciences

Abstract

This article deals with the surface treatment of spectacle lenses, especially anti-reflective,
absorbent, reflective and self-cleaning layers. The article focuses on their important properties
and principles of use. The experiment then evaluates the properties of commercially available
spectacle lenses and their surface treatments and lenses with titanium dioxide layer. Specifically

by measuring the transmissivity and wettability.

Keywords

Spectacle lens, surface treatments, transmissivity, wettability, self-cleaning surfaces

Introduction

Out of our six human senses, sight is the most important one. Sight helps us with orientation in
space and communication, with observing our surrounding life, light, darkness, or colours. Thanks
to sight, we receive at least 80 % of the surrounding stimuli and until we notice a significant
deterioration, sight is taken for granted. To improve the quality of vision, we use the surface
treatments, which play a large role both in the quality of the wearer’s vision and in its comfort and
protection.

This article briefly summarizes my bachelor’s thesis, in which, as I've already mentioned, I deal
mainly with the surface treatment of spectacle lenses. I also deal with the topic of materials that
were used to produce spectacle lenses in the past or in the present. Based on a research of these
topics, an experiment was performed - evaluation of permeability and wettability of spectacle

lenses. The experiment summarizes the last section of this article.

Materials

This section deals with materials used for the production of past and current spectacle lenses,

i.e. mineral and organic materials. [t is believed that spectacle lenses were first used in spectacles
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at the end of the 13th century. These were originally cut from a quartz crystal, which was
relatively expensive. From this material we switched to cheaper and more modern materials.!

There are five main materials from which spectacle lenses are commonly made - glass (mineral
material), polymethyl methacrylate (PMMA), polycarbonate (PC), Columbia Resin (CR-39) and the
so-called high index (organic materials).

Glass is a mineral (inorganic) material. This group includes crown or potassium calcium glass,
which has an Abbe number higher than 55 (low-index - n=1,52) and flint glass, also known as
potassium-lead glass, with Abbe number lower than 50 (high-index - n=1,5 to 1,9).2 3.4 Glass is
very scratch-resistant and is characterized by high flexibility, which does not ensure its strength.
The disadvantage is that the glass is heavy and can injure the wearer if damaged. Another
disadvantage is the higher thermal conductivity than in plastics - i.e. the glass gets dewy when
changing from a cold environment to a warmer one. To solve this problem, surface treatments
have been developed. Today, crown glass is used the most to produce spectacle lenses. Crown
glass is optically very similar to CR-39.2.4

Organic materials, sometimes referred to as plastics, can be divided into thermosets (they can
be shaped after heating, after cooling they can’t be shaped again) and thermoplastics (they can be
heated and shaped repeatedly).

CR-39 is a thermosetting resin originally developed for military purposes (cockpits). This
material is light, resistant mechanically and chemically and protects the wearer better than glass
- after shattering, the “shards” are larger and duller. The refractive index values of this material
are 1,49 to 1,5 (the standard is 1,498).1.2.5

Polycarbonate is a very common thermoplastic, which was again invented for military
purposes (air force helmets). It is sometimes referred to as a thermoplastic metal due to its
strength. It is the safest, has a high refractive index (1,586) and 100% UV protection. But it is soft,
making it prone to scratches.2.5

PMMA, also known as plexiglass, is highly durable thermoplastic. This material is cheap and
highly transparent, but it is soft and therefore prone to scratches. Today, it is not used for the
production of spectacle lenses. The refractive index of PMMA is 1,49.6

Trivex is a partially crosslinked polyurethane polymer that has the best properties of both
thermosets and thermoplastics. It has excellent optical properties (refractive index 1,532 and
Abbe number 43-45) and impact resistance. Trivex lenses are thin, light and have 100% UV
protection.% 67

High-index materials are those with a higher refractive index than 1,5 (the highest values of
the refractive index are up to 1,9). The high-index material can be glass, PC or trivex. High-index

lenses are very thin and have 100% UV protection.6.8
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Surface treatments

Today, conventional spectacle lenses are often refined with various surface treatments to
improve their optical or mechanical properties - or both. Modifications from anti-reflective layers,

through dyeing to self-cleaning layers are used - see Figure 1.

AR

HARD COAT

DYES

- Ty,

Figure 1: Surface treatment system?

Hard coat (HC) is now part of all plastic spectacle lenses (for glasses it is usually not needed).
Friction, whether of other materials or dust particles, is an everyday enemy of spectacle lenses.
Scratched spectacle lenses impair both the quality of vision and the cosmetic appearance. Hard
coat is applied to the front and back of the spectacle lens and provides higher resistance to
scratches and breakage. However, this surface treatment does not provide 100% protection
against external influences.2 9

The purpose of the anti-reflective coating (AR) is to ensure the highest possible
transmittance and minimize glare. When light passes through the front and back surfaces of the
lens, about 4 % of the light is reflected - i.e. that only about 92 % pass to the eye. The rest of the
rays can cause glare.6 AR coating usually consists of five or more layers, where the refractive
indices of these individual layers alternate - it works on the principle of destructive
interference.t 9

The absorbent layer (dyeing) is applied to the spectacle lenses to reduce permeability by
increasing the absorption. This treatment is used to filter excess light and (not only) dangerous

sunlight for the eyes. Because mineral spectacle lenses absorb all UV-C radiation, they are

146



coloured for more pleasant vision (less glare).2 10 The permeability of the lens can be regulated
and its permeability in ordinary sunglasses is most often between 15 and 30 %.% 11 It is necessary
for sunglasses to have a UV filter, because then there is a risk of damage to eye structures - the
pupil behind the darkened lens will be dilated, and therefore a greater amount of harmful
radiation penetrates into the eye.

The reflective layer (HR) works exactly the opposite of the antireflective layer. Its allocation
is to increase surface reflectance and reduce transmissibility and transparency.12 Most of the
radiation incident on the lens is reflected and the rest is absorbed and converted into internal
(thermal) energy. These layers are usually applied to sports glasses (skiing, cycling, water sports)
and sunglasses or to glasses used to protect against lasers. The transmittance of reflective layers
can also be graded - for mineral lenses it is possible to achieve 25, 50, but also 75% transmittance,
for organic only 25 to 35%. Unlike the anti-reflection layer, this layer works on the principle of
constructive interference.l 2.6

The self-cleaning layer ensures that the surface of the lens is very smooth, making it less likely
that dust or any other impurities will settle - i.e. the smoother the surface on the spectacle lens,
the better. Unfortunately, no layer will ensure that the wearer of the flasses will never have to
clean the glasses again, but it will greatly simplify their care. This layer is most often applied in
combination with the AR layer.10.13 This layer works either on the principle of hydrophobicity or
hydrophilicity, or wettability.¢ The surface is hydrophobic if the contact angle of the sessile drop
is greater than 90°. If the contact angle is greater than 150°, it is a superhydrophobic surface.
Conversely, if the droplet is seated at an angle of less than 90°, the surface is hydrophilic. The
surface is superhydrophilic if the contact angle is less than 10° (sometimes even 5°).13

A hydrophobic or water-repellent coating is a coating that prevents dirt from adhering. It
works on the principle of the Indian lotus (lotus effect), where water droplets roll off the surface
even with impurities.!3 The principle of this layer is to reduce adhesive force between the lens
surface and the water drop. In general, the internal adhesion of the droplet is less than the
adhesion between the lens surface and the droplet, which means that the surface is wettable - the
droplet adheres to the lens surface and remains round. The internal adhesion cannot be changed,
so we try to reduce the adhesion between the drop and the lens surface just by adding a
hydrophobic layer. The drop will then not stick to the spectacle lens but will roll off immediately
after contact - the surface will be wettable.10. 14

Hydrophilicity is the opposite of hydrophobicity. Hydrophilic surfaces have a high surface
energy and are therefore usually highly adhesive.6 14 In this case, the drop lands on the lens and

spills. This creates a thin film on the spectacle lens that evaporates quickly.
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Experiment

The aim of the experiment was to determine whether the individual surface treatments
influence both the transmissivity and the wettability of the surface of the spectacle lens. I was also
investigating whether the titanium dioxide layers prepared by is are sufficiently transparent and
whether they are not self-cleaning.

The first part of the experiment was performed at the Faculty of Biomedical Engineering CTU
in the laboratory of biomaterials and nanotechnologies, the second part then at the Institute of
Physics AS CR, where the mentioned layers of titanium dioxide were prepared by pulsed laser
deposition. 1 determined the transmissivity using a UV-VIS spectrophotometer UV-2600
(Shimadzu), and the contact angles were recorded using a DSA100 goniometer from Kriiss (sessile
drop method). Commercially available spectacle lenses, most often from Zeiss and Omega Optix,
and glasses with TiO2 layers were used for the measurement. Commercially available lenses differ
not only in the type of surface treatment, but also in optical power, refractive index, or material.
Titanium dioxide layers differ "only" by deposition conditions. All lenses were provided to me by

the Faculty of Biomedical Engineering of the Czech Technical University in Kladno.

TiO: layers

TiO; or titanium dioxide is commonly found in nature, especially in the earth's crust. This
naturally occurring titanium oxide has three forms - rutile, anatase and brookite. It is part of many
of our daily needs in the form of white dye, for example in toothpaste, cosmetics, medicines, but
also in food. Titanium dioxide is a biocompatible, inexpensive semiconductor with excellent
transmissibility in the visible and near IR spectrum, has excellent surface activity against UV
radiation, and is highly chemically stable. I am also known for their high refractive index of 2,7.2
15,16

TiO; layers can be deposited by many different methods (thermal, plasma, ion beam). The
measured samples were prepared on a substrate, in our case a slide glass, by the PLD (Pulsed
Laser Deposition) method. Each of the layers was prepared from a titanium dioxide target on a
substrate using an excimer laser at a wavelength of 248 nm in an oxygen atmosphere. The
repetition frequency of the laser was 10 Hz with a pulse length of 20 ns, with a trace size on the
target of 9,75 mm? and with an energy density on the target of 2 to 3,6 J-cm-2. To improve the
quality of the deposited layers, radiofrequency discharge was also used during deposition.

Pulsed laser deposition is a unique deposition technology and has been widely used since the
late 1980s. The PLD method was popularized mainly due to stoichiometric transfer and simplicity

in the initial setup and in the research of any oxide compounds. Although PLD is relatively
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expensive, it can be used to apply many surfaces. Unfortunately, it does not allow you to easily
deposit layers on large or complex samples. Today, this method is used to deposit insulators,
semiconductors, metals, polymers, or even biological materials.17. 18 This is a process of physical
vapor deposition in a vacuum system. The laser, most often an excimer, is focused on a target from
which a small amount of a certain substance (e.g. TiO2) is evaporated or ablated with each pulse.
This creates a plasma cloud, which is then attached to a substrate (e.g. a slide glass) and forms a
thin layer. Deposition is affected by many factors - a set of these factors can also be called
deposition conditions. It depends on both the ambient temperature and the temperature of the
substrate, the gas pressure, the distance between the substrate and the target, the energy of the

laser and its wavelength, or the material properties.1é.17.18

Results of the experiment

Today, the most used spectacle lenses have a refractive index ranging from 1,45 to 1,60. Part
of virtually all lenses today is hard coat or anti-reflective treatment - or both. Anti-reflective layers
can have residual reflections in either classic green or blue or purple and should transmit
radiation from wavelengths higher than 350 nm. Prepared TiO; layers also (from wavelength 340
nm).

It was expected that the best, up to 100% transmittance, would be spectacle lenses with an
anti-reflective coating, which was confirmed by my measurements. Lenses with AR or superAR,
layer and lenses with LotuTec treatment (HC + AR + clean coat) had transmissivity in the visible
spectrum close to 100% - Figure 2. DuraVision treatment with a refractive index of 1,5, which

consists of HC and AR layer, also had almost 100% transmissivity - Figure 2.
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Figure 2: Graph of lens transmittance with a refractive index of 1,50 2
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Immediately after these surface treatments, spectacle lenses with HMC treatment (AR +
hydrophobic layer) followed, whose permeability was around 98% - Figure 2. Measured lenses
with HMC layer differed in material (polymethyl methacrylate, plastic and Trivex), but they had
almost the same permeability. Only PMMA spectacle lenses interfered.

The measured hardened spectacle lenses did not have an anti-reflective treatment, but even
so, their transmissivity was relatively high - around 90% (Figure 2). The permeability of the lenses
with DuraVision BlueProtect, DriveSafe and Silver was at the same values. For comparison, an
absorbent DuraVision Sun spectacle lens, which has a gray color, was also added to the
measurement. The purpose of this absorbent lens is to absorb UV-C radiation (wavelength 100-
280 nm) and reduce transmissivity and thus glare. The spectacle lens withstood excellent
transmittance in the range of 14 to 64 % in the visible light spectrum in this measurement.

To prove the dependence of transmissivity on the lens material, I measured lenses from
different materials (but with the same refractive index). The plastic lens had a higher
transmissivity than the mineral, but the mineral transmitted light in a larger spectrum.

The prepared TiO; layers showed a lot of interference and their transmissivity (Figure 3)
ranged from 50 to 90 %. The individual layers differed in deposition conditions - different O
pressure during deposition (indicates the amount of TiO; in the layer), the number of laser pulses
during deposition (indicates the layer thickness) and the energy density of the laser on the target.

If the layers were thicker, the interference would be reduced or eliminated.
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Figure 3: Graph of transmissivity of TiO: layers differing in the number of pulses during deposition?

The wettability of the titanium dioxide layers fluctuated at the transition of the hydrophobic
and hydrophilic surface - but most were rather hydrophobic (contact angle was greater than 90°).
There was an effort to prepare layers with the greatest possible transparency, but this
unfortunately turned out to conflict with the low values of the contact angle. Layers with a low
contact angle (below 10°) are almost opaque, as seen in the literature [16].

On the contrary, the wettability of commonly available lenses differed greatly from each other,

due to different surface treatments. Spectacle lenses with AR and HMC layer had a hydrophobic
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surface, so a contact angle greater than 90° was measured. On the other hand, lenses with or
without hard coat had a hydrophilic surface, i.e. they have a contact angle of less than 90°.

The transmissivity of spectacle lenses therefore depends on the type of surface treatment, but
also on the refractive index of the given material. On the contrary, the measurement confirmed
that the transmittance does not depend on the optical power of the spectacle lens. Wettability, as

well as transmissivity, depends a lot on the surface finish of the lens.

Conclusion

The aim of the experiment was to determine whether the individual surface treatments and
parameters of spectacle lenses (refractive index, optical power) affect their transmissivity and
wettability. Another goal was to determine whether the prepared TiO: layers are hydrophobic or
hydrophilic. Thus, my measurements showed that spectacle lenses with a refractive index higher
than 1,5 transmit radiation from higher wavelengths - so they have higher UV protection. The
highest transmissivity was shown by lenses with AR treatment, on the contrary the lowest
transmissivity was in lenses with hard coat or completely without adjustments. The
transmissivity also differed for spectacle lenses made of different materials.

Thus, [ proved by experiment that the transmissivity of spectacle lenses depends not only on
the type of finishing treatment with which the lens is provided, but also on the refractive index
and on the material itself, which is closely related. On the contrary, I found out by measurement
that the transmittance does not depend on the optical power of the spectacle lens. Wettability, as
well as transmissivity, depends a lot on the surface finish of the lens. I found that the most wettable
are lenses with hardening or completely without adjustments, on the contrary, the least wettable
were spectacle lenses with anti-reflective coating. The titanium dioxide layers oscillated at the
transition of the hydrophobic and hydrophilic surfaces. None of the measured lenses had a
superhydrophobic (contact angle greater than 150°) or superhydrophilic (contact angle less than
10°) surface. However, it is possible to apply a thin layer of TiO; to the already hydrophilic surface
of the spectacle lens and thus form a superhydrophilic surface from the already hydrophilic
surface. However, these layers tend to be white and almost opaque, so it is necessary to look for
ideal properties for the preparation of layers in which both properties would be achieved at the
same time - high permeability (and thus transparency) and perfect wettability. Our prepared
layers would provide better self-cleaning effects, but at the expense of their transmissivity, which

was unfortunately worse.
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Zrakovy trénink sportovcii a jeho vliv na sportovni vykon

Katedra optometrie a ortoptiky, Lékai'ska fakulta, Masarykova univerzita Brno

Anotace

Prace se zabyva tréninkem vizualniho systému zaméteného na sportovce. V prvni ¢asti této
prace je teoreticky popsano hodnoceni vizualnich schopnosti u sportovci, jednotlivé zrakové
dovednosti dulezité pro rizné druhy sportovnich aktivit. Jako dalsi je vysvétleni metodiky

vyzkumu, ukazka z namétenych dat u 2 sportovcti je popsana v ¢asti posledni.

Klicova slova

Vizualni optometrie, okohybné svaly, sport

Dnesni sport je o rychlosti a vyhodnoceni dané situace. Pokud hracovy oci nejsou schopny - at’
uz z divodi ostrosti, nebo Spatné koordinace oci, presné zamérit na co se divaji, je mozek nucen
k opravnym pohybtim oka. To vede k pozdni reakci a rovnéz potrebé vykonavat dalsi pohyb téla.

Sportovni vykon je ndrocny jak pro celé télo, tak i pro o¢i. V posledni dobé se kvalitni sportovci
vice zaméruji nejen na fyzickou stranku, ale i na trénink kognitivnich funkci a s tim spojené
vnimani{ zrakem.

Zrakovy vjem ma za nasledek aktivaci svali celého téla, jak ekl legendarni fotbalovy trenér
Blanton Collier: , 0¢i vedou télo.” Zrak poskytuje sportovcim informaci o tom, kde se nachazeji,
dale velikost, rychlost, vzdalenost, polohu jak svou vlastni, tak spoluhrace ¢i predmétu. Hbitost
hrace nemtze byt maximalni pokud, neni vizualni informace dostate¢né rychla a ptresna.

Mezi prvky vizualniho systému hodnotici se u sportovcii fadime ostrost, motorickou, slozku a

zpracovani informaci. 2

Hodnoceni vizualnich dovednosti ve sportu

Kazdy sport ma riizné vizualni pozadavky. Napiiklad dynamické sporty, jako fotbal nebo
basketbal, zatézuji zrakovy systém jinym zplisobem na rozdil od sportovni stielby nebo
horolezectvi.

Pii hodnoceni vizudlniho systému rozdélujeme schopnosti na statické a dynamické. Staticka
sloZka je ta, kde je zrakovy podmét nehybny, typické pro sporty jako lukostielba, strelba na cil,

golf, ale i hod na ko$ v basketbalu ¢i mifeni na branu ve fotbalu nebo hokeji. Dynamicka cast
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zahrnuje zpracovani zrakové informace v pohybu, pro vétSinu sportli je tato Cast typicka a
prioritni.

UdrZeni pozornosti je dulezita ¢ast hodnotici se u sportovci. Délka hry je v mnoha sportech
delsi nez 2 hodiny. Pri sportovnich vykonech jako je naptiklad horolezectvi, je nucen jedinec
udrZovat neustalou pozornost aZ nékolik hodin.

Kontrastni citlivost, posuzovani jemnych rozdilt kontrastu je béZznym vizualnim tdkolem ve
sportu. Kontrast miize byt ovlivnén zménou osvétleni v budovach, ¢i zménou pocasi venku. Dale
miiZe byt kontrast ovlivnén stiny, oslnénim, stavem povrchu ¢i pozadim. Navic kontrast objektu
se automaticky snizuje, jestliZe je v pohybu.

Odhad vzdalenosti a velikosti, hodnotime schopnost odhadnuti velikosti vizualniho cile, jeho
rychlost a pozorovaci vzdalenost. Za timto ucelem se hodnoti vizualni potfeby pro jednotlivé
sporty, ale i pro jednotlivé pozice ve sportu. Naptiklad hokejovy puk, je daleko mensi a pohybuje
se vétsi rychlosti z vétsi vzdalenosti neZ basketbalovy mi¢. Dale budou pro hokejového brankare
rozdilné naroky na zrakovy systém neZ pro utoc¢nika ve stejném sportu.

Reak¢ni ¢as je doba, kterou ma sportovec na vyhodnoceni dané situace a spravné reakci. Hrac
v baseballu ma 250 ms na zpracovani vizualni informace a spravné reakci, nez nahozeny mic
doleti na jeho baseballovou raketu. S tim souvisi dalsi zrakové schopnost sportovce nazyvana jako
rychlost preostireni dalka/blizko. Tato dovednost je dand pomoci akomodac¢niho systému oka,
jeho schopnosti rychle zaostrit na predmeéty v riiznych vzdalenostech.

Hloubkové vidéni je dalsi aspekt k posouzeni vzdalenosti, kde presné v prostoru se predmét
nachazi viici sportovci samému, ostatnim hraciim ¢i predmétiim, trajektorii, po které se pohybuje
apod.

Dale hodnotime velikost zorného pole, vestibularni systém/balanc, koordinaci oko-noha, oko-

ruka, thly pohledu. !

Metodika vyzkumu

Tento vyzkum se zabyva vizualnim tréninkem sportovcli riznych druhl sportd, jejich
6meésicnim tréninkovym programem, vyhodnocenim a posouzenim jeho ucinnosti na zrakovy
systém a jeho vliv a vykon sportovce.

U jedincid jsou mérena data staticka i dynamicka. Staticka data jsou ostrost vidéni, motilita,
maximalni bod konvergence, vergen¢ni a akomodacni flexibilita, AC/A pomér, fizni rezervy,
rozsah zorného pole.

Dynamicka data jsou méiena pomoci pocitacového programu Senaptec. Jsou zde zaznamenany

hodnoty citlivosti na kontrast, rychlost preostreni dalka/blizko, odhad vzdalenosti, reakeni cas,

piredvidavost, hloubkové vidéni.
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Méreni probihd jednou mésicné po dobu Sesti mésici. Pii kazdé kontrole jsou vSechna data
opét zmeéreny, jsou zaznamenany zmeény a nasledné je urcen trénink na dalsi mésic. Sportovec ma

za ukol tento trénink vykonavat kazdy den, po dobu alespoii 15 min.

Obrazek 9 Senaptec senzory station 3

Vysledky

1. Basketbalista 24 let. Zrakova ostrost byla pomoci korekce KC dosaZena na 100 %.
Sportovec subjektivné popisuje problémy s unavou, bolesti hlavy, neschopnosti
soustredit se delsi dobu. Po vstupnim vySetreni byly zjiStény zrakové nedostatky jak

v statické ¢asti, tak i v dynamické.
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Tabulka 3 vstupni hodnoty vizudlniho systému

statika dynamika

Akomodace P (43%) Odhad vzdalenosti (17%)
Akomodace L (45%)

Akomodace bino (55%)

Vergencni flexibilita (20%) Rychlost pieostieni D/B (30%)

Fazni rezervy divergence (25%) Predvidavost (38%)

Fazni rezervy divergence (70%)

(90%)

Motilita P (70%) Sledovani vice objektd (8%)
Motilita L (70%)
Maximalni bod  konvergence Reakéni cas (65%)

Graf 1: Basketbalista - Staticka data
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Graf 1 Statickd data Basketbalista
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Graf 2: Basketbalista - dynamicka data
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Graf 2 Dynamickd data Basketbalista

U sportovce probéhly zatim 3 mésice tréninkového planu, miizeme pozorovat zlepseni:

e Vergencni flexibility o 5 %
e Motilita 30 %

e Akomodace Po 37 %

e Akomodace Lo 19 %

e Fuzni rezervy divergence o 45 %
ZlepSeni probéhlo i v ¢asti dynamické

e Odhad vzdalenostio 17 %

e Rychlost preostieni dalka/blizko 34 %
e Predvidavost 26 %

e Sledovani vice objektli 44 %

e Reakénicas 12 %
Zlepseni miizeme pozorovat jiz po prvnim mésici tréninku, dalsi zlepsSenti jiz nastava pozvolné.

2. Hokejovy brankar 21 let. Zrakova ostrost je u sportovce 100 % naturdlné. Po
vstupnim vySetieni naméieny nedostatky jak v ¢asti statické i dynamické. Subjektivné

sportovec udava neschopnost udrzeni pozornosti na pohybujici se puk.
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Tabulka 4 vstupni hodnoty vizudIniho systému

statika dynamika

Akomodace P (20%) Odhad vzdalenosti (23%)
Akomodace L (15%)
Akomodace bino (12%)

Vergencni flexibilita (8%) Rychlost pteostieni D/B (1%)

Fuzni rezervy divergence (30%)  Predvidavost (12%)

Fazni rezervy divergence (70%)

Motilita P (70%) Sledovani vice objekti (11%)
Motilita L (70%)

Maximalni bod konvergence Reakeni cCas (65%)

(60%)

Graf 3: hokejovy brankkar- staticka data data
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Graf 4: Hokejovy brankar- dynamicka data
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Sportovec zatim absolvoval 2mési¢ni trénink, procentualni zlepSeni vypliva z grafi.

Statick3 data:

e Vergencni flexibilita 25 %
e Akomodace P 18 %

e Akomodace L 40 %

e Akomodace bino 48 %

e Fuzni rezervy divergence 18 %
Dynamicka data:

e Odhad vzdalenosti 60 %

e Rychlost preostreni dalka/blizko 57 %
e Predvidavost 30%

e Sledovani vice objektli 56 %

e Reakéni ¢as 21 %

Je zaznamenan pozitivni vysledek ve vSech mérenich. Sportovec hodnoti subjektivné mensi

unavu a celkové zlepSeni soustiedénosti. Je motivovan v programu pokracovat.

159



Zaveér

Zrakovy trénink je metoda, jak zlepsSit zrakové funkce. Cvicenim se neméni dioptrie, ale
funk¢nost oka, u vrcholového sportovce toto zlepSeni miize mit za nasledek posileni schopnosti
pti vykonu. Lze vymyslet stovky tréninkovych kombinaci, ale je nutno se tréninku oci vénovat

dlouhodobé a denné pro dosazeni spravnych vysledka.
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Abstract

The work deals with the training of a visual system focused on athletes. The first part of this
work theoretically describes the evaluation of visual abilities in athletes, individual visual skills
important for different types of sports activities. Next is an explanation of the research

methodology, an example of the measured data in 2 athletes is described in the last part.

Key words

Visual optometry, sport, athletes, visual training

Nowadays sport is about the fast and evaluated situation in time. If athletes” eyes are not able
to concentrate - due to clarity or motility strait to the subject, their brain has to make repair eye
movements. [ts results into later reaction.

Sports performance is difficult for all body and also for eyes. Today top athletes train next to
physical condition also cognitive functions associated with visual perception.

Visual perception activated all body muscles, how to say legendary football coach Blanton
Collier ,The eyes lead the body." Vision gives athletes information about time, space, fast, distance,
thein body's position and position each other. The agility can’t be maximal if the visual
information isn’t fast and accurate enough.

Visual task analysis in sport are visual clarity, motoric part and information processing.?

Visual task analysis in sports

Each sport has different visual requests. For example, dynamic sports such as football or
basketball are different for vision then shooting.

In the evaluated visual system in athletes, we divided it into static and dynamic visual skills.

Static task demands are those in which the visual information is stationary. Sport activities
with static task demands include archery, golf, free penalty shots on goal in soccer or hockey...

Dynamic task demands are those in with visual information is in motion.

Sustaining demands evaluate the athlete's length of concentration. In many sports, there is

the game time more than two hours.
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Contrast level, can be affected by changing illumination levels produced by weather, artificial
illumination, shadows, glare... The contrast decreases as soon as the object is in motion.

Target size, there is analysis the ability the ability to determine the size, distance and speed of
an object.

Reaction time, during this time athlete, must react to the situation. A baseball player has
250 ms to process visual information and make correct body moving.

Far near quickness is processed by the accommodation system. It is the ability to focus on
objects in different positions.

Depth perception is the localization of object in space.

We also evaluate the size of the field of view, vestibular system / balance, eye-foot

coordination, eye-hand, angles of view. 1

Research Methodology

Research deals with the 6-months visual training programme. The plan is to measure at least
15 to 20 athletes from different sports. Analyse and evaluate efficient visual training to the visual
system and its sport performance.

In athletes are measured static and dynamic data. Static data are visual clarity, motility,
maximal point of convergence, vergence and accommodation flexibility, fusion.

Dynamic data are measured by the computer programme Senaptec. There is contrast
sensitivity, Near far quickness, depth perception, reaction time, perception span, multiple object
tracking.

The analysis of the result takes place every month, and a new training is applied every month.

The training takes athletes 15 minutes every day.
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Figure 10 Senaptec sensory station 3

Results

1. Basketball player, visual clarity with contacts lens is 100%. The player subjectively
describes tiredness, headache, lack of concentrations.

Tab. 5 data at first measurement

Accommodation R (43%) Depth perception (17%)
Accommodation L (45%)

Accommodation bino (55%)

Vergence flexibility (20%) Near far quickness (30%)
Fusion positive (25%) Perception Span (38%)
Fusion negative (70%)

Motility R (70%) Multiple object tracking (8%)
Motility L (70%)

Maximal point of convergence Reactiontime (65%)

(90%)
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Graph 1: Basketball player- static data
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There was 3-months visual training programme, percentage improvement is:

Static data:
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e Vergence flexibility 5%
e Motility 30%

e Accommodation R 37%
e Accommodation L 19%

o Fusion negative 45%
Dynamic data:

e Depth perception 17%

o Near far quickness 34%

e Perception Span 26%

e Multiple objects tracking 44%

e Reaction time 12%

2. Hockey goalkeeper has the visual clarity research 100% naturally. There is a problem

with the visual fixation of a moving object.

Tab 6 data at first measurement

Accommodation R (20%) Depth perception (23%)
Accommodation L (15%)

Accommodation bino (12%)

Vergence flexibility (8%) Near far quickness (1%)
Fusion positive (30%) Perception Span (12%)
Fusion negative (70%)

Motility R (70%) Multiple object tracking (11%)
Motility L (70%)

Maximal point of convergence Reaction time (65%)

(60%)
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Graph 3: Hockey goalkeeper - static data
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Graph 4: Hockey goalkeeper - dynamic
data
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There was 3-months visual training programme, percentage improvement is:

Static data:

e Vergence flexibility 25%

e Accommodation R 18%
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e Accommodation L 40%
e Accommodation bino 48%

o Fusion negative 18%
Dynamic data:

e Depth perception 60%

o Near far quickness 57%

e Perception Span 30%

e Multiple objects tracking 56%

e Reaction time 21%

A positive result is recorded in all measurements. Athlete He is motivated to continue the

program.

Conclusion

Visual training is a method of improving visual function. Exercise does not change the dioptre,
but the functionality of the eye; in a top athlete, this improvement can result in enhanced
performance abilities. Hundreds of training combinations can be made, but it is necessary to

devote yourself to eye training for a long time and daily to achieve the right results.
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Anotace

Ptispévek se zabyva aniseikonii a sni spojenymi subjektivnimi ptiznaky. Nejprve je
v prispévku zminéna teorie aniseikonie - jeji souvislost sanisometropii, pri¢iny vzniku
aniseikonie, projevy a dlsledky na vidéni, nasledné i zplisoby korekce aniseikonie. V druhé ¢asti
ptispévku se vénuji svému vyzkumu, ktery je zaméfen na zjiSténi stupné aniseikonie a feSeni

subjektivnich potizi anisometropti.

Kli¢ova slova

Aniseikonie, anisometropie, velikost obrazu na sitnici, symptomy, size-lens, Aniseikonia

Inspektor.

Aniseikonie

Termin aniseikonie znaci existenci nestejné velkych obrazii na sitnicich obou o¢i. Pfi¢inou byva
rozdilnad refrakce pravého a levého oka, tzv. anisometropie. Kazdych 0,25 D anisometropie
predstavuje 0,5% rozdil ve velikosti sitnicovych obrazl. Anisometropie o velikosti 2,5 aZ 3 D, tedy
5-6% rozdil velikosti retindlnich obrazii, je obvykle hranici pro binokularni vidéni. Hlavnim
disledkem aniseikonie jsou pak subjektivni potiZe vyvolané narusenim binokularniho vidéni. !

S fyziologickou aniseikonii se setkavame pri asymetrické konvergenci pozorovanim
predmétu leziciho stranou. Krom toho se déli aniseikonie statickou nebo dynamickou. Staticka
aniseikonie hodnoti skute¢ny rozdil ve velikosti obrazli mezi ofima. Mira dynamické
aniseikonie je pak urcena rozdilem v indukované forii, ktera je zplisobena pohledem do rtiznych
sméril pies anisometropickou korekci. 23

Aniseikonie, kterou doprovazi priivodni symptomy, je oznac¢ovana jako klinicky vyznamnad
aniseikonie.3 Mezi nejc¢astéjsi subjektivni priznaky aniseikonie patii zejména bolest hlavy, bolest
za oCima, citlivost na svétlo, distorze obrazu, dvojité vidéni, potiZe p¥i Cteni, nervozita, zavraté
a nevolnost, celkova Uinava a malatnost. U zavaznéjSich stupiii aniseikonie muze dojit také
k titlumu jednoho oka.* Tyto Kklinické projevy aniseikonie jsou prrevazné diisledkem snahy fzovat

obrazy narusené stereopse. 1
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Korekce se zaméiuje na statickou aniseikonii vyskytujici se pri pohledu primo vpred.
Principem je odstranéni rozdilu ve velikosti sitnicovych obrazi. Idedlnim FeSenim by byla plna
korekce obou oci, ktera vsak u vysSich stupini aniseikonie neni mozna. Dlivodem jsou vady
brylovych €ocek, které méni velikost obrazu a navozuji rizny prizmaticky acinek pii pohledu
mimo opticky stied korekéniho skla. Proto se jako 1épe snasenlivym FeSenim nabizi silnéjsi oko
vykorigovat plné a oko vice ametropické na dkor vizu podkorigovat. Ke korekci aniseikonie 1ze
pouzit také kontaktni Cocky, u kterych je eliminovan prizmaticky ucinek pritomny u brylovych
skel. Jako dal$i varianta se nabizi kombinace kontaktnich a brylovych ¢ocek. MoZnosti jsou také
anisodistan¢ni bryle, jeZ maji korek¢ni skla umisténd v rizné vzdalenosti od oka. Posledni

variantou korekce je refrakéni chirurgie. 125

Vyzkum

Ve svém vyzkumu se vénuji méreni stupné aniseikonie a subjektivnim potiZim anisometropi.
Za cile vyzkumu jsem si vymezila nasledujici. Pomoci objektivni a subjektivni refrakce zjistit
velikost anisometropie vySetfovaného. Poté s pouzitim dotazniku jistit, zda pacient pocituje
nékteré ze subjektivnich potizi anisometropi a ovérit jeho platnost. DalSim cilem je sledovat, zda
dochazi pri pouziti size-lens ke sniZeni aniseikonie a k ustupu subjektivnich potizi.

Pro sviij vyzkum jsem si stanovila tfi hypotézy.

Hypotéza 1

e Subjektivni potiZe u anisometropie se zvysuji s velikosti aniseikonie.
Hypotéza 2

e Pri pouziti size-lens s vlastnim zvétSenim 1-5 % bude dosaZeno sniZeni aniseikonie.
Hypotéza 3

e Pripouziti size-lens s vlastnim zvétSenim 1-5 % dojde k dstupu subjektivnich potiZi.

Metodika vyzkumu

Nejdfive je na zakladé dotazniku zhodnocen vyskyt subjektivnich potiZzi spojenych
s aniseikonii daného probanda. Pomoci objektivni a subjektivni refrakce je zjiSténa velikost
anisometropie. Za pouziti pocitacového softwaru Aniseikonia Inspektor je zméfena aniseikonie
s habitualni korekci do dalky. U pacientt, u nichz byl zjistén urcity stuperi aniseikonie, je usilovano
o potlaceni velikosti aniseikonie pomoci size-lens. Nasledné je ovéren tstup subjektivnich potizi
pomoci dotazniku. VSechna data jsou matematicky zpracovana v Microsoft Excel a porovnana

s vyzkumy na stejné téma.
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Kvysetieni objektivni refrakce pouzivim DNEye Scanner od firmy Rodenstock. Méreni
velikosti aniseikonie je provedeno pocitacovym softwarem Aniseikonia Inspektor. DalSimi
pomuckami nezbytnymi k vySetieni jsou Cerveno-zeleny filtr a size-lenses s vlastnim zvétSenim
1-5 %. Pri sestavovani dotazniku jsem vychdazela z rozsahlé studie Bannona a Thrillera zabyvajici

se touto problematikou. 4

NiZe je uvedeno 10 moZnych symptomt, které se u Vas mohou v diisledku aniseikonie
vyskytovat. Zakrouzkujte, prosim, ¢islo 1-3 podle toho, jak £asto se s danym symptomem
setkavite: 1. (nikdy), 2. (obéas), 3. (vidycky).

Bolest hlavy

Bolest oti / tlak za oéima

Citlivost na svétlo

PotiZe pii tteni

Nutnost zaviit jednoho oko pfi éteni

Dvojité vidéni

Vinéni (distorze) obrazu

Zavraté a nevolnost

Celkova inava, malatnost

Rlr(r R e R R~
1

po o [po [po | po | ro |po [re o [ e
1

wWlw|w |w|w|w|w|w|w|w

Nervozita

Po pouZiti iseikonickych fofek prosim zodpovézte, zda doflo kpotlageni uvedenych
symptomil. ZakrouZkujte hodici se odpovéd.

Bolest hlavy ANO / NE
Bolest ofi / tlak za ofima ANO / NE
Citlivost na svétlo ANO / NE
PotiZe pii éteni ANO / NE
Nutnost zavfit jednoho oko pfi éteni ANO / NE
Dvojité vidéni ANO / NE
Vinéni (distorze) obrazu ANO / NE
Zivraté a nevolnost ANO / NE
Celkova (inava, maldtnost ANO / NE
Nervozita ANO / NE

Obrdzek 11: Dotaznik ke zjisténi pritomnosti symptomii spojenych s aniseikonif

Méreny vzorek

Probandi mé vyzkumné casti jsou zejména studenti nasi katedry Optometrie a ortoptiky LF
MUNI, dale pak klienti o¢ni optiky Naome v Uherském Hradisti. Méfenf se ztcastnilo celkem 15
probandi. VySetiovany soubor je dle pohlavi rozloZen na 13 Zen a 2 muze s priimérnym vékem
23 let.

Kritériem pro zarazeni do vyzkumu byla anisometropie = 0,75 D.

RozloZeni jednotlivych symptomi pritomnych mezi probandy znazornuje graf 1. Nejcastéji

byly v dotaznicich uvedeny bolesti hlavy, bolesti o¢f a citlivost na svétlo.
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Symptomy spojené s aniseikonii

Graf 1: Smyptomy probandi s habitualni korekci

Namérené hodnoty potvrzuji vSechny tfi hypotézy.

Prvni hypotéza byla vyhodnocovana pomoci bodového skére, kdy za kazdy pritomny

symptom byl udélen 1 bod. Maximalni mozny pocet bodt byl tedy 10, minimalni 0 bodd. Toto

bodové skére bylo nasledné v zavislosti na velikosti anisometropie vyneseno do grafu. Grafické

znazorneéni je podloZeno i vypoctem korelac¢niho koeficientu: R = 0, 67. Ze spojnice trendu grafu

a hodnoty korela¢niho koeficientu je patrné, Ze srostouci anisometropii roste mnozstvi

pritomnych symptomu. Hypotéza je tedy potvrzena.

Mnozstvi symptomu spojenych s aniseikonif

.o

.................. Y
. ............. ..o...-.-o-..
o e
seenet” ....-
]
1 1,25 1,5 1,75 2 2,25 25 .

Velikost anisometropie [D]

Graf 2: Vliv velikosti anisometropie na piitomnost
subjektivnich symptomnii

Druha hypotéza. U 12 pripadi size-lens odpovidajici hodnoty potlacila velikost aniseikonie -

z toho u 8 probandl

doslo k potlaceni aniseikonie na nulovou droveini a u 4 probandl nastalo
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sniZeni velikosti aniseikonie. U 3 vySetfovanych se velikost aniseikonie nezménila. Ke zvySeni
velikosti aniseikonie nedoslo u zadného jedince. Celkové tedy bylo dosazeno pri pouziti size-

lenses sniZeni aniseikonie u 80 % testovanych. Hypotéza je tak potvrzena.

IS S
O =N

Pocet anisometropti

SO RPN WS U1V 0O

zvétSeni zmenseni bez zmény
Graf 3: Vliv size-lenses na zménu aniseikonie

Posledni ¢ast vyzkumu byla zaméfena na potlaceni symptomi prostrednictvim size-lens
odpovidajici hodnoty. Vyhodnoceni probihalo rovnéz pomoci bodového skore, kdy byl za kazdy
stale trvajici symptom udélen 1 bod. Primérné bodové skore s habitualni korekci vyslo 4,65.
Primeérné bodové skdre po pouZiti size-lens 2,07. Pouzitim size-lens se priimérné bodové skore
snizilo o vice neZ polovinu. Lze tedy konstatovat, Ze pii pouziti size-lens dochazi k ustupu
subjektivnich potiZi spojenych s aniseikonii. Tfeti hypotéza je tak rovnéz potvrzena.
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habitualni korekce size-lens + habitualni korekce

Graf 4: Cetnost symptomii

Diskuse

Zameérem tohoto vyzkumu bylo prokazat zavislost velikosti aniseikonie na mnozstvi
pritomnych symptomi a ziskat urcity prehled o tom, které ze subjektivnich priznakl pacienti
s aniseikonii pocituji nejcastéji. Dalsim cilem bylo ovérit vliv size-lesnses na sniZeni velikosti

v s

aniseikonie a ustup subjektivnich potizi anisometropu.
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Studii zabyvajici se snizenim velikosti aniseikonie pomoci size-lens popisuje ve své diplomové
praci Béhounkova.6 Zjistovala, zda lze alespon u poloviny jedinci prediazenim size-lenses zcela
potlacit aniseikonii. K métreni pouZivala software Aniseikonia Inspektor. PouZiti size-lens cocek
odpovidajici hodnoty vedlo u 62 % jedinct k potlaceni aniseikonie na nulovou troven. V mé studii
doslo k potlaceni aniseikonie u 80 % vySetiovanych, z ¢ehoZ na nulovou trovei u 53 % pripadt.

SniZenim pritomnych symptomi prostiednictvim size-lenses se zabyva Kwon a kol.” Cilem
studie bylo prokazat zlepseni stereoskopického vidéni a subjektivnich priznakl aniseikonie pti
pouZiti size-lens Cocek. Velikost aniseikonie byla mérena prostrednictvim Awaya Aniseikonia
testu a subjektivni piiznaky byly zjiStovany pomoci dotazniku. K vySetreni stereoskopického
vidéni byl pouzit Random dot stereotest. Prediazenim size-lens se zlepsilo stereoskopické vidéni
a zmirnily se priznaky astenopie. V pripadé mé studie pouZzitim size-lens doslo rovnéz k potlaceni

subjektivnich potiZi spojenych s aniseikonii.

Zaver

Subjektivni priznaky vnimaji anisometropové v bézném Zzivoté témeér nepretrzité. Hlavni
snahou korekce aniseikonie je zvySeni zrakové ostrosti, zajiSténi kvalitniho binokularniho vidéni
a odstranéni pacientovych potizi vyvolanych aniseikonii. Tolerance aniseikonie je vSak zcela
individualni. Neni samoziejmé pravidlem, Ze zavisi pouze na velikosti rozdilu refrakce mezi
pravym a levym okem vySetfovaného. Na celkovém vjemu se podili se také druh anisometropie,
veék pacienta, schopnost fize, mnozstvi pritomnych symptomi a taky psychika jedince. 5 VSechny

tyto aspekty je tfeba prat v potaz a ke kazdému jedinci ptistupovat komplexnim pristupem.
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Annotation

The article deals with aniseikonia and subjective symptoms related to aniseikonia. First, the
theory of aniseikonia is mentioned - its connection with anisometropia, the causes of aniseikonia,
its manifestations and consequences on vision, and consequently the ways of correction of
aniseikonia. In the second part of the article, [ devote myself to my research, which focuses mainly
on measuring the degrees of aniseikonia and solving the subjective difficulties manifested in

anisometropes.
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Aniseikonia

The term aniseikonia entails the existence of unequally large images on the retinas of both eyes.
It is usually caused by different refraction of the right and left eye called anisometropia. Every
0.25 D of anisometropia represents a 0.5% difference in retinal image size. Anisometropia of 2.5
to 3 D, corresponding with 5-6% difference in the size of retinal images, is usually the limit for
binocular vision. The main consequence of aniseikonia is subjective problems caused by
disruption of binocular vision.Chyba! Nenalezen zdroj odkazii.

Physiological aniseikonia can be encountered in asymmetric convergence when observing
of an object situated to one side. In addition, it can be subdivided to static and dynamic
aniseikonia. Static aniseikonia evaluates the real difference in the size of images between
the eyes. The magnitude of dynamic aniseikonia is then determined by the difference in induced
phoria, which is caused by looking through anisometropic correction in different directions. 23

Aniseikonia, which is manifesting through symptoms, is defined as clinically significant
aniseikonia.3 The most common subjective symptoms of aniseikonia are mainly headache,
eyestrain, photophobia, distortion of space, double vision, reading difficulties, nervousness,
nausea and dizziness, general fatigue, and faintness. In the more severe stages aniseikonia can
cause total suppression of one eye.* These clinical manifestations of aniseikonia are mainly due to

efforts to fuse images of impaired stereopsis.
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The correction of aniseikonia focuses on the static aniseikonia occurring when looking
directly forward. The principle is to eliminate the difference in retinal image size. The ideal
solution would be a full correction of both eyes, which is not possible in higher degrees of
aniseikonia. This is due to defects in the spectacle lenses, which change the size of image and
induce different prismatic effect when looking out of the optical centre of the corrective glass.
Therefore, as a more tolerated solution, the leading eye is corrected fully and the in eye, that is
more ametropic, only a partial correction of refractive error is done at the expense of a quality of
vision of said eye. Contact lenses can also be used to correct the aniseikonia, where the prismatic
effect, that is present in glasses, is eliminated. Another option is a combination of contact lenses
and glasses. Anisodistance glasses, which have corrective glasses positioned at different distances

from the eyes, are also an option. The last option for correction is refractive surgery. 125

Research

In my research I am focused on measuring the degrees of aniseikonia and the subjective
difficulties of anisometropes. [ have identified the following as the objectives of the research. Using
objective and subjective refraction to determine the magnitude of the anisometropia. Then using
the questionnaire to determine whether the patient is experiencing some of the subjective
problems related to the anisometropia and verify its validity. Another objective is to monitor
whether using size-lens reduces aniseikonia and eliminates subjective problems.

[ have established three hypotheses for my research.

Hypothesis 1

e Subjective problems in anisometropia increase with the size of the aniseikonia.

Hypothesis 2

e Using size-lens with a magnification of 1-5 % will result in a reduction in aniseikonia.
Hypothesis 3

o Using size-lens with a magnification of 1-5 % will reduce subjective problems.

Methodology

Based on questionnaire, the occurrence of subjective problems associated with aniseikonia is
evaluated first. The magnitude of anisometropia is determined using objective and subjective
refraction. The degree of aniseikonia with a habitual distance correction is measured using the
Aniseikonia Inspector computer software. The suppression of the aniseikonia in patients

experiencing various degrees of aniseikonia is achieved by using size-lens. The remission of
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subjective difficulties is then verified by a questionnaire again. All measured data is
mathematically processed in Microsoft Excel and compared with research on the same theme.
The Rodenstock's DNEye Scanner is used to investigate objective refraction. The measurement
of the size of the aniseikonia is done by computer software Aniseikonia Inspector. Other gadgets
necessary for testing are a red-green filter and size-lenses with a magnification of 1-5 %. In

compiling the questionnaire, I relied on an extensive study by Bannon and Thriller. 4

Below there are 10 possible symptoms that you may experience due to aniseikonia. Please
circle 1-3 depending on how often you experience the symptom: 1. (never),
2. (occasionally), 3. (always).

Headache
Eyestrain
Photophobia
Reading difficulties

Need to close one eye while reading

Double vision

Distorsion of space

Nausea and dizzines

WlWw | W W W (w | W (W |wW

General fatigue and faitness

1-2-
1-2-
1-2-
1-2-
1-2-
1-2-
1-2-
1-2-
1-2-
1-2-

w

Nervousness

After using size-lenses, please answer if the symptoms have been suppressed. Circle the
appropriate answer.

Headache YES/NO
Eyestrain YES/NO
Photophobia YES/ NO
Reading difficulties YES/NO
Need to close one eye while reading YES/NO
Double vision YES/NO
Distorsion of space YES/NO
Nausea and dizzines YES/NO
General fatigue and faitness YES/NO
Nervousness YES/NO

Figure 1: A questionnaire for detecting the presence of symptoms associated with aniseikonia

Probands

The probands of my research are mainly students of Department of Optometry and Orthotics
of the Faculty of Medicine of Masaryk University at Brno as well as clients of Naome Optician in
Uherské Hradisté. A total of 15 proband took part in the measurement. Based on gender,
the examined group is divided into 13 women and 2 men with an average age of 23 years.

The criterion for inclusion in the research is anisometropia <0.75 D.

The distribution of the individual symptoms presented among the probands is shown in
the Graph 1. Headache, eyestrain, and photophobia were the most commonly reported symptoms

in the questionnaires.
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Graph 1: Symptoms with habitual correction
Results

Based on the measurements, all three hypotheses were confirmed.

The first hypothesis was evaluated using a score of 1 point for each present symptom.
The maximum possible number of points was therefore 10, the minimum 0 points. This score was
then plotted depending on the size of the anisometropia. The graphical representation is also
backed up by the calculation of the correlation coefficient: R = 0.67. As seen in the trend line of the
graph and the correlation coefficient, the number of present symptoms increases with increasing

anisometropia. The hypothesis is confirmed.

o 8
1 G s = .
'E': D D D S P PURTE Pl

T

L U T b

?;J 4@ L E

=

) |

5

g 1

Q

Zo0

h 1 125 15 175 2 225 25 275

Anisometropia size [D]

Graph 2: Effect of the size of anisometropiaon
the presence of subjective symptoms
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Second hypothesis. In 12 cases size-lens suppressed the size of the aniseikonia - of which in
8 probands the aniseikonia was suppressed to zero and in 4 probands the size of the aniseikonia
was reduced. The size of aniseikonia did not change in 3 subjects. There was no increase in size of
aniseikonia in any individual. Overall, a reduction in aniseikonia was achieved in 80 % of those
tested using size-lenses. The hypothesis is thus confirmed.

12
11

=
[==]

Number of anisometropes

O O N W e v~ 0D

increase decrease no change
Graph 3: Effect of size-lenses on size of aniseikonia
The last part of the research was aimed at suppressing symptoms through use of size-lens.
Evaluation was also done using a score, where 1 point was awarded for each ongoing symptom.
The average score with habitual correction was 4.65. Average score after size-lens use was 2.07.
Using size-lens reduced the average score by more than half. It can therefore be concluded that

the use of size-lens reduces the subjective problems related to aniseikonia. The third hypothesis

is also confirmed.

45
35

2,5

Score

1,5

0,5

habitual correction size-lens + habitual correction

Graph 4: Frequency of symptoms
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Discussion

The purpose of this research was to demonstrate the relation of size of aniseikonia on the size
of present symptoms and to gain some insight into which of the subjective symptoms of patients
with aniseikonia experienced most frequently. Another aim was to verify the effect of size-lenses
on decreasing the size of aniseikonia and reducing subjective problems of anisometropes.

BéhounkovaChyba! Nenalezen zdroj odkazii. jn her thesis describes the study dealing with size-lens
eduction of aniseikonia. She examined whether aniseikonia can be completely suppressed by size-
lenses in at least half of individuals. To measure the size of aniseikonia she used Aniseikonia
Inspector software. The use of size-lens lenses of appropriate value resulted in the suppression of
aniseikonia to zero in 62 % of individuals. In my study, aniseikonia was suppressed in 80 % of
those examined, of which it was zero in 53 % of cases.

Kwon et al.Chyba! Nenalezen zdroj odkazi. are dealing with reduction of symptoms related to
niseikonia through size-lenses. The aim of their study was to demonstrate improvements in
stereoscopic vision and subjective symptoms of aniseikonia when using size-lenses. The size of
the aniseikonia was measured on the Awaya Aniseikonia test and subjective symptoms were
determined using a questionnaire. A Random dot stereotest was used to examine stereoscopic
vision. Using size-lens there was improvement in stereoscopic vision and reduction of the
symptoms of asthenopia. In case of my study, with size-lens there was also a suppression of

subjective problems related to aniseikonia.

Conclusion

Subjective symptoms are perceived almost continuously by anisometropes in daily life.
The main efforts to correct aniseikonia is to increase visual acuity, ensure high quality of binocular
vision and eliminate the patient's problems induced by aniseikonia. However, tolerance of
aniseikonia is completely individual. Of course, it is not the rule, that it depends only on the size
of the difference in refraction between the right and left eye of the patient. The type of
anisometropia, the age of the patient, the ability to fuse, the number of present symptoms and
the individual's psyche are also involved in the overall perception.Chyba! Nenalezen zdroj odkazii. A]] these
spects must be taken into consideration and each individual treated with a comprehensive

approach.

182



Resources

1. Anton M. Refrakéni vady a jejich vysetrovaci metody. Vyd. 3., preprac. Brno: Narodni
centrum oSetirovatelstvi a nelékarskych zdravotnickych obort; 2004.

2. Anton M. Problematika anizometropie. Ceskd ocni optika. 2006; 47(3): 16-19. Accessed
April 20, 2021.

3. Aniseikonia. Ento Key: Fastest Otolaryngology & Ophthalmology Insight Engine.
https://entokey.com/aniseikonia/. Accessed April 28, 2021.

4. Bannon RE, Triller W. ANISEIKONIA-A CLINICAL REPORT COVERING A TEN YEAR
PERIOD. The Australasian Journal of Optometry. 1944;21(5):171-182.

5. Yogesh S. Management Of Refracive Errors & Prescription Of Spectacles. New Delhi: Jaypee
Brothers Medical Publishers; 2015.

6. Béhounkova M. Problematika anizometropie u jednotlivych refrakcnich vad [master’s
thesis]. Brno, Czechia: Masarykova univerzita, Lékarska fakulta; 2019.
https://is.muni.cz/th/m9436/Diplomova prace eor6o.pdf. Accessed May 4, 2021.

7. Kwon Y-S, Kim K-H, Lee H-M, Chu B-S, Kwon Y-K. A Study on the Prescription of Size Lens

for Myopic Aniseikonia. journal of Korean Ophthalmic Optics Society. 2013;18(4):555-
560.d0i:10.14479/jko0s.2013.18.4.555. Accessed May 6, 2021.

183


https://entokey.com/aniseikonia/
https://is.muni.cz/th/m9436/Diplomova_prace_eor6o.pdf

Bc. Markéta Vitkova, doc. MUDr. Sarka Skorkovska, CSc.

Korelace riznych metod méieni rohovkovych parametri
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Anotace

Tento ptispévek se zabyva predevsim teoretickym podkladem k mé diplomové praci s nazvem
,Korelace riznych metod méieni rohovkovych parametri.“ V prispévku jsou popsany vybrané
pristroje urcené k méreni rohovkovych parametrli, zamérené piredevsim na zjiSténi zakriveni
ptedni plochy rohovky. Déale jsou v prispévku popsany a porovnany nékteré studie hodnotici

vzajemnou zastupitelnost jednotlivych pristroji pro méieni rohovkovych parametri v praxi.

Kli¢ova slova

Rohovka, polomér krivosti, keratometrie, keratometr, autorefraktokeratometr, rohovkovy

topograf, Pentacam

Méreni zakriveni predni plochy rohovky ve dvou na sebe kolmych meridianech patii mezi
nejzakladnéjsi vySetreni v optometrické praxi. Znat parametry zakfiveni predni plochy rohovky
je nezbytné predevSim pro aplikaci kontaktnich cocek. V oftalmologii jsou tyto parametry
vyuzivany hlavné v oblasti refrakéni chirurgie, dale pak k diagnostice a sledovani progrese
nejriznéjSich ofnich onemocnéni (napt. keratokonu). Zakiiveni rohovky se také zjistuje
u pacienti pred operaci katarakty.

Zaktiveni rohovky se uvadi bud v dioptriich, coZ oznacuje lamavost rohovky, nebo jako
polomeér zakriveni v milimetrech. Primérné zakriveni rohovky se pohybuje mezi 7,4 - 8,2 mm.
Rohovka, kterd ma polomér zaktiveni mensi nez 7,4 mm, se oznacuje jako strma. Naopak hodnoty
zaktiveni rohovky presahujici 8,2 mm charakterizuji rohovku jako plochou. Smérem k okraji

rohovky se polomér zakriveni zvétSuje, coZ znamena, Ze se rohovka oplostuje. !

Pristroje pro méreni zakriveni rohovky

Pro méreni poloméru krivosti rohovky ve dvou hlavnich meridianech se pouZziva nékolik
riznych metod. Pristroje pro méreni zakriveni rohovky se rozdéluji na mechanické a automatické.

Lisi také tim, na jak velké ploSe rohovky pristroj méreni provadi.
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Autorefraktokeratometr

Autorefraktokeratometr je nejdostupnéjSim pristrojem v praxi optometristy i oftalmologa.
V soucasné dobé lze pomoci autorefraktokeratometru ziskat béhem jednoho méfeni vice
parametrd, a to nejenom parametru tykajicich se celkového refrakéniho stavu oka, ale i hodnoty
poloméru krivosti rohovky, pachymetrii ¢i idaje o nitroo¢nim tlaku. Vyhodou je jeho rychlost,
pfesnost a také opakovatelnost méreni. Pfi méfeni keratometrie ziskava pristroj hodnoty
nejplossiho a nejstrméjstho meridianu. Aby nedochazelo k oslnéni vySetrované osoby, vyuziva
ptistroj oblasti infracerveného zateni a jeho odrazu od rohovky. U keratometrie se méfena oblast

pohybuje okolo 4 mm v centralni ¢asti rohovky. 2.3

Obrdzek 12: Autorefraktokeratometr Topcon 2

Javal-Schiotziiv keratometr

Javal-Schiotziv keratometr se fadi do skupiny mechanickych keratometri. Testové znacky
maji podobu Cervené tiistupniové pyramidy a zeleného obdélniku. Pro postaveni téchto znakd do
koincidence slouZi vertikalni stredova linie. Objektiv keratometru se sklada ze dvou cocek, mezi
kterymi je umistén Wollastoniv hranol, jimZ je dosaZeno zdvojeni obrazu. Druha ¢ocka objektivu
zobrazuje testové znacky do ohniska okularu, kudy jsou pozorovany. Méfena oblast se pohybuje
okolo 3,6 - 4,2 mm v centralni ¢asti rohovky. Po uvedeni znacek do koincidence Ize odecist na

stupnici hodnotu zakfiveni rohovky v daném rezu. 3
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Obradzek 13: Javal-Schiotziiv keratometr 4

Rohovkovy topograf

Na rozdil od keratometrti charakterizuji rohovkové topografy cely povrch piedni plochy
rohovky. Bézné piistroje provadi méreni nejcastéji v zonadch 3 mm, 5 mm a 7 mm, maximalni
velikost zmérené oblasti predni plochy rohovky vSak mutze byt az 12 mm. Rohovkové topografy
obsahuji Placidiiv kotou¢ tvoreny Cernobilymi koncentrickymi kruhy, které jsou promitany na
povrch rohovky. Odraz kruznic od rohovky je sniman specialni kamerou a nasledné je preveden
do pocitace k analyze povrchu rohovky. Vysledkem méteni je barevna topograficka mapa, na které
je patrnd zména zakriveni rohovky. Rohovkové topografy dale umoziuji analyzovat kvalitu
slzného filmu nebo zmérit vysSku slzného menisku ¢i thel dolniho vicka. Také jsou schopny

navrhnout naptiklad teoretickou kontaktn{ ¢ocku. 23

Obrdzek 14: Rohovkovy topograf (OCULUS Keratograph 5M) 5
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Pentacam

Pentacam je specidlni vySetirovaci pristroj, pomoci néhoz lze zobrazit predni segment oka.
Pracuje na principu Scheimpflugovy kamery, ktera vytvari radidlné orientované snimky rohovky.
Pomoci Pentacamu lze zobrazit jednotlivé vrstvy rohovky, predni o¢ni komoru a o¢ni ¢ocku. Dale
1ze Pentacamem zmeérit tloustku rohovky, sirku komorového thlu ¢i zakiiveni rohovky. Pristroj
provadi métreni v 25000 bodech béhem necelych 2 sekund a jako svételny zdroj vyuzivad LED

osvétleni o vinové délce 475 nm. Vysledny obraz je zachycen CCD kamerou. 23

Obrdzek 15: Pentacam 6

Diskuse

Studii, které porovnavaji riizné pristroje pro méreni rohovkovych parametri a jejich
vzajemnou zastupitelnost v praxi, existuje nékolik. VétSinou se zaméruji na srovnani jednotlivych
automatickych pristroji vzajemné mezi sebou, anebo porovnavaji manudlni piistroj
s automatickym. Chyby méreni mohou byt obecné zplisobeny bud’ lidskym faktorem, nebo
samotnym ptistrojem.

Studie Mgr. Radka Anderleho se zabyva srovnanim zakladni keratometrie dvéma odlisSnymi
metodami. Metodika vyzkumu spocivala ve srovnani zakladni keratometrie ve dvou hlavnich
merididnech pfi pouZiti autorefraktokeratometru ARK-510A (Nidek) a Scheimpflugovy kamery
Pentacam (Oculus). Tento vyzkum byl realizovan na oc¢ni klinice Lexum v Brné a ucastnilo se ho
patologii rohovky. Ze zavéru studie plyne, Ze rozdily mezi absolutnimi hodnotami rozdild dvou

hlavnich meridianti mérenych pomoci autorefraktokeratometru a Scheimpflugovy kamery nejsou
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statisticky vyznamné (v prvnim meridianu rozdil ¢ini 0,04 + 0,07 mm, v druhém meridianu
0,04 + 0,08 mm). Statisticka analyza studie vykazuje vysokou korelaci mezi jednotlivymi
hodnotami namérenymi na obou pristrojich. Z vysledki studie tedy plyne, Ze tyto pristroje
pouzivané k méreni zakladni keratometrie ve dvou hlavnich meridianech lze povaZovat v praxi za
zastupitelné. 7

Dalsi studie, jejimiz autory jsou P. Pasova, K. Skorkovska a ]. Michalek, srovnava hodnoty
pachymetrie a Kkeratometrie scilem zjistit, zda jsou pouzité pristroje v praxi vzajemné
zastupitelné. Centralni tlouStka rohovky byla mérena na pristroji Pentacam HR, Allegro BioGraph
a pomoci ultrazvukové pachymetrie na pristroji OcuScan RxP. Zakriveni rohovky ve dvou hlavnich
merididnech bylo méreno na pristrojich Pentacam HR, Allegro BioGraph a pomoci automatického
keratometru. Dané pristroje se lisi vinovou délkou emitovaného zateni, fyzikdlnim principem
nebo parametry snimané oblasti. Vyzkumu se zucastnilo 43 osob (86 oci) bez patologického
nalezu. Primérny rozdil keratometrie vprvnim merididnu byl mezi BioGraphem
a autokeratometrem 0,01 * 0,31 D, mezi BioGraphem a Pentacamem 0,06 + 0,23 D a mezi
autokeratometrem a Pentacamem 0,05 * 0,34 D. Prlimérny rozdil keratometrie v druhém
merididnu byl mezi BioGraphem a autokeratometrem 0,29 + 0,45 D, mezi BioGraphem
a Pentacamem 0,11 + 0,28 D a mezi autokeratometrem a Pentacamem 0,19 * 0,44 D. ZjiSténé
rozdily v keratometrii byly tedy ve vSech pripadech statisticky vyznamné. Primérny rozdil
hodnot centralni rohovkové tloustky byl mezi BioGraphem a ultrazvukem byl 4,57 + 7,84 pm,
mezi BioGraphem aPentacamem 4,33 + 7,55 pm amezi ultrazvukem a Pentacamem
8,90 * 7,49 um. Rozdily hodnot tloustky centralni ¢asti rohovky byly rovnéz statisticky vyznamné.
Ze zavéru studie tedy vyplyva, Ze pouzité pristroje pro méreni keratometrie a centralni rohovkové
tloustky nejsou v praxi vzajemné zastupitelné. 8

Studie, kterou se zabyval U. Elbaz a kol, popisuje porovnani keratometrie mérené na
Pentacamu, autokeratometru a IOL Masteru. I zde byl zjiStén statisticky vyznamny rozdil hodnot
keratometrie namérené jednotlivymi pristroji. Pri¢inu vidi autori pfredevsim v odliSném priméru
snimané oblasti rohovky.?

Diplomova prace Bc. Lucie Glogarové se zabyva porovndnim keratometrickych hodnot
meérenych pomoci Javal-Schiétzova keratometru (Oculus) a rohovkového topografu (Keratofraf -
Oculus). Vyzkum hodnotil polomér zaktiveni ptredni plochy rohovky ve dvou hlavnich
meridianech, jeho odpovidajici dioptrickou hodnotu, polohu hlavnich meridianti a velikost
rohovkového astigmatismu. Vyzkumu se ucastnilo 62 osob (124 o¢i) s normalnim o¢nim nalezem
(bez patologiif rohovky). U kazdého jedince byl pro jednotlivé zkoumané veli¢iny stanoven rozdil
hodnot z Javal-Schidtzova keratometru od hodnot zmérenych pomoci rohovkového topografu.

Vysledek studie stanovil, Ze rozdily nejsou statisticky vyznamné. 10
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Zaveér

JelikoZ se vysledky vybranych studii zkoumajicich vzajemnou zastupitelnost pristroji pro
méreni rohovkovych parametrt lisi, ale dle mého nazoru v relativné malych odchylkach, ukazuje
se tedy jako nejvhodnéjsi reSeni u daného pacienta pouzit pro dlouhodoby monitoring vzdy stejny

ptistroj.
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Annotation

This article deals mainly with the theoretical base for my thesis entitled "The correlation of
different methods of measuring corneal parameters.” The article describes selected instruments
designed to measure corneal parameters, focused primarily on determining the curvature of the
anterior surface of the cornea. Furthermore, the paper describes and compares some studies
evaluating the substitutability of individual instruments for measuring corneal parameters in

practice.
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Measuring the curvature of the anterior surface of the cornea in two perpendicular meridians
is one of the most basic examinations in optometric practice. Knowing the parameters of the
curvature of the anterior surface of the cornea is necessarily especially for the application of
contact lenses. In ophthalmology, these parameters are used mainly in the field of refractive
surgery and also to diagnose and monitor the progression of various eye diseases
(e.g. keratoconus). Corneal curvature is also detected in patients before cataract surgery.

The corneal curvature is given either in diopters, which indicates corneal fragility or as the
radius of curvature in millimeters. The average curvature of the cornea is between 7,4 - 8,2 mm.
A cornea that has a radius of curvature of less than 7,4 mm is referred to as steep. In contrast,
corneal curvature values exceeding 8,2 mm characterize the cornea as flat. Towards the edge of

the cornea, the radius of curvature increases, which means that the cornea flattens. 1

Instruments for measuring corneal curvature

Several different methods are used to measure the radius of curvature of the cornea in the two
main meridians. Instruments for measuring corneal curvature are divided into mechanical and

automatic. The devices also differ in how large the area of the cornea can measure.
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Autorefractokeratometr

The autorefractokeratometer is the most available device in the practice of optometrists and
ophthalmologists. Currently it is possible to obtain more parameters during one measurement,
not only parameters related to the total refractive state of the eye. But it also values of corneal
radius of curvature, pachymetry or intraocular pressure data. The advantage is its speed, accuracy
and also repeatability of measurements. During the measuring of keratometry, the device obtains

the values of the flattest and steepest meridian. To avoid patient’s glare this device uses areas of

infrared radiation and its reflection from the cornea. In keratometry, the measured area is around

@

4 mm in the central part of the cornea. 2.3

A

Picture 16: Autorefractokeratometr Topcon 2

Javal-Schiotz keratometr

The Javal-Schiotz keratometer belongs to the group of mechanical keratometers. The test
marks are in the form of a red three-stage pyramid and a green rectangle. A vertical centerline is
used to place these test marks into the coincidence. The keratometer lens consists of two lenses,
between which a Wollaston prism is placed. Wollaston prism doubles the image. The second
objective lens shows the test marks to the focus of the ocular where they are observed. The
measured area is around 3,6 - 4,2 mm in the central part of the cornea. After coincidence of the

marks, the value of the curvature of the cornea in the given section can be read on the scale. 3
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Picture 17: Javal-Schiétz keratometr 4

Corneal topographer

Unlike keratometers, corneal topographers characterize the entire surface of the anterior
surface of the cornea. Common instruments most often perform measurements in zones of 3 mm,
5 mm and 7 mm, but the maximum size of the measured area of the anterior corneal surface can
be up to 12 mm. Corneal topographers contain a Placid disk formed by black and white concentric
circles that are projected onto the surface of the cornea. The reflection of the circles from the
cornea is captured by a special camera and then transferred to a computer to analyze the surface
of the cornea. The result of the measurement is a color topographic map, which shows a change
in the curvature of the cornea. Corneal topographers also allow analysis the quality of the tear film
or measure the height of the tear meniscus or the angle of the lower eyelid. They are also able to

design, for example, a theoretical contact lens. 2.3

Picture 18: Corneal topographer (OCULUS Keratograph 5M) 5
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Pentacam

Pentacam is a special examination device that can be used to image the anterior segment of the
eye. It works on the principle of a Scheimpflug camera, which creates radially oriented images of
the cornea. With Pentacam, individual layers of the cornea, anterior chamber and lens can be
imaged. Furthermore, Pentacam can be used to measure corneal thickness, ventricular angle
width or corneal curvature. The device performs measurements at 25 000 points in less than 2
seconds and uses LED lighting with a wavelength of 475 nm as a light source. The resulting image

is captured by a CCD camera. 2.3

Picture 19: Pentacam 6

Disussion

There are several studies that compare different instruments for measuring corneal
parameters and their substitutability in practice. They usually focus on comparing individual
automatic devices with each other or compare a manual device with an automatic one. Generally,
measurement mistakes can be caused by either the human factor or the instrument itself.

Study by Mgr. Radek Anderle deals with the comparison of basic keratometry by two different
methods. The research methodology consisted in comparing the basic keratometry in two main
meridians using an autorefractokeratometer ARK-510A (Nidek) and a Scheimpflug camera
Pentacam (Oculus). This research was carried out at the Lexum Eye Clinic in Brno and involved
392 people (784 eyes) without previous eye injuries, corneal surgery or other corneal pathologies.
The conclusion of the study shows that the differences between the absolute values of the

differences of the two main meridians measured by autorefractokeratometer and Scheimpflug
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camera are not statistically significant. (In the first meridian the difference is
0,04 + 0,07 mm, in the second meridian 0,04 + 0,08 mm). The statistical analysis of the study
shows a high correlation between the individual values measured on both instruments. The
results of the study show that these instruments used to measure basic keratometry in the two
main meridians can be considered substitutable in practice. 7

Another study, authored by P. Pasova, K. Skorkovska and ]. Michalek, compares the values of
pachymetry and keratometry in order to determine whether the devices used are interchangeable
in practice. The central corneal thickness was measured on a Pentacam HR, Allegro BioGraph
instrument and by ultrasonic pachymetry on an OcuScan RxP instrument. Corneal curvature in
the two main meridians was measured on a Pentacam HR, Allegro BioGraph instrument and an
automatic keratometer. The used devices differ in the wavelength of the emitted radiation, the
physical principle or the parameters of the scanned area. The study involved 43 people (86 eyes)
without a pathological finding. The mean difference in keratometry in the first meridian was
0,01 + 0,31 D between the BioGraph and the autokeratometer, 0,06 + 0,23 D between the BioGraph
and the Pentacam, and 0,05 * 0,34 D between the autokeratometer and the Pentacam. The average
difference in keratometry in the the second meridian was 0,29 + 0,45 D between the BioGraph and
the autokeratometer, 0,11 + 0,28 D between the BioGraph and the Pentacam, and 0,19 + 0,44 D
between the autokeratometer and the Pentacam. The differences in keratometry were found in all
cases statistically significant. The average difference in central corneal thickness values between
BioGraph and ultrasound was 4,57 + 7,84 um, between BioGraph and Pentacam 4,33 + 7,55 um,
and between ultrasound and Pentacam 8,90 + 7,49 um. Differences in central corneal thickness
values were also statistically significant. The conclusion of the study shows that the instruments
used to measure keratometry and central corneal thickness are not interchangeable in practice. 8

The study by U. Elbaz et al. describes a comparison of keratometry measured on a Pentacam,
an autokeratometer and an IOL Master. Also, in this study was found a statistically significant
difference in the values of keratometry measured by individual instruments. The authors find the
cause mainly in the different diameter of the scanned area of the cornea. *

Thesis of Bc. Lucie Glogarova deals with the comparison of keratometric values measured by a
Javal-Schiotz keratometer (Oculus) and a corneal topographer (Keratofraf - Oculus). The research
evaluated the radius of curvature of the anterior surface of the cornea in two main meridians, its
appropriating dioptric value, the position of the main meridians and the size of corneal
astigmatism. The study involved 62 people (124 eyes) with a normal ocular finding (without
corneal pathology). For each individual, the difference between the values from the Javal-Schiotz
keratometer and the values measured using a corneal topographer was determined for the
individual investigated quantities. The result of the study determined that the differences were

not statistically significant. 10

195



Conclusion

The results of selected studies dealing with the interchangeability of instruments for
measuring corneal parameters differ. In my opinion the deviations are relatively small. For one
patient it turns out to be the most appropriate solution to use always the same instrument for

long-term monitoring.
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Mgr. Roman Heinz

Vision-R™800: Revoluce v méreni refrakce

Sales and product Expert Essilor
Seening the Word better neboli ,,vidét svét 1épe®.

Uvedenim automatického foropteru Vision-R™ 800 na celosvétovy trh, zahdjila spoleCnost
Essilor Instruments, ve spolupraci se skupinou Essilor Group, revoluci v méteni refrakce oci.

Tento novy zplisob méreni zrakové ostrosti usnadni praci odbornikli ve svété ocni optiky,
optometrie, oftalmologie a umozni poskytnuti lepsich sluzeb jejich klientim v kratSim case a
s maximalni presnosti! Za pomoci tohoto prelomového, inteligentniho foropteru, miiZe spole¢nost

Essilor naplitovat své poslani - pomahat vSem lidem na celém svété vidét 1épe.

Méreni refrakce je stéZejni ¢asti naseho oboru a dopomaha nam urcit presné zrakové potieby

Klient o¢nich optik a ocnich ambulanci. Metodiky méreni, které za poslednich 150 let takrka
stagnovaly, vstupuji do nové éry. Novy inteligentni foropter Vision-R™ 800 umoznuje ocnim
specialistim optimalizovat zrakové testy diky kterym jsou schopni méfit refrakci s presnosti na

0,01 dioptrie. Z pohledu vysetrovaného probiha toto méreni v podminkach bliZicim se vidéni

v jejich kazdodennich situacich, respektive situacim v jejich realném zivoté.
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VISION-R 800

Obrdzek 1 Foropter Vision-R 800

Divize v celé skupiné spole¢nosti Essilor davaly pét let dohromady ndpady a znalosti zamérené
na tri klicové oblasti: optickou presnost foropteru, rychlost a jednoduchost vySetfeni a
v neposledni fadé komfort pro vySetiovaného.

Foropter Vision-R™ 800 je vysledkem kombinované snahy o nalezeni presnéjSiho a snaze

ovladatelného digitalniho pristroje, ktery umozni za krats$i dobu co nejpresnéjsi zméreni refrakce

a predepsani nejvhodnéjsi korekce pro vSechny klienty.
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Inteligentni programy
*Smart Programs’

Inteligentni testy
"Smart Tests’

Obrdzek 2 Ovladaci panel pro Foropter Vision-R 800

Nova metoda méreni subjektivni refrakce

Metody méreni subjektivni refrakce v o¢nich optikach, ¢i tomu urcenych pracovistich, se od
zacCatku 20. stoleti prilisS nezménily. VySetieni pomoci tzv. zamlZovani, predkladanim vysokych
plusovych hodnot a nasledného postupného sniZovani do bodu maximalniho dosazeného vizu,
publikoval vznamy anglicky lékar William Swaine jiZ vroce 1925. Metodu méieni sméru a
hodnoty cylindru pomoci zkiiZenych cylindrd, navrhl americky oftalmolog Edward Jackson pted
vice jak sto lety, v roce 1907.

Vyznamnych zmén pro vySetrujictho tedy zaznamenaly hlavné moznosti predkladani
zkusebnich Cocek. Brylovou obrubu, pouZzivanou od 18. stoleti, nahradil v 30. letech minulého
stoleti manualni foropter. Prvni automaticky foropter se uvadi na trh az tésné pred zacatkem 21.
stoleti. S nastupem téchto automatickych foroptert se sice zjednodusila prace pro odborniky, ale
stale jsou zde zachovany urcité limity vySetreni tak jako tomu bylo pied 150 lety.

Nedavné pokroky v oboru optoelektroniky ve spojeni s pristrojovou optikou, umoznily
vytvaret systémy, které umoziuji ménit silu predklddaného korek¢niho ¢lenu v minimalnich
krocich (po 0,01 D) a zmény v priibéhu refrakce jsou pro klienta mnohem plynulejsi a prijemné;jsi.

Vyvinutim revolu¢niho optického modulu, ktery je sloZen z jedné pruzné ¢ocky urcené pro

korekci sférickych hodnot, dvou cocek cylindrickych, které mohu jak jednotlivé, tak spolecné
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rotovat a ovladanych mikromotord, je vySetieni rychlé, komfortni a maximalné piesné a to i
z divodu zmén které probihaji soucasné a bez tzv. meziobrazu (napriklad pti manualnim
vySetfeni Jacksonovym cylindrem).

Opticky modul (obrazek €. 3), tzv. ,srdce” foropteru Vision-R™ 800, dokaze generovat sférickou
optickou mohutnost v rozsahu od -20,00 D do +20,00 D v krocich po 0,01 D, optickou mohutnost
cylindru az 8,00 D v krocich po 0,01 D a orientaci osy cylindru od 0° do 180° v krocich po 0,1°.
Sféry, cylindry a osu lze ménit soucasné, coz umoziuje okamzité nastaveni libovolné kombinace
hodnot refrakce. Timto vylepSenym postupem a funkci dosahujeme vyrazné efektivnéjsiho a

presnéjsiho méreni.

r
|
|

b
€4 ez

Obrdzek 3 Opticky modul pro Foropter Vision-R 800

Tradi¢ni méreni refrakce se sklada ze ctyt krokt, které na sebe navazuji:

1. urceni sférické optické mohutnosti;

2. urceni osy cylindru;

3. urceni optické mohutnosti cylindru; a
4

korekce sférické optické mohutnosti.

VySe popsany postup je metodikou méreni refrakce, ktera se uci a praktikuje na celém svété a
je popsana v mnoha odbornych publikacich.

Jakakoliv refrakce se tradi¢né vyjadiuje hodnotami jejich tii slozek, oznacovanych jako
Jpolarni systém souradnic“: sféricka optickd mohutnost (vyjadiena v dioptriich), opticka
mohutnost (vyjadrena v dioptriich) a osa cylindru (vyjadirena ve stupnich).

OvSem bézné vyjadiujeme jakoukoliv optickou korekci hodnotami tii dioptrickych slozek:

1. sféricky ekvivalent optické mohutnosti (sféricka optickd mohutnost plus polovina
optické mohutnosti cylindru);

2. horizontalni slozka cylindru podle osy 0° (J0°); a

3. sikma slozka cylindru podle osy 45° (J45°).
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Vsechny tyto tti sloZKky refrakce jsou vyjadieny v dioptriich. Znalost sloZek J0° a ]45° umoznuje
urcit optickou mohutnost a osu cylindru. Zakresleni vysledki refrakce do ortonormalniho
trojrozmérného referencniho systému nazyvaného ,dioptricky prostor” lze vyjadrit jakoukoliv
vyslednou hodnotu, a to vyuZitim zminovanych tfi souiadnic. V pribéhu vySetieni tak lze sledovat
zmény refrakce. Brzy se ukazuje, Ze tradi¢ni zplsob urcovani refrakce je pomérné nepiimy
(Obrazek 4). Jeho soucasti je urcovani riznych slozek refrakce v riznych smérech a zahrnuje

nékolik zpétnych krokd. Sklada se z téchto ctyt krok:

e Nejdiive se zméri objektivni refrakce pomoci autorefraktometru nebo se zméri
prechozi predpis pomoci fokometru a nahodile se predsadi plusova cocka (v
uvedeném prikladu +1,50 D), aby se zamlZilo pacientovo vidéni. Optickd mohutnost se
postupné snizuje v krocich po 0.25 D, dokud se nezjisti finalni sféricka opticka
mohutnost (1).

e Postupnymizmeénami se zjiStuje osa cylindru (naptiklad pomoci Jacksonova cylindru),
dokud pacient udava, Ze je nutné zménit orientaci (2).

e Optickd mohutnost cylindru se urcuje postupnymi zménami jeho hodnoty, dokud
pacient neoznami, Ze provedena zména je prilis velka (3).

e Aby se udrzel konstantni sféricky ekvivalent optické mohutnosti, upravuje se po kazdé

zméné cylindru o -0,50 D sféricka optickd mohutnost v krocich po +0,25-D (4).

Z toho vyplyva, Ze tradicni vySetieni refrakce je jako neustale prerusované hledanim spravné

orientace osy cylindru a jeho hodnoty.
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-0.25 {-0.50) 0

Obrazek 4 Tradicni metoda mérenti refrakce: Nepiimd metoda
Priméjsi a presnéjsi metoda méreni: Digital Infitinte Refraction™

Plynulé zmény sférické optické mohutnosti, optické mohutnosti a osy cylindru, kterych
dosahujeme diky patentovanému optickému modulu, umozinuji urcit refrakci vySetrovaného
mnohem komfortnéjsim zptisobem, nez tomu bylo dosud.

Zakladem rychlosti a kvality mérenti je série testli, které vyuzivaji poloautomatické algoritmy,

ve kterych jsou zaznamenavany jednotlivé a postupné odpovédi klienta.

Jak tedy funguje Difital Infinite Refraction™?

1. Urceni hodnoty sférického ekvivalentu

Zde se vracime k metodé zamlzZovani, ale vyznamné modifikované. Vyuzivame pti tom dva
poloautomatické algoritmy. Jeden urcuje arovenn zamlZeni klientova vidéni a druhy ma za ukol
odmlZeni vidéni, které se sklada ze tii kroka.

U tradi¢ni zamlZovaci metody piedkladame klientovi pred oko plusové dioptrické cocky a
snazime se zjistit jejich efekt na zrakovou ostrost méreného. Nova metoda vyuzivajici,
zamlZovaciho algoritmu na to jde ovSem piresné opacné. Vysledkem je definovani vrcholové

lamavosti potrebné pro zamlzeni vidéni vySetfovaného na predem urcené urovni zrakové
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ostrosti. Pro tento ucel se pouZzivaji specidlni ,mizejici“ optotypy (Cerna pismena s bilymi okraji
na Sedém pozadi) - splyvaji s pozadim obrazu a zmizi pti dosaZeni pozadované Grovné rozostreni.

OdmlZovani se poté provadi pomoci algoritmu, ktery podle pacientovych odpovédi a znamého
vztahu mezi zrakovou ostrosti a Urovni dioptrického rozostreni vypocitava nezbytné Kkroky
odmlZeni pro nékolik vybranych drovni zrakové ostrosti. Tato metoda vyuZiva vyhody funkce
optického modulu, kterd umoznuje plynulé zmény optické mohutnosti a provadét odmlzovani
v rizné velkych krocich vypocitanych s presnosti na 0,01 D. VySetiujici tak mlZe rychle a presné
urcit finadlni sférickou hodnotu, nebo jinymi slovy maximalni plusovou optickou mohutnost, a
zajistit pacientovi zrakovou ostrost 1,0 (tj. 10/10, 6/6 nebo 20/20) ¢i vyssi dle moznosti rozliSeni
klientova zraku respektive maximalni dosaZené zrakové ostrosti.

V dalsim kroku lze sférickou hodnotu doladit pomoci cerveno-zeleného testu nebo pevného
zktrizeného cylindru spojeného s kiiZovym testem (pét svislych a pét vodorovnych car - také
vyuZivan pri vySetfeni do blizka na presné stanoveni hodnoty adice na cteni) a specidlniho
algoritmu, ktery pomoci psychometrické metody vyhledava presnou hodnotu prahu sférického

ekvivalentu a zajist'uje tak pacientovi maximalni zrakovou ostrost.

2. Soucasné urcovani osy a optické mohutnosti cylindru s konstantnim

ekvivalentem sférické optické mohutnosti

Zatimco u tradi¢niho méteni refrakce musi vysetiujici zvlast urcit osu a optickou mohutnost
cylindru a potom upravit sférickou hodnotu dioptrii ve tfech po sobé jdoucich krocich, metoda
Digital Infinite Refraction™ pouziva algoritmus, ktery vyhledava tyto ti'i soucasti v jedné sekvenci.
Diky vyuziti techniky lomu vektor(, pii které se v jeden okamzik méni optickd mohutnost a osa
cylindru, miizeme udrzovat i konstantni nartst ekvivalentu sférické hodnoty korekce po 0,01 D.

Pro vySetfujici je tato metoda podobnid metodé urcovani cylindru pomoci Jacksonova
zkiizeného cylindru. Zasadni rozdil je vtom, ze zmény sférickych hodnoty, osy a cylindru
probihaji soucasné v reakci na klientovi odpovédi a po vyhodnoceni astigmatismu s pozadovanou
presnosti a spolehlivosti se proces se automaticky ukonci. Jedna se tedy o tzv. uzavieny
algoritmus, jelikoz ma predem urcen maximalni pocet otazek, ale jejich pocet se muize u
jednotlivych klientli ménit v zavislosti na jejich odpovédich a hodnoté refrakéni vady. Efekt
zkrizenych cylindra se vytvari v optickém modulu pomoci vypoctu na zakladé stavajici korekce a
vzajemné rotace cylindrickych cocek. Tedy, ve foropteru Vision-R™ 800, nejsou pritomny zadné
zktizené cylindry, mimo fixnich cylindrd +/- 0,5 D které se vyuzivaji na jemné sférické
dokorigovani ¢i méteni adice nebo sférického dokorigovani pro pohled do dalky. Pokrokova
metoda vySettreni bez JC, nAm umoznuje urcit hodnotu cylindru zptsobem, ktery je nejen primé;jsi

a presnéjsi, ale také méné zavisly na postupu vysetrujiciho (Obrazek 5).
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Obrazek 5 Digital Infinite Refraction™: Priméjsi a presnéjsi metoda urceni vysledné refrakce

3. Presné urceni binokularni rovnovahy

Tak jako u bézné refrakce bychom se méli i nyni zamérit na vyvazeni korekce pro pravé a levé
oko pfi binokularnim pohledu. Tradi¢ni metoda spo¢iva v mirném zamlZeni obou o¢i (napriklad
pomoci dvou ¢ocek +0,50 D) a vyvazovani pacientova rozostieného vidéni pridavanim plusové
optické mohutnosti pred oko stmavsim textem, ¢i predrazovanim minusovych hodnot lehce
svétlejSim vjemem. Poté odebereme piidané zamlZovaci Cocky a ovérime kvalitu vizu.
V nékterych pripadech nelze dokonalého binokularniho vidéni dosahnout a je nutné zvolit mezi
pravym a levym okem kompromisu s tim, Ze se obvykle uptednostiiuje dominantni oko.

Algoritmus Digital Infinite Refraction™ pouziva podobny princip, aZ na to, Ze binokularni
vyvaZzeni se provadi pomoci poloautomatického algoritmu a na zakladé vypoctu zahrnujictho
vSechny odpovédi je provedeno s presnosti na 0,01 D.

Postupnym zadavanim odpovédi vySetrovaného na kvalitu obrazu, a tedy jeho preferenci
pozorovaného obrazu

pravym a levym okem, dojdeme k bodu maximalni vyvazZeni, a tedy i zastaveni algoritmu

implementovaného do postupu mérenti.
4. Urceni adice pro vidéni do blizka

VysSetreni hodnoty adice Ize s metodikou Digital Infinite Refraction™ dosahnout pomoci dvou

algoritmi:
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jeden umoziiuje urcit piibliznou hodnotu adice bez pocate¢ni respektive vstupni hodnoty
adice, druhy umoziiuje jemné doladéni adice pomoci metody pevného zkrizeného cylindru. Tyto
algoritmy umoziuji pfedepsat pfesnou adici pro vidéni do blizka, bez ptiliS vysoké hodnoty
neodpovidajici potifebam konkrétniho nositele, coz je jednim z dilezZitych prvkid adaptace na

novou korekci a to prevazné na viceohniskové brylové cocky.
5. Psychometricka metoda méreni refrakce

Vyznamnym rozdilem Digital Infinite Refraction™ ve srovnani s nam jiZz dobfe znamym
postupem méieni - jako stejné vidéni pismen ¢i Cislic na Cerveném a zeleném pozadi v
duochromatickém testu nebo stejné rozostieni mezi dvéma pozicemi zkiiZeného cylindru neni
mérit hledanou hodnotu - ale spiSe se zaméfit na hledanou hodnotu a generovat inverze
pacientovych odpovédi, a to je cil vSech testili a postupu asistované SMART refrakce.

K urceni refrak¢nich praht se pouziva psychometricka metoda a kazda hledana hodnota se
statisticky vypocitdva na zakladé odpovédi vySetfovaného. Krokovani zmén predkladanych
dioptrickych hodnot se vyhodnocuje béhem vysetreni a prizpisobuje se klientovym odpovédim:
pokud je klient na zmény citlivy, krokovani se zmensi, pokud na né citlivy neni, krokovani se

zvetsi. VysSetirovany tak mize snadnéji rozliSovat rozdily a refrakci Ize stanovit s vétsi presnosti.
6. Méreni citlivosti pacientli na zmény dioptrii béhem refrakéniho vyseticeni

Potencial presného méreni refrakce pomoci nové metodiky v kombinaci s pfistrojem Vision-
R™ 800 od spolec¢nosti Essilor je také podlozZena studif, kterou Essilor provedl za pomoci praveé
zminovaného foropteru.

Tato studie byla uvedena v Casopise Points de Vue - International Review of Ophthalmic and
Optics v zari roku 2020 (zdroj & 4)

,Studie zahrnovala méfeni citlivosti na zmény dioptrii u reprezentativnitho vzorku 146
ametropickych pacientli béhem vysetieni subjektivni refrakce. Pro tato vysetieni byl pouzit
foropter spolecnosti Essilor Instruments Vision-R 800 - ktery umoznuje provadét plynulé zmény
optické mohutnosti - a poloautomatické algoritmy pro urceni refrakce. Primérny veék
respondentt byl 35 let 13 let (od 19 do 66 let) s primérnou ametropii -2,55 D +2,00 D (od -6,25
D do +2,63 D).

Citlivost na zménu dioptrif byla definovdna jako minimalni rozdil v dioptriich, na ktery je
pacient citlivy. Vyhodnocuje se pomoci distribucni krivky pravdépodobnosti jeho odpovédi, na
které polovina vzdalenosti oddéluje dioptrické hodnoty odpovidajici dvéma bodim
pravdépodobnosti -50 % a +50 % (Obrazek 6). Tyto dva body reprezentuji oblast necitlivosti, ve
které pacient nedokaze jednoznac¢né vybrat jednu ¢i druhou moznost. Interval, ktery je oddéluje,

poskytuje spolehlivé vyhodnoceni dioptrické citlivosti. Predepsana dioptricka hodnota, ktera
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odpovida nulové pravdépodobnosti, udava nejpravdépodobnéjsi hodnotu dioptrického prahu,

ktery je stanoven pro kazdou ze slozek refrakce.

+100%
. 4
.05
[-50%
. 4 “T00%
0.4 0.2 0 0.2 04

Hodnota vypocteného parametru v dioptriich

Obrdzek 6 Méreni pacientovy citlivosti na zménu dioptrii. Citlivost kaZdého pacienta se vyhodnocuje pomoci
distribucni krivky jeho odpovédi podle aktudlni dioptrické tirovné. Tato kiivka reprezentuje pravdépodobnost jeho
odpovédi na kazdou moznost mezi 1 nebo 2.

Méreni byla provedena pro rtizné tradicni testy pouzivané pri vySetieni refrakce:

o UrcCeni sférické optické mohutnosti pomoci optotypli (pismena) nebo
duochromatického testu,

o Urceni optické mohutnosti a osy cylindru (prepocitané na dioptrickou hodnotu)
pomoci Jacksonova zkrizeného cylindru,

e Urceni binokularni rovnovahy porovnanim pravého a levého oka pomoci testu

obsahujicim radky pismen disociovanych polariza¢nimi filtry.

Vysledky na obrazku ¢. 7 reprezentuji pro kazdy test refrakce proporciondlni rozlozeni

pacientt, ktefi byli citlivi na hodnoty mensi nez 0,125 D, 0,25 D a 0,375 D a také na hodnoty vétsi
nez 0,375 D. Z grafu lze vyvodit nasledujici zavéry:

e (Citlivost pacientli na zménu dioptrii se vyrazné lisila v zavislosti na pouZzitém testu a
pozadované sloZce refrakce. Pouzité testy proto mohou vysledek vyrazné ovlivnit.

e Pri méreni sférické optické mohutnosti vykazovali pacienti nejnizsi citlivost u testl
s optotypy (pismena): pouze 31 % jich mélo dioptrickou citlivost mensi nez 0,25 D.
Tento vysledek je obzvlasté zajimavy, protoze i kdyZ se optotypy pri vétsiné vySetieni
refrakce pouzivaji pro urcCovani sférické optické mohutnosti pouzivaji nejcastéji, zda
se, Ze jsou nejméné presné. Citlivost pacientd byla nejvyssi pii duochromatickém testu:
72 % z nich bylo citlivych na zmény dioptrii mensi neZ 0,125 D. Duochromaticky test

se tudiz pro prizptisobeni sférické optické mohutnosti ukazal jako nejpiesnéjsi.
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Pti urcovani cylindrické optické mohutnosti bylo pfinejmensim 56 % pacientti citlivych
nazmény o méné nez 0,125 D. Podobné 53 % pacientti bylo citlivych na dioptricky efekt
zmény osy (tj. na prepocet zmeén osy cylindru na dioptrie) v krocich mensich nez 0,125
D. Pacienti byli tudiZ citlivi na mnohem mensi zmény optické mohutnosti a osy cylindru
nez tradi¢né pouzivané krokovani 0,25 D.

P1i ur¢ovani binokularni rovnovahy vnimala 42 % pacientt rozdily mensi nez 0,125 D,
coz odpovida béznému vyskytu inverze v preferenci jednoho oka pred druhym pfi
ptredsazeni vyrovnavaci optické mohutnosti +0,25 D pted jedno oko. (Proto je nutné
zachovat rovnovahu korekci, a pokud neni mozné zachovat presnou binokularni

rovnovahu, upfednostnit dominantni oko). Pacienti byli proto ¢asto citlivi na rozdily

v korekci mezi pravym a levym okem mens$imi neZ obecné pouZivané krokovani 0,25

D.

100% -

0%

B0 +— —
7% 1

60% 1

0% — —
A%

30% 4

20%

10%

m =375 0.125<,.50,25
0.25<..£0.375 W =0.125 W =0.375 0.125<..20.25
0.25<.=0.375 m=0.125

Obrdzek 7 Proporciondlni rozloZeni klientii Obrdzek 8 ProcentudIni

vyjddreni senzitivity

Na zakladé provedenych méreni bylo mozné stanovit

celkovy koeficient dioptrické citlivosti kazdého pacienta pomoci priméru jejich citlivosti v
jednotlivych testech: sféry, cylindru a binokularni rovnovahy. Z kombinace téchto vysledki
vyplyva, Ze 95 % pacienti bylo citlivych na zmény dioptrii mensi nez 0,25 D a Ze 44 % z nich
bylo citlivych na zmény mens$i nez 0,125 D (Obrazek 8).”

Zavér: Digitalni zabrus umozZnuje vyrobu brylovych ¢ocek s presnosti

na 0,01 D.

Jiz pred deseti lety spatril svétlo svéta digitalni zabrus spolec¢nosti Essilor pod nazvem S-digital

surfacing, ktery umoznil vyrobu brylovych c¢ocek a jejich designii s maximalni presnosti. Diky

limitim v minimalni zmétitelné hodnoté refrakce klientd nebylo mozné vyuzit maximalni
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potencidl této patentované vyroby brylovych cocek. AvsSak v soucasnosti s nastupem
subjektivnich foroptert, které dokazi urcit pacientovu piesnou refrakci pomoci plynulych zmén
optické mohutnosti, je moZné vyvinout novou kategorii ¢ocek vypocitanych na zakladé refrakce
urcené v krocich po 0,01 D. Vynikajicich vlastnosti designu ¢ocky a systémt pro vypocet tak lze
nyni vyuZzit k predepsani presné korekce s presnou optickou mohutnosti. Od roku 2021 je tento
typ Cocek, ktery umoznuje pacientim nabidnout korekci bliZici se jejich presné ametropii,
dostupny i pro Cesky a slovensky trh. Essilor uvadi tuto maximalné piesnou moznost vyrobené
korekce pod ndzvem AVA. Jedna se o soubor produktd, u kterych vyuzitim digitalniho obrabéni

Cocek, dokaze spolecnost Essilor vyrobit produkty s piresnosti 0,01 D.
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